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The combined use of electronic and traditional education is called blended
learning. Anatomy is a major in medical education. Using this method creates flexible
learning environments and more interaction in learning.

The present study was conducted to investigate the effect of blended learning on
teaching anatomy to medical students.

This comprehensive literature review was conducted on December 3, 2022. Our
research was conducted by adhering to the PRISMA guidelines. Online databases PubMed,
Eric, and Web of Science were systematically searched for relevant articles using predefined
keywords. Using EndNote, all relevant literature published within the past five years was
retrieved and further analyzed.

Our comprehensive search strategy resulted in the retrieval of 351 articles. After
screening the articles and selecting the articles based on the inclusion criteria, 22 articles
were eligible and included in the study. Most of the studies were conducted in India
(n=5), China (n = 2), United Kingdom (n = 2), and Portugal (n = 2). The majority of studies
were conducted in 2022 (n = 7). The most important finding of all reviewed articles was the
effectiveness of blended learning, which is mentioned as an effective method for teaching
anatomy.

Blended learning can improve performance and increase satisfaction and
motivation in students. Identifying suitable learning resources with medical students’
abilities improves learners’ knowledge. Applying new learning methods can be very effective
as some conditions, such as the COVID-19 crisis, limit access to corpses and physical
presence.

Blended Learning, Anatomy, Medical Education, E-Learning

traditional method allows medical students to engage in

Medical education provides information in the medical
sciences and clinical practice (1). Various methods are
used for medical education, including traditional face-
to-face instruction, e-learning, and blended learning.
Teaching medical students in the clinical setting with
real patients is a time-honored tradition. This technique
is a crucial component of clinical training. The

clinical activities and practice and become acquainted
with the cultural and social aspects of the clinical
environment. Direct observation and receiving feedback
are two important factors in the successful education of
medical students (2).

E-learning aims to provide distance health education
using Information and Communication Technologies
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(ICT) (3). With the outbreak of the Coronavirus Disease
in 2019 (COVID-19), using this method of education has
become more popular, particularly in medical education.
However, practical issues, including unstable internet
connectivity, a lack of computer laboratories, and the
shortage of PCs and laptops, make it difficult to employ e-
learning effectively (4).

The combined use of electronic and traditional
education is called blended learning (5). Using this method
creates flexible learning environments and more
interaction in learning (6). Blended learning has different
forms, which have a high potential to transfer content (7).
Nowadays, various types of combined learning models,
such as hybrid and flipped models, are among the most
widely used educational methods in education and provide
continuous and effective learning (8).

A study demonstrated that mobile applications could
improve the performance of medical student learners (9).
Another study showed that 3-dimensional (3-D)
anatomical models could improve medical students’
knowledge of ear anatomy more than traditional teaching
methods (10). Although numerous studies have reported
the benefits of e-learning in medical education, others
have indicated that it cannot replace the traditional
method. For instance, a study conducted in Greece
revealed that traditional anatomy teaching is a more
preferred and effective teaching method than e-learning.
Remote learning cannot replace the conventional method
of anatomy instruction, but it can be used as part of a
blended learning approach (11).

Table 1. Details of search strategy by databases
Databases

According to the literature, blended learning can
replace two other methods in medical education because
it enhances the learning experience and the satisfaction
of both students and teachers (12). It also enhances
students’ commitment by involving them in learning
(13).

Anatomy is a major in medical education. Numerous
studies have been conducted on the effectiveness of
blended learning in anatomy courses (14-16). Based on
our knowledge and investigations, despite various studies
in this field, no study has examined the effect of blended
learning on anatomy education.

The present study was conducted to investigate the
effect of blended learning on teaching anatomy to medical
students.

This comprehensive literature review was conducted
on December 3, 2022. Our research was conducted by
adhering to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Online databases PubMed, Eric, and
Web of Science were systematically searched for relevant
articles using predefined keywords. Using EndNote, all
relevant literature published within the past five years
was retrieved and further analyzed. Table 1 summarizes
the search strategy.

Search strategy

Web of Science Blended learning (All Fields) or blended program (All Fields) or blended education (All Fields)
or blended course (All Fields) or blended training (All Fields) or hybrid learning (All Fields)
or hybrid program (All Fields) or hybrid education (All Fields) or hybrid course (All Fields) or
hybrid training (All Fields) or computer-aided learning (All Fields) or Computer-assisted
learning (All Fields) AND Anatomy (All Fields)
PubMed (CCCCCCccc((Blended learning) OR (blended program)) OR (blended education)) OR (blended
course)) OR (blended training)) OR (hybrid learning)) OR (hybrid program)) OR (hybrid
education)) OR (hybrid course)) OR (hybrid training)) OR (Computer-aided learning)) OR
(Computer-assisted learning)) AND ("Anatomy"[Mesh])
Eric (Blended learning) OR (blended program) OR (blended education) OR (blended course) OR
(blended training) OR (hybrid learning) OR (hybrid program) OR (hybrid education) OR
(hybrid course) OR (hybrid training) OR (Computer-aided learning) OR (Computer-assisted

This study’s primary objective was to
investigate the effect of blended learning on teaching
anatomy to medical students.

e English studies.

learning) AND Anatomy

e Studies reported the efficacy of using blended
learning to teach anatomy to medical students.

o Lack of access to the article's full text.
« Non-English language articles.
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o Articles that were not original, such as review
articles, systematic reviews, letters to the editor,
short communication, books, and commentaries.

Related studies were
reviewed through title and abstract screening by two
authors independently.

Disagreements were mentioned and resolved
through consensus in a joint meeting with the third
reviewer. Then, the authors checked the full text of the
articles based on the eligibility criteria, and finally, the
information was extracted from the articles and
collected in the relevant tables.

Two investigators independently
summarized and extracted the following data from the
included publications: author, year, country, study aim,
population, domain, intervention, study design, sample
size, and main outcomes. The collected information is
organized in the relevant tables.

Our comprehensive search strategy resulted in the
retrieval of 351 articles. After screening the articles and
selecting the articles based on the inclusion criteria,
22 articles were eligible and included in the study. The
details of the study selection process are presented in
Figure 1. Most of the studies were conducted in India
(n = 5), China (n = 2), United Kingdom (n = 2), and
Portugal (n = 2). The distribution of articles in each
country is presented in Figure 2 and Table 2.

Table 2. Frequency of reviewed articles per country
Country Number of studies
India
China
Portugal
UK
Oman

(9]

France
Netherlands
Saudi Arabia
Germany
Georgia
Pakistan
Taiwan

Greece

South Carolina
New Zealand

e e e e el e e N ° B NS I S

According to the results obtained, the highest peak
of the use of blended learning was in 2022. The
frequency of articles published in different years is
presented in Figure 3.

Also, most of the studies were experimental, the
details of which are presented in Table 3. Since the study
aimed to confirm the blended learning method in
anatomy education, the investigated sub-branches of
anatomy included histology, knee and shoulder
anatomy, brainstem anatomy, gross anatomy,
musculoskeletal and cardiovascular anatomy, anatomy
pathology, nerve and head, and face radiology.

In the reviewed studies, different learning methods
have been used, such as the flipped classroom, a variety
of hybrid methods, online platforms, and electronic
learning modules. The details of the learning models are
presented in Figure 4.

Articles identified by database
searching (n = 351)

Identification

PubMed =49

Web of Sciences = 289

Screening

Duplicate records
removed (n = 37)

Records after duplicates

removed (n = 314)

Eligibility

Records excluded in the title/
abstract screening (n = 269)

Full text studies evaluated

for eligibility (n = 45)

Included

Articles included (n = 22)

Figure 1. The process of selecting articles
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.
Figure 2. Distribution of articles per country

2022
2021

2020 T
2019
2018 [
0 2 4 6 8
2018 2019 2020 2021 2022
[ Number 3 3 4 5 7

Figure 3. Frequency of articles by publication year
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Figure 4. Frequency of blended learning models used in studies
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Table 3. Summary of characteristics of the included studies

Author

Albalushi
etal. (17)

Aristotle
etal. (18)

Bhat et al.
(19)

Bretagne
etal. (20)

Cappellen
van Walsum
& Henssen

(21)
Chen &

etal. (22)

Cheng &
etal. (23)

Year

2022

2021

2022

2022

2022

2020

2021

Country

Oman

India

India

France

Netherlan
ds

China

China

Aim of study
To distinguish the
effectiveness of on-line
anatomy evaluation in
contrast to face-to-face
assessment.

To consider the
effectiveness of flipped
classroom in histology

classes.

Designing an electronic
module for teaching
anatomy and evaluating
it.
Examining the
effectiveness of
simulators in improving
students' performance.

Evaluating the impact
of brainstem anatomy
e-learning.

To discover students’
perceptions of whether
or not blended
laboratory learning are
useful.

To consider the gross
anatomy training in
China all through the
pandemic.
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Population

Doctor of
medicine and
biomedical
science students

Medicine and
bachelor of
surgery students

Bachelor of
medicine, and

bachelor of
surgery students

Medical students

Medical students

Undergraduate
medical students

Teachers of
medical schools

Domain

Anatomy

Histology

Anatomy

Shoulder and
knee anatomy

Brainstem
anatomy

Anatomy

Gross
anatomy

Intervention
Face-to-face &

online

Flipped
classroom

E-learning
module

Procedural
simulators

Three-
dimensional

Online
blended
courses

Online

Study design

Retrospective
study

Interventional
study

Prospective,
randomized,
interventional
study

Randomized
controlled study

Cross-sectional

Experimental
study

Cross-sectional

Sample size

Doctor of medicine
(n =465) and
biomedical sciences
students (n = 88)

One hundred fifty
students of the

Ist-year medicine
and bachelor of
surgery students

N/A

Thirty medical
students

Thirty-eight
medical students

N/A

Three hundred
fifty-nine
participants

Main outcome

Online evaluation of
anatomy is considered as
one of the good methods

like traditional evaluation.

Flipped classroom
methodology of instructing
histology had
a very stunning effect.

The satisfactory effect

of the blended learning

method was one of the
results of this study.

The students’
self-assurance stage in
arthrocentesis accelerated.

Learning anatomy using
three- dimensional modules
was a valuable study
method.

Blended laboratory learning
was profitable.

A complete of 36.2% of
respondents desired to put
into effect online instructing
of theoretical classes after the
pandemic.
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Chimmalgi
& Hortsch
(24)

El Sadik, &
Al
Abdulmone
m (25)

Golenhofen
etal. (26)

Greene. (27)

Guimaraes
etal. (28)

Jamil et al.
(29)

Lee et al.
(30)

Mitrousias
etal. (31)

Nagaraj
etal. (15)

2022

2020

2019

2020

2019

2018

2019

2018

2020

India

Saudi
Arabia

Germany

Georgia

Portugal

Pakistan

Taiwan

Greece

India

To decide the
effectiveness of
self-directed learning
modules
To decide the
consequence of the
flipped class room
based totally on the
student's degree of
understanding.
Evaluating the impact of
using mobile learning
for anatomy education.
Using dissection videos
and checking its
effectiveness in teaching
anatomy.
Evaluating the impact of
computer- assisted
learning on anatomy
education.
Investigating the impact
of three-dimensional
software in teaching
anatomy.
Investigating the effect
of using a virtual
platform to improve
students' laboratory
performance.

To investigate
performance using
three-dimensional
software in education.
Investigating the impact
of blended learning on
radiology anatomy
education.

First-year medical
students

First-year medical
students

First-year medical
students

First-year medical
students

Medical students

First year
undergraduate
medical students

Medical students

Undergraduate,
first-year medical
students

First year
undergraduate
medical students

Histology

Anatomy

Anatomy

Anatomy

Musculoskelet
al and
cardiovascular
anatomy

Anatomy

Histology and
pathology

Anatomy

Radiological
anatomy

Online self-
directed
learning
modules

Flipped
classroom

Mobile
learning tool

Online
learning
screencasts

Computer-
assisted
learning

Three-
dimensional
software

Web-based
virtual
platform

Three-
dimensional
software

E-learning
modules

Experimental
study

Experimental
study

Observational
study

Experimental
study

Prospective
cohort study

Experimental
study

Pilot study

Comparative
study

Prospective
study

One hundred fifty
medical students

First group

(n =49) and second

group
(n=46)

Three hundred
twenty medical
students

Two hundred one
first-year medical
students

Six hundred

seventy-one medical

students

Sixty-seven medical

students

Six hundred sixty-
two third-year
students

Seventy-two
medical students

One hundred fifty
undergraduates’
medical students

The use of self-directed
learning was positively
received by learners.

The findings of this study
presented the benefits of the
flipped classroom.

Superior students were
more motivated to use the
mobile learning.

Medical students
found the use of screencasts
useful.

Computer- assisted learning
increased students'
competencies
in anatomy.

Software program
based on 3D technologies
was effective tool.

Using the virtual platform
improved students'
performance and showed a
positive effect.

The three-dimensional
software program was a
favorite among students as
an educational tool.

The level of students'
satisfaction with the
modules was high.
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Nathaniel
etal. (32)

Perumal.

(33)

Rajan &
Pandit (34)

Santos
etal. (35)

Sarkar
etal. (36)

Stone
etal. (37)

2021

2018

2022

2021

2021

2022

South
Carolina

New
Zealand

UK

Portugal

India

The UK
and
Ireland

Investigating differences
in traditional and
blended learning

methods for
neuroscience education.

Development and
analysis of a web-based
anatomy teaching tool.

Examining the
application of a
neuroscience electronic
module.
Examining students'
performance in the
anatomy course using
computer- assisted
learning tools.
Inventing a new model
of blended learning and
checking its
effectiveness.
Examining students'
experiences of learning
anatomy online.
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Medical students

Third-year
medical students

Medical students

Medical students

First year medical

students.

Medical students

Neuroanatom
y

Anatomy

Neuroanatom
y

Anatomy

Head, face
and neck

Anatomy

Blended
online course

Online
anatomy
learning

E-module

Computer-
assisted
learning

Lectures and
videos

Online
learning

Experimental
study

Experimental
study

Randomized
control trial

Experimental
study

Cross-sectional
descriptive
study

Experimental
study

One hundred two
medical students

Two hundred
eighty-two medical

students

Thirty-two medical

students

611 medical
students

125 medical
students

224 medical
students

The blended learning
method was effective
in improving the
performance of medical
students.

Online anatomy learning
enhanced the learning
experience and academic
performance of students.
Electronic modules helped
motivate learners and
overcome problems related
to neuroscience.

Computer-assisted learning
use has a positive effect on
anatomy performance.

Blended learning promotes
increased engagement and
deeper educational learning.

Students reported
that online methods
were effective.
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One of the criteria that can be used to measure the
quality and effectiveness of teaching and learning is the
satisfaction of learners (38). In this study, the effectiveness
is the subjective understanding that students have
about the desired results of blended learning programs, that
if they are successful in the blended learning program, they
will be more satisfied than others (39). In some studies
(15, 20, 25, 34), students' use of blended learning method
has satisfied them significantly. In addition, in several
studies (22, 31), a large proportion of students (more than
half) participating were satisfied with blended learning
methods.

Another criterion for evaluating the effectiveness of
learning methods is improving learners' performance
(40). Researchers used different methods to investigate
performance improvement. The noteworthy point is
that in the studies (15, 19, 21, 22, 24, 25, 27-29, 31-33, 35),
performance improvement when working with a blended
learning environment has been reported, indicating the
correlation of performance with blended learning
methods.

According to the review of articles in the last 5 years,
several studies (17, 21, 23, 24, 32, 37) investigated the use
of blended learning during the outbreak of COVID-19,
all of which reported the positive effect of using this
method. The most important finding of all reviewed
articles was the effectiveness of blended learning, which
is mentioned as an effective method for teaching
anatomy.

This study aimed to investigate the effectiveness of
blended learning methods on the learning level of
medical anatomy students. To this end, we focused on
different learning methods and their impact on anatomy
learning.

The search conducted yielded 351 results, of which we
identified and included 22 unique papers. Overall, the
studies sought to describe the development of hybrid
e-learning interventions (19, 33), compare the efficacy of
such interventions to traditional learning (17, 18, 32), and
validate students’ perceptions of hybrid e-learning
(19, 22, 26, 37). These studies and the increasing number
of papers published over the past five years indicate that
the blended learning field is still evolving, with the
primary emphasis on intervention efficacy and
acceptability evaluation (17, 18, 20, 24, 35, 36). Because
anatomy is a fundamental medical science course and
anatomy learning programs are typically taught to
medical students in their first and second years of study,

most reviewed interventions were primarily designed to
educate first-year medical students (17, 18, 27).
Interactive electronic modules were the most prevalent
form of blended learning in the studies (15,19,21,24, 34).

There were many functional similarities between the
reviewed interactive e-modules, including the collection
of clinical cases to aid student learning, the provision of
interactive questions to encourage active participation,
the recording of student progress for tracking student
progress and performance, and the provision of
individualized feedback to prevent students from
making possible mistakes. However, developed
interventions do not seem the same in different medical
areas. For example, in neuroscience and surgery fields,
more sophisticated features such as virtual reality and
augmented reality have been introduced compared to
other fields. This could be due to the more complicated
nature of those fields in terms of domain and user-
specific requirements (34, 41, 42).

Based on our study, two studies (32, 37) investigated
the effect of blended learning in the COVID-19 crisis,
pointing out the favorable effect of the blended learning
method. According to the obtained results, it is inferred
that the blended learning method is a practical and
promising approach for the post-corona era (43).
Restrictions on access to cadavers during the pandemic
may affect the teaching and learning of anatomy.
Therefore, digital learning may replace real cadavers
shortly (44).

Blended learning has been used in various areas of
anatomy education, such as histology, shoulder and
knee anatomy, brainstem anatomy, gross anatomy,
musculoskeletal ~and  cardiovascular  anatomy,
radiological anatomy, head, face, and neck. In most
cases, the results have been reported to be favorable.
These results suggest that in addition to face-to-face
training, using blended learning may promote active
learning in different educational fields. Blended learning
had an overall positive effect. Various techniques were
used to teach anatomy, such as flipped classrooms,
e-Learning modules, simulators, online blended
courses, mobile learning, videos, computer-assisted
learning, and three-dimensional software. All these
techniques somehow improved the skills of medical
students. According to Karbasi and Niakan, new
educational methods are very effective in this field,
considering the importance of medical education. New
technologies have provided new opportunities for
anatomy education (45).
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Therefore, it can be claimed that blended learning is
an effective process to increase the motivation of
students to learn and participate, thereby improving the
effectiveness of medical education.

Limitation: Based on the review and knowledge of
the authors, this is the first systematic review of the effect
of blended learning methods on anatomy learning for
medical students. Hence, it is challenging to compare
the results between studies. Since we investigated the
effectiveness of anatomy on medical students, it limited
the search results based on the keywords of combined
learning and synonyms.

Blended learning can improve performance and
increase satisfaction and motivation in students.
Identifying suitable learning resources with medical
students’ abilities improves learners’ knowledge.
Applying new learning methods can be very effective as
some conditions, such as the COVID-19 crisis, limit
access to corpses and physical presence. Using the
face-to-face method and new teaching methods and
their combination can positively affect learning due to
its high flexibility. It is suggested to conduct other
studies to deal with various blended learning methods
and compare them in another discipline.
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