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Abstract

Background

The coronavirus disease 2019 (COVID-19) pandemic substantially undermined medical

education and healthcare systems. Owing to the pandemic in South Korea, most medical

schools needed to be flexible when conducting online and offline classes, but the guidelines

did not reflect the specificity of medical schools. This study described the impact of modified

anatomy education schedules at the Seoul National University College of Medicine

(SNUCM) on students’ academic performance and satisfaction.

Methods

Anatomy education in SNUCM is divided into three regional units (the upper and lower

limbs, trunk, and head and neck). Owing to the COVID-19 pandemic, the schedule was

mixed with simultaneous and rotating schedules. The authors conducted exceptions for

online lectures, cadaver dissections, and written and practical examinations in three classes

of approximately 50 students each. Furthermore, the authors assessed students’ perfor-

mance using three sets of written and practical examinations, and students completed a

questionnaire regarding modified anatomy laboratory schedules.

Results

Despite the pandemic events in Seoul and South Korea during the laboratory sessions,

all sessions were completed without any confirmed COVID-19 cases among the stu-

dents, faculty, and staff. Most of the scores on the written and practical examinations sig-

nificantly decreased in 2020 compared to those in 2019. However, in the trunk session

that used the virtual anatomy application, the score on the practical examination in 2020

was significantly higher than that in 2019. Over 70% (79 and 77 out of 105 respondents

on the upper and lower limbs and trunk, respectively) and 53% (55/105) students
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reported that there were no significant difficulties in studying anatomy in a face-to-face

laboratory.

Conclusions

In conclusion, an adequate education program for cadaver dissection should be developed

and provided to overcome the pandemic restrictions. The study findings could serve as a

reference for anatomy education during the COVID-19 pandemic.

Introduction

In late December 2019, coronavirus disease 2019 (COVID-19) first emerged in Wuhan, Hubei

Province, China, and spread worldwide [1]. COVID-19 is a new virus belonging to the same

family as severe acute respiratory syndrome coronavirus 2 (SARS-coV-2) and some types of

common cold [2]. The unprecedented outbreak of COVID-19 has caused great confusion not

only in politics, economy, society, and culture, but also in education worldwide, and has

become a turning point for introducing a new way of education [3, 4]. Although there have

been movements of transformation in medical education, such as the use of online education

and virtual reality technology [5], COVID-19 has accelerated this change as students are forced

to exercise social distancing [6]. Being highly transmissible, the virus has made it difficult to

continue lectures as usual [7].

It is customary that an academic year in a university in South Korea has two semesters: the

spring semester from March to June and the fall semester from September to December. First-

year medical students began a human anatomy course in March 2020 at the Seoul National

University College of Medicine (SNUCM). In March, it was expected that the pandemic would

be controlled in several weeks and face-to-face classes would be possible by June. However, the

pandemic situation did not improve, and many Korean universities have decided that all lec-

tures should be given online throughout the semester. Due to the temporary closure of medical

schools and suspension, medical schools began to convert medical education from traditional

forms of face-to-face lecture-based teaching and cadaver dissection to digital formats [8, 9].

Some commonly proposed methods include online learning platforms, mobile applications,

and three-dimensional (3D) anatomy models [10]. For medical students, anatomy education

is not only important in terms of knowledge and skills for an accurate understanding of

human anatomical structures, but it also takes a lot more than dissection and learning [11, 12].

Students can learn the essential traits and virtues of physicians through cadaver dissections.

Therefore, we intended to maintain adequate exposure of the students to cadaveric

dissections.

The immediate responses to COVID-19 have been documented in several publications,

highlighting the innovations and creative instruction pursued by anatomy educators. Several

previous studies have highlighted the importance of the potential implications of integrating

digital technologies into medical education for the future of learning and assessment [13–

15]. In addition, some studies have reported that various technological solutions aid in mini-

mizing the disruption to medical education during the COVID-19 pandemic [16–18].

According to a study conducted by Owolabi and Bekele, adopting multiple learning methods

and blended learning might facilitate the ease of adaptation during COVID-19 [19]. This

essay provided various materials, including media audio, videos, computer-based educa-

tional programs and technology, and simulations. According to another study, students
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prefer both asynchronous (55%) and synchronous (45%) modes of learning; therefore, a bal-

ance between the two modes should be maintained [20]. Yoo et al. assessed students’

achievement between the blended learning group and the traditional learning group and

evaluated feedback from students about online lectures in 2021 [21]. Furthermore, several

studies on anatomy education have been conducted, including distance education but not

face-to-face education [22–24]. While the studies mentioned previously provided insight

into the early adaptations to gross anatomy education during COVID-19, they were descrip-

tive in nature and did not include inferential statistics comparing practical examinations and

surveys in each session involving the upper and lower limbs, trunk, and head and neck dur-

ing COVID-19. Furthermore, to the best of our knowledge, there are no publications that

provide a detailed example of the modified schedules and methods of teaching anatomy in

the early stages of the epidemic, as well as their influence on academic accomplishment and

student satisfaction.

The aim of this study was to overcome the limitations of these previously reported studies

and to determine whether the modified schedules of anatomy education due to the COVID-19

pandemic affect students’ outcomes and satisfaction in the gross anatomy course. Three spe-

cific research questions guided this study: (1) Are there differences in students’ academic

achievement between the 2019 and 2020 classes?; (2) What factors contribute to students’ aca-

demic achievement?; and (3) What is the level of student satisfaction with the modified sched-

ules of anatomy education?

Methods

Subjects

The subjects of the study were first-year medical students who took a human anatomy course

at the SNUCM. In 2020, there were 145 students in their first year of medical courses.

Change in the schedules and methods of teaching for “human anatomy”

lecture

In 2020, the total number of class hours (48 hours, divided into three regional units: the

upper and lower limbs, trunk, and head and neck) remained the same as in 2019; however,

all lectures were replaced with online lectures. The reorganization of the schedules and meth-

ods of teaching was influenced by the COVID-19 pandemic in various ways, including

through pre-recorded video lectures and online platforms. After two weeks of curriculum

suspension due to the COVID-19 pandemic, first-year students were provided with elec-

tronic learning (e-learning) materials on gross anatomy from March 20, 2020, to May 1,

2020 (Table 1). E-learning materials, including slides, videos, and lecture notes, were

received from professors at least a week before the online posting on e-Teaching and Learn-

ing, an e-learning service operated by Seoul National University (SNU). Students can access

e-learning materials via the SNUCM electronic learning system. Learning through video lec-

tures lasted for approximately one hour. In accordance with the schedule of cadaver dissec-

tion, students were required to attend online lectures before conducting face-to-face cadaver

dissection. The table of contents contains a comprehensive listing of human anatomy offered

at the SNUCM. A general overview from March 20, 2020, to March 23, 2020, provided

approaches for studying anatomy, including regional, systemic, and clinical anatomy. In

addition, there were three parts of the examination: the upper and lower limbs, trunk, and

head and neck. Written and practical examinations were conducted for 2 days, one day at a

time.
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Table 1. Table of contents and schedule for the human anatomy course according to the restrictions of the COVID-19 pandemic, SNUCM, 2020.

Contents Deadline for e-learning Materials Upload date of e-learning Materials Anatomy Laboratory (face-to-face)

General overview 1 Mar 13 Mar 20 -

General overview 2 Mar 13 Mar 20 -

Introduction to anatomy laboratory - - May 04

General overview 3 Mar 16 Mar 23 -

Upper/lower limbs

Superficial structure of lower limb Mar 16 Mar 23 May 04

Organization of thigh muscles Mar 17 Mar 24 May 06

Gluteal region Mar 19 Mar 26 May 07

Knee and poster thigh muscles

Leg Mar 19 Mar 26 May 08

Foot Mar 20 Mar 27 May 11

Joints of lower limb Mar 20 Mar 27

Shoulder Mar 25 Apr 01 May 12

Axilla Mar 25 Apr 01 May 13

Thorax Mar 30 Apr 06

Arm Mar 31 Apr 07 May 14

Forearm Mar 31 Apr 07

Hand Apr 01 Apr 08

Joints of upper limb Apr 01 Apr 08

1st written and practical examinations

Trunk

Thoracic wall and mediastinum Apr 02 Apr 09 May 18

Pleurae and lung

Heart Apr 03 Apr 10

Fascia, muscles, vessels, and nerves of back Apr 06 Apr 13 May 19

Anterolateral abdominal wall Apr 06 Apr 13 May 19

Pelvic cavity, pelvis, and perineum Apr 07 Apr 14

Peritoneum and abdominal viscera Apr 09 Apr 16 May 20

Esophagus, stomach, small intestine, and large

intestine

Apr 09 Apr 16

Liver, pancreas, and spleen Apr 10 Apr 17

Posterior abdominal wall Apr 10 Apr 17 May 20

Pelvic cavity, and perineum Apr 14 Apr 21 May 21

Vessels, nerves, and lymph of pelvic cavity Apr 14 Apr 21

Rectum and anal canal Apr 15 Apr 22 May 21

Male internal genital organs Apr 16 Apr 23 May 22

Female internal genital organs Apr 16 Apr 23

Medical imaging of abdomen Apr 15 Apr 22

2nd written and practical examinations

Head/neck

Cranium Apr 17 Apr 24 May 25

Scalp, and cranial meninges Apr 17 Apr 24 May 26

Face Apr 17 Apr 24 May 25

Vasculature of brain Apr 20 Apr 27 May 26

Brain and cranial nerves Apr 20 Apr 27

Orbit, and orbital contents Apr 21 Apr 28 May 27

Eyelids and lacrimal apparatus Apr 21 Apr 28

(Continued)
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Change in the schedules and methods of teaching for “human anatomy”

laboratory sessions

When the government reduced the degree of social distancing in early May 2020, SNUCM

prepared face-to-face laboratory sessions for medical students. When new COVID-19 cases in

Seoul decreased to zero on May 4 (Fig 1), the face-to-face anatomy laboratory started with

simultaneous and rotating schedules [25] until June 1, 2020. There were 24 rotating dissections

(3 h each, three classes) and 21 rotating reviews (3 h, three classes). The schedule was modified

to fit the number of students in the laboratory facility to approximately 50 per session to

Table 1. (Continued)

Contents Deadline for e-learning Materials Upload date of e-learning Materials Anatomy Laboratory (face-to-face)

Superficial structures of neck Apr 22 Apr 29 May 28

Triangles of neck Apr 22 Apr 29

Arteries, veins, and nerves in root neck Apr 22 Apr 29

Salivary glands, and temporomandibular joint Apr 22 Apr 29 May 29

Nose, and larynx Apr 24 May 01 Jun 01

Ear Apr 24 May 01

Oral region Apr 24 May 01

Medical imaging of head and neck Apr 24 May 01

3rd written and practical examinations

Abbreviation: COVID-19 = coronavirus disease 2019, SNUCM = Seoul National University College of Medicine, e-learning = electronic learning.

https://doi.org/10.1371/journal.pone.0266426.t001

Fig 1. Timeline of cases with COVID-19 (South Korea and Seoul) and schedules of anatomical education in SNUCM. Abbreviation: COVID-19 = coronavirus

disease 2019, SNUCM = Seoul National University College of Medicine.

https://doi.org/10.1371/journal.pone.0266426.g001
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increase social distance. The 154 students who participated in the anatomy laboratory were

divided into three classes (only one-third of all students participated in a hands-on dissection

at a time), and each class conducted a cadaver dissection for 3 h. In a three-hour laboratory

dissection session, approximately 50 students were divided into 10 groups, with five students

per cadaver. Each group was 3 m from the other groups. The Human Anatomy 7th edition

guidelines (Korea Medical Book Publishing Company, Seoul, Korea) were used as the main

textbook for cadaver dissection. SNUCM also provides e-Anatomy1 (Panmun Education,

Seoul, Korea) videos, which provide guidelines for organ-specific fine and overall dissection of

human anatomy, and Complete Anatomy1 (Elsevier, Amsterdam, Netherlands), an educa-

tional 3D anatomy platform.

Written and practical examinations

Student performance was assessed using three sets of written and practical examinations on

three regional units: the upper and lower limbs, trunk, and head and neck. The assessment was

conducted mainly by taking a written examination in the morning and a practical examination

in the afternoon. The written examination was designed to take place simultaneously in three

different classrooms with approximately 50 students at least 2 m apart to avoid contagion. All

students had lunch after the written examination. After a lunch break, the students waited at

their own written examination sites again and then moved to the practical examination wait-

ing room. It was controlled by teaching assistants so that students who had already taken the

practical examination did not meet the next students who came to the waiting area to take the

examination. The entrance and exit to the practical examination were separated so that the

lines did not overlap with other students. When students left the lab, they threw away the

masks they wore during the exam and were provided with new masks and hand sanitizer.

Survey

An online survey was conducted at the end of the spring 2020 semester. Students were asked

to respond using 3- and 5-point Likert-type scale scores regarding the modified anatomy labo-

ratory schedules (S1 Appendix). The questionnaire included the following items: (1) overall

satisfaction with the face-to-face anatomy laboratory sessions; (2) preference for the modified

anatomy schedules; (3) usage of allotted time for cadaver dissection; (4) preference for 3D digi-

tal anatomy educational software; (5) difficulty in learning the human anatomy course; and (6)

difficulty in taking practical examinations.

Statistical analysis

All statistical analyses were performed using SPSS software, version 26 (IBM Crop). We used

Student’s t-test to assess the differences in examination scores between 2019 and 2020 and con-

sidered a 2-tailed P< 0.05 to be statistically significant.

Ethical consideration

The present study was approved by the Institutional Review Board (IRB) of Seoul National Uni-

versity College of Medicine (IRB number: E-2202-034-1298). It was entirely retrospective (using

existing student surveys and grades), and a consent waiver was permitted through the IRB.

Results

During the anatomy dissection sessions, three students reported symptoms (cough, fever/

myalgia, and fever) and were referred for SARS-CoV-2 testing. They were excluded from the
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laboratory until the results were negative. Despite the ongoing pandemic events in Seoul and

South Korea during the laboratory sessions (Fig 1), all sessions were completed without any

confirmed cases among the students, faculty members, and staff.

Academic achievement

The anatomy assessment scores of the 2019 and 2020 classes, including written and practical

examinations, were compared (Fig 2). The total mean scores, including written and practical

examinations, were significantly lower in 2020 than in 2019 (p< 0.05). In the written exami-

nation in 2020, the upper and lower limb sessions had significantly lower mean scores

(p< 0.0001), while there was no difference in the trunk and head and neck sessions (Fig 2a).

In the 2020 practical examination, the scores of the upper and lower limbs (p< 0.0001) and

head and neck (p< 0.001) sessions were significantly lower than those of 2019 (Fig 2b). In

contrast, the score of the trunk session in 2020 was significantly higher than that of the 2019

class (p< 0.01) (Fig 2b).

Survey results

Students (n = 105) who participated in the survey were asked about their satisfaction with the

face-to-face anatomy laboratory sessions (Fig 3). Over 50% of the students were satisfied with

the upper and lower limbs (75.3%), trunk (77.3%), and head and neck (53.3%) sessions. In

addition, the students assessed the impact of the modified schedules and methods of teaching

in anatomy laboratory sessions. The modified schedule had several advantages. Most students

answered that they preferred three classes with approximately 50 students each in the upper

and lower limb (extremely likely: 28.6%, very likely: n = 46.7%), trunk (extremely likely: 21.9%,

very likely: 51.4%), and head and neck (extremely likely: 18.1%, very likely: 35.2%) sessions.

Moreover, more than half of the students made good use of allotted time for self-directed

learning in all sessions (upper and lower limbs: 69.5%, trunk: 65.7%, and head and neck:

Fig 2. Comparison of written and practical examination scores between 2019 and 2020 at SNUCM. The 2020 schedule of anatomy education was

modified because of COVID-19. (a) Students’ performance was assessed using three sets of written examination on three regional units: the upper and

lower limbs, trunk, and head and neck. (b) Students’ performance was assessed using three sets of practical examination on three regional units: the upper

and lower limbs, trunk, and head and neck. The statistical significance is expressed with the following symbols: � p< 0.05, �� p< 0.01, ���p< 0.001,
����p< 0.0001 to indicate statistical differences. Abbreviation: COVID-19 = coronavirus disease 2019, SNUCM = Seoul National University College of

Medicine.

https://doi.org/10.1371/journal.pone.0266426.g002
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Fig 3. Students’ satisfaction on face-to-face anatomy laboratory sessions. Students’ (n = 105) satisfaction on face-to-face anatomy

laboratory sessions was ranked on a 3-point Likert-type scale (1 = satisfied and 3 = not satisfied). Students were asked about the impact

of the modified schedules and methods of teaching in anatomy laboratory sessions they experienced after the COVID-19 pandemic, as

represented by pie graphs. The 3- and 5-point Likert scale scores are shown in percentage. Abbreviation: COVID-19 = coronavirus

disease 2019.

https://doi.org/10.1371/journal.pone.0266426.g003
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63.8%). The largest number of students in the upper and lower limbs (n = 67), trunk (n = 64),

and head and neck (n = 56) actively used the 3D atlas Complete Anatomy1 and received con-

siderable help. In contrast, among all sessions, the head and neck session was the most difficult

for students to learn about anatomical structures (42.9%) and take practical examinations

(32.4%).

Discussion

The purpose of our study was to provide educational schedules and methods for teaching anat-

omy education in the COVID-19 era and investigate the research outcomes related to students’

academic performance, satisfaction, and factors affecting them. From the perspective of

responding to infectious diseases or similar disasters that may occur in the future and prepar-

ing for the future of anatomy education, we provide a detailed example of a modified educa-

tional schedule and method of teaching.

Regarding anatomy education in the COVID era, this study provided a detailed education

schedule and methods of teaching anatomy, which can be applied in the future globally.

Although several studies have reported online education in anatomy during the pandemic era

[8–10, 13–18], no study has provided a detailed schedule and content allocation. Moreover, the

alternate dissection strategy (three teams rotating) could be another alternative for face-to-face

anatomy laboratories during the pandemic [25]. In fact, the strategy solved the crowding prob-

lem in the dissection laboratory while having consequences for student learning on students’

learning outcomes. Therefore, the face-to-face dissection strategy and detailed educational

schedule information of our research can play a complementary role in the COVID-19 era.

Our study results revealed that students’ achievement scores on written and practical exam-

inations in 2020 were significantly lower than those in 2019 (Fig 2). To the best of our knowl-

edge, our results are the first to provide quantitative evidence of the risk of decreased academic

performance in anatomical education due to the COVID-19 pandemic, even with efforts such

as continuing face-to-face anatomy laboratories. The analysis of our survey revealed that stu-

dents had difficulty learning anatomical structures and taking practical examinations due to

the time limitation of the anatomy laboratory that each student could experience. However,

most previous studies on anatomy education have reported that academic achievement was

higher or similar to that before the COVID-19 pandemic [21, 26, 27]. These studies suggested

positive factors that influence students’ academic achievement but did not provide evidence of

the pandemic’s negative impact on academic achievement.

The findings of this study provide unique evidence that adequate supplementation can

potentially improve academic achievement in anatomy education. Although overall achieve-

ment was lower in 2020 than in 2019, an interesting finding was that the written examination

in the trunk and head and neck sessions showed no statistically significant difference in scores

between 2020 and 2019 (Fig 2a). Moreover, the practical examination score in the trunk ses-

sion was significantly higher in 2020 than in 2019 (Fig 2b). All medical students were provided

with 3D digital anatomy educational software, but only professors in charge of the trunk ses-

sion used the software when making lecture materials. In addition, according to the survey,

although the opportunity to participate in the laboratory sessions was reduced to only one-

half, the software helped in cadaver dissection and learning anatomy (Fig 3).

This study highlights the benefits of integrating digital anatomy educational software with

face-to-face anatomy laboratories in medical education. This finding is consistent with previ-

ous studies reporting that digital anatomy educational software provides a positive experience

[28] and better results on examinations [29]. Therefore, we suggest that the use of digital anat-

omy educational software helps students quickly understand anatomical structures and their
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adjacent relationships. As highlighted in this study, the benefits of integrating 3D atlas applica-

tions and face-to-face anatomy laboratories in medical education have been demonstrated.

Although cadaveric dissection is a useful tool for anatomy education in many medical schools

[30], the inevitable change in medical education owing to COVID-19 is still ongoing [5]. Tra-

ditional cadaveric dissection cannot be overruled but can be complemented with advanced

high-tech innovations, particularly in the pandemic era.

This is the first study to conduct a survey on students’ satisfaction and preference by each

session including upper and lower limbs, trunk, and head and neck in anatomy education dur-

ing the COVID-19 pandemic (Fig 3). Previous studies have investigated students’ satisfaction

and preference for learning anatomy in a more comprehensive way and did not analyze the

cause of satisfaction [21–24]. One study reported students’ perception of the difficulty associ-

ated with dissecting anatomical regions [31]. This study, however, lacked in situational ele-

ments, such as class hours, teaching methods, and schedules, implying that students’

perceptions of anatomical regions were limited. In this study, each situational element survey

yielded different results. Satisfaction levels differed between the three anatomical regions.

Therefore, it is important to conduct separate surveys for each anatomical region.

Several factors contribute to students’ satisfaction. We believe that the continuation of face-

to-face cadaver dissection laboratory sessions, even after the COVID-19 pandemic, has con-

tributed to the high level of overall student satisfaction. Furthermore, providing proper per-

sonal protective equipment (PPE) and adhering to social distancing guidelines may have

contributed to high satisfaction. In addition, the duration of laboratory dissection experience

could have been the cause of satisfaction. High satisfaction was observed for upper and lower

limbs, and trunk sessions, which had the same duration as in 2019. However, low satisfaction

was observed for head and neck sessions, which had a shorter duration than that of 2019.

There was no opportunity to preview and review owing to a lack of time, and it would have

been difficult to adapt because of a rapid change in schedules.

Our study had several limitations that should be considered. This study had a single-center

design at a single institution. Our modified schedules of anatomy education and outcomes

may not be applicable to other schools because each medical school has different circum-

stances. In addition, due to time constraints following the COVID-19 outbreak, it was not pos-

sible to validate the instruments used in the present study, and we used a limited number of

questionnaire items to measure the level of students’ satisfaction with the human anatomy

course. Therefore, further research is required in this regard. Despite these limitations, this

study provides supportive evidence for the 2020 anatomy course in response to COVID-19.

In conclusion, in the era of infectious diseases, the quality of education is critically depen-

dent on the planning and preparation of on-off lectures, cadaver dissection, and digital educa-

tional software. Our findings provide important insights regarding digital educational software

and detailed examples of anatomy education schedules during the COVID-19 pandemic era.

Supporting information

S1 Appendix. A survey on the operation of human anatomy laboratory sessions (the upper

and lower limbs, trunk, and head and neck) in 2020.

(DOCX)
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