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Abstract
The four main anatomical sciences, gross anatomy, histology, neuroanatomy, and 
embryology, are fundamental subjects for most health professionals and biomedical 
students. Usually taught as part of preclinical basic science training, the anatomical 
sciences provide a structural understanding of human or animal bodies at both 
macroscopic and microscopic levels. This overview characterizes how the anatomical 
sciences are currently taught around the globe, highlighting similarities, differences, 
and recent curricular transformations that were partially in response to the COVID-19 
pandemic. Globally, educators of the anatomical sciences navigate similar pressures, 
including expectations of curricular integration and reduced time for anatomical 
teaching. Student-centered teaching approaches and e-learning technologies have 
been adopted across many regions, transforming how educators engage their learners. 
However, not all educators are provided with technological resources to facilitate 
such educational advancements, particularly in regions where economic inequality 
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INTRODUC TION

The anatomical sciences provide an understanding of the structures, 
functions, and development of biological bodies, organs, and tissues 
of metazoic species. The word anatomy is derived from the Greek 
ἀνατέμνειν (ana temnein), meaning “to cut up or to dissect,” which 
is a central aspect of all anatomical fields. Divided into four distinct 
major disciplines (gross anatomy/macroscopic anatomy, histology/
microanatomy, embryology/developmental biology, and neuroanat-
omy), the anatomical sciences are keystones of most human and 
veterinary health sciences and biomedical educational programs, as 
well as for some non-scientific professions including medical illus-
trators and artists. The breadth and depth of anatomical knowledge 
taught across different professional occupations vary significantly 
and often depend on required competencies and future job respon-
sibilities. Poor comprehension of the spatial organization of anatom-
ical structures can lead to negative clinical outcomes for patients.1–3

Traditionally, both gross anatomy and histology have relied on 
specific modalities to teach learners about the organization and 
three-dimensional relationships of biological structures. In gross 
anatomy, dissection of biological bodies, defined as the act of cut-
ting and separating tissues,4 has persisted as the primary teach-
ing method.5–19 Histology education has predominantly used light 
microscopy as its central educational technology.20–22 In contrast, 
neuroanatomy and embryology use a combination of both dissec-
tion and microscopy to educate learners about the structure of the 
nervous system and developmental processes, respectively.23,24 
Historically, these approaches and technologies have enabled sci-
entists to describe the structure of metazoan biological systems, 
fostering a better understanding of the underlying physiological 
processes and functions and of pathological developments.

The modern scientific analysis and description of the human 
body at the macroscopic level started almost 500 years ago with 
Andreas van Wezel aka Vesalius [1514–1564] (Figure 1).4,25–27 From 

and poor infrastructure hinder access to the internet. Though ethical standards 
guiding the procurement of human bodies have evolved over time, the sources of 
human bodies that academic institutions use for anatomy education vary widely. 
Specific regional issues complicate many aspects of anatomical science education, 
challenging educators to adopt novel teaching approaches. Despite some differences, 
every global region appears to be moving in a similar direction. However, where 
academic institutions fall on that trajectory differs for specific regions/countries. 
How these educational and technological changes influence anatomy education 
should be carefully considered for the strengths and weaknesses they provide and 
the opportunities and threats they bring.

K E Y W O R D S
basic sciences, cell biology, developmental biology, education, embryology, gross anatomy, 
histology, neuroanatomy

F I G U R E  1  Frontispiece of Andreas Vesalius [1514–1564] 
“De Humani Corporis Fabrica” (in seven volumes), 1543 Basel, 
Switzerland.25 The image is attributed to the artist Jan van Calcar 
[ca. 1499–1546] and is in the public domain (courtesy of Wikipedia). 
The image shows Andreas Vesalius lecturing to a crowd of students 
and onlookers while performing a public dissection of an executed 
woman. Several images in the book's volumes are believed to be 
derived from this dissection.25,26
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the beginning, the anatomical practice of dissection has created 
ethical, cultural, legal, and religious dilemmas.6,28–32 For example, 
Vesalius obtained the bodies of executed individuals for dissection, 
a practice, when viewed through a modern lens, must be considered 
unethical (Figure  1).31 In Europe, by the 17th and 18th centuries, 
public dissections were used “not only for educational purposes, 
but also as a spectacle for the populace, and as a punitive prac-
tice” (Figure 1).31(p385) Practices of commercializing the human body 
through public dissections or exhibition, or by selling body parts 
for profit, have resurged in recent decades.33–37 Ethical standards 
for the recruitment of body and tissue donors for use in anatomi-
cal education and research differ widely by geographical region and 
have evolved over time. However, many academic societies and in-
dividuals have lobbied for common ethical standards that support 
education while protecting the interests and dignity of human body 
donors.38–44

The scientific description and analysis of living organisms at the 
microscopic level began nearly 100 years after Vesalius' death with 
the advent of compound microscopes.45 In 1665, using a primitive 
light microscope, Robert Hooke [1635–1703] coined the term “cell” 
and published a first observational description of biological cells.46,47 
However, it took until the first half of the 19th century for biological 
cells to be identified as the fundamental unit of life on earth.48–51 
By the mid-19th century, the microscopic observation of biological 
preparations became part of medical education at many European 
universities.52 Since that time, histology or microanatomy usually 
followed a two-step model of instruction, a lecture-style delivery of 
cellular structure information that is followed by a laboratory com-
ponent usually involving the analysis of glass slide preparations with 
light microscopes.21,22

Contemporary gross anatomy and histology education have con-
tinued to use these traditional methods for teaching, but both are 
being fundamentally changed by the implementation of new tech-
nologies. The consensus among anatomy educators and learners is 
that dissections should remain the primary educational tool for gross 
anatomy because they support active learning and the comprehen-
sion of complex structural relationships.53–58 It also emphasizes 
shared responsibilities and teamwork and plays a role in the devel-
opment of healthcare professionalism.8,59–61 However, reduced cur-
ricular time has led anatomy educators to decrease the amount of 
dissection time and to adopt alternative instructional methods.8,62,63 
These alternatives include the use of wet prosections (predissected 
bodies),8,63 plastinated (predissected and specially preserved dry 
preparations) or 3D printed specimens,64–70 plastic anatomical 
models,71,72 electronic tables,73–76 virtual and augmented reality ap-
proaches,62,77–82 anatomical websites, videos, and other e-learning 
tools.83–86

Histology laboratory education has undergone similar funda-
mental changes in response to curricular and technological develop-
ments. Since 2000, there has been a shift toward viewing web-based 
virtual microscopy images (VM) on computer networks rather than 
using light microscopes and glass slides,21,87–90 Without question, 
over the recent past, computing technologies have “transformed the 

practices of anatomical sciences education and research”,91(p583) pro-
moting a flexible approach to individualized learning at a place, pace, 
and timing that is controlled by the learner.92–94 However, as the de-
velopment and use of modern educational technologies require eco-
nomic resources that are often only available in affluent countries 
(mostly in North America, Australia, Aotearoa New Zealand, parts of 
Europe, and a few other countries), the introduction of these tech-
nologies in developing countries often lags behind, resulting in ineq-
uities in global anatomy education.95–98

While advancements in education have been heavily influenced 
by technology, the practices of anatomical sciences education have 
also seen shifts in pedagogy, learning theories, and changes in stu-
dent demographics.99–101 Teaching post-secondary students has 
evolved from teacher-centered didactic instruction to a student-
centered, blended learning approach.7,102–104 In classroom and labo-
ratory settings, this shift is manifested by the increased use of novel, 
inquiry-based educational strategies that are all geared to engage 
learners.105 These include active learning,106–110 flipped classroom 
courses,111–113 team, problem-, and case-based learning,114–116 and 
gamification.117–128

In some countries, medical accrediting bodies have developed 
competency-based undergraduate curricula to standardize med-
ical education and ensure curricular enhancement.129–132 Many of 
these accrediting bodies encourage integrating courses and con-
tent to achieve curricular goals, but the “…definitions, interpreta-
tions and implementation strategies [vary] greatly among medical 
schools”.133(p785) The impetus driving most integration strategies 
has been to enhance critical thinking, problem-solving abilities, 
and the development of clinical reasoning skills.133,134 These cur-
ricular modifications have fostered the development of core syllabi 
for the four anatomical sciences, outlining the required knowledge 
and skills in the context of different professional pathways and 
responsibilities.135–142

The anatomical sciences are foundational and are taught world-
wide to most biomedical, medical, and health professional students. 
Though numerous reports about curricula, educational practices, 
and educational research have been published at institutional, na-
tional, and regional levels, a global level literature overview is miss-
ing. The overview below provides a snapshot of the current status of 
gross anatomy, histology, neuroanatomy, and embryology education 
based on distinct geographical regions and identifies the internal 
and external factors that impact anatomical sciences education as 
strengths, weaknesses, opportunities, and threats in a SWOT frame-
work analysis.143

ANATOMY EDUC ATION IN DIFFERENT 
GLOBAL REGIONS

Each geographical overview below intends to provide the status of 
anatomical sciences education in different continental or subconti-
nental regions. Sections include North and South America, Europe, 
Africa, South and East Asia, and Oceania and describe where and in 
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what format the anatomical sciences are taught and assessed across 
different educational programs. When available, additional informa-
tion such as curricular hours dedicated to the anatomical sciences 
and local challenges is discussed.

The geographical segments were written by active local anat-
omy educators. These summaries are based on the currently avail-
able literature, including non-English language publications, and the 
authors' own experiences teaching the anatomical sciences at their 
respective academic institutions. The literature searches for the 
individual geographical regions were unstructured and conducted 
from June 2024 to January 2025 by individual authors with addi-
tional support from the lead author.

Anatomy education in North America

In North America, the anatomical sciences are central components 
of the preclinical education at allopathic/osteopathic, dental, and 
veterinary schools,10,13,144–146 as well as for other professional 
degree-granting programs, like nursing, physical and occupational 
therapy, and non-professional undergraduate and graduate 
programs.147–151 At a majority of North American allopathic and 
osteopathic medical schools, the anatomical sciences are part of 
an integrated preclinical curriculum,10,13,15 while for most other 
professional (veterinary medicine, dentistry) and non-professional 
programs, gross anatomy, histology, and embryology are usually 
taught as independent courses.146,149,152,153

Curricular reform in North America has led to a significant 
reduction in contact hours for gross anatomy, embryology, and 
histology education over the past 60 years, particularly regarding 
laboratory instruction.10,13,15,154,155 Figure  2 shows the average 
dedicated teaching hours for histology, gross anatomy, and em-
bryology in the medical curricula of US medical schools. It breaks 
down the contact hours of histology and gross anatomy into the 
average number of lecture and laboratory hours that were allo-
cated for undergraduate medical students. Across medical cur-
ricula in North America, more contact hours were dedicated to 
gross anatomy than to any other anatomical science (Figure 2).13,15 
Mexican medical programs, on average, spent significantly more 
time teaching gross anatomy and histology than US and Canadian 
medical schools.10,13,15 Compared to US medical schools, Canadian 
medical schools are scheduling less time for teaching gross anat-
omy, histology, and embryology.10,13 Interestingly, students in 
veterinary medicine programs in the United States spent a com-
parable amount of time participating in dissection-based learning 
experiences as medical and osteopathic students, despite having 
to learn the anatomy of multiple species.146 However, veterinary 
medicine students have more extensive preclinical training, in-
cluding radiology, anesthesia, and toxicology, than their medical 
school counterparts.146 Instruction time for embryology in the 
United States has remained stable over the same time period, 
with neuroanatomy education flipping from mostly laboratory to 
mostly classroom instruction (Figure 2). The least amount of time 

in preclinical medical education at schools in the United States has 
always been allocated for embryology.

In North America, anatomical science content is mostly commu-
nicated through large group classroom instruction or video record-
ings.10,13,15,152,153,158 Gross anatomy and histology lectures are often 
paired with laboratory experiences in medical, dental, veterinary, 
and physical therapy programs, while embryology content is deliv-
ered didactically with limited laboratory experiences across most of 
these programs.10,13,15,146,151,159,160 Mexican medical schools are an 
exception to this trend, where embryology laboratory instruction 
represents an average of 29% of student contact hours in stand-
alone embryology courses.15

F I G U R E  2  Average time (hours) scheduled in the medical 
curricula of US allopathic and osteopathic schools for gross 
anatomy (A), histology (B), neuroanatomy (C), and embryology 
(D) education covering the time from 1967 to 2017. McBride 
and Drake10 only surveyed allopathic schools in the USA. Time 
allocated for classroom instruction is indicated in yellow and for 
laboratory learning in purple. Data for the creation of this figure 
were extracted from four publications10,154,156,157 and are based 
on surveys sampling the status of anatomical science instruction at 
the indicated years. The number of schools that responded to the 
individual surveys ranged from 21 to 65.
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Gross anatomy education across different professional and non-
professional undergraduate and graduate programs in North America 
varies as much as the resources used to teach it. As of 2016, labo-
ratories involving prosection, dissection, or a mix of both remained 
the primary method of teaching gross anatomy at almost all North 
American medical schools,10,13,15 veterinary schools,146 and physi-
cal and occupational therapy programs.148,151,153,161,162 However, 
student participation in dissection experiences remained rare in 
nursing and non-professional undergraduate programs.62,163–165 
Some exceptions were non-professional undergraduate programs 
in Canada,149,166 as well as nursing programs at Samford University, 
Alabama, USA167 and McGill University, Canada.168

There is a vocal movement in North America advocating for the 
exclusive use of bodies for anatomical education that have been 
obtained from voluntary body donation programs.44,169,170 Until re-
cently, some unclaimed bodies were still used in some states of the 
United States and in Mexico, a practice that, due to legal and institu-
tional reforms and a change of awareness and attitude toward body 
donations, is slowly disappearing.171–175

Histology education has become increasingly virtual across most 
programs in North America10,176 (Figure 3). Even before the onset of 
the COVID-19 pandemic, the introduction of virtual microscopy for 
histology laboratory education allowed for the development of on-
line histology laboratory sessions.177,179,180 Currently, two-thirds of 
US medical schools exclusively use virtual histological slides to facil-
itate laboratory experiences.10 However, the use of light microscopy 
and glass slides has remained the most common histology laboratory 
activity at Mexican medical schools.15

Unsurprisingly, the COVID-19 pandemic disrupted the use of dis-
section/prosections across all programs in North America.163,181 The 
reduction in hands-on dissection-based learning coincided with a 

simultaneous increase in the use of anatomy digital resources across 
most programs in North America,181 capitalizing on the growing in-
tegration and use of in-house and commercial anatomical e-learning 
tools in North American gross anatomy courses.91,182,183

Beyond anatomical e-learning tools, clinical imaging (x-ray, ultra-
sound, magnetic resonance imaging, computer-assisted tomography) 
has been increasingly integrated into North American gross anatomy 
education, particularly in professional undergraduate programs of 
medicine, dentistry, and the veterinary sciences.184–187 In the last 
12 years, clinical imaging has been included in anatomy courses and 
integrated curricula in 92% of Canadian, 65% of Mexican undergrad-
uate medical programs and in most North American allopathic un-
dergraduate medical programs.15,188–190 This trend is echoed by 98% 
of physical therapy programs and 85% of anatomy graduate (M.Sc. 
and Ph.D.) programs in the United States151,191–193 and has begun 
to spread to non-professional undergraduate programs.194 The hor-
izontal and vertical integration of clinical imaging into medical and 
veterinary undergraduate anatomy courses and vertically through 
the curriculum in North America was bolstered by curricular reforms 
focusing on competency-based medical education and licensing 
examinations.10,13,195,196

Written or online assessments, most often in multiple choice 
format, are used across medical, veterinary, and dental programs 
in Canada and the United States to evaluate anatomical sciences 
knowledge.10,13,146,197,198 In most medical and veterinary schools 
in these countries, gross anatomy knowledge is further assessed 
through practical examinations that usually require students to 
identify tagged structures on a clinical image, model, or donor 
body.10,13,146 Unlike the practical assessment of gross anatomy 
knowledge in medical schools, histology knowledge is often as-
sessed using static images for multiple choice questions, thereby re-
moving the necessity for learners to manipulate the virtual image or 
the microscope.197 Historically, medical schools in Mexico have not 
been nationally standardized, allowing for autonomy across institu-
tions and departments.15 This results in a wide range of assessment 
practices.

In summary, anatomical education at North American schools 
has dramatically changed in the past decades. This included the in-
corporation of modern educational approaches and technologies, 
the absorption into integrated curricular structures, as well as a 
considerable reduction of instructional time, especially for the two 
major anatomical sciences, gross anatomy and histology.

Anatomy education in South America

In most South American countries, the anatomical sciences are 
foundational parts of preclinical medical, veterinary, dental, nursing, 
speech-language pathology, physiotherapy, pharmaceutical, physi-
cal education, biological, and nutritional education programs.199–207 
Anatomy is also taught in ocular optics, optometry, biotechnology, 
and molecular biology programs and is integrated into the gradu-
ate teaching of occupational therapy students, thereby providing a 

F I G U R E  3  Histology laboratory instruction using virtual 
microscopy. Dr. Mike Welsh is helping two University of Michigan 
medical students with the online virtual microscopy Michigan 
Histology website.176 Since this photo was taken in 2010, 
students at the University of Michigan Medical School and School 
of Dentistry are no longer offered faculty-guided laboratory 
instruction for histology and are expected to work with the 
website's virtual slides on their own time.177,178
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critical framework for the understanding of clinical applications and 
medical practice.199,202,208,209 Across most South American coun-
tries, anatomy courses are integrated into medical and surgery cur-
ricula.210,211 In Brazil, some gross anatomy and histology are taught 
alongside radiology and pathology or are consolidated into a mor-
phology course.82 Some universities in Colombia and Brazil follow 
a modular, organ-based approach.212 In contrast, in many physi-
otherapy, nursing, nutrition, and undergraduate biological science 
programs, gross anatomy, histology, and embryology are still taught 
as independent courses.213 Regardless of the approach used, gross 
anatomy, histology, and embryology laboratory sessions are inde-
pendent teaching events at universities across South America.211,214 
Universities in this geographical region use both traditional and 
novel teaching strategies and resources for the anatomical sciences, 
including active learning techniques, team-based and problem-based 
learning approaches, flipped classroom experiences, traditional and 
e-textbooks, e-learning tools, plastic anatomical models, and digital 
and virtual 3D models (Figure 4).82,200,212,213,215,216 In Brazil during 
the COVID-19 pandemic, veterinary gross anatomy modules, cover-
ing different aspects of animal anatomy, were adapted to accom-
modate online learning.206 Such approaches have fostered a more 
interactive and autonomous learning environment, which shifts 
away from the traditional didactic model where the teacher is the 
primary source of knowledge.201 The curricular hours dedicated to 
the anatomical sciences across different programs and countries/
regions in South America are not available from peer-reviewed 
publications.

In South America, gross anatomy education has traditionally used a 
topographic approach in both lectures and dissections. Teaching gross 
anatomy, particularly neuroanatomy, has been supported through the 
use of virtual images in atlases and other interactive digital education 
tools.206 In Brazil, medical curricular reform, outlined by the National 
Curriculum Guidelines, facilitated the integration of clinical imaging 
technologies into anatomy education.201,217 Complementary mag-
netic resonance images (MRI), ultrasonography (USG) images, com-
puted tomography (CT) scans, and x-ray films have been integrated 
into medical gross anatomy education.199,200 Consequently, these mo-
dalities have become recognized as essential tools in contemporary 
South American gross anatomy education.218

Gross anatomy dissections in most South American medical 
schools include activities that correlate anatomical knowledge and 
relationships with clinical applications.211 In 2020, all medical ed-
ucators surveyed at the University of Buenos Aires in Argentina 
agreed that dissections are fundamental and essential for medi-
cal students.215 Across many educational institutions in South 
America, gross anatomy courses are conducted in both large and 
small group settings.212 Small groups typically consist of two to 
25 students, with an average of approximately five students per 
group, which facilitates more focused and interactive learning ex-
periences in the gross anatomy laboratory (Figure 4).82,199 In South 
American veterinary programs, the use of animal cadaveric parts 
for dissection is often supplemented by plastinated and diapha-
nized specimens.202 The procurement of human bodies for gross 
anatomy laboratory sessions varies widely within and across dif-
ferent South American countries, with some institutions using 
only unclaimed bodies and others only donated bodies.171,210,219 
A movement has been started in South America to establish vol-
untary body donation programs to ensure a consistent supply of 
ethically sourced body donors.210,220,221

Histology has a long history in South American biomedical educa-
tion.222 At a majority of South American universities, it is part of the 
first-year basic science medical/dental curriculum, although some have 
advocated for its integration into the clinical phase of medical educa-
tion.223–226 It usually follows the traditional two-step model, with an 
initial lecture component that is combined with subsequent laboratory 
sessions.90,227 Modern education approaches to the standard didactic 
lecture, such as flipped classroom strategies, have been successfully 
tested.228–230 With less time being scheduled for histology laboratory 
sessions, digital microscopy has started to replace traditional light mi-
croscopy at some South American universities.203,223,228,231–233 Other 
histology e-learning resources have also been introduced and tried at 
several South American schools, including social media,234 websites,235 
and digital books.216,236 However, the use of virtual microscopy and 
other digital resources at South American schools is far from universal. 
It presents challenges for medical education in countries that lack the 
required technical infrastructure,227,237,238 such as personal electronic 
devices and access to fast and reliable internet, which are needed 
for equitable educational opportunities.238–240 Nevertheless, despite 
these obstacles, the transition to online instruction facilitates the in-
troduction and integration of virtual microscopy and other e-learning 

F I G U R E  4  Use of a plastic skeleton model for teaching 
gross anatomy at a Brazilian university. Dr. Campos teaches the 
morphology of the axial skeleton to a group of first-semester 
graduate students in a Psychology, Physical Therapy, and Pharmacy 
program at the Fametro University Center (UNIFAMETRO), a 
private university in Fortaleza, Ceará, Brazil. Plastic bone models 
are used because the university has no access to ethically sourced 
human bones for teaching purposes.
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resources, offering new opportunities for enhancing the teaching and 
learning of histological concepts.238,241

Like many institutions around the world, South American uni-
versities reported that the COVID-19 pandemic accelerated a tech-
nology shift in anatomy education, including a widespread adoption 
of online teaching methods.206,209,242 Some universities used plat-
forms like Zoom for theoretical and practical classes, incorporated 
3D software like the Human Anatomy Atlas,243 and live-streamed 
laboratory sessions.244 However, other institutions lacked the re-
quired infrastructure and were unable to adapt their anatomy cur-
riculum to compensate for the loss of in-person laboratories.245 
Medical educators surveyed at the University of Buenos Aires in 
Argentina reported divided opinions about virtual learning; many 
of these educators felt that students only partially comprehended 
anatomy when they were taught entirely in a virtual format.215 A 
pre-COVID-19 study from Venezuela reported that over 90% of stu-
dents expressed dissatisfaction with virtual teaching aids, such as 
anatomy modules, audiovisual media, and radiographs.246 Students 
perceived the e-learning tools as unrealistic and artificial and ar-
gued that such tools should not replace dissections in gross anat-
omy education.246 Though the pandemic accelerated the adoption 
of e-learning tools into South American anatomy education, many 
e-learning tools, except for textbooks, are only available in English, 
with limited online resources in Spanish or Portuguese.216,227,236,247 
In summary, in South America, several considerable challenges re-
main for the successful implementation of online education for the 
anatomical sciences.237,242

Assessment styles used in gross anatomy and histology have 
remained stable over time, with the COVID-19 pandemic repre-
senting a temporary shift in format. Prior to the COVID-19 pan-
demic, assessments in gross anatomy and histology courses mostly 
consisted of both theoretical and practical examinations.248 
During the COVID-19 pandemic, assessment styles shifted away 
from practical examinations toward more theoretical examina-
tions.249 In Brazil, online modules incorporated quizzes and clinical 
case studies.206 Since the end of pandemic restrictions, practical 
examinations were reinstated at South American universities, 
contributing to a significant portion of students' final grade, with 
quizzes, dissection activities, and clinical correlation workshops 
making up the rest.211,249 Novel assessment methods have been 
explored in South America, including game-based examinations, 
where students identified anatomical and histological structures 
in a competitive setting.199

In summary, an increasing number of South American schools 
have adopted innovative teaching methods and technologies 
to improve the quality of gross anatomy and histology educa-
tion.202,241,242,249 The COVID-19 pandemic accelerated the shift 
toward online education and blended learning approaches, which 
was/is a challenge for students from socioeconomic disadvantaged 
backgrounds.206,238 Consequently, there have been calls for curric-
ular reform, advocating for an increased workload, better integra-
tion of basic sciences with clinical education, and improved content 
distribution to enhance anatomical knowledge retention.201 As 

a result of such reforms, there has been a noticeable trend of re-
ducing the time allocated for gross anatomy and histology instruc-
tion at South American universities, with traditional dissection and 
light microscopy being replaced by alternative electronic teaching 
methods.213,250

Anatomy education in Europe

Among European countries, there is a significant diversity in 
economic wealth,251 as well as educational traditions and sys-
tems.252 The Bologna Process, which is a voluntary non-binding 
intergovernmental agreement started in 1999 and seeks to bring 
more coherence to higher education systems among European 
institutions of higher learning.253,254 At European universities, 
the anatomical sciences are essential components of human 
health science9,16,255 and veterinary medicine education.256,257 
However, the current state of anatomy education is still diverse 
across European countries. Most of these educational programs 
start at the undergraduate level after the completion of high 
(secondary) school.

Across Europe, the bulk of medical curricula integrate gross 
anatomy teaching with other preclinical disciplines. In Sweden and 
Spain, the gross anatomy education of physiotherapy and nursing 
students is integrated with other basic science disciplines.258–260 
In Germany, Spain, Finland, and Italy, medical and dental students 
experience gross anatomy integrated with clinical imaging, embry-
ology, and histology.14,261–266 Only two out of 39 surveyed medical 
schools in the United Kingdom and Ireland had an independent gross 
anatomy course.16 An integration of gross anatomy with clinical dis-
ciplines was also reported from other European countries.12,18,258,259 
In German dental schools, gross anatomy is taught in the preclinical 
curriculum.267 In France, some medical schools offer independent 
gross anatomy courses.255,268,269 Stand-alone medical gross anat-
omy courses have also been reported in Denmark,270 Croatia,271 
Poland,272 and the United Kingdom.270 Some European countries, 
like Russia, follow a centralized medical curriculum with gross anat-
omy being first taught by anatomy and later by clinical and surgical 
departments.273

In Europe, synchronous and asynchronous lectures remain the 
ubiquitous mode for delivering anatomical knowledge to health sci-
ences students.14,16,18,255,258,259,264,267,271,273–276 Lectures are usually 
complemented by a laboratory component. A survey of 120 gross 
anatomy teachers from across Europe found that human dissection 
and/or prosections are still considered the best way to teach gross 
anatomy.273 Consequently, the majority of medical and dental schools 
in Europe reported the use of human dissection or prosections, which 
are supplemented by plastic anatomical models and/or digital resou
rces.9,12,14,16,18,258,259,263,265,273,274 Only some European medical stu-
dents do not experience dissections or prosections as part of their 
gross anatomy education. In Finland and France, the dissection ele-
ment is optional at some medical schools.255,264 In the Netherlands, 
dissections are offered to a limited number of medical students.18 
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Thirty-four out of 39 surveyed British and Irish medical schools offer 
dissection or prosection sessions.16 In Turkey, due to an insufficient 
number of available bodies for gross anatomy education, medical 
and dental students learn gross anatomy from prosections without 
a dissection opportunity.277 Prosections continue to be used for the 
gross anatomy education of physiotherapy and nursing students in 
many European countries.54,258–260,277,278 European gross anatomy 
programs exclusively use donated bodies with only a few European 
countries still relying on unclaimed human bodies.38,171,277

The use of digital technologies, like virtual dissection tables, for 
teaching gross anatomy has become increasingly popular in Europe. 
Their use alongside dissections is common at Russian medical 
schools273 and complements prosections for medical and physio-
therapy students in Sweden.258,259 In France, more than half of med-
ical schools surveyed use a virtual dissection table to teach gross 
anatomy.255 Digital visualization resources replacing dissections/
prosections have been reported for some medical gross anatomy 
courses in the United Kingdom279 and France.265,270 In contrast, 
the educational value of dissection/prosection as part of veterinary 
gross anatomy education is widely recognized by veterinary students 
in several European countries256,257,280 and European veterinary 
programs often coordinate gross anatomy education with histology, 
physiology, and biochemistry257 or with clinical courses.280

Histology is taught as part of an integrated medical curricu-
lum at many European universities, especially those in Western 
Europe.281,282 However, there are some European schools where it 
is a stand-alone course, specifically programs in the Czech Republic, 
Romania, Germany, and Greece.89,281 This subject remains an indis-
pensable component of various professional courses specifically for 
medicine, dentistry, veterinary science,128,283,284 biology,285 bio-
medical sciences,241 physiotherapy,125 and sports science.286

Like in the United States (Figure 2), curriculum changes and the 
use of virtual microscopy have resulted in a reduction of teaching 
hours for histology at some European medical schools.287 On av-
erage, 24 h are used for histology instruction at medical schools in 
the United Kingdom and Ireland, which is comparable to the aver-
age time dedicated to histology in Canadian medical schools (25 h) 
but considerably lower when compared to US and Mexican medical 
school averages (51 h and 125 h, respectively).10,13,15,16 However, 
there are also European universities that dedicate significantly more 
hours to histology teaching.281,288 Teaching hours for embryology 
have also been reduced in Europe, particularly in integrated cur-
ricula.16,289,290 This reduction of embryology instruction is not uni-
versal in Europe, and some institutions have retained stand-alone 
embryology courses.290

A traditional two-step combination of lectures and labora-
tory sessions is used for histology teaching at most European uni-
versities.89,283,291,292 Whereas some universities in Europe teach 
histology in a conventional teacher-centered mode,292 more are 
implementing a student-centered approach,119,284 such as a flipped 
classroom model,282,284,291,293 gamification strategies,119,125,126,128 
the inclusion of clinical cases,281,291 and/or team-based learning.284 
At a few European schools, drawings of histological observations 

or student-led presentations are used for deeper learning experi-
ences.294,295 Like in other affluent countries, most European medi-
cal, dental, veterinary, and biomedical sciences programs rely almost 
exclusively on virtual microscopy to facilitate histology laboratory 
instruction.119,233,282,286,287,296 However, some institutions still use 
traditional light microscopy with glass slides for laboratories or fol-
low a blended approach.281,283,291,294 In contrast to most medical 
programs, histology laboratory sessions at the Bachelor of Science 
degree level often provide hands-on experiences like slide prepara-
tion techniques and the use of histological equipment.285

A comparison of medical school neuroanatomy curricula from 11 
European countries found differences in the time allocated to this 
subject.297 However, at all these schools, neuroanatomy education 
is integrated with clinical cases, and many schools offer it during the 
second year of medical studies.

European countries dealt with the COVID-19 pandemic in 
different ways. In many countries, human dissections and face-
to-face teaching were discontinued and changed to online teach-
ing.12,266,271,276,298,299 In a few European countries, the use of 
prosections265 and dissection continued, albeit with smaller student 
group sizes or reductions in teaching time.265,300 With the lifting of 
pandemic restrictions, face-to-face dissection experiences have re-
sumed.276,299 However, some curricular changes, like recorded lec-
tures that were introduced during the pandemic, were retained.299

European institutions employ a variety of assessment for-
mats across the anatomical sciences. In medical curricula, gross 
anatomy knowledge is often assessed using oral examina-
tions14,263,266,268,271,300 and/or written assessments.12,14,271,300 
Summative histology assessments across different programs are 
varied; some institutions exclusively use multiple choice type ques-
tions,16,89,287,291 while others employ essay questions, spot tests, 
clinical scenarios, and oral examinations.16,281,296 Practical gross 
anatomy assessments across Europe can take many forms and in-
clude online tests using photos and slides of prosected specimens,12 
in-person tagged plastic anatomical models and donor specimens 
(spot test),271 and objective structured practical examinations 
(OSPE).272 At many European medical schools, for example, in the 
United Kingdom and Ireland, a combination of written and spot as-
sessments is used for summative assessments, while formative as-
sessments might include oral, written, or practical exercises.16,301

In summary, anatomical education in Europe is still rather het-
erogeneous between countries, institutions, programs, and for dif-
ferent cohorts of students. However, as 49 European countries are 
currently signatories of the Bologna agreement,253,254 the teaching 
of the anatomical sciences is slowly becoming more standardized 
across the continent, easing student and faculty mobility between 
countries.

Anatomy education in Africa

The African continent is the home of many developing nations, and 
the structure of their higher education systems is often based on 
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the universities of their former colonial powers.302–304 Importantly, 
the development and rebuilding of their organizational structure is 
frequently impeded by economic constraints.302,303 Though some 
African countries are making efforts to modernize their medical cur-
ricula, many still use traditional teaching methods that do not fully 
incorporate advances in medical education, such as the use of digital 
resources, 3D models, and clinical imaging to complement dissec-
tions.305 These inequities in training across the continent mean 
that students in some parts of Africa may have unmet educational 
needs when compared to their peers in more developed countries 
or other regions/countries of Africa. There are some exceptions to 
the situation described in this segment. For example, most North 
African countries bordering the Mediterranean Sea can offer a 
more technologically advanced anatomy education to their stu-
dents.306–311 Similarly, anatomy education at South African universi-
ties is comparable to that offered by institutions in more developed 
countries.312–314

In general, many African medical and health science schools face 
significant resource limitations, including underfunding, inadequate 
facilities, low number of faculty members, a lack of modern teach-
ing tools, and, for gross anatomy, an insufficient supply of bodies 
for dissection/prosections.98,305 For gross anatomy education, many 
African anatomy departments lack an adequate infrastructure of dis-
section rooms and resources for embalming and preserving human 
bodies.315 Like faculty in other global regions,316 African anatomy 
educators often find themselves torn between focusing on research 
for achieving promotions and dedicating time for developing their 
teaching skills.314 Moreover, the integration of information and 
communication technologies into anatomy education is still in its 
infancy.317 Despite these challenges, there has been a growing rec-
ognition of the importance of incorporating innovative technologies 
and learner-centered teaching for the anatomical sciences in African 
biomedical curricula.76,318,319

Anatomy courses at most African medical schools are typi-
cally stand-alone courses. Over recent years, some African med-
ical schools have adopted a modular, partially integrated course 
system for basic medical education.320–322 These courses combine 
gross anatomy, histology, embryology, and neuroanatomy and are 
offered to medical and dental students during their preclinical and 
clinical years. Physiotherapy, occupational therapy, radiotherapy, 
radiography, dietetics, nursing, pharmacy, and veterinary science 
students also take anatomy courses as part of their professional 
programs.313,323–328 Some African universities also offer bachelor's, 
master's, or doctoral (Ph.D.) programs in human anatomy.320,329 The 
duration and structure of these degree programs vary, but they gen-
erally span several semesters and include theoretical and practical 
components.

Across Africa, traditional teaching approaches remain essen-
tial components of gross anatomy education. Didactic lectures 
accompanied by dissections form the foundation for student learn-
ing.312,330 Supplemental learning tools such as bone collections, 
articulated skeletons, and prosected specimens are frequently 
available.312 Many students and faculty across Africa share a strong 

preference for whole-body dissection as their primary method of 
learning.331–336 Across much of Africa, inadequate infrastructure re-
mains a major barrier to the implementation of computer-assisted 
learning.98,305 However, e-learning tools such as virtual dissection 
tables are being used to supplement gross anatomy education across 
a small number of institutions (Figure 5).76,319,337,338 Similarly, a few 
medical schools also purchase subscriptions for their learners to ac-
cess computer programs such as Osmosis and Complete Anatomy 
(both owned by Elsevier, Amsterdam, The Netherlands).76,319,339 
Some educators have built in-house e-learning tools that incorpo-
rate problem-based312,340 and team-based learning approaches to 
encourage engagement.341

In Africa, the acquisition of bodies for gross anatomy education 
varies between countries.342 Generally, bodies for gross anatomy 
education are either obtained through willed body donation pro-
grams343 and/or are unclaimed without consent.171 Generally, the 
reliance on unclaimed bodies is still prevalent due to a lack of well-
established donation programs. In some countries, like Ghana344 and 
Nigeria,329 government acts empower the use of unclaimed bodies 
for dissection at medical schools. The lack of a comprehensive legal 
framework to facilitate body donations makes it difficult to set up 
body donation programs that conform with legal and ethical stan-
dards and assure the proper handling of donated bodies.345 Cultural 
and religious beliefs may further discourage individuals from donat-
ing their bodies. In some African cultures, the body of the deceased 
is viewed as sacred and should be buried intact, while other com-
munities may have well-established customs with traditional burial 
rites to ensure the peaceful transition of the deceased into the after-
life.345–347 Fear and mistrust are major obstacles to obtaining con-
senting donors. Further complicating the situation is a low awareness 
among the countries' general population, as well as their respective 
policymakers of the need for body donation programs.344–348 It 
should be noted that efforts are being made in several African coun-
tries to transition to more ethical practices.343,344,348–352

F I G U R E  5  Example of electronic dissection table use to teach 
gross anatomy in a developing country. The photo shows Dr. Koney 
instructing a group of University of Ghana physiotherapy and 
occupational therapy undergraduate students using an Anatomage 
table (Anatomage Inc., Santa Clara, CA, USA).
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Histology education in Africa uses both traditional and modern 
teaching methods and technologies. Traditional methods are based 
on light microscope examinations of glass slides with sectioned and 
dye-stained tissue samples. The difficulty with traditional teaching 
tools for histology is that light microscopes and glass slides require 
expensive upkeep. Without proper maintenance, learners often 
study with resources that may produce uneven or poor-quality im-
ages. In addition, at many African universities offering traditional 
histology laboratory sessions, multiple students must share a sin-
gle light microscope, and broken glass slides diminish students' slide 
collections. Virtual microscopy platforms offer a modern solution 
to these problems and are slowly gaining use with African histol-
ogy teachers and learners.90,227,353 They allow students to examine 
digital histology slides at their own time and chosen location. Given 
that the creation of in-house virtual histology slide collections is im-
practical for most universities in Africa, educators and learners make 
use of free histology resources that are available on the internet. 
Noticeably, histology websites that are most often used by African 
students are exclusively offered by non-African institutions. Popular 
examples are the University of California San Diego MedPics,354 the 
University of Michigan Histology website,176 Histology Guide,355 
Histology@Yale,356 and other websites. Other e-learning devices 

and resources, like podcasts, are also frequently used for histology 
education in African countries.357–361 However, for many African 
students, access to these sites is problematic, either because of a 
lack of a personal computing device or internet connectivity.317 Most 
African universities do not provide sufficient computer facilities or 
support. Therefore, African students often use their smartphones as 
a learning tool (Figure 6). In contrast, virtual microscopy is routinely 
used for histology and pathology instruction at Northern and South 
African universities.357,364–369 For some time, South Africa has been 
a leader on the continent for the introduction of modern teaching 
strategies for histology, like the flipped classroom, gamification, and 
virtual approaches.370–373

At most African schools, embryology and neuroanatomy are 
taught as standalone courses or as part of larger teaching mod-
ules.312,374 Embryology usually involves classroom teaching without 
a practical component, while neuroanatomy, in addition to lectures, 
includes laboratory sessions with dissections of the nervous system. 
To enhance faculty training in neuroscience, the International Brain 
Research Organization (IBRO, Paris, France) organizes Teaching 
Tools Workshops (TTW) in Africa and provides training grants.375–377 
These efforts are aimed at providing African educators with the nec-
essary tools to teach neuroscience more effectively.

F I G U R E  6  Electronic device usage by students in four different countries. Anatomical science learners from four universities in different 
countries were asked about their preferred electronic device that they use for studying online. The data from the University of Michigan in 
Ann Arbor, Michigan, USA, the University of International Integration of the Afro-Brazilian Lusophony in Redenção, Ceará, Brazil, and Sree 
Gokulam Medical College in Trivandrum, Kerala, India, were previously published and reformatted for this figure.238,362,363 The data from the 
University of Ghana in Accra, Ghana, are from an unpublished survey of dental and medical students. As the exact wording of the question 
differed in the four surveys, the question text that was answered by the survey participants is displayed above the relevant bar set. Even 
though this figure shows data from different surveys that were performed in different years with different groups of students, the results 
indicate that students in developing countries, where ownership of personal computers is not ubiquitous, find ways to engage in e-learning 
by using what is available to them, their smartphones.
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The COVID-19 pandemic was a significant turning point for 
African higher education, leading to a greater adoption of online 
teaching tools and the use of internet resources.89,339,378–381 In fact, 
some changes made in response to COVID-19 have been main-
tained after pandemic restrictions were lifted.338,382 However, the 
student experience was far from uniform. Due in part to socioeco-
nomic and infrastructural barriers, Nigerian students at one institu-
tion reported not being able to attend online sessions.383 Students 
and educators alike struggled to adapt to the new virtual teaching 
and learning landscape.384 If not addressed, the challenges faced by 
African learners may significantly impede the evolution of anatomy 
sciences education.385

In African medical schools, assessment in the anatomical sci-
ences generally follows a combination of traditional and modern 
approaches, with variations depending on resources, institutional 
policies, and curricular structures. Histology and gross anatomy as-
sessments usually have a theoretical and a practical component.386 
Objective-type questions (MCQs, matching, short-answer ques-
tions, fill-in-blanks, etc.) are increasingly preferred for assessing the-
oretical knowledge. Laboratory-based examinations test practical 
knowledge and competencies involving the identification of struc-
tures. They usually have a “steeplechase” (“spotters” or “bell ringers”) 
format using microscopes, projected or printed micrographs, radio-
graphs, or prosected bodies.

The published literature on anatomy education in Africa only 
captures data from a limited number of higher education institu-
tions and countries. That may bias the view presented in this seg-
ment. Despite the presence of many older and recently founded 
medical schools on the African continent,387 there is a noticeable 
lack of research analyzing anatomy education that has been pub-
lished in Anatomical Sciences Education and other scientific jour-
nals when compared to other continents (Figure  7). In the past, 
anatomy educators from South Africa have published most of the 
papers addressing general and specific aspects of African anatomy 
education (Figure 7).312–314 However, anatomy educators from other 
sub-Saharan countries have started to submit more manuscripts, 
and the African continent is becoming more visible in the anatomy 
education literature, some being published in more general educa-
tion or regional medical journals. This limited research output un-
derscores the need for increased investments in academic research 
and international collaborations that can enhance the development 
of anatomy education at African schools. It will also pave the way 
for introducing innovative teaching methods and technologies, pro-
moting better learning outcomes for African students learning the 
anatomical sciences.

Anatomy education in South Asia

South Asian countries not only represent a wide range of population 
sizes but also differ in their level of economic and technological 
development and their religious and cultural background.388,389 For 
this summary of anatomical education, India, as the most populous 

country in the world, will serve as a representative for the South 
Asian region. The status of anatomy education in India will be 
compared with that of other South Asian countries. Over the past 
three decades, like in many other South Asian countries, the number 
of medical schools in India has grown almost fivefold, making it 
the country with the highest number of medical schools.390–392 To 
improve the quality and consistency of medical degrees across India, 
modern educational practices have been built around stringent 
accreditation standards for medical educational institutions, 
including preclinical anatomy education.390 In India, the anatomical 
sciences are not only part of preclinical training in modern medicine, 
dentistry, and paramedical professions, but also for alternative 
medicine approaches such as ayurveda and homeopathy.393

Gross anatomy education in India and other South Asian coun-
tries relies mainly on dissection5 and/or prosections.17 In 2020, 
the National Medical Council of India recommended that virtual 
dissection tables be added to complement learning in traditional 
gross anatomy laboratories. In 2023, they revised their recommen-
dations that no more than 10 students should share a body during 
dissection laboratory sessions.394 This caused a severe shortage 
of bodies across Indian medical, dental, and alternative medical 
colleges.395–398 The Indian Government and many non-profit orga-
nizations have recently appealed to the public for body donations 
and have organized body donation drives for academic and research 
purposes.200,395,399 Gross anatomy programs at universities in other 
South Asian countries are also based on dissections/prosections, 
often within a problem-based curriculum.400–404

Though intentional body donations have a legal basis in 
India,405,406 unclaimed bodies remain the main source.171 Many 
other Asian countries, including those in the Middle East, use un-
claimed bodies, sometimes exclusively.171,407 There are a few ex-
ceptions to this general reliance on unclaimed bodies, namely Sri 
Lanka408 and Thailand.409 This is partially due to different cultural 
traditions and religious beliefs that are held by individuals in these 
areas.171,200,401,410 The continued use of unclaimed bodies for ana-
tomical sciences education is concerning, particularly in light of the 
South Asian/Indian bone trade.36,411

Due to the difficulties of acquiring a sufficient number of bodies 
for gross anatomy education, some South Asian countries, specifi-
cally in the Middle Eastern region, have incorporated a wide range 
of non-dissection/prosection teaching strategies.407 These include 
3D interactive virtual models,412 Anatomage tables (Anatomage 
Inc., Santa Clara, CA, USA),413 Sectra tables (Sectra, Linköping, 
Sweden),414 and locally developed 3D stereoscopic visualization 
techniques.415 As reported in some of the above publications, the 
use of these virtual technologies is sometimes associated with sig-
nificant increases in students' learning success in gross anatomy and 
neuroanatomy.412,415 However, with few medical schools in the re-
gion routinely using these virtual technologies, educational use of 
these tools lags behind compared to more developed countries.414 
Surveys of gross anatomy teachers and students in India indicate 
a preference for a mixed-method approach, combining dissection/
prosection with other e-learning methods such as virtual, living, and 
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radiological anatomy.414,416 This has also resulted in unique low-
technology teaching approaches that are based on the local cul-
tural heritage and can be easily adopted by any anatomy educator 
(Figure 8).417–419

The reduction of time allotted to anatomy education has 
not affected countries like India to the same extent as schools 
in more developed countries. One reason may be that many 
medical schools in India still follow a discipline-based curricular 

F I G U R E  7  Country and continent affiliations of corresponding authors of Anatomical Sciences Education (ASE) publications. Panel 
A shows a choropleth map (produced with www.​mapch​art.​net) indicating the 55 different countries/territories of corresponding author 
locations for 1235 published ASE manuscripts (Volumes 1 to 17). Editorials, errata, and conference abstracts were excluded from this 
analysis. It should be noted that this figure only provides a very limited snapshot. ASE was selected as it is the only scientific journal that 
exclusively publishes educational papers for the anatomical sciences. As it is published by the American Association for Anatomy, authors 
from the United States and Canada are notably overrepresented. A lot of anatomical education work is also published in general medical 
journals, in anatomical journals that are not specialized in education, or in journals that accept papers on a wide variety of educational 
topics. Some authors, especially from developing countries, may also choose to submit their work to scientific journals with a more local 
distribution. In addition, the global movement to open access publication may exclude authors from resource-limited areas to submit their 
work to journals with a high open access fee. Panel B shows the number of ASE publications that are associated with corresponding authors 
from different continents/subcontinents as defined in this article.
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structure.420 However, the integration of the basic sciences in 
medical curricula and early clinical exposure has been increasingly 
encouraged.394 According to the Modified Competency-Based 
Medical Education Guidelines of India 2024, the Indian medical 
curriculum currently allots about 620 teaching hours to the ana-
tomical sciences with an ongoing switch from large group (lecture) 
teaching toward more small group teaching.394 The competencies 
in the current curricular structure focus on gross anatomy and his-
tology, as well as on neuroanatomy and embryology.394 Schools 
in other South Asian countries, such as in Saudi Arabia, Bahrain, 
United Arab Emirates, Pakistan, Oman, and Iran, have already 
moved from a discipline-based curriculum to a system-based in-
tegrated curriculum, which has reduced the time allotted for 
practical anatomy instruction.421–426

The histology component of medical programs in India and 
other Southeast Asian countries usually covers the histology of 
cells and tissues, as well as the microscopic structure of most organ 
systems.227 Students in paramedical courses learn histology as a 
part of their gross anatomy sessions, but with fewer details. The 
teaching methods used in most of South Asia are similar to those 
in India.427,428 Histology education involves didactic lecture-style 
presentations followed by laboratory sessions, usually with stained 
glass slides and light microscopes. Academic faculty members facil-
itate students' learning, instructing them on how and what to iden-
tify.227,429 As the new competency-based medical education (CBME) 
curriculum in India stresses the teaching of clinical anatomy, the 

medical relevance of microscopic structures is now mentioned in the 
lecture component.394 During the laboratory component, emphasis 
is directed to drawing and labeling microscopic structures, helping 
students to understand cell and tissue organization. Several pub-
lished studies suggest that students who draw histology diagrams 
perform better on related assessments.371,429–433 Together with 
subject knowledge and the ability to identify histological structures, 
these drawings are also part of student assessments.429 Although 
this traditional version of gross anatomy/histology education is still 
widespread at Indian colleges, flipped classroom strategies have 
been launched successfully for both gross anatomy and histology/
pathology instruction.434–437

Educational institutions across South Asia face several chal-
lenges that impact gross anatomy and histology instruction. Many 
institutions have experienced considerably higher enrolment rates, 
difficulties maintaining equipment, such as light microscopes, and a 
dearth of quality histological slides.438 The use of internet resources 
and computer-aided instruction, specifically that of virtual micros-
copy, promises a feasible solution for these challenges.90 Though 
didactic lectures using PowerPoint presentations are the most fre-
quently used method of teaching, other educational resources, like 
the use of websites, mobile applications, internet-accessible video 
demonstrations, self-directed learning modules, and virtual mi-
croscopy, are slowly being integrated into anatomical sciences ed-
ucation at South Asian universities.97,363,439–441 However, much like 
countries in Africa and South America, this process has been com-
plicated by outdated technological infrastructures, a lack of student-
owned electronic devices (Figure  6), variable internet access, and 
reluctance among teaching staff to adopt new educational tools.97 
Although many schools in the region still use traditional microscopy 
for histology laboratory instruction, some institutes, like the All India 
Institute of Medical Sciences, have developed the appropriate infra-
structure that is required for e-learning approaches and the exclu-
sive use of virtual microscopy.442,443 Similarly, universities in many 
Middle Eastern countries regularly use virtual microscopy and other 
e-learning resources for histology laboratory instruction.444–448

Most biomedical learners at schools in South Asia have em-
braced new e-learning technologies, even when their own economic 
status and limited internet access restrict their use, especially during 
the COVID-19 pandemic.449–451 Like students in other developing 
countries,238,452,453 Indian medical learners quickly adapted by in-
corporating e-learning approaches into their education. For many, 
who lack personal computing devices, their smartphones became 
their primary learning tool for accessing content (Figure 6).363,454–456

During gross anatomy and histology assessments at Indian 
schools, both the students' theoretical knowledge and practical 
skills are tested. Examinations assess gross anatomy, neuroanatomy, 
embryology, and histology theoretical knowledge through essays, 
multiple choice questions, and short answer responses. Practical 
examinations in gross anatomy include object-structured practical 
examinations and discussions using prosections, where students 
are required to discuss the specimen with the examiner. In histol-
ogy practical examinations, students are required to identify the 

F I G U R E  8  Dr. Yohannan using his “Air Anatomy” technique 
during a small group session for teaching the spatial orientation 
of the heart chambers to a class of senior medical students at 
Government Medical College in Thiruvananthapuram, India.417,418 
Inspired by traditional Indian theater and dance tradition, he 
developed this approach to explain complex three-dimensional 
anatomical structures using only hand gestures, a technique 
that can easily be transferred to other resource-limited teaching 
environments.
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slides/structures and substantiate their identification with one or 
two salient features of the tissue, draw labeled diagrams, and answer 
questions asked by the examiner. These types of evaluation form part 
of students' internal assessments and of university examinations.

In summary, many schools in Middle Eastern countries have ad-
opted advanced technologies and educational approaches to teach 
the anatomical sciences. In contrast, most universities in other areas 
of Southeastern Asia continue to use a more traditional system of 
teaching gross anatomy and histology. However, faced with man-
dated curricular changes, these institutions are slowly converting 
to new educational methodologies and are introducing modern e-
learning technologies.

Anatomy education in East Asia

The following segment about anatomy education in Eastern Asia 
primarily considers the situation in China (mainland China, Hong Kong, 
and Taiwan), Japan, South Korea, Singapore, Malaysia, and Indonesia. 
Several of these countries are highly industrialized and affluent, with 
well-developed higher education systems.457,458 Medical schools 
in Singapore, Malaysia, and Indonesia are still influenced by their 
respective colonial pasts and are based on old British, French, or 
German university systems.459 In 2018, mainland China, the largest 
and most populous country in East Asia, reported 192 universities 
with clinical medicine majors.460,461 Much like other geographical 
areas, anatomy education in East Asia has undergone significant 
transformations over the past 20 years, driven by pedagogical 
innovations, technological advancements, and the impact of the 
COVID-19 pandemic.81,462–464 Anatomy curricula across different 
East Asian countries and regions exhibit considerable diversity in 
structure, content, pedagogical approaches, and teaching hours. 
Even within the same region or country, approaches to curricular 
designs for the anatomical sciences diverge, as exemplified by the 
two medical schools in Hong Kong; one has adopted an integrated, 
learner-centered teaching approach, while the other maintains a 
traditional discipline-based organization.465–469

In mainland China, most medical schools continue to use a tradi-
tional dissection-based approach to gross anatomy. Systemic anat-
omy is taught in the first and second semesters and regional anatomy 
in the third, fourth, and fifth semesters.463,470,471 However, an 11% re-
duction in teaching hours over the past 30 years has prompted many 
medical schools to reform their gross anatomy curriculum, focusing 
on improving learning efficiency through problem-based learning 
and virtual simulations.470,471 Curricular modifications have included 
integrating gross anatomy with other preclinical subjects and empha-
sizing clinical relevance.471 In particular, gross anatomy education in 
Taiwan separates systems and regional anatomy and combines tra-
ditional dissections with modern educational methods.472 Recently, 
virtual and augmented reality technologies have been used to sup-
plement the traditional dissection approach (Figure  9).473,474 The 
National University of Singapore undergraduate medical curriculum 
uses a modular format, integrating gross anatomy with biochemistry 

and physiology, while the graduate-level curriculum employs team-
based learning and multimedia resources.475–477 These innovations 
maintained the overall quality of gross anatomy education despite a 
reduction in teaching hours. In South Korea, gross anatomy curricula 
have changed by moving to regional gross anatomy teaching and the 
use of digital tools.478–480 While face-to-face dissection classes have 
resumed post-COVID-19, digital tools and online assessments con-
tinue to be widely used. Japanese medical schools have strength-
ened collaborations between preclinical and clinical departments 
and incorporated problem-based learning and digital technologies 
to create clinically relevant curricula.81,481 Analogous changes have 
been adopted in Indonesian medical schools, where gross anatomy 
curricula often include prosections, anatomical mannequins, and 3D 
software.482,483 Malaysian universities also utilize similar multimodal 
approaches and experiential learning to enhance gross anatomy 
education.484–486 Much like the rest of the world, the COVID-19 
pandemic accelerated the adoption of new technologies in East 
Asia, leading to an increased use of digital and virtual modalities/
platforms (Figure 9). These advancements are now key components 
of anatomy education in East Asia, adding to more learner-centered 
approaches.81,467,468,473,474,477,483

Teaching hours dedicated to anatomy vary significantly across 
East Asia. However, there is a clear trend toward reducing hours while 
integrating modern pedagogy and technology. At the University of 
Hong Kong, medical students receive around 174 h of gross anatomy 
instruction, including lectures, dissections/prosections, and virtual 
reality sessions.466,467 Korean schools averaged 234.5 h in the 1990s, 

F I G U R E  9  Traditional dissections (Panel A) and virtual reality 
technologies (Panel B) are used for gross anatomy education at 
the University of Hong Kong. Photos are courtesy of the Anatomy 
Education Team of the LKS Faculty of Medicine at the University of 
Hong Kong.
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but there has been a reduction in gross anatomy and basic sciences 
hours since 2000.480 Similar reductions in gross anatomy teaching 
hours have been reported in mainland China, Singapore, Japan, and 
other East Asian countries. To support educational quality, innova-
tive pedagogy and technologies have been introduced across many 
East Asian countries. These learner-centered methods include the 
One-Minute Preceptor model (OMP), digital and virtual reality tools 
(Figure  9), as well as problem-based learning.465,470,471,475,481,487 In 
contrast to other East Asian schools and global trends, some medical 
schools in Taiwan have increased curricular time dedicated to gross 
anatomy education to accommodate these new technologies. For 
example, the National Taiwan University College of Medicine allo-
cated 304 h for gross anatomy education, a 72-h increase compared 
to the previous curriculum.472

Dissection- and prosection-based gross anatomy education 
remains central at many East Asian schools. Prosections are more 
commonly used in health-related programs, like the biomedical 
sciences, dentistry, nursing, pharmacy, and physiotherapy, where 
gross anatomy education is less detailed and shorter in duration 
when compared to medical programs.43,473,478,488 Hong Kong, 
Taiwan, Korea, and Japan schools focus heavily on dissections, 
which are supplemented by prosections and digital technologies 
(Figure 9) .81,467,473,474,480,489,490 Schools in mainland China also em-
phasize dissections, though instruction hours have decreased.470,471 
Due to a scarcity of donated bodies, universities in Singapore rely 
more on prosections and integrate gross anatomy education with 
clinical learning and digital technologies.475,476

Body donation programs have become increasingly important, 
especially in Hong Kong and Taiwan, where they are integrated into 
medical humanity training and serve as an important platform for 
public education.491–493 Despite the development of these programs, 
the number of donated bodies is often insufficient, and unclaimed 
bodies continue to be used at some mainland Chinese, Korean, and 
Singaporean schools.470,471,475,479 Developing body donation pro-
grams and addressing cultural and ethical issues around body do-
nation will be crucial for sustaining ethical dissection-based gross 
anatomy education.408,494–498 Though dissection and prosection re-
main the cornerstone of gross anatomy education in East Asia, tech-
nologies like virtual reality (Figure  9), interactive platforms, digital 
gross anatomy applications, digital dissection tables, and 3D-printed 
models are being increasingly adopted, helping learners to visualize 
complex gross anatomical structures.466,467 Especially in Taiwan and 
South Korea, augmented and virtual reality have become prominent 
tools in gross anatomy education.473,474,480,490

Histology education, like gross anatomy education, differs be-
tween East Asian countries and regions. Generally, the histology 
curriculum at medical schools in East Asia is delivered either as a stand-
alone or as an integrated course.499–501 Teaching formats also vary, 
ranging from traditional face-to-face to online courses.227,241,499–501 
Although traditional light microscopy with glass slides is still used, 
virtual microscopy (or a combination of both technologies) is becom-
ing increasingly popular for histology laboratory instruction in main-
land China,502–504 Hong Kong,467 Taiwan,88,505 South Korea,506–508 

Japan,509,510 Singapore,501 Malaysia,241 Indonesia,511,512 and the 
Philippines.513,514 Flipped classroom designs with student-centered 
activities have been introduced in histology and pathology courses 
across several East Asian universities.499,515–517 Educators have 
also implemented problem- and case-based learning, international 
group-based learning, and the integration of histology with patho-
logical anatomy to engage learners.241,459,501,518

Assessment modalities for the anatomical sciences across 
East Asia vary but appear to share a desire for ensuring a com-
prehensive evaluation of learner knowledge. Gross anatomy 
assessments generally include a mixture of written and oral ex-
aminations, prosection-based practical tests, problem-based 
evaluations, home assignments, and often involve continuous 
formative assessments.471,473,478,519–521 However, unique strat-
egies are often tailored to each country/region's educational 
needs and the educational context. In histology, summative as-
sessments include written multiple-choice questions, as well as 
oral and practical examination components.241,518 Chinese medi-
cal schools have adopted both formative and summative assess-
ment strategies including short answer questions.500,515,522 At the 
National University of Singapore, summative assessments include 
an Objective Structured Practical Examination (OSPE) and a writ-
ten paper.501 Assessments at the National Taiwan University in-
clude theoretical and practical portions, each with a variety of 
question formats.523

In summary, educational institutions across East Asia encounter 
similar challenges in teaching the anatomical sciences as other global 
regions. These include a reduction in instructional time, increased 
use of modern electronic technologies, and the adoption of active 
learning strategies. Notably, the number of peer-reviewed anatomy 
education publications from Eastern Asia that have been published 
in Anatomical Sciences Education has recently increased (Figure 7). 
Anatomy education in East Asia is still evolving to meet the demands 
of modern healthcare in the region, balancing traditional practices 
with pedagogical and technological innovations.

Anatomy education in Oceania

Fourteen countries comprise the geographical region of Oceania, 
with the largest by population being Australia, Papua New Guinea, 
and Aotearoa New Zealand.524 The gross domestic product per 
capita is significantly higher in Australia and Aotearoa New Zealand, 
compared to all other Oceanian countries.525 There are 62 (56 pub-
lic, 6 private) recognized higher education institutions in Oceania526 
and 48 teach anatomy. Thirty-nine are located in Australia, eight 
in Aotearoa New Zealand, and one in Papua New Guinea.527 The 
Australian Medical Council has accredited 23 medical schools in 
Oceania: 21 in Australia and two in Aotearoa New Zealand.528 The 
anatomical sciences, however, are taught to a much broader audi-
ence than just medical students. They are part of the fundamental 
years of many biomedical science, allied health science, and science 
programs in the region.
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The published literature on anatomy education in Oceania only 
captures data from a limited number of higher education institu-
tions, and that may bias the view presented herein. Since 2018, 
the majority of educational research was performed at affluent 
Australian urban universities, with only one study originating from 
a rural campus.529 Over the past 6 years, published reports about 
anatomy education, mostly single-institution studies, came from 
49% of universities in Australia and 38% of universities in Aotearoa 
New Zealand that offer anatomy courses (Figure  7).530–534 There 
were no recent publications about anatomy education from Papua 
New Guinea. Educators from Monash University in Australia535–538 
and from the University of Otago in Aotearoa New Zealand532–534,539 
were leading contributors to the anatomy education literature.

Despite the anatomical sciences contributing to the founda-
tion of medical practice, by 2010, the time dedicated to teaching 
anatomy at medical schools in Australasia had markedly decreased 
from approximately 500 h to a median of 174 h.540,541 This reduc-
tion of scheduled instructional time, coupled with the growing 
scope of the anatomical sciences, has raised concerns about the 
potential impact on learning outcomes. A 2015 survey involving 
1100 Australian medical students revealed that senior (clinical) stu-
dents were 48% less confident in their anatomy knowledge com-
pared to junior (preclinical) students.542 Moreover, a 2020 survey 
of the Royal Australian and New Zealand College of Radiologists 
revealed that 55% of respondents felt that current graduates had 
an inadequate level of anatomy knowledge.543 Further emphasizing 
this concern, the Australian Commission for Safety and Quality in 
Health Care commissioned a systematic review which concluded 
that physicians and midwives had poor knowledge of perineal gross 
anatomy.544 Recent surveys in Australia and Aotearoa New Zealand 
have demonstrated that medical students received, on average, 46 h 
of neuroanatomy instruction545 and 21 h of histology laboratory in-
struction.546 Currently, there is a lack of published data regarding 
the time dedicated to embryology or clinical imaging within anatomy 
education in Oceania. Students, aware that they need more anat-
omy instruction, have been advocating for more anatomy laboratory 
time.547,548 These findings highlight an urgent need to reassess and 
enhance anatomy education to ensure that future healthcare profes-
sionals are adequately prepared to practice safely.

According to the literature, anatomical sciences are predomi-
nantly taught in undergraduate programs, with a smaller number of 
postgraduate programs. Anatomy education in the region appears 
to be focused on allied health students,549–554 with noticeably less 
literature on biomedical students,530,555–557 and even fewer on med-
ical students,535,536,539 and science students.534,558,559 The teach-
ing strategies reported in these studies demonstrate a preference 
for didactic methods,534,551,552,554,556,558,559 compared to a blended 
approach,550 or flipped classroom models.553 Most gross anatomy 
laboratory classes are not integrated with other pre-clinical sciences 
and use face-to-face teaching methods that involve prosected body 
donors,6 plastic anatomical models, and clinical images. All schools in 
Australia and Aotearoa New Zealand exclusively use bodies of con-
senting donors for education.560

In contrast, histology laboratory instruction has become largely 
integrated using both traditional and virtual microscopy.227,546 Two 
publications contain information on neuroanatomy laboratory in-
struction, with those in medical programs using donor brains, plas-
tic models, and clinical images545 and one in a biomedical program 
using mostly plastic anatomical models and the Anatomage table 
(Anatomage Inc., Santa Clara, CA, USA).561 These studies highlight 
the diversity of methodologies used to teach the anatomical sci-
ences in Oceania.

The published literature indicates that digital modalities have 
yet to fundamentally transform the educational landscape of gross 
anatomy laboratories in Oceania. Large-format digital gross anatomy 
tables received mixed reactions, with a significant number of stu-
dents expressing a dislike for their use in the gross anatomy labo-
ratory.555,561 Additionally, the use of virtual reality headsets made 
25% of students dizzy,562 and only 37% of dental students reported 
a comfortable experience using the HoloHuman system.563 When 
given a choice, students preferred the computer desktop version 
over virtual reality headsets.564 These findings suggest that students 
in Australia still prefer learning gross anatomy from human body do-
nors, where anatomical variation can be better appreciated.565

In early 2020, the COVID-19 pandemic triggered a rapid pivot 
to online anatomy teaching and learning in Australia and Aotearoa 
New Zealand.564 This is reflected by several studies comparing 
face-to-face and online anatomy teaching modalities.534,566–568 A 
2020 Australian study of veterinary students found that second-
year students with prior face-to-face anatomy instruction ad-
justed better to online teaching than first-year students, who had 
received minimal face-to-face teaching.568 In general, independent 
of in-person versus online instruction, students often struggle with 
the transition from high (secondary) school to university learn-
ing.569 This is often caused by a lack of foundational skills, support 
systems, emotional intelligence, and inexperience with different 
teaching formats. It is worth noting that prior to 2020, Australian 
educators had already experimented with the online teaching of 
anatomy.549,550,555,559,570,571 Several 2018 reports indicate that short 
interactive videos with worksheets were highly rated by anatomy 
learners.550,555,570 Additionally, students found online quizzes to be 
beneficial for deepening their knowledge and understanding and im-
proving their satisfaction.549

As clinical imaging has solidified its role as a recognized subdis-
cipline of anatomy, there has been a marked increase in the number 
of research papers from academics at institutions employing such 
imaging devices. Specifically, academics have been using clinical 
imaging in assessments such as e-portfolios572 and case studies.561 
Interestingly, 75% of surveyed radiologists in Australia and Aotearoa 
New Zealand felt that radiology-supported gross anatomy instruc-
tion in combination with digital three-dimensional teaching tools 
may eventually replace traditional dissection/prosection-based 
methods.543 Collectively, these findings suggest a transformative 
shift may be occurring in anatomical education, highlighting the 
need for further exploration of the use of clinical imaging in anatomy 
education.
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Recent changes in anatomy education have resulted in calls for 
curricular reform and the development of core curricula for all anat-
omy subdisciplines, especially at medical schools in Oceania.545,546 
Allied health schools in this global region already have made signifi-
cant progress by developing and implementing core musculoskeletal 
gross anatomy curricula for physical therapy532 and chiropractic stu-
dents.573 These developments will provide a clearer framework for 
competency level expectations and ensure that all students, regard-
less of their educational background, can strive to meet established 
standards. Ultimately, this shift will not only reduce uncertainties 
about learning outcomes, but it will also improve the quality of anat-
omy education by spending more time on high-yield and profession-
ally relevant topics.

DISCUSSION

The descriptions above provide an overview of the status of gross 
anatomy, histology, neuroanatomy, and embryology education in 
distinct geographical regions. All geographical areas describe a 
shift toward (1) pedagogical changes that favor student-centered 
learning, and (2) the adoption of electronic technologies to 
facilitate learning. Yet, the global overview also demonstrates that 
individual countries and educational institutions are at different 
stages of implementing student-centered learning strategies, 
as well as integrating and supporting the use of electronic 
technologies in the classroom. Predictably, affluent countries have 
access to funding and advanced infrastructures to support these 
developments when compared to global regions where resources 
are limited.

A SWOT (Strengths, weaknesses, opportunties, and 
threats) analysis of anatomical sciences education in 
present and future biomedical curricula

In this section, a Strengths, Weaknesses, Opportunities and 
Threats (SWOT) analysis framework has been used to assess 
the internal factors (i.e., strengths and weaknesses) impacting 
anatomical sciences education globally, as well as the external 
factors (i.e., opportunities and threats) that have the potential 
to impact anatomical sciences education in the future. The goal 
of this analysis is to categorize and discuss significant factors 
that determine the progress of anatomical sciences education 
globally, including existing factors and those that may occur in the 
future. In this SWOT analysis, a strength is defined as an internal 
enhancer of competence, a valuable attribute, while a weakness is 
an internal diminisher of competence or of resources attributing to 
or necessary for success. An opportunity is defined as an external 
enhancer of performance that can be leveraged for benefit, and a 
threat is defined as an external diminisher of performance that has 
the potential to reduce accomplishments.143

Strengths of anatomical sciences education

Anatomical expertise will always be an essential foundation for the 
practice of most medical and veterinary professions, as well as for 
many branches of biomedical research and the arts.53,100,574–576 
Moreover, knowledge of the anatomical sciences is directly corre-
lated with patient well-being and clinical outcomes, demonstrat-
ing that anatomical sciences education is an internal enhancer of 
medical professional competence.1–3 Although no major new dis-
coveries are expected at the gross anatomy level, the scientific un-
derstanding of human and animal biology at the cellular, molecular, 
and developmental levels is far from complete. Exemplified by stem 
cell therapies and novel vaccine strategies, many new treatments 
for human diseases are based on cellular approaches. In addition, 
arising diseases and pathogens present a constant challenge to 
health care systems. Understanding their causes, progression, and 
symptomology is often impossible without anatomical and cellu-
lar insights, and none can be adequately treated without proper 
knowledge of the anatomical sciences.

Although some basic anatomy knowledge is important for all 
health care providers, the required depth of this anatomical exper-
tise varies between different biomedical professions and areas of 
specialization.1,577,578 For example, surgeons and physical therapists 
need a far more detailed anatomical understanding of the human 
body than psychiatrists.148,575,579,580 Analogous differences in ex-
pertise can also be identified for histology, which remains centrally 
relevant for detecting and diagnosing diseases at the microscopic 
level.581–584 This need for expected learning outcomes and dis-
tinct anatomical competencies across different educational fields 
is presently being addressed by the publication of discipline- and 
subdiscipline-specific core syllabi for different biomedical pro-
fessions and for the different anatomical sciences.136–142,585 Core 
learning objectives help educators and administrators worldwide 
to develop curricula that ensure the mastery of basic anatomical 
content. These examples of standard-setting syllabi guide student 
learning, clarify teaching goals, and simplify evaluation.586 However, 
as noted in 2016 by Smith et  al. on page 16 of their publication, 
published learning objectives do not represent a definitive list of 
expected learning outcomes and knowledge for gross anatomy, 
histology, neuroanatomy, or embryology that are needed for a pro-
fessional career, but that “[…] the acquisition of post-graduation 
knowledge is specialty dependent”.137

The rapid adoption of technological innovations is another valu-
able attribute in anatomical sciences education. For some time, 
gross anatomy and histology educators have been at the forefront 
of medical education innovation.21,99,587 Not only were they among 
the first to employ novel, learner-centered methods of instruction, 
but they also made groundbreaking use of modern electronic tech-
nologies for teaching and learning.62,78,90,588 The rapid adoption of 
these tools has integrated the learner into the education process, 
transforming medical educators from “speakers on a stage” to fa-
cilitators who lead discussions and model scientific and clinical 
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reasoning. As outlined in this article, not all innovations are currently 
used equally at the global level. However, interactive e-learning and 
virtual reality-type resources are widely embraced by the anatomy 
teaching community and will most certainly play important roles in 
the future.589,590 In summary, the arguments presented here make a 
strong case for maintaining, rather than diminishing, the anatomical 
sciences as a centerpiece of preclinical biomedical education.

Weaknesses of anatomical sciences education

The heterogeneous use of modern technology and learner-centered 
strategies to teach and engage learners in the anatomical sciences is 
an internal diminisher of professional competence. Often correlated 
with the economic wealth of a global region/country, sufficient 
funding, proper infrastructure, and teacher education are necessary 
for the success of anatomical sciences education globally.98,591 The 
inequity between countries and regions is further reflected in the 
geographic origin of novel gross anatomy/histology teaching and 
learning resources, as well as research articles published in anatomy 
journals, including but not limited to Anatomical Sciences Education 
(Figure 7).

Globally, there is widespread experimental use of active and 
learner-centered pedagogy in all four of the anatomical sciences 
sub-disciplines. However, many students still approach learning the 
anatomical sciences, especially gross anatomy, through rote mem-
orization, a surface approach characterized by the reproduction of 
information without an attempt to relate content to a larger con-
text.592–595 Case- and problem-based, learner-centered strategies 
provide opportunities for students to contextualize information 
internally and across sub-disciplines.110,116,587,596–600 However, the 
preceding geographic segments document how these techniques 
are still underutilized in professional and non-professional anatomy 
programs, especially in developing countries.

Additional internal inhibitors of anatomical science learning 
success are the number and qualification of teaching personnel. 
For some time, warnings have been voiced that there is a global 
shortage of anatomy teachers.601–604 In developing continents 
particularly, new educational institutions are being opened and 
the number of students requiring anatomy instruction is quickly 
growing, triggering concern that demand for well-trained anatomy 
educators is outpacing the current supply.605,606 Further com-
plicating this situation is the departure of experienced medical 
educators from developing countries to global regions that are 
more prosperous, usually attracted by higher-paying jobs.607,608 
Some institutions have addressed the educator shortage by turn-
ing gross anatomy and histology instruction over to surgeons and 
pathologists and/or to less qualified individuals.609,610 This calls 
for more anatomy graduate programs, workshops, and courses to 
produce educators who can fill open teaching positions for the 
anatomical sciences.611–613

The anatomical sciences also continue to struggle with public re-
lations, specifically how anatomy knowledge and education is viewed 

by learners, other educators, and by the public.614–616 Anatomy edu-
cators may be well advised to remind their non-anatomy colleagues 
that they have more to offer to the biomedical education commu-
nity than some old skeletons in their closet. Thoughtful messaging 
and consistent interactions with the public and academic colleagues 
are needed to communicate the intrinsic value of the anatomical 
sciences.615,617

Opportunities for anatomical science education

Integration of the anatomical sciences, both horizontally and 
vertically, can be used to enhance trainee performance by offering 
the opportunity to practice a wide range of higher level analytical 
skills and strategies. Therefore, integration into a larger curricular 
structure can act as an external enhancer of performance in the 
anatomical sciences that can be leveraged in many professional 
programs. Some anatomical science topics are complex and 
challenging for learners, and usually involve hands-on, active 
learning tasks that reflect the higher level learning required to 
achieve mastery.197,618 As the anatomical sciences link structure and 
development of biological organisms with their biological functions, 
they are ideally positioned to be integrated in a trans-disciplinary 
fashion. Breaking down barriers between different basic sciences 
and those between basic and clinical departments remains an 
opportunity that should be pursued to improve the quality of health 
sciences education worldwide.

The meaningful integration of modern e-learning resources of-
fers another opportunity for anatomical sciences education. The 
use of modern e-learning resources is growing globally, particularly 
given the impact of COVID-19 on education.91,619 Given that many 
of these resources are accessed by students using their personal 
mobile devices (Figure 6),238,363,454 these e-learning tools have the 
potential to act as equalizers across the global landscape, enabling 
universities in low-income countries to deliver quality biomedical 
sciences education. Within the past 5 years, schools in economically 
weaker global regions have reported purchasing e-learning tools, like 
electronic gross anatomy tables,76,319,337,620,621 suggesting a shift in 
funding that will prioritize learner-centered anatomical science edu-
cation in many health science curricula. In addition, many anatomical 
resources are open, internet-based tools, like websites,86,176,355,356 
YouTube channels,419,622 and anatomical databases.623,624 Sharing 
these tools can benefit the global anatomy teaching and learning 
communities.19,625,626

Intra-continental and international collaborations are another 
external enhancer that can contribute to progress in anatomi-
cal science education. New programs do not have to start from 
zero and can directly learn from leaders in the field.305,627–629 
Encouraging educators and developers from different geographi-
cal regions to freely share their ideas, resources, and educational 
strategies presents a great opportunity for promoting global inno-
vation in the teaching of gross anatomy, histology, neuroanatomy, 
and embryology.
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Threats to anatomical sciences education

Several developments that are detailed in the descriptive segments 
of this and other articles are external inhibitors of anatomical sci-
ence education.610 The most frequently cited threat is a continued 
reduction in teaching times. As indicated by Figure 2 for schools in 
the USA, dedicated time for gross anatomy and histology labora-
tory sessions is most at risk. Although, as outlined in this review, 
this development has mostly impacted schools in North America 
and Europe,10,13,16 other regions of the world appear to follow this 
trend. The impact of reduced teaching time on histology education 
was demonstrated by Gribbin et al., who reported that a complete 
loss of scheduled histology laboratory sessions resulted in a sig-
nificant reduction of students' histology knowledge and skills.177 
Other studies have shown that, in gross anatomy, a reduction in 
hands-on dissection-based learning may impede learners' abilities 
to appreciate anatomical variances and complex situations,55,630 
resulting in compartmentalized knowledge of facts, especially for 
lower performing students.149,539,631,632 This development may at 
least partially be ameliorated by the introduction of e-learning 
resources and new pedagogic strategies that enable learners to 
study independently without an instructor being present. The 
recent COVID-19 pandemic experience supports this hypothesis 
and indicates that there are more efficient ways of teaching the 
anatomical sciences.

In professional schools, time dedicated to anatomical science ed-
ucation is also heavily influenced by national accreditation agencies. 
Their mandates often override local experts and may not always be 
tailored to the needs of specific scientific or clinical fields.633,634 
Despite the general agreement among anatomy educators that dis-
sections/prosections should remain a central component of gross 
anatomy education, a growing number of medical school adminis-
trators make the decision to abandon gross anatomy and histology 
laboratory sessions, often without consulting the educators them-
selves.62,177,395 In addition, religious and ethical restrictions on body 
donations and the phasing out of using unclaimed bodies can both 
cause a shortage of bodies for gross anatomy laboratory instruction 
and may result in fewer schools offering traditional dissection-based 
gross anatomy laboratory education.220,395,635

Often, gross anatomy e-learning tools are touted as alternatives 
to traditional dissection/prosection laboratories. However, elec-
tronic representations often show idealized examples of anatomical 
structures.72,100,636–638 Though these tools provide opportunities for 
improving anatomical education, they should not be taken as magical 
solutions for all the problems encountered by anatomy educators.91 
They have limitations, and if used inappropriately by students or ed-
ucators, may impede rather than foster effective learning.110,639,640 
The perception that e-learning tools will motivate anatomy learners 
and will be effective alternatives to traditional physical specimens 
is often based on subjective opinions rather than objective scien-
tific evidence.91,183,641,642 Though e-learning tools are popular with 
learners and some teachers, they often lack the tactile and multi-
sensory feedback that is provided by physical specimens.183,643–646 

In summary, with educational technologies remaining an expanding 
part of anatomical sciences education, teachers and students alike 
must learn how to use them to their advantage rather than having 
technology dictate the direction and content of their educational 
mission.

Another consideration that has the potential to hinder the 
progress of anatomical sciences education is the continued use 
of unclaimed bodies for the purposes of gross anatomy studies. 
Ethical limitations and guardrails for using human bodies in gross 
anatomy education have significantly changed over time.31,42 
Vesalius's dissections of executed individuals26 (Figure 1), and the 
abuse of living and dead humans under the Nazi regime647–649 are 
just two of many examples of unethical scientific research and an-
atomical education. Though there is a promising global movement 
toward the ethical procurement of bodies for gross anatomy ed-
ucation, the use of unclaimed bodies is still widespread in many 
regions of the world.171,277,343 Complicating this controversy are 
historic anatomical collections housed at institutions around the 
world, many of which still have educational value but contain 
items of dubious or unknown origin.34,36,411,650–652 There are often 
no easy answers as to how to store, use, or dispose of such collec-
tions in an ethical way.

Commercialization of human material is another topic of 
concern that poses an ethical conundrum for anatomy educa-
tion.36,411,653,654 Recent events like von Hagen's “Körperwelten” 
exhibitions have raised the interest of the general populace but 
also made anatomy a public spectacle.64,655,656 Educational out-
reach is crucial for fostering interest in the anatomical sciences, 
but its commercialization remains a complicated psychological and 
moral minefield.37,657

LIMITATIONS OF THIS ANALYSIS

Although each continental manuscript segment was written by 
active educators of the anatomical sciences, many of whom have 
published previously on a variety of educational topics, this over-
view provides an incomplete current snapshot of how the ana-
tomical sciences are being taught in different parts of the world. 
Noticeably, published literature concerning neuroanatomy and 
embryology education is sparse, and as a result, this overview 
does not provide a rich description of these components from a 
global perspective. Additionally, this overview mostly highlights 
professional learners, such as medical and dental students, as the 
literature describing the anatomy education of non-medical and 
non-dental students (e.g., physiotherapy, nursing, veterinary, art) 
is underrepresented.

As this report is not based on actual survey data but rather on the 
published literature, it does not represent all global regions evenly. 
Some parts of the world, often economically weaker regions, are un-
derrepresented in the scientific literature, specifically in Anatomical 
Sciences Education (Figure 7) and, consequently, also in this over-
view. In addition, with educational realities constantly changing, the 
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situation in the published literature may no longer adequately reflect 
current conditions. Additional components on which this report is 
based are the authors' personal experiences in their home countries 
and institutions and, by extension, their personal biases. To allow au-
thors to tap into non-English scientific literature, those who crafted 
each geographical region conducted their own literature searches. 
As a result, no unified, systematic approach to literature searches 
was applied, and this may have potentially led to the omission of 
some relevant articles.

CONCLUSIONS AND FUTURE CHALLENGES

The knowledge of human or animal body structures and their cellular 
components at the macroscopic and microscopic levels remains an 
essential foundation of modern human and veterinary medicine, 
as well as many fields of scientific investigation and the visual 
arts. Since the turn of the millennium, shifts in pedagogy, learning 
theories, technology, and changes in student demographics have 
dramatically altered the way the anatomical sciences are taught. 
Although every country and global region has individual challenges, 
the overall direction in which anatomy education is moving appears 
to be remarkably similar. Gross anatomy, histology, neuroanatomy, 
and embryology education have become increasingly vertically 
and horizontally integrated into larger curricular structures 
and coordinated with other basic sciences and clinical fields. 
Consequently, time for teaching the anatomical sciences has been 
reduced, mostly affecting time dedicated to laboratory sessions, 
and anatomical programs rely less on dissections and more on 
prosections, e-learning tools, and personal electronic devices. 
Worldwide, academic post-secondary institutions are shifting to 
the use of bodies from body donation programs for dissection-
based educational activities. The use of unclaimed, unconsented 
individuals is still widespread but continues to decline, sometimes 
resulting in a shortage of bodies for gross anatomy education. 
Generally, the economic wealth of individual countries influences 
how far anatomical sciences education has advanced in various 
geographic regions. Most recently, these changes were significantly 
accelerated by the restrictions imposed on anatomy teaching by the 
COVID-19 pandemic. Overall, the challenge for anatomy educators 
and students in every region of the world remains to constantly 
adapt to an ever-changing teaching and learning environment.

AUTHOR CONTRIBUTIONS
Michael Hortsch: Conceptualization; investigation; project adminis-
tration; writing – review and editing; visualization; writing – origi-
nal draft. Virginia Claudia Carneiro Girão-Carmona: Investigation; 
writing – review and editing; writing – original draft. Ana Caroline 
Rocha de Melo Leite: Investigation; writing – original draft; writ-
ing – review and editing. Ilias P. Nikas: Investigation; writing – 
original draft; writing – review and editing. Margaret K. Gatumu: 
Investigation; writing – original draft; writing – review and editing. 
Nii Koney-Kwaku Koney: Investigation; writing – original draft; 

writing – review and editing. Benjamin Arko-Boham: Investigation; 
writing – original draft; writing – review and editing. Doris George 
Yohannan: Investigation; writing – original draft; writing – review 
and editing. Aswathy Maria Oommen: Investigation; writing – origi-
nal draft; writing – review and editing. Yan Li: Investigation; writing – 
original draft; writing – review and editing. Jian Yang: Investigation; 
writing – original draft; writing – review and editing. Alexandra F. 
Trollope: Investigation; writing – original draft; writing – review and 
editing. Amanda J. Meyer: Investigation; writing – original draft; 
writing – review and editing. Sonya E. Van Nuland: Investigation; 
writing – original draft; writing – review and editing.

ACKNOWLEDG MENTS
The authors would like to thank Dr. Mamata Chimmalgi, Dr. 
Richard Drake, Dr. Jennifer McBride, and Dr. Leslie Gartner for 
giving us permission to use their published data for the creation of 
Figures 2 and 6, respectively. Dr. Mike Welsh's permission to use a 
photo of him teaching University of Michigan medical students for 
Figure 3 is much appreciated. The authors would like to thank Dr. 
Herculano Campos and his students at UNIFAMETRO in Fortaleza, 
Ceará, Brazil, for permitting the use of the photo depicting them in 
Figure 4. The authors also appreciate the students at the School of 
Biomedical and Allied Health Sciences, University of Ghana in Accra, 
who agreed to have their image used in Figure 5. They are grateful 
to Dr. Rakesh Omana Suresh and Dr. Santhanu Jagannath Nair for 
their permission to use the photograph depicting them in the figure 
illustrating Air Anatomy (Figure  8). The authors would also like to 
thank the Anatomy Education Team at the LKS Faculty of Medicine 
of the University of Hong Kong for taking the photos used in Figure 9 
and the University of Hong Kong students, who volunteered to pose 
in these photos. Dr. Girão-Carmona and Dr. Rocha de Melo Leite 
would like to acknowledge the general support they receive from 
the Ceará Foundation for Research and Development (FUNCAP) in 
Ceará, Brazil.

ORCID
Michael Hortsch   https://orcid.org/0000-0002-3750-737X 
Virginia Claudia Carneiro Girão-Carmona   https://orcid.
org/0000-0002-0676-8585 
Ana Caroline Rocha de Melo Leite   https://orcid.
org/0000-0002-9007-7970 
Ilias P. Nikas   https://orcid.org/0000-0001-8625-2556 
Margaret K. Gatumu   https://orcid.org/0000-0002-4905-0266 
Nii Koney-Kwaku Koney   https://orcid.org/0000-0002-1441-9262 
Benjamin Arko-Boham   https://orcid.org/0000-0001-6429-2186 
Doris George Yohannan   https://orcid.org/0000-0003-0981-6164 
Aswathy Maria Oommen   https://orcid.
org/0000-0002-2487-0217 
Yan Li   https://orcid.org/0000-0003-3039-0487 
Jian Yang   https://orcid.org/0009-0004-8973-148X 
Alexandra F. Trollope   https://orcid.org/0000-0001-5349-7952 
Amanda J. Meyer   https://orcid.org/0000-0001-7953-6040 
Sonya E. Van Nuland   https://orcid.org/0000-0001-6307-3539 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-3750-737X
https://orcid.org/0000-0002-3750-737X
https://orcid.org/0000-0002-0676-8585
https://orcid.org/0000-0002-0676-8585
https://orcid.org/0000-0002-0676-8585
https://orcid.org/0000-0002-9007-7970
https://orcid.org/0000-0002-9007-7970
https://orcid.org/0000-0002-9007-7970
https://orcid.org/0000-0001-8625-2556
https://orcid.org/0000-0001-8625-2556
https://orcid.org/0000-0002-4905-0266
https://orcid.org/0000-0002-4905-0266
https://orcid.org/0000-0002-1441-9262
https://orcid.org/0000-0002-1441-9262
https://orcid.org/0000-0001-6429-2186
https://orcid.org/0000-0001-6429-2186
https://orcid.org/0000-0003-0981-6164
https://orcid.org/0000-0003-0981-6164
https://orcid.org/0000-0002-2487-0217
https://orcid.org/0000-0002-2487-0217
https://orcid.org/0000-0002-2487-0217
https://orcid.org/0000-0003-3039-0487
https://orcid.org/0000-0003-3039-0487
https://orcid.org/0009-0004-8973-148X
https://orcid.org/0009-0004-8973-148X
https://orcid.org/0000-0001-5349-7952
https://orcid.org/0000-0001-5349-7952
https://orcid.org/0000-0001-7953-6040
https://orcid.org/0000-0001-7953-6040
https://orcid.org/0000-0001-6307-3539
https://orcid.org/0000-0001-6307-3539


    | 21HORTSCH et al.

R E FE R E N C E S
	 1.	 Singh R, Shane Tubbs R, Gupta K, Singh M, Jones DG, Kumar R. Is 

the decline of human anatomy hazardous to medical education/
profession?—a review. Surg Radiol Anat. 2015;37(10):1257–65. 
https://​doi.​org/​10.​1007/​s0027​6-​015-​1507-​7

	 2.	 Singh R, Yadav N, Pandey M, Jones DG. Is inadequate anatomical 
knowledge on the part of physicians hazardous for successful clin-
ical practice? Surg Radiol Anat. 2022;44(1):83–92. https://​doi.​org/​
10.​1007/​s0027​6-​021-​02875​-​7

	 3.	 Moglia T, Falkenstein C, Rieker F, Tun N, Rajaram-Gilkes M. 
Anatomical ignorance resulting in iatrogenic causes of human 
morbidity. Cureus. 2024;16(3):e56480. https://​doi.​org/​10.​7759/​
cureus.​56480​

	 4.	 Ghosh SK. Human cadaveric dissection: a historical account from 
ancient Greece to the modern era. Anat Cell Biol. 2015;48(3):153–
69. https://​doi.​org/​10.​5115/​acb.​2015.​48.3.​153

	 5.	 Holla SJ, Ramachandran K, Isaac B, Koshy S. Anatomy education 
in a changing medical curriculum in India: medical student feed-
back on duration and emphasis of gross anatomy teaching. Anat 
Sci Educ. 2009;2(4):179–83. https://​doi.​org/​10.​1002/​ase.​79

	 6.	 Cornwall J, Perry GF, Louw G, Stringer MD. Who donates their 
body to science? An international, multicenter, prospective study. 
Anat Sci Educ. 2012;5(4):208–16. https://​doi.​org/​10.​1002/​ase.​
1278

	 7.	 Singh V, Kharb P. A paradigm shift from teaching to learning gross 
anatomy: meta-analysis of implications for instructional methods. 
J Anat Soc India. 2013;62(1):84–9. https://​doi.​org/​10.​1016/​S0003​
-​2778(13)​80019​-​6

	 8.	 Estai M, Bunt S. Best teaching practices in anatomy education: 
a critical review. Ann Anat. 2016;208:151–7. https://​doi.​org/​10.​
1016/j.​aanat.​2016.​02.​010

	 9.	 Hasselblatt F, Messerer DAC, Keis O, Böckers TM, Böckers A. 
Anonymous body or first patient? A status report and needs 
assessment regarding the personalization of donors in dissec-
tion courses in German, Austrian, and Swiss Medical Schools. 
Anat Sci Educ. 2018;11(3):282–93. https://​doi.​org/​10.​1002/​
ase.​1744

	 10.	 McBride JM, Drake RL. National survey on anatomical sciences 
in medical education. Anat Sci Educ. 2018;11(1):7–14. https://​doi.​
org/​10.​1002/​ase.​1760

	 11.	 Amiralli H, Joseph S. Dissecting the future—a critical review 
of anatomy's past, present, and future following the Carnegie 
Foundation's call for medical education reform. J Anat Soc India. 
2019;68(4):306–11. https://​doi.​org/​10.​4103/​JASI.​JASI_​23_​19

	 12.	 Cuschieri S, Calleja AJ. Spotlight on the shift to remote anatomical 
teaching during COVID-19 pandemic: perspectives and experi-
ences from the University of Malta. Anat Sci Educ. 2020;13(6):671–
9. https://​doi.​org/​10.​1002/​ase.​2020

	 13.	 Rockarts J, Brewer-Deluce D, Shali A, Mohialdin V, Wainman B. 
National Survey on Canadian undergraduate medical programs: 
the decline of the anatomical sciences in Canadian medical edu-
cation. Anat Sci Educ. 2020;13(3):381–9. https://​doi.​org/​10.​1002/​
ase.​1960

	 14.	 Schön M, Steinestel K, Spiegelburg D, Risch A, Seidel M, Schurr 
L, et al. Integration of scientific competence into gross anatomy 
teaching using poster presentations: feasibility and perception 
among medical students. Anat Sci Educ. 2020;15(1):89–101. 
https://​doi.​org/​10.​1002/​ase.​2031

	 15.	 Salinas-Alvarez Y, Quiroga-Garza A, Martinez-Garza JH, Jacobo-
Baca G, Zarate-Garza PP, Rodriguez-Alanis KV, et al. Mexican ed-
ucators survey on anatomical sciences education and a review of 
world tendencies. Anat Sci Educ. 2021;14(4):471–81. https://​doi.​
org/​10.​1002/​ase.​2017

	 16.	 Smith CF, Freeman SK, Heylings D, Finn GM, Davies DC. Anatomy 
education for medical students in the United Kingdom and 

Republic of Ireland in 2019: a 20-year follow-up. Anat Sci Educ. 
2022;15(6):993–1006. https://​doi.​org/​10.​1002/​ase.​2126

	 17.	 Balagobi B, Manujasri W, Malith H, Narada R, Lamindu N, Joseph 
A, et  al. Dissections or prosections: which method has a better 
impact on sustainable gross anatomy knowledge? Natl Med J India. 
2023;36:253–6. https://​doi.​org/​10.​25259/​​NMJI_​910_​2021

	 18.	 Nott J. Architecture for Anatomy: history, affect, and the material 
reproduction of the body in two medical school buildings. Body 
Soc. 2023;29(2):99–129. https://​doi.​org/​10.​1177/​13570​34X23​
1161312

	 19.	 Wu A, Noel G, Wingate R, Kielstein H, Sakurai T, Viranta-Kovanen 
S, et al. An international partnership of 12 anatomy departments—
improving global health through internationalization of medical 
education. Ann Glob Health. 2020;86(1):27.

	 20.	 Bracegirdle BJJ. Lister and the establishment of histology. Med 
Hist. 1977;21(2):187–91. https://​doi.​org/​10.​1017/​s0025​72730​
0037716

	 21.	 Chapman JA, Lee LMJ, Swailes NT. From scope to screen: the evo-
lution of histology education. Adv Exp Med Biol. 2020;1320:75–
107. https://​doi.​org/​10.​1007/​978-​3-​030-​47483​-​6_​5

	 22.	 Hortsch M. Histology as a paradigm for a science-based learning 
experience: visits by histology education spirits of past, present, 
and future. Anat Sci Educ. 2023;16(3):372–83. https://​doi.​org/​10.​
1002/​ase.​2235

	 23.	 Swanson LW. A history of neuroanatomical mapping. In: Toga AW, 
Mazziotta JC, editors. Brain mapping: the systems. Cambridge, 
MA: Academic Press/Elsevier; 2000. p. 77–109. https://​doi.​org/​
10.​1016/​B978-​01269​2545-​6/​50005​-​2

	 24.	 Gilbert SF. A conceptual history of modern embryology: volume 7: 
a conceptual history of modern embryology. Browder LW, editor. 
New York, NY: Springer; 2013. p. 280. https://​doi.​org/​10.​1007/​
978-​1-​4615-​6823-​0

	 25.	 Vesalius A. De Humani Corporis Fabrica. Basel: Johann Oporinus; 
1543.

	 26.	 Biesbrouck M, Steeno O. Andreas Vesalius’ Corpses. Acta Med 
Hist Adriat. 2014;12(1):9–26.

	 27.	 Benini A, Bonar SK. Andreas Vesalius 1514–1564. Spine (Phila Pa 
1976). 1996;21(11):1388–93. https://​doi.​org/​10.​1097/​00007​632-​
19960​6010-​00024​

	 28.	 Blakely RE, Harrington JM. Bones in the basement. Postmortem 
racism in nineteenth-century medical training. Washington, DC: 
Smithsonian Institution Press; 1997.

	 29.	 Hildebrandt S. Lessons to be learned from the history of anatom-
ical teaching in the United States: the example of the University 
of Michigan. Anat Sci Educ. 2010;3(4):202–12. https://​doi.​org/​10.​
1002/​ase.​166

	 30.	 Utsey S. Until the well runs dry: medicine and the exploitation of 
black bodies. Richmond, VA: Virginia Commonwealth University, 
Department of African American Studies, & Burn Baby Burn 
Productions; 2011.

	 31.	 Comer AR. The evolving ethics of anatomy: dissecting an unethical 
past in order to prepare for a future of ethical anatomical practice. 
Anat Rec. 2022;305(4):818–26. https://​doi.​org/​10.​1002/​ar.​24868​

	 32.	 Hildebrandt S. The history of the Vienna protocol on dealing 
with holocaust era human remains and its resonance with ethi-
cal considerations in African American bioarcheology. Am J Biol 
Anthropol. 2023;186(1):e24918. https://​doi.​org/​10.​1002/​ajpa.​
24918​

	 33.	 Bin P, Conti A, Buccelli C, Addeo G, Capasso E, Piras M. Plastination: 
ethical and medico-legal considerations. Open Med (Wars). 
2016;11(1):584–6. https://​doi.​org/​10.​1515/​med-​2016-​0095

	 34.	 Champney TH, Hildebrandt S, Gareth Jones D, Winkelmann A. 
BODIES R US: ethical views on the commercialization of the dead 
in medical education and research. Anat Sci Educ. 2019;12(3):317–
25. https://​doi.​org/​10.​1002/​ase.​1809

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s00276-015-1507-7
https://doi.org/10.1007/s00276-021-02875-7
https://doi.org/10.1007/s00276-021-02875-7
https://doi.org/10.7759/cureus.56480
https://doi.org/10.7759/cureus.56480
https://doi.org/10.5115/acb.2015.48.3.153
https://doi.org/10.1002/ase.79
https://doi.org/10.1002/ase.1278
https://doi.org/10.1002/ase.1278
https://doi.org/10.1016/S0003-2778(13)80019-6
https://doi.org/10.1016/S0003-2778(13)80019-6
https://doi.org/10.1016/j.aanat.2016.02.010
https://doi.org/10.1016/j.aanat.2016.02.010
https://doi.org/10.1002/ase.1744
https://doi.org/10.1002/ase.1744
https://doi.org/10.1002/ase.1760
https://doi.org/10.1002/ase.1760
https://doi.org/10.4103/JASI.JASI_23_19
https://doi.org/10.1002/ase.2020
https://doi.org/10.1002/ase.1960
https://doi.org/10.1002/ase.1960
https://doi.org/10.1002/ase.2031
https://doi.org/10.1002/ase.2017
https://doi.org/10.1002/ase.2017
https://doi.org/10.1002/ase.2126
https://doi.org/10.25259/NMJI_910_2021
https://doi.org/10.1177/1357034X231161312
https://doi.org/10.1177/1357034X231161312
https://doi.org/10.1017/s0025727300037716
https://doi.org/10.1017/s0025727300037716
https://doi.org/10.1007/978-3-030-47483-6_5
https://doi.org/10.1002/ase.2235
https://doi.org/10.1002/ase.2235
https://doi.org/10.1016/B978-012692545-6/50005-2
https://doi.org/10.1016/B978-012692545-6/50005-2
https://doi.org/10.1007/978-1-4615-6823-0
https://doi.org/10.1007/978-1-4615-6823-0
https://doi.org/10.1097/00007632-199606010-00024
https://doi.org/10.1097/00007632-199606010-00024
https://doi.org/10.1002/ase.166
https://doi.org/10.1002/ase.166
https://doi.org/10.1002/ar.24868
https://doi.org/10.1002/ajpa.24918
https://doi.org/10.1002/ajpa.24918
https://doi.org/10.1515/med-2016-0095
https://doi.org/10.1002/ase.1809


22  |    HORTSCH et al.

	 35.	 Jones DG. The public display of plastinates as a challenge to the 
integrity of anatomy. Clin Anat. 2016;29(1):46–54. https://​doi.​org/​
10.​1002/​ca.​22647​

	 36.	 Agarwal SC. The bioethics of skeletal anatomy collections from 
India. Nat Commun. 2024;15(1):1692. https://​doi.​org/​10.​1038/​
s4146​7-​024-​45738​-​6

	 37.	 Smith CF, Stone D, Munro R, Jayanth A, Hennessy CM, O'Brien 
D, et  al. “My Dead Body”: development, production, and recep-
tion of a documentary that publicly displays the dissection of a 
human donor. Anat Sci Educ. 2024;17(4):749–62. https://​doi.​org/​
10.​1002/​ase.​2412

	 38.	 McHanwell S, Brenner E, Chirculescu ARM, Drukker J, van 
Mameren H, Mazzotti G, et al. The legal and ethical framework gov-
erning body donation in Europe—a review of current practice and 
recommendations for good practice. Eur J Anat. 2008;12(1):1–24.

	 39.	 IFAA Committee of Ethics and Medical Humanities. 
Recommendations of good practice for the donation and study 
of human bodies and tissues for anatomical examination. 2012. 
Available from: https://​ifaa.​net/​wp-​conte​nt/​uploa​ds/​2017/​09/​
IFAA-​guide​lines​-​220811.​pdf

	 40.	 Anatomical Society. Body bequeathal. Information about body 
donation. London: Anatomical Society; 2016. Available from: 
https://​www.​anats​oc.​org.​uk/​home/​beque​sts/​infor​matio​n-​about​
-​body-​donation

	 41.	 American Association for Anatomy. The donation of bodies for 
Education & Biomedical Research. Rockville, MD: American 
Association for Anatomy; 2019. Available from: https://​www.​
anato​my.​org/​AAA/​About​-​AAA/​What-​Is-​Anato​my/​Body-​Donat​
ion-​Policy.​aspx

	 42.	 Hildebrandt S. The role of history and ethics of anatomy in medical 
education. Anat Sci Educ. 2019;12(4):425–31. https://​doi.​org/​10.​
1002/​ase.​1852

	 43.	 Shichinohe T, Kondo T, Date H, Hiramatsu M, Hirano S, Ide C, 
et al. Guidelines for cadaver dissection in education and research 
of clinical medicine (the Japan Surgical Society and the Japanese 
Association of Anatomists). Anat Sci Int. 2022;97(3):235–40. 
https://​doi.​org/​10.​1007/​s1256​5-​022-​00665​-​8

	 44.	 Balta JY, Champney TH, Ferrigno C, Johnson LE, Ross CF, Schmitt 
B, et al. Human body donation programs best practices and rec-
ommended standards: a task force report from the American 
Association for Anatomy. Anat Sci Educ. 2025;18(1):8–26. https://​
doi.​org/​10.​1002/​ase.​2520

	 45.	 Singer C. Notes on the early history of microscopy. Proc R Soc 
Med. 1914;7(Sect Hist Med):247–79.

	 46.	 Hooke R. Micrographia: or some physiological description of min-
ute bodies made by magnifying glasses with observations and in-
quiries thereupon. London: The Royal Society; 1665.

	 47.	 Gest H. The remarkable vision of Robert Hooke (1635-1703): 
first observer of the microbial world. Perspect Biol Med. 
2005;48(2):266–72. https://​doi.​org/​10.​1353/​pbm.​2005.​0053

	 48.	 Schwann T. Ueber die Analogie in der Structur und dem 
Wachsthum der Thiere und Pflanzen. Neu Not Geb Nat Heil. 
1838;5(91):33–6.

	 49.	 Schwann T. Ueber die Analogie in der Structur und dem 
Wachsthum der Thiere und Pflanzen. Neu Not Geb Nat Heil. 1838;​
8(103):225–9.

	 50.	 Schwann T. Ueber die Analogie in der Structur und dem 
Wachsthum der Thiere und Pflanzen. Neu Not Geb Nat Heil. 
1838;​8(112):21–3.

	 51.	 Schleiden MJ. Beiträge zur Phytogenesis. Müllers Archiv. 
1838;5:137–76.

	 52.	 Tuchman AM. Science, medicine and the state in Germany, 
the Case of Baden, 1815–1871. 1st ed. New York, NY: Oxford 
University Press; 1993. 216.

	 53.	 Older J. Anatomy: a must for teaching the next generation. 
Surgeon. 2004;2(2):79–90.

	 54.	 Mc Garvey A, Hickey A, Conroy R. The anatomy room: a posi-
tive learning experience for nursing students. Nurse Educ Today. 
2015;35(1):245–50. https://​doi.​org/​10.​1016/j.​nedt.​2014.​07.​007

	 55.	 Ghosh SK. Cadaveric dissection as an educational tool for anatom-
ical sciences in the 21st century. Anat Sci Educ. 2017;10(3):286–
99. https://​doi.​org/​10.​1002/​ase.​1649

	 56.	 Jeyakumar A, Dissanayake B, Dissabandara L. Dissection in the 
modern medical curriculum: an exploration into student percep-
tion and adaptions for the future. Anat Sci Educ. 2020;13(3):366–
80. https://​doi.​org/​10.​1002/​ase.​1905

	 57.	 Ross CF, Pescitelli MJ, Smith HF, Williams JM. Teaching anatomy 
with dissection in the time of COVID-19 is essential and possible. 
Clin Anat. 2021;34(8):1135–6. https://​doi.​org/​10.​1002/​ca.​23640​

	 58.	 Bansal A, Gajrani A, Sharma P, Kumar D, Gulati S, Bansal S, et al. 
Perspectives and performance of first-year medical and dental 
students in anatomy education through cadaveric dissection: a 
cross-sectional study. Cureus. 2025;17(2):e78648. https://​doi.​
org/​10.​7759/​cureus.​78648​

	 59.	 Pawlina W, Hromanik MJ, Milanese TR, Dierkhising R, Viggiano TR, 
Carmichael SW. Leadership and professionalism curriculum in the 
gross anatomy course. Ann Acad Med Singap. 2006;35(9):609–14.

	 60.	 Hamilton SS, Yuan BJ, Lachman N, Hellyer NJ, Krause DA, Hollman 
JH, et al. Interprofessional education in gross anatomy: experience 
with first-year medical and physical therapy students at Mayo 
Clinic. Anat Sci Educ. 2008;1(6):258–63. https://​doi.​org/​10.​1002/​
ase.​59

	 61.	 Ghosh SK. Paying respect to human cadavers: we owe this to the 
first teacher in anatomy. Ann Anat. 2017;211:129–34. https://​doi.​
org/​10.​1016/j.​aanat.​2017.​02.​004

	 62.	 Wright SJ. Student perceptions of an upper-level, undergraduate 
human anatomy laboratory course without cadavers. Anat Sci 
Educ. 2012;5(3):146–57. https://​doi.​org/​10.​1002/​ase.​1265

	 63.	 Curran SN, Schaefer AF. Prosections in anatomy education: estab-
lishing a definition and describing preparation, use, and educator 
perceptions. Med Sci Educ. 2023;33(2):385–93. https://​doi.​org/​
10.​1007/​s4067​0-​023-​01745​-​8

	 64.	 Jones DG. Re-inventing anatomy: the impact of plastination on 
how we see the human body. Clin Anat. 2002;15(6):436–40. 
https://​doi.​org/​10.​1002/​ca.​10040​

	 65.	 McMenamin PG, Quayle MR, McHenry CR, Adams JW. The pro-
duction of anatomical teaching resources using three-dimensional 
(3D) printing technology. Anat Sci Educ. 2014;7(6):479–86. https://​
doi.​org/​10.​1002/​ase.​2110.​1002/​ase.​1475

	 66.	 Riederer BM. Plastination and its importance in teaching anatomy. 
Critical points for long-term preservation of human tissue. J Anat. 
2014;224(3):309–15. https://​doi.​org/​10.​1111/​joa.​12056​

	 67.	 von Horst C, von Hagens R, Sora CM, Henry RW. History and 
development of plastination techniques. Anat Histol Embryol. 
2019;48(6):512–7. https://​doi.​org/​10.​1111/​ahe.​12497​

	 68.	 Sora MC, Latorre R, Baptista C, Lopez-Albors O. Plastination—a 
scientific method for teaching and research. Anat Histol Embryol. 
2019;48(6):526–31. https://​doi.​org/​10.​1111/​ahe.​12493​

	 69.	 Salazar D, Thompson M, Rosen A, Zuniga J. Using 3D printing 
to improve student education of complex anatomy: a systematic 
review and meta-analysis. Med Sci Educ. 2022;32(5):1209–18. 
https://​doi.​org/​10.​1007/​s4067​0-​022-​01595​-​w

	 70.	 Brumpt E, Bertin E, Tatu L, Louvrier A. 3D printing as a pedagogi-
cal tool for teaching normal human anatomy: a systematic review. 
BMC Med Educ. 2023;23(1):783. https://​doi.​org/​10.​1186/​s1290​
9-​023-​04744​-​w

	 71.	 Atwa H, Dafalla S, Kamal D. Wet specimens, plastinated spec-
imens, or plastic models in learning anatomy: perception of un-
dergraduate medical students. Med Sci Educ. 2021;31:1479–86. 
https://​doi.​org/​10.​1007/​s4067​0-​021-​01343​-​6

	 72.	 Abdullah E, Lone M, Cray JJ, Dvoracek P, Balta JY. Medical stu-
dents' opinions of anatomy teaching resources and their role in 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ca.22647
https://doi.org/10.1002/ca.22647
https://doi.org/10.1038/s41467-024-45738-6
https://doi.org/10.1038/s41467-024-45738-6
https://doi.org/10.1002/ase.2412
https://doi.org/10.1002/ase.2412
https://ifaa.net/wp-content/uploads/2017/09/IFAA-guidelines-220811.pdf
https://ifaa.net/wp-content/uploads/2017/09/IFAA-guidelines-220811.pdf
https://www.anatsoc.org.uk/home/bequests/information-about-body-donation
https://www.anatsoc.org.uk/home/bequests/information-about-body-donation
https://www.anatomy.org/AAA/About-AAA/What-Is-Anatomy/Body-Donation-Policy.aspx
https://www.anatomy.org/AAA/About-AAA/What-Is-Anatomy/Body-Donation-Policy.aspx
https://www.anatomy.org/AAA/About-AAA/What-Is-Anatomy/Body-Donation-Policy.aspx
https://doi.org/10.1002/ase.1852
https://doi.org/10.1002/ase.1852
https://doi.org/10.1007/s12565-022-00665-8
https://doi.org/10.1002/ase.2520
https://doi.org/10.1002/ase.2520
https://doi.org/10.1353/pbm.2005.0053
https://doi.org/10.1016/j.nedt.2014.07.007
https://doi.org/10.1002/ase.1649
https://doi.org/10.1002/ase.1905
https://doi.org/10.1002/ca.23640
https://doi.org/10.7759/cureus.78648
https://doi.org/10.7759/cureus.78648
https://doi.org/10.1002/ase.59
https://doi.org/10.1002/ase.59
https://doi.org/10.1016/j.aanat.2017.02.004
https://doi.org/10.1016/j.aanat.2017.02.004
https://doi.org/10.1002/ase.1265
https://doi.org/10.1007/s40670-023-01745-8
https://doi.org/10.1007/s40670-023-01745-8
https://doi.org/10.1002/ca.10040
https://doi.org/10.1002/ase.2110.1002/ase.1475
https://doi.org/10.1002/ase.2110.1002/ase.1475
https://doi.org/10.1111/joa.12056
https://doi.org/10.1111/ahe.12497
https://doi.org/10.1111/ahe.12493
https://doi.org/10.1007/s40670-022-01595-w
https://doi.org/10.1186/s12909-023-04744-w
https://doi.org/10.1186/s12909-023-04744-w
https://doi.org/10.1007/s40670-021-01343-6


    | 23HORTSCH et al.

achieving learning outcomes. Med Sci Educ. 2021;31(6):1903–10. 
https://​doi.​org/​10.​1007/​s4067​0-​021-​01436​-​2

	 73.	 Baratz G, Wilson-Delfosse AL, Singelyn BM, Allan KC, Rieth GE, 
Ratnaparkhi R, et  al. Evaluating the Anatomage table compared 
to cadaveric dissection as a learning modality for gross anatomy. 
Med Sci Educ. 2019;29:499–506. https://​doi.​org/​10.​1007/​s4067​
0-​019-​00719​-​z

	 74.	 Sadiq Z, Laswi I, Raoof A. The effectiveness of OsiriX and the 
Anatomage virtual dissection table in enhancing neuroanatomy 
and neuroradiology teaching. Adv Med Educ Pract. 2023;14:1037–
43. https://​doi.​org/​10.​2147/​AMEP.​S418576

	 75.	 Kavvadia EM, Katsoula I, Angelis S, Filippou D. The Anatomage 
table: a promising alternative in anatomy education. Cureus. 
2023;15(8):e43047. https://​doi.​org/​10.​7759/​cureus.​43047​

	 76.	 Koney NK, Ansah AO, Asaku BNA, Ahenkorah J, Hottor BA, 
Adutwum-Ofosu K, et al. Anatomage virtual dissection versus tra-
ditional human body dissection in anatomy pedagogy: insights from 
Ghanaian medical students. BMC Med Educ. 2024;24(1):1059. 
https://​doi.​org/​10.​1186/​s1290​9-​024-​06029​-​2

	 77.	 Maresky HS, Oikonomou A, Ali I, Ditkofsky N, Pakkal M, Ballyk 
B. Virtual reality and cardiac anatomy: exploring immersive three-
dimensional cardiac imaging, a pilot study in undergraduate medi-
cal anatomy education. Clin Anat. 2019;32(2):238–43. https://​doi.​
org/​10.​1002/​ca.​23292​

	 78.	 Birbara NS, Sammut C, Pather N. Virtual reality in anatomy: a 
pilot study evaluating different delivery modalities. Anat Sci Educ. 
2020;13(4):445–57. https://​doi.​org/​10.​1002/​ase.​1921

	 79.	 Chen S, Zhu J, Cheng C, Pan Z, Liu L, Du J, et al. Can virtual reality 
improve traditional anatomy education programmes? A mixed-
methods study on the use of a 3D skull model. BMC Med Educ. 
2020;20(1):395. https://​doi.​org/​10.​1186/​s1290​9-​020-​02255​-​6

	 80.	 Kurul R, Ogun MN, Neriman Narin A, Avci S, Yazgan B. An alterna-
tive method for anatomy training: immersive virtual reality. Anat 
Sci Educ. 2020;13(5):648–56. https://​doi.​org/​10.​1002/​ase.​1959

	 81.	 Nakai K, Terada S, Takahara A, Hage D, Tubbs RS, Iwanaga J. 
Anatomy education for medical students in a virtual reality work-
space: a pilot study. Clin Anat. 2022;35(1):40–4. https://​doi.​org/​
10.​1002/​ca.​23783​

	 82.	 da Cruz Torquato M, Miranda Menezes J, Belchior G, Prediger 
Mazzotti F, Souza Bittar J, Guimarães Rodrigues Dos Santos G, 
et al. Virtual reality as a complementary learning tool in Anatomy 
education for medical students. Med Sci Educ. 2023;33(2):507–16. 
https://​doi.​org/​10.​1007/​s4067​0-​023-​01774​-​3

	 83.	 Jaffar AA. YouTube: an emerging tool in anatomy education. Anat 
Sci Educ. 2012;5(3):158–64. https://​doi.​org/​10.​1002/​ase.​1268

	 84.	 Barry DS, Marzouk F, Chulak-Oglu K, Bennett D, Tierney P, 
O'Keeffe GW. Anatomy education for the YouTube generation. 
Anat Sci Educ. 2016;9(1):90–6. https://​doi.​org/​10.​1002/​ase.​
1550

	 85.	 Van Nuland SE, Rogers KA. The anatomy of E-learning tools: does 
software usability influence learning outcomes? Anat Sci Educ. 
2016;9(4):378–90. https://​doi.​org/​10.​1002/​ase.​1589

	 86.	 Alsup BK, Fox GM. BlueLink. Ann Arbor, MI: University of Michigan 
Medical School; 2022. Available from: https://​sites.​google.​com/a/​
umich.​edu/​bluel​ink/​curri​cula?​authu​ser=​0

	 87.	 Dee FR. Virtual microscopy in pathology education. Hum Pathol. 
2009;40(8):1112–21.

	 88.	 Lee BC, Hsieh ST, Chang YL, Tseng FY, Lin YJ, Chen YL, et al. A 
web-based virtual microscopy platform for improving academic 
performance in histology and pathology laboratory courses: a 
pilot study. Anat Sci Educ. 2020;13(6):743–58. https://​doi.​org/​10.​
1002/​ase.​1940

	 89.	 Darici D, Reissner C, Brockhaus J, Missler M. Implementation of a 
fully digital histology course in the anatomical teaching curriculum 
during COVID-19 pandemic. Ann Anat. 2021;236:151718. https://​
doi.​org/​10.​1016/j.​aanat.​2021.​151718

	 90.	 Hortsch M, Koney NK-K, Oommen AM, Yohannan DG, Li Y, Rocha 
de Melo Leite AC, et al. Virtual microscopy goes global: the images 
are virtual and the problems are real. In: Border S, Rea PM, Keenan 
I, editors. Biomedical visualization. Advances in experimental 
medicine and biology. 1421. Cham, Switzerland: Springer; 2023. p. 
79–124. https://​doi.​org/​10.​1007/​978-​3-​031-​30379​-​1_​5

	 91.	 Trelease RB. From chalkboard, slides, and paper to e-learning: how 
computing technologies have transformed anatomical sciences 
education. Anat Sci Educ. 2016;9(6):583–602. https://​doi.​org/​10.​
1002/​ase.​1620

	 92.	 Rosenberg H, Grad HA, Matear DW. The effectiveness of computer-
aided, self-instructional programs in dental education: a system-
atic review of the literature. J Dent Educ. 2003;67(5):524–32.

	 93.	 Wu WH, Wu YCJ, Chen CY, Kao HY, Lin CH, Huang SH. Review of 
trends from mobile learning studies: a meta-analysis. Comp Educ. 
2012;59(2):817–27.

	 94.	 Yammine K, Violato C. A meta-analysis of the educational effec-
tiveness of three-dimensional visualization technologies in teach-
ing anatomy. Anat Sci Educ. 2015;8(6):525–38. https://​doi.​org/​10.​
1002/​ase.​1510

	 95.	 Kamin C, Souza KH, Heestand D, Moses A, O'Sullivan P. Educational 
technology infrastructure and services in north American medical 
schools. Acad Med. 2006;81(7):632–7. https://​doi.​org/​10.​1097/​
01.​ACM.​00002​32413.​43142.​8b

	 96.	 Chan C, Yoe-Cheng A, Ten Cate O, Custers EJFM, van Leeuwen 
MS, Bleys RLAW. Approaches of anatomy teaching for seriously 
resource-deprived countries: a literature review. Educ Health. 
2019;32(2):62–74. https://​doi.​org/​10.​4103/​efh.​EfH_​272_​17

	 97.	 Yohannan DG, Oommen AM, Umesan KG, Raveendran VL, 
Sreedhar LSL, Anish TSN, et  al. Overcoming barriers in a tra-
ditional medical education system by the stepwise, evidence-
based introduction of a modern learning technology. Med Sci 
Edu. 2019;29:803–17. https://​doi.​org/​10.​1007/​s4067​0-​019-​
00759​-​5

	 98.	 Chang Chan AYC, van Leeuwen M, Custers E, Bleys R, ten Cate 
O. Anatomy education in low-resourced countries: what are chal-
lenges and effective and affordable educational strategies? A 
qualitative study. Med Teach. 2025;47(5):883–93. https://​doi.​org/​
10.​1080/​01421​59X.​2024.​2383373

	 99.	 Drake RL. Anatomy education in a changing medical curriculum. 
Anat Rec. 1998;253(1):28–31. https://​doi.​org/​10.​1002/​(SICI)​
1097-​0185(199802)​253:​1<​28::​AID-​AR11>​3.0.​CO;​2-​E

	100.	 Sugand K, Abrahams P, Khurana A. The anatomy of anatomy: a 
review for its modernization. Anat Sci Educ. 2010;3(2):83–93. 
https://​doi.​org/​10.​1002/​ase.​139

	101.	 Patra A, Asghar A, Chaudhary P, Ravi KS. Integration of innova-
tive educational technologies in anatomy teaching: new normal in 
anatomy education. Surg Radiol Anat. 2022;44(1):25–32. https://​
doi.​org/​10.​1007/​s0027​6-​021-​02868​-​6

	102.	 Drake RL, Pawlina W. Multimodal education in anatomy: the per-
fect opportunity. Anat Sci Educ. 2014;7(1):1–2. https://​doi.​org/​10.​
1002/​ase.​1426

	103.	 Khalil MK, Abdel Meguid EM, Elkhider IA. Teaching of anatomical 
sciences: a blended learning approach. Clin Anat. 2018;31(3):323–
9. https://​doi.​org/​10.​1002/​ca.​23052​

	104.	 Wilson AB, Brown KM, Misch J, Miller CH, Klein BA, Taylor MA, 
et  al. Breaking with tradition: a scoping meta-analysis analyzing 
the effects of student-centered learning and computer-aided in-
struction on student performance in anatomy. Anat Sci Educ. 
2019;12(1):61–73. https://​doi.​org/​10.​1002/​ase.​1789

	105.	 Dole S, Bloom L, Kowalske K. Transforming pedagogy: chang-
ing perspectives from teacher-centered to learner-centered. 
Interdiscip J Probl Based Learn. 2016;10(1). https://​doi.​org/​10.​
7771/​1541-​5015.​1538

	106.	 Bloodgood RA. Active learning: a small group histology laboratory 
exercise in a whole class setting utilizing virtual slides and peer 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s40670-021-01436-2
https://doi.org/10.1007/s40670-019-00719-z
https://doi.org/10.1007/s40670-019-00719-z
https://doi.org/10.2147/AMEP.S418576
https://doi.org/10.7759/cureus.43047
https://doi.org/10.1186/s12909-024-06029-2
https://doi.org/10.1002/ca.23292
https://doi.org/10.1002/ca.23292
https://doi.org/10.1002/ase.1921
https://doi.org/10.1186/s12909-020-02255-6
https://doi.org/10.1002/ase.1959
https://doi.org/10.1002/ca.23783
https://doi.org/10.1002/ca.23783
https://doi.org/10.1007/s40670-023-01774-3
https://doi.org/10.1002/ase.1268
https://doi.org/10.1002/ase.1550
https://doi.org/10.1002/ase.1550
https://doi.org/10.1002/ase.1589
https://sites.google.com/a/umich.edu/bluelink/curricula?authuser=0
https://sites.google.com/a/umich.edu/bluelink/curricula?authuser=0
https://doi.org/10.1002/ase.1940
https://doi.org/10.1002/ase.1940
https://doi.org/10.1016/j.aanat.2021.151718
https://doi.org/10.1016/j.aanat.2021.151718
https://doi.org/10.1007/978-3-031-30379-1_5
https://doi.org/10.1002/ase.1620
https://doi.org/10.1002/ase.1620
https://doi.org/10.1002/ase.1510
https://doi.org/10.1002/ase.1510
https://doi.org/10.1097/01.ACM.0000232413.43142.8b
https://doi.org/10.1097/01.ACM.0000232413.43142.8b
https://doi.org/10.4103/efh.EfH_272_17
https://doi.org/10.1007/s40670-019-00759-5
https://doi.org/10.1007/s40670-019-00759-5
https://doi.org/10.1080/0142159X.2024.2383373
https://doi.org/10.1080/0142159X.2024.2383373
https://doi.org/10.1002/(SICI)1097-0185(199802)253:1%3C28::AID-AR11%3E3.0.CO;2-E
https://doi.org/10.1002/(SICI)1097-0185(199802)253:1%3C28::AID-AR11%3E3.0.CO;2-E
https://doi.org/10.1002/ase.139
https://doi.org/10.1007/s00276-021-02868-6
https://doi.org/10.1007/s00276-021-02868-6
https://doi.org/10.1002/ase.1426
https://doi.org/10.1002/ase.1426
https://doi.org/10.1002/ca.23052
https://doi.org/10.1002/ase.1789
https://doi.org/10.7771/1541-5015.1538
https://doi.org/10.7771/1541-5015.1538


24  |    HORTSCH et al.

education. Anat Sci Educ. 2012;5(6):367–73. https://​doi.​org/​10.​
1002/​ase.​1294

	107.	 Lalit M, Piplani S. Active learning methodology – jigsaw tech-
nique: an innovative method in learning Anatomy. J Anat Soc India. 
2019;68:147–52. https://​doi.​org/​10.​4103/​JASI.​JASI_​57_​19

	108.	 Lopinska M, Gielecki JS, Zurada A. Flipped spotters learning 
model: an innovative student activity-based strategy. A prepara-
tion tool for anatomy practical examinations in medical education. 
Anat Sci Educ. 2022;15(5):886–97. https://​doi.​org/​10.​1002/​ase.​
2132

	109.	 Bilella A, Eppler E, Link K, Filgueira L. Body painting, ultrasound, 
clinical examination, and peer-teaching: a student-centered ap-
proach to enhance musculoskeletal anatomy learning. Anat Sci 
Educ. 2024;17(1):157–72. https://​doi.​org/​10.​1002/​ase.​2334

	110.	 Hortsch M. Transforming histology students from passive 
lecture listeners into active lecture learners. Anat Sci Educ. 
2024;17(6):1174–82. https://​doi.​org/​10.​1002/​ase.​2463

	111.	 Chutinan S, Riedy CA, Park SE. Student performance in a 
flipped classroom dental anatomy course. Eur J Dent Educ. 
2018;22(3):e343–e349. https://​doi.​org/​10.​1111/​eje.​12300​

	112.	 El Sadik A, Al Abdulmonem W. Improvement in student perfor-
mance and perceptions through a flipped Anatomy classroom: 
shifting from passive traditional to active blended learning. 
Anat Sci Educ. 2021;14(4):482–90. https://​doi.​org/​10.​1002/​
ase.​2015

	113.	 Joseph MA, Roach EJ, Natarajan J, Karkada S, Cayaban ARR. 
Flipped classroom improves Omani nursing students perfor-
mance and satisfaction in anatomy and physiology. BMC Nurs. 
2021;20(1):1. https://​doi.​org/​10.​1186/​s1291​2-​020-​00515​-​w

	114.	 Huitt TW, Killins A, Brooks WS. Team-based learning in the gross 
anatomy laboratory improves academic performance and stu-
dents' attitudes toward teamwork. Anat Sci Educ. 2015;8(2):95–
103. https://​doi.​org/​10.​1002/​ase.​1460

	115.	 Rezende AB, de Oliveira AGF, Vale TC, Teixeira LAS, Lima ARA, 
Lucchetti ALG, et  al. Comparison of team-based learning versus 
traditional lectures in neuroanatomy: medical student knowledge 
and satisfaction. Anat Sci Educ. 2020;13(5):591–601. https://​doi.​
org/​10.​1002/​ase.​1926

	116.	 Zuccaro M, Girolamo F. Anatomical education and its innova-
tions: an interdisciplinary, hands-on, team-building approach. Ital 
J Anat Embryol. 2024;128(1):101–8. https://​doi.​org/​10.​36253/​​
ijae-​15248​

	117.	 Van Nuland SE, Roach VA, Wilson TD, Belliveau DJ. Head to head: 
the role of academic competition in undergraduate anatomical 
education. Anat Sci Educ. 2015;8(5):404–12. https://​doi.​org/​10.​
1002/​ase.​1498

	118.	 Ang E-T, Chan JM, Gopal V, Li Shia N. Gamifying anatomy educa-
tion. Clin Anat. 2018;31(7):997–1005. https://​doi.​org/​10.​1002/​ca.​
23249​

	119.	 Felszeghy S, Pasonen-Seppanen S, Koskela A, Nieminen P, 
Harkonen K, Paldanius KMA, et al. Using online game-based plat-
forms to improve student performance and engagement in histol-
ogy teaching. BMC Med Educ. 2019;19(1):273. https://​doi.​org/​10.​
1186/​s1290​9-​019-​1701-​0

	120.	 Neureiter D, Klieser E, Neumayer B, Winkelmann P, Urbas R, 
Kiesslich T. Feasibility of Kahoot! as a real-time assessment tool 
in (Histo-)pathology classroom teaching. Adv Med Educ Pract. 
2020;11:695–705. https://​doi.​org/​10.​2147/​AMEP.​S264821

	121.	 Donkin R, Rasmussen R. Student perception and the effectiveness 
of Kahoot!: a scoping review in histology, anatomy, and medical 
education. Anat Sci Educ. 2021;14(5):572–85. https://​doi.​org/​10.​
1002/​ase.​2094

	122.	 Chytas D, Piagkou M, Natsis K. Outcomes of the implementa-
tion of game-based anatomy teaching approaches: an overview. 
Morphologie. 2022;106(352):8–14. https://​doi.​org/​10.​1016/j.​
morpho.​2021.​02.​001

	123.	 Amir LR, Leonardy IC, Dewatmoko SN, Yanuar R, Suniarti DF, Idrus 
E, et al. Serious game as oral histology learning strategy for under-
graduate dental students; crossover randomized controlled trial. 
BMC Oral Health. 2023;23(1):585. https://​doi.​org/​10.​1186/​s1290​
3-​023-​03286​-​3

	124.	 Castellano MS, Contreras-McKay I, Neyem A, Farfan E, Inzunza O, 
Ottone NE, et al. Empowering human anatomy education through 
gamification and artificial intelligence: an innovative approach to 
knowledge appropriation. Clin Anat. 2024;37(1):12–24. https://​
doi.​org/​10.​1002/​ca.​24074​

	125.	 Romero-Aleman MD. A pilot study on gamified and conventional 
e-quizzes reinforcing human histology among first-year medical 
and physiotherapy students. Anat Sci Educ. 2024;17(4):844–54. 
https://​doi.​org/​10.​1002/​ase.​2406

	126.	 Montel C, Cartiaux B, Mogicato G. Evaluation of the effectiveness 
of a digital escape room for learning veterinary anatomy. Anat Sci 
Educ. 2025;18(2):130–8. https://​doi.​org/​10.​1002/​ase.​2543

	127.	 Cale AS, McNulty MA. Chaotic fun! Promoting active recall of ana-
tomical structures and relationships using the catch-phrase game. 
Anat Sci Educ. 2025;18(2):121–9. https://​doi.​org/​10.​1002/​ase.​
2549

	128.	 Marcos R, Gomes A, Santos M, Coelho A. Histopoly: a serious 
game for teaching histology to 1st year veterinary students. 
Anat Sci Educ. 2025;18(3):229–40. https://​doi.​org/​10.​1002/​ase.​
2545

	129.	 Liaison Committee on Medical Education. LCME® liaison commit-
tee on medical education. Washington, DC: Liaison Committee on 
Medical Education (LCME); 2024. Available from: https://​lcme.​
org/​

	130.	 Committee on Accreditation of Canadian Medical Schools (CACMS). 
CACMS/CAFMC committee on accreditation of Canadian Medical 
Schools. Ottawa, ON: Committee on Accreditation of Canadian 
Medical Schools (CACMS); 2024. Available from: https://​cacms​-​
cafmc.​ca/​

	131.	 General Medical Council. General Medical Council. London: 
General Medical Council (GMC); 2024. Available from: https://​
www.​gmc-​uk.​org

	132.	 National Medical Commission. Competency based undergradu-
ate curriculum for the Indian Medical Graduate. New Delhi, India: 
Government of India; 2018. Available from: https://​www.​nmc.​org.​
in/​wp-​conte​nt/​uploa​ds/​2020/​01/​UG-​Curri​culum​-​Vol-​I.​pdf

	133.	 Khalil MK, Giannaris EL, Lee V, Baatar D, Richter S, Johansen KS, 
et  al. Integration of clinical anatomical sciences in medical edu-
cation: design, development and implementation strategies. Clin 
Anat. 2021;34(5):785–93. https://​doi.​org/​10.​1002/​ca.​23736​

	134.	 Finnerty EP, Chauvin S, Bonaminio G, Andrews M, Carroll RG, 
Pangaro LN. Flexner revisited: the role and value of the basic 
sciences in medical education. Acad Med. 2010;85(2):349–55. 
https://​doi.​org/​10.​1097/​ACM.​0b013​e3181​c88b09

	135.	 McHanwell S, Davies DC, Morris J, Parkin I, Whiten S, Atkinson 
M, et al. A core syllabus in anatomy for medical students—adding 
common sense to need to know. Eur J Anat. 2007;11:3–18.

	136.	 Moxham B, McHanwell S, Plaisant O, Pais D. A core syllabus for 
the teaching of neuroanatomy to medical students. Clin Anat. 
2015;28(6):706–16. https://​doi.​org/​10.​1002/​ca.​22577​

	137.	 Smith CF, Finn GM, Stewart J, Atkinson MA, Davies DC, Dyball R, 
et  al. The anatomical society core regional anatomy syllabus for 
undergraduate medicine. J Anat. 2016;228(1):15–23. https://​doi.​
org/​10.​1111/​joa.​12405​

	138.	 Fakoya FA, Emmanouil-Nikoloussi E, Sharma D, Moxham BJ. A 
core syllabus for the teaching of embryology and teratology to 
medical students. Clin Anat. 2017;30(2):159–67. https://​doi.​org/​
10.​1002/​ca.​22802​

	139.	 Moxham BJ. A core syllabus for the teaching of embryology and 
teratology to medical students. Clin Anat. 2017;30(5):565–6. 
https://​doi.​org/​10.​1002/​ca.​22857​

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ase.1294
https://doi.org/10.1002/ase.1294
https://doi.org/10.4103/JASI.JASI_57_19
https://doi.org/10.1002/ase.2132
https://doi.org/10.1002/ase.2132
https://doi.org/10.1002/ase.2334
https://doi.org/10.1002/ase.2463
https://doi.org/10.1111/eje.12300
https://doi.org/10.1002/ase.2015
https://doi.org/10.1002/ase.2015
https://doi.org/10.1186/s12912-020-00515-w
https://doi.org/10.1002/ase.1460
https://doi.org/10.1002/ase.1926
https://doi.org/10.1002/ase.1926
https://doi.org/10.36253/ijae-15248
https://doi.org/10.36253/ijae-15248
https://doi.org/10.1002/ase.1498
https://doi.org/10.1002/ase.1498
https://doi.org/10.1002/ca.23249
https://doi.org/10.1002/ca.23249
https://doi.org/10.1186/s12909-019-1701-0
https://doi.org/10.1186/s12909-019-1701-0
https://doi.org/10.2147/AMEP.S264821
https://doi.org/10.1002/ase.2094
https://doi.org/10.1002/ase.2094
https://doi.org/10.1016/j.morpho.2021.02.001
https://doi.org/10.1016/j.morpho.2021.02.001
https://doi.org/10.1186/s12903-023-03286-3
https://doi.org/10.1186/s12903-023-03286-3
https://doi.org/10.1002/ca.24074
https://doi.org/10.1002/ca.24074
https://doi.org/10.1002/ase.2406
https://doi.org/10.1002/ase.2543
https://doi.org/10.1002/ase.2549
https://doi.org/10.1002/ase.2549
https://doi.org/10.1002/ase.2545
https://doi.org/10.1002/ase.2545
https://lcme.org/
https://lcme.org/
https://cacms-cafmc.ca/
https://cacms-cafmc.ca/
https://www.gmc-uk.org
https://www.gmc-uk.org
https://www.nmc.org.in/wp-content/uploads/2020/01/UG-Curriculum-Vol-I.pdf
https://www.nmc.org.in/wp-content/uploads/2020/01/UG-Curriculum-Vol-I.pdf
https://doi.org/10.1002/ca.23736
https://doi.org/10.1097/ACM.0b013e3181c88b09
https://doi.org/10.1002/ca.22577
https://doi.org/10.1111/joa.12405
https://doi.org/10.1111/joa.12405
https://doi.org/10.1002/ca.22802
https://doi.org/10.1002/ca.22802
https://doi.org/10.1002/ca.22857


    | 25HORTSCH et al.

	140.	 Connolly SA, Gillingwater TH, Chandler C, Grant AW, Greig J, 
Meskell M, et al. The anatomical society's core anatomy syllabus 
for undergraduate nursing. J Anat. 2018;232(5):721–8. https://​doi.​
org/​10.​1111/​joa.​12782​

	141.	 Moxham BJ, McHanwell S, Berkovitz B. The development of a core 
syllabus for the teaching of oral anatomy, histology, and embry-
ology to dental students via an international ‘Delphi Panel’. Clin 
Anat. 2018;31(2):231–49. https://​doi.​org/​10.​1002/​ca.​23002​

	142.	 Matthan J, Cobb M, McHanwell S, Moxham BJ, Finn GM. The an-
atomical society's core anatomy syllabus for dental undergradu-
ates. J Anat. 2020;236(4):737–51. https://​doi.​org/​10.​1111/​joa.​
13133​

	143.	 Leigh D. SWOT analysis. In: Silber KH, Foshay WR, Watkins R, 
Leigh D, Moseley JL, Dessinger JC, editors. Handbook of improv-
ing performance in the workplace: Volume 2. San Francisco, CA: 
Pfeiffer - Wiley Online Library; 2009. https://​doi.​org/​10.​1002/​
97804​70592​663.​ch24

	144.	 Krumbhaar EB. The early history of Anatomy in the United States. 
Ann Med Hist. 1922;4(3):271–86.

	145.	 Waterston SW, Stewart IJ. Survey of clinicians' attitudes to the an-
atomical teaching and knowledge of medical students. Clin Anat. 
2005;18(5):380–4. https://​doi.​org/​10.​1002/​ca.​20101​

	146.	 McNulty MA, Mussell JC, Lufler RS. Breaking barriers: the land-
scape of human and veterinary medical anatomy education and 
the potential for collaboration. Anat Sci Educ. 2022;15(4):698–
708. https://​doi.​org/​10.​1002/​ase.​2118

	147.	 Kolomitro K, MacKenzie LW, Wiercigroch D, Godden L. The 
design and evaluation of a master of science program in ana-
tomical sciences at Queen's University Canada. Anat Sci Educ. 
2018;11(6):613–22. https://​doi.​org/​10.​1002/​ase.​1797

	148.	 Schofield KA. Anatomy education in occupational therapy curric-
ula: perspectives of practitioners in the United States. Anat Sci 
Educ. 2018;11(3):243–53. https://​doi.​org/​10.​1002/​ase.​1723

	149.	 McWatt SC, Newton GS, Umphrey GJ, Jadeski LC. Dissection 
versus prosection: a comparative assessment of the course ex-
periences, approaches to learning, and academic performance of 
non-medical undergraduate students in human anatomy. Anat Sci 
Educ. 2021;14(2):184–200. https://​doi.​org/​10.​1002/​ase.​1993

	150.	 Hall TR, Mosley CF, Balta JY. Graduate anatomy education: how 
are we training the future generations of anatomy educators? Anat 
Sci Educ. 2024;17(2):422–32. https://​doi.​org/​10.​1002/​ase.​2365

	151.	 Milian EK, Smith BA, Costas A, Wong ML, Ravelo D, Hartley GW. 
The current state of anatomy education in United States doctor 
of physical therapy programs. Anat Sci Educ. 2024;17(2):343–50. 
https://​doi.​org/​10.​1002/​ase.​2355

	152.	 Kellesarian SV. Flipping the dental anatomy classroom. Dent J 
(Basel). 2018;6(3):23. https://​doi.​org/​10.​3390/​dj603​0023

	153.	 Veazey K, Robertson EM. How human anatomy is being taught in 
entry-level occupational therapy programs in the United States. 
Anat Sci Educ. 2023;16(2):305–22. https://​doi.​org/​10.​1002/​ase.​
2226

	154.	 Gartner LP. Anatomical sciences in the allopathic medical school 
curriculum in the United States between 1967–2001. Clin Anat. 
2003;16(5):434–9. https://​doi.​org/​10.​1002/​ca.​10159​

	155.	 Vogl W. The state of gross anatomy. Br Columbia Med J. 
2017;8(2):4.

	156.	 Drake RL, McBride JM, Lachman N, Pawlina W. Medical education 
in the anatomical sciences: the winds of change continue to blow. 
Anat Sci Educ. 2009;2(6):253–9. https://​doi.​org/​10.​1002/​ase.​117

	157.	 Drake RL, McBride JM, Pawlina W. An update on the status of ana-
tomical sciences education in United States medical schools. Anat 
Sci Educ. 2014;7(4):321–5. https://​doi.​org/​10.​1002/​ase.​1468

	158.	 Gabard DL, Lowe DL, Chang JW. Current and future instruc-
tional methods and influencing factors in anatomy instruction in 
physical therapy and medical schools in the U.S. J Allied Health. 
2012;41(2):53–62.

	159.	 Theoret CL, Carmel EN, Bernier S. Why dissection videos should 
not replace cadaver prosections in the gross veterinary anatomy 
curriculum: results from a comparative study. J Vet Med Educ. 
2007;34(2):151–6. https://​doi.​org/​10.​3138/​jvme.​34.2.​151

	160.	 Reimer E, Laurenzano H, Tages M. Gross anatomy survey: how do 
physical therapy schools in the United States teach gross anat-
omy? Boston, MA: Northeastern University Physical Therapy 
Department; 2013. Available from: https://​repos​itory.​libra​ry.​
north​easte​rn.​edu/​files/​​neu:​376982

	161.	 Simons AC, McHugh KM, Appling S, Harris SL, Burgoon JM. 
Instructional approaches: anatomy education of physical thera-
pists. Anat Sci Educ. 2022;15(1):102–14. https://​doi.​org/​10.​1002/​
ase.​2037

	162.	 Dove E, Hennessy K, Kirou-Mauro A, Aitkens L, Duncan A, Agur 
A, et  al. Gross and applied anatomy pedagogical approaches in 
occupational therapy education: a scoping review. Can J Occup 
Ther. 2024;91(2):136–48. https://​doi.​org/​10.​1177/​00084​17423​
1197614

	163.	 Harmon DJ, Attardi SM, Barremkala M, Bentley DC, Brown KM, 
Dennis JF, et al. An analysis of anatomy education before and during 
COVID-19: May–August 2020. Anat Sci Educ. 2021;14(2):132–47. 
https://​doi.​org/​10.​1002/​ase.​2051

	164.	 MacPherson E, Lisk K. The value of in-person undergraduate dis-
section in anatomical education in the time of COVID-19. Anat Sci 
Educ. 2022;15(4):797–802. https://​doi.​org/​10.​1002/​ase.​2186

	165.	 Capps N, Stickley K, McFerguson R, Renteria F. Cadaveric edu-
cation in baccalaureate nursing education. Teach Learn Nurs. 
2024;19:e500–e504. https://​doi.​org/​10.​1016/j.​teln.​2024.​02.​010

	166.	 Quach S, Sinha S, Todd A, Palombella A, Rockarts J, Wojkowski 
S, et al. Dissecting through the decade: a 10-year cross-sectional 
analysis of interprofessional experiences in the anatomy lab. J 
Interprof Care. 2024;38(5):836–45. https://​doi.​org/​10.​1080/​
13561​820.​2024.​2343828

	167.	 Washmuth NB, Cahoon T, Tuggle K, Hunsinger RN. Virtual dissec-
tion: alternative to cadaveric dissection for a pregnant nurse anes-
thesia student. Health Prof Educ. 2020;6:247–55. https://​doi.​org/​
10.​1016/j.​hpe.​2019.​11.​001

	168.	 Claveria A, Bachour D, Balta JY, Antonacci R, Ventura NM, Noel 
G. A comparison of student perspectives on body donation across 
healthcare professional programs: from prosection- to dissection-
based curricula. Anat Sci Educ. 2024;17(3):558–70. https://​doi.​
org/​10.​1002/​ase.​2383

	169.	 Zealley JA, Howard D, Thiele C, Balta JY. Human body dona-
tion: how informed are the donors? Clin Anat. 2022;35(1):19–25. 
https://​doi.​org/​10.​1002/​ca.​23780​

	170.	 Bagian LK, Davis DC, Parker RC, Mosley CF, Balta JY. Giving a 
voice to our silent teachers: whole body donation from the donor 
perspective at one donation program in the United States. Anat Sci 
Educ. 2024;17(4):893–908. https://​doi.​org/​10.​1002/​ase.​2410

	171.	 Habicht JL, Kiessling C, Winkelmann A. Bodies for anatomy edu-
cation in medical schools: an overview of the sources of cadavers 
worldwide. Acad Med. 2018;93(9):1293–300. https://​doi.​org/​10.​
1097/​ACM.​00000​00000​002227

	172.	 Quiroga-Garza A, Reyes-Hernández CG, Zarate-Garza PP, Esparza-
Hernández CN, Gutierrez-de la O J, de la Fuente-Villarreal D, et al. 
Willingness toward organ and body donation among anatomy pro-
fessors and students in Mexico. Anat Sci Educ. 2017;10(6):589–97. 
https://​doi.​org/​10.​1002/​ase.​1705

	173.	 Shupe E, Karim S, Sledge D. Unclaimed bodies and medical edu-
cation in Texas. JAMA. 2023;330(12):1189–90. https://​doi.​org/​10.​
1001/​jama.​2023.​15132​

	174.	 Meester I, Guajardo MP, Ramos ACT, Solis-Soto JM, Rojas-
Martinez A. Willingness toward post-mortem body donation to 
science at a Mexican University: an exploratory survey. BMC 
Med Ethics. 2023;24(1):101. https://​doi.​org/​10.​1186/​s1291​0-​
023-​00982​-​1

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/joa.12782
https://doi.org/10.1111/joa.12782
https://doi.org/10.1002/ca.23002
https://doi.org/10.1111/joa.13133
https://doi.org/10.1111/joa.13133
https://doi.org/10.1002/9780470592663.ch24
https://doi.org/10.1002/9780470592663.ch24
https://doi.org/10.1002/ca.20101
https://doi.org/10.1002/ase.2118
https://doi.org/10.1002/ase.1797
https://doi.org/10.1002/ase.1723
https://doi.org/10.1002/ase.1993
https://doi.org/10.1002/ase.2365
https://doi.org/10.1002/ase.2355
https://doi.org/10.3390/dj6030023
https://doi.org/10.1002/ase.2226
https://doi.org/10.1002/ase.2226
https://doi.org/10.1002/ca.10159
https://doi.org/10.1002/ase.117
https://doi.org/10.1002/ase.1468
https://doi.org/10.3138/jvme.34.2.151
https://repository.library.northeastern.edu/files/neu:376982
https://repository.library.northeastern.edu/files/neu:376982
https://doi.org/10.1002/ase.2037
https://doi.org/10.1002/ase.2037
https://doi.org/10.1177/00084174231197614
https://doi.org/10.1177/00084174231197614
https://doi.org/10.1002/ase.2051
https://doi.org/10.1002/ase.2186
https://doi.org/10.1016/j.teln.2024.02.010
https://doi.org/10.1080/13561820.2024.2343828
https://doi.org/10.1080/13561820.2024.2343828
https://doi.org/10.1016/j.hpe.2019.11.001
https://doi.org/10.1016/j.hpe.2019.11.001
https://doi.org/10.1002/ase.2383
https://doi.org/10.1002/ase.2383
https://doi.org/10.1002/ca.23780
https://doi.org/10.1002/ase.2410
https://doi.org/10.1097/ACM.0000000000002227
https://doi.org/10.1097/ACM.0000000000002227
https://doi.org/10.1002/ase.1705
https://doi.org/10.1001/jama.2023.15132
https://doi.org/10.1001/jama.2023.15132
https://doi.org/10.1186/s12910-023-00982-1
https://doi.org/10.1186/s12910-023-00982-1


26  |    HORTSCH et al.

	175.	 Shupe E. Grave injustice: the continuing use of unclaimed bodies in 
American medicine. J Med Ethics. 2025. https://​doi.​org/​10.​1136/​
jme-​2024-​110653

	176.	 Hortsch M. The Michigan histology website as an example of a 
free anatomical resource serving learners and educators world-
wide. Anat Sci Educ. 2023;16(3):363–71. https://​doi.​org/​10.​1002/​
ase.​2239

	177.	 Gribbin W, Wilson EA, McTaggart S, Hortsch M. Histology edu-
cation in an integrated, time-restricted medical curriculum: aca-
demic outcomes and students' study adaptations. Anat Sci Educ. 
2022;15(3):671–84. https://​doi.​org/​10.​1002/​ase.​2127

	178.	 Johnson S, Purkiss J, Holaday L, Selvig D, Hortsch M. Learning his-
tology—dental and medical students' study strategies. Eur J Dent 
Educ. 2015;19(2):65–73. https://​doi.​org/​10.​1111/​eje.​12104​

	179.	 Barbeau ML, Johnson M, Gibson C, Rogers KA. The develop-
ment and assessment of an online microscopic anatomy labora-
tory course. Anat Sci Educ. 2013;6(4):246–56. https://​doi.​org/​10.​
1002/​ase.​1347

	180.	 Schoenherr DT, Dereski MO, Bernacki KD, Khayyata S, Attardi 
SM. Development and evaluation of an online integrative histol-
ogy module: simple design, low-cost, and improves pathology self-
efficacy. Med Educ Online. 2022;27(1):2011692. https://​doi.​org/​
10.​1080/​10872​981.​2021.​2011692

	181.	 Attardi SM, Harmon DJ, Barremkala M, Bentley DC, Brown 
KM, Dennis JF, et  al. An analysis of anatomy education before 
and during COVID-19: August–December 2020. Anat Sci Educ. 
2022;15(1):5–26. https://​doi.​org/​10.​1002/​ase.​2152

	182.	 Attardi SM, Choi S, Barnett J, Rogers KA. Mixed methods student 
evaluation of an online systemic human anatomy course with labo-
ratory. Anat Sci Educ. 2016;9(3):272–85. https://​doi.​org/​10.​1002/​
ase.​1584

	183.	 Van Nuland SE, Eagleson R, Rogers KA. Educational software 
usability: artifact or design? Anat Sci Educ. 2017;10(2):190–9. 
https://​doi.​org/​10.​1002/​ase.​1636

	184.	 Forsyth KK. Comparison of veterinary curriculum between veteri-
nary schools in the United States, English speaking countries (non-
United States), and non-English speaking countries. Corvallis, OR: 
Oregon State University; 2013.

	185.	 Grignon B, Oldrini G, Walter F. Teaching medical anatomy: what is 
the role of imaging today? Surg Radiol Anat. 2016;38(2):253–60. 
https://​doi.​org/​10.​1007/​s0027​6-​015-​1548-​y

	186.	 Darras KE, Clark SJ, Tso DK, Liang TI, Krebs C, Tonseth RP, et al. 
Development of an undergraduate radiology curriculum: ten-year 
experience from the University of British Columbia. Can Assoc 
Radiol J. 2017;68(3):237–42. https://​doi.​org/​10.​1016/j.​carj.​2016.​
12.​008

	187.	 Kondrashova T, De Wan D, Briones MU, Kondrashov P. Integration 
of ultrasound imaging into pre-clinical dental education. Eur J Dent 
Educ. 2017;21(4):228–34. https://​doi.​org/​10.​1111/​eje.​12205​

	188.	 Jack A, Burbridge B. The utilisation of radiology for the teach-
ing of anatomy in Canadian medical schools. Can Assoc Radiol J. 
2012;63(3):160–4. https://​doi.​org/​10.​1016/j.​carj.​2010.​11.​005

	189.	 Bahner DP, Goldman E, Way D, Royall NA, Liu YT. The state of 
ultrasound education in U.S. medical schools: results of a national 
survey. Acad Med. 2014;89(12):1681–6. https://​doi.​org/​10.​1097/​
ACM.​00000​00000​000414

	190.	 Rohren SA, Kamel S, Khan ZA, Patel P, Ghannam S, Gopal A, et al. 
A call to action; national survey of teaching radiology curriculum 
to medical students. J Clin Imaging Sci. 2022;12:57. https://​doi.​
org/​10.​25259/​​JCIS_​36_​2022

	191.	 Boissonnault WG, White DM, Carney S, Malin B, Smith W. 
Diagnostic and procedural imaging curricula in physical thera-
pist professional degree programs. J Orthop Sports Phys Ther. 
2014;44(8):579–86, B1–12. https://​doi.​org/​10.​2519/​jospt.​2014.​
5379

	192.	 Royer DF. The role of ultrasound in graduate anatomy education: 
current state of integration in the United States and faculty per-
ceptions. Anat Sci Educ. 2016;9(5):453–67. https://​doi.​org/​10.​
1002/​ase.​1598

	193.	 Hazle CR, Boissonnault WG, Letcher TR, Watts RL, McKee BA. 
Diagnostic and procedural imaging curricula in physical ther-
apist professional degree programs: update. JOSPT Open. 
2024;2(2):156–62. https://​doi.​org/​10.​2519/​jospt​open.​2024.​1026

	194.	 Alexander SM, Pogson KB, Friedman VE, Corley JL, Hipolito 
Canario DA, Johnson CS. Ultrasound as a learning tool in bachelor-
level anatomy education. Med Sci Educ. 2021;31(1):193–6. https://​
doi.​org/​10.​1007/​s4067​0-​020-​01170​-​1

	195.	 Hefler J, Ramnanan CJ. Can CanMEDS competencies be devel-
oped in medical school anatomy laboratories? A literature review. 
Int J Med Educ. 2017;8:231–8. https://​doi.​org/​10.​5116/​ijme.​5929.​
4381

	196.	 Larsen RJ. Shared curricula and competencies in one health and 
health professions education. Med Sci Educ. 2021;31(1):249–52. 
https://​doi.​org/​10.​1007/​s4067​0-​020-​01140​-​7

	197.	 Zaidi NB, Hwang C, Scott S, Stallard S, Purkiss J, Hortsch M. 
Climbing Bloom's taxonomy pyramid: lessons from a graduate his-
tology course. Anat Sci Educ. 2017;10(5):456–64. https://​doi.​org/​
10.​1002/​ase.​1685

	198.	 McTaggart S, Hortsch M. Early practice makes histology mas-
ters: the use of a formative assessment quiz to prepare histol-
ogy learners for a high-stakes final examination. Anat Sci Educ. 
2024;17(6):1265–74. https://​doi.​org/​10.​1002/​ase.​2472

	199.	 Aragão JA, Fonseca-Barreto AT, Brito CJ, Guerra DR, Nunes-Mota 
JC, Reis FP. The availability of teaching-pedagogical resources 
used for promotion of learning in teaching human anatomy. Adv 
Med Educ Pract. 2013;4:157–63. https://​doi.​org/​10.​2147/​AMEP.​
S47145

	200.	 Biasutto AN, Sharma N, Weiglein AH, Benia FM, McBride JM, 
Bueno-López JL, et  al. Human bodies to teach anatomy: impor-
tance and procurement—experience with cadaver donation. Rev 
Arg de Anat Clin. 2014;6(2):72–86. https://​doi.​org/​10.​31051/​​
1852.​8023.​v6.​n2.​14127​

	201.	 Nascimento CO, Gomes de Souza C, De Oliveira Sousa Corrêa 
V. Perception of medical students about the creation of a photo-
graphic atlas of anatomy with cadaveric parts [in Portuguese]. Int J 
Health Educ. 2017;2(2):81–8.

	202.	 de Souza Leite AT, Jaco TRF, da Silva Casas AL. Preparation of ana-
tomical pieces as didactic resources for nursing and biological sci-
ences undergraduate courses: the challenges of teaching anatomy 
in the extreme Western Brazilian Amazon. South Am J Basic Educ 
Tech Technol. 2018;5(2):31–40.

	203.	 Muñoz MS. Use of virtual laboratories for the teaching of human 
histoembryology in the nursing course at the Universidad de las 
Américas [in Spanish]. Rev Educ Las Amércicas. 2018;7:56–72.

	204.	 Suárez-Escudero JC, Posada-Jurado MC, Bedoya-Muñoz LJ, 
Urbina-Sánchez AJ, Ferreira-Morales JL, Bohórquez-Gutiérrez 
CA. Teaching and learning anatomy—pedagogical methods, his-
tory, the present and tendencies. Acta Med Colomb. 2020;45:1–7. 
https://​doi.​org/​10.​36104/​​amc.​2020.​1898

	205.	 Araya MS, Baños JE, Pérez J, Moyano E. Generic competencies: 
a review of dental curriculum programs in Chile [in Spanish]. Int 
J Odontostomatol. 2021;15(4):928–37. https://​doi.​org/​10.​4067/​
S0718​-​381X2​02100​0400928

	206.	 Massari CHDAL, da Silva MD, Sasahara THD, Miglino MA. 
Veterinary Anatomy during the COVID-19 pandemic in Brazil: 
research focused on pedagogical practice. Int J Morphol. 
2022;40(1):79–83. https://​doi.​org/​10.​4067/​S0717​-​95022​02200​
0100079

	207.	 Soares BO, Ribeiro FS, Santos IF, Silva ACAA, Amorim M, Shiosaki 
RK, et  al. Are corpses the best method for practical anatomy 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1136/jme-2024-110653
https://doi.org/10.1136/jme-2024-110653
https://doi.org/10.1002/ase.2239
https://doi.org/10.1002/ase.2239
https://doi.org/10.1002/ase.2127
https://doi.org/10.1111/eje.12104
https://doi.org/10.1002/ase.1347
https://doi.org/10.1002/ase.1347
https://doi.org/10.1080/10872981.2021.2011692
https://doi.org/10.1080/10872981.2021.2011692
https://doi.org/10.1002/ase.2152
https://doi.org/10.1002/ase.1584
https://doi.org/10.1002/ase.1584
https://doi.org/10.1002/ase.1636
https://doi.org/10.1007/s00276-015-1548-y
https://doi.org/10.1016/j.carj.2016.12.008
https://doi.org/10.1016/j.carj.2016.12.008
https://doi.org/10.1111/eje.12205
https://doi.org/10.1016/j.carj.2010.11.005
https://doi.org/10.1097/ACM.0000000000000414
https://doi.org/10.1097/ACM.0000000000000414
https://doi.org/10.25259/JCIS_36_2022
https://doi.org/10.25259/JCIS_36_2022
https://doi.org/10.2519/jospt.2014.5379
https://doi.org/10.2519/jospt.2014.5379
https://doi.org/10.1002/ase.1598
https://doi.org/10.1002/ase.1598
https://doi.org/10.2519/josptopen.2024.1026
https://doi.org/10.1007/s40670-020-01170-1
https://doi.org/10.1007/s40670-020-01170-1
https://doi.org/10.5116/ijme.5929.4381
https://doi.org/10.5116/ijme.5929.4381
https://doi.org/10.1007/s40670-020-01140-7
https://doi.org/10.1002/ase.1685
https://doi.org/10.1002/ase.1685
https://doi.org/10.1002/ase.2472
https://doi.org/10.2147/AMEP.S47145
https://doi.org/10.2147/AMEP.S47145
https://doi.org/10.31051/1852.8023.v6.n2.14127
https://doi.org/10.31051/1852.8023.v6.n2.14127
https://doi.org/10.36104/amc.2020.1898
https://doi.org/10.4067/S0718-381X2021000400928
https://doi.org/10.4067/S0718-381X2021000400928
https://doi.org/10.4067/S0717-95022022000100079
https://doi.org/10.4067/S0717-95022022000100079


    | 27HORTSCH et al.

assessment, according to health course students? J Morphol Sci. 
2018;35(1):70–9. https://​doi.​org/​10.​1055/​s-​0038-​1660496

	208.	 López-Alegría F, Rivera-López G, Rubio-Rivera A. Factors asso-
ciated with academic performance in undergraduate health sci-
ences students enrolled in the human anatomy course. Rev Fac 
Med. 2021;69(3):e204. https://​doi.​org/​10.​15446/​​revfa​cmed.​
v69n3.​81675​

	209.	 Ibáñez Shimabukuro M, Sbaraglini ML, Gangoiti MV, Enrique N, 
D'ambrosio M, Speroni F. Teaching of Anatomy and histology in 
times of pandemic: adaptations for a distance study [in Spanish]. 
Trayectorias Universitarias. 2020;6(10):1–16. https://​doi.​org/​10.​
24215/​​24690​090e025

	210.	 Parada Simão TR, Miglino MA, Barbosa da Silva J, McManus C, 
Liberti EA. Implementation of a program of voluntary body dona-
tion for anatomical study in the University of São Paulo, Brazil. Int 
J Morphol. 2016;34(4):1494–501. https://​doi.​org/​10.​4067/​S0717​
-​95022​01600​0400051

	211.	 Zúñiga-Prado JR, Rodríguez-Paz ML, Herrera-Rubio AM, Osorio-
Toro S. Influence of sociodemographic factors on academic per-
formance in the subject of human gross anatomy. Int J Morphol. 
2023;41(1):96–103. https://​doi.​org/​10.​4067/​S0717​-​95022​02300​
0100096

	212.	 Martinez EG, Tuesca R. Modified team-based learning strategy to 
improve human anatomy learning: a pilot study at the Universidad 
del Norte in Barranquilla. Colombia Anat Sci Educ. 2014;7(5):399–
405. https://​doi.​org/​10.​1002/​ase.​1444

	213.	 Pfrimer GA, de Abreu T, Vieira VS, Soares NP, Aversi-Ferreira 
RAGMF, Gratao LHA, et al. Historic and teaching aspects of anat-
omy and genus role in contemporary anatomy. Int J Morphol. 
2012;30(2):607–12. https://​doi.​org/​10.​4067/​S0717​-​95022​01200​
0200041

	214.	 Carneiro BD, Pozza DH, Tavares I. Perceptions of medical students 
towards the role of histology and embryology during curricular 
review. BMC Med Educ. 2023;23(1):74. https://​doi.​org/​10.​1186/​
s1290​9-​023-​04019​-​4

	215.	 Ciucci JL, Rey L, Dogliotti C, Gazzotti A, Humberto JV. Paradigm 
shift in teaching anatomy in the context of a pandemic [in Spanish]. 
Rev Arg Anat. 2021;12(2):52–8.

	216.	 de Lima AC, Benedito FCS, Sousa Filho JMM, da Silva YJF, de 
Lira CAB, Girao-Carmona VCC, et  al. Validation of a histology 
e-book for the teaching-learning process at the university level. 
Morphologie. 2024;108(363):100912. https://​doi.​org/​10.​1016/j.​
morpho.​2024.​100912

	217.	 Ministério da Educação B. Resolução CNE/CES no 3, de 20 de 
junho de 2014. Brazilia, Brazil: Institui as Diretrizes Curriculares 
Nacionais dos Cursos de Graduação em Medicina e dá outras 
providências [in Portuguese]; 2014. Available from: https://​www.​
gov.​br/​saude/​​pt-​br/​acess​o-​a-​infor​macao/​​acoes​-​e-​progr​amas/​
pnsp/​legis​lacao/​​resol​ucoes/​​rces0​03_​14.​pdf/​view

	218.	 Oliveira LC, De Carvalho Souza Garcês TC, De Sampaio Fontenele 
T, Sales Montenegro L, Madeira Ferraz D, Pinto Conceição E, 
et al. Effect of ultrasonography on the teaching-learning of anat-
omy compared to cadaveric prosections: systematic review. Rev 
Médica Minas Gerais. 2022;32:e32215. https://​doi.​org/​10.​5935/​
2238-​3182.​2022e​32215​

	219.	 Morales-Fontanilla JA, Martínez-Medina S. Corpo-real ethnogra-
phies: bodies, dissection planes, and cutting. Ethnography from 
the anatomy laboratory and the public morgues in Colombia. 
Tapuya Lat Am Sci Technol Soc. 2019;2(1):59–76. https://​doi.​org/​
10.​1080/​25729​861.​2019.​1606142

	220.	 Biasutto SN, Navarro LM, Siemsen SG, Turri F, Longoni N, Valle 
AJB, et  al. Willingness to body donation among the population 
of Cordoba in Argentina. Rev Arg Anat Clin. 2021;13(1):17–25. 
https://​doi.​org/​10.​31051/​​1852.​8023.​v13.​n1.​30811​

	221.	 Biasutto SN, Spinelli MA, Recchiuto JD, Quinteros CM, Siemsen 
SG, Basta F, et al. Pandemic changing attitude of medical students 

towards body donation. Rev Arg Anat Clin. 2022;14(3):107–14. 
https://​doi.​org/​10.​31051/​​1852.​8023.​v14.​n3.​39272​

	222.	 Torres DV, Herranz F, Rocha SZ. 200 years of teaching medicine: 
the Chilean experience as an example of the changes in medi-
cal education during the processes of Independence in Hispanic 
America [in Spanish]. Bordón Rev Pedag. 2010;62(2):81–91.

	223.	 Rojas M, Montiel E, Montiel J, Oondarza A, Rodríguez H. 
Estudio comparado entre metodos de enseñanza tradicional y 
computacional en histologia humana [in Spanish]. Ver Chil Anat. 
1999;17(1):81–5. https://​doi.​org/​10.​4067/​S0716​-​98681​99900​
0100012

	224.	 Chóez OM, González JCP, Rey MMLRD. Knowledge of histology 
with relevance in the practice of the medicine doctor in Ecuador 
[in Spanish]. Rev Pedag. 2018;14(63):20–4.

	225.	 Mantovani ALS, Lima ARA, Brienze SLA, dos Santos ER, da Silva 
Fucuta P, André JC. Cell biology and histology in medicine: per-
ception on education and student performance. Int J Health 
Educ. 2019;3(1):8–16. https://​doi.​org/​10.​17267/​​2594-​7907i​jhe.​
v3i1.​2099

	226.	 Parra ACV. Histology course in Colombia: perceptions from 
an opinion survey for teachers, students, and graduates from 
Medicine Career [in Spanish]. Morfolia. 2022;14(1):50–73.

	227.	 Hortsch M, Carneiro Girão-Carmona VCC, Rocha de Melo Leite 
AC, Nikas IP, Koney NK-K, Yohannan DG, et al. Teaching cellular 
architecture: the global status of histology education. In: Cui D, 
Meyer ER, Rea PM, editors. Biomedical visualization. Advances in 
experimental medicine and biology. 1431. Cham: Springer; 2023. 
p. 177–212. https://​doi.​org/​10.​1007/​978-​3-​031-​36727​-​4_​9

	228.	 dos Santos FS, Osako MK, Perdona GDC, Alves MG, Sales KU. 
Virtual microscopy as a learning tool in Brazilian medical educa-
tion. Anat Sci Educ. 2021;14:408–16. https://​doi.​org/​10.​1002/​
ase.​2072

	229.	 Pavanelo E, Lima R. Flipped classroom: the analysis of an experience in 
the discipline of calculus I [in Portuguese]. Bolema. 2017;31(58):739–
59. https://​doi.​org/​10.​1590/​1980-​4415v​31n58a11

	230.	 Jiménez JY, Merino LJP, Curay ERR. Flipped classroom: a proposal 
in the teaching of veterinary histology [in Spanish]. Rev Sinapsis. 
2020;2(17). https://​doi.​org/​10.​37117/​s.​v2i17.​347

	231.	 Avila RE, Samar ME, Sugand K, Metcalfe D, Evans J, Abrahams PH. 
The first South American free online virtual morphology labora-
tory: creating history. Creat Educ. 2013;4(10A):6–17. https://​doi.​
org/​10.​4236/​ce.​2013.​410A002

	232.	 Fonseca FP, Santos-Silva AR, Lopes MA, Almeida OP, Vargas PA. 
Transition from glass to digital slide microscopy in the teaching of 
oral pathology in a Brazilian dental school. Med Oral Patol Oral 
Cir Bucal. 2015;20(1):e17–e22. https://​doi.​org/​10.​4317/​medor​al.​
19863​

	233.	 Fernandes CIR, Bonan RF, Bonan PRF, Leonel A, Carvalho EJA, de 
Castro JFL, et al. Dental students' perceptions and performance 
in use of conventional and virtual microscopy in Oral pathology. 
J Dent Educ. 2018;82(8):883–90. https://​doi.​org/​10.​21815/​​JDE.​
018.​084

	234.	 Vulcani VAS, Araújo DP, Mascarenhas LJS, Franzo VS, Rocha C. 
The students' perception on the use of social media in the subjects 
of anatomy and histology veterinaria [in Portuguese]. Encicl Biosf. 
2020;17(32):16–28.

	235.	 Nóbrega TE, Lopes RT, Pereira AC, Silva MAD. Information and 
communication technologies as an auxiliary tool in teaching histol-
ogy in dentistry courses in the northeast and central-west regions 
of Brazil [in Portuguese]. Rev Iberoam Educ Tecnol. 2014;14:47–
54. https://​doi.​org/​10.​24215/​​18509​959.0.​p.​47-​54

	236.	 Silva DBL, Liqui LL, Pacheco PM, Guimarães MCC, Pacheco MS. 
New educational technologies: the elaboration and presentation 
of a digital book of histology [in Portuguese]. Inform Educ Teoria 
Pratica. 2020;23(1):81–94. https://​doi.​org/​10.​22456/​​1982-​1654.​
94979​

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1055/s-0038-1660496
https://doi.org/10.15446/revfacmed.v69n3.81675
https://doi.org/10.15446/revfacmed.v69n3.81675
https://doi.org/10.24215/24690090e025
https://doi.org/10.24215/24690090e025
https://doi.org/10.4067/S0717-95022016000400051
https://doi.org/10.4067/S0717-95022016000400051
https://doi.org/10.4067/S0717-95022023000100096
https://doi.org/10.4067/S0717-95022023000100096
https://doi.org/10.1002/ase.1444
https://doi.org/10.4067/S0717-95022012000200041
https://doi.org/10.4067/S0717-95022012000200041
https://doi.org/10.1186/s12909-023-04019-4
https://doi.org/10.1186/s12909-023-04019-4
https://doi.org/10.1016/j.morpho.2024.100912
https://doi.org/10.1016/j.morpho.2024.100912
https://www.gov.br/saude/pt-br/acesso-a-informacao/acoes-e-programas/pnsp/legislacao/resolucoes/rces003_14.pdf/view
https://www.gov.br/saude/pt-br/acesso-a-informacao/acoes-e-programas/pnsp/legislacao/resolucoes/rces003_14.pdf/view
https://www.gov.br/saude/pt-br/acesso-a-informacao/acoes-e-programas/pnsp/legislacao/resolucoes/rces003_14.pdf/view
https://doi.org/10.5935/2238-3182.2022e32215
https://doi.org/10.5935/2238-3182.2022e32215
https://doi.org/10.1080/25729861.2019.1606142
https://doi.org/10.1080/25729861.2019.1606142
https://doi.org/10.31051/1852.8023.v13.n1.30811
https://doi.org/10.31051/1852.8023.v14.n3.39272
https://doi.org/10.4067/S0716-98681999000100012
https://doi.org/10.4067/S0716-98681999000100012
https://doi.org/10.17267/2594-7907ijhe.v3i1.2099
https://doi.org/10.17267/2594-7907ijhe.v3i1.2099
https://doi.org/10.1007/978-3-031-36727-4_9
https://doi.org/10.1002/ase.2072
https://doi.org/10.1002/ase.2072
https://doi.org/10.1590/1980-4415v31n58a11
https://doi.org/10.37117/s.v2i17.347
https://doi.org/10.4236/ce.2013.410A002
https://doi.org/10.4236/ce.2013.410A002
https://doi.org/10.4317/medoral.19863
https://doi.org/10.4317/medoral.19863
https://doi.org/10.21815/JDE.018.084
https://doi.org/10.21815/JDE.018.084
https://doi.org/10.24215/18509959.0.p.47-54
https://doi.org/10.22456/1982-1654.94979
https://doi.org/10.22456/1982-1654.94979


28  |    HORTSCH et al.

	237.	 Carvalho VO, Conceicao LSR, Gois MB Jr. COVID-19 pandemic: 
beyond medical education in Brazil. J Card Surg. 2020;35(6):1170–
1. https://​doi.​org/​10.​1111/​jocs.​14646​

	238.	 Joaquim DC, Leite ACRD, Viana LD, Mendes DLM, Furtado IPB, 
Celestino JJD, et  al. The impact of students' socio-economic 
background, study habits, and technology access on their histol-
ogy learning strategy during the COVID-19 pandemic. Med Sci 
Educ. 2025;35(1):137–48. https://​doi.​org/​10.​1007/​s4067​0-​024-​
02154​-​1

	239.	 Nakayama LF, Binotti WW, Link Woite N, Fernandes CO, Alfonso 
PG, Celi LA, et al. The digital divide in Brazil and barriers to tele-
health and equal digital health care: analysis of internet access 
using publicly available data. J Med Internet Res. 2023;25:e42483. 
https://​doi.​org/​10.​2196/​42483​

	240.	 Izquierdo-Condoy JS, Arias-Intriago M, Nati-Castillo HA, Gollini-
Mihalopoulos R, Cardozo-Espinola CD, Loaiza-Guevara V, et  al. 
Exploring smartphone use and its applicability in academic training 
of medical students in Latin America: a multicenter cross-sectional 
study. BMC Med Educ. 2024;24(1):1401. https://​doi.​org/​10.​1186/​
s1290​9-​024-​06334​-​w

	241.	 Then SM, Kokolski M, Mbaki Y, Merrick D, Anderson S. An interna-
tional collaborative approach to learning histology using a virtual 
microscope. Anat Histol Embryol. 2023;52(1):21–30. https://​doi.​
org/​10.​1111/​ahe.​12888​

	242.	 Martinez EG, Padrón RR, Villalba PJ. The students' point of view on 
the teaching of Anatomy at the Universidad del Norte, Colombia, 
amid the COVID-19 pandemic. Int J Morphol. 2022;40(1):46–50. 
https://​doi.​org/​10.​4067/​S0717​-​95022​02200​0100046

	243.	 Medeiros AAA, Paz FLL, Mota Neto EP, Cardoso BEM, Nery WS, 
Melo SC, et al. The use of anatomy applications as a pedagogical 
strategy in the morphofunctional laboratory: an experience report 
[in Portuguese]. Res Soc Dev. 2022;11(9):e56811932190. https://​
doi.​org/​10.​33448/​​rsd-​v11i9.​32190​

	244.	 Boscolo-Berto R, Tortorella C, Porzionato A, Stecco C, Picardi 
EEE, Macchi V, et  al. The additional role of virtual to traditional 
dissection in teaching anatomy: a randomised controlled trial. Surg 
Radiol Anat. 2021;43(4):469–79. https://​doi.​org/​10.​1007/​s0027​6-​
020-​02551​-​2

	245.	 Castro-Yanahida JE, Sanchez Ormeño JG, Pares Ballasco GJ. 
Virtual education strategies for the general anatomy course during 
the COVID-19 pandemic [in Spanish]. Rev Cubana Inv Bioméd. 
2021;40(3):1–4.

	246.	 Araujo C, Juan C. From the corpse to virtual reality in learning the 
human anatomy at the School of Medicine of the University of 
Zulia [in Spanish]. Rev Arg Anat. 2017;8(3):98–101.

	247.	 Joaquim DC, Hortsch M, da Silva ASR, David PB, de Melo Leite 
ACR, Girao-Carmona VCC. Digital information and communica-
tion technologies on histology learning: what to expect?—An in-
tegrative review. Anat Histol Embryol. 2022;51(2):180–8. https://​
doi.​org/​10.​1111/​ahe.​12776​

	248.	 de Oliveira CA, de Franca Carvalho CP, Cespedes IC, de Oliveira 
F, Le Sueur-Maluf L. Peer mentoring program in an interprofes-
sional and interdisciplinary curriculum in Brazil. Anat Sci Educ. 
2015;8(4):338–47. https://​doi.​org/​10.​1002/​ase.​1534

	249.	 Osorio S, Rodríguez A, Zúñiga J. Sociodemographic factors and ac-
ademic performance of medicine and surgery students in a course 
of gross human Anatomy. Int J Morphol. 2023;41(5):1372–81. 
https://​doi.​org/​10.​4067/​S0717​-​95022​02300​0501372

	250.	 Santana ALS, de Quadros US, Gaspar-Sobrinho F, Trzan ALS. 
Importance and profile of the study of anatomy in medical train-
ing: student perception and challenges [in Portuguese]. Scientia. 
2024;9(2):124–36. https://​doi.​org/​10.​5281/​zenodo.​11238001

	251.	 Council on Foreign Relations. Economics: Europe. New York, NY: 
Council on Foreign Relations; 2022. Available from: https://​educa​
tion.​cfr.​org/​learn/​​readi​ng/​econo​mics-​europe

	252.	 Huisman J, van Vught F. Diversity in European higher education: 
historical trends and current policies. In: van Vught F, editor. 
Mapping the higher education landscape—towards a European 
classification of higher education. Higher Education Dynamics. 
Dordrecht, The Netherlands: Springer; 2009. p. 17–37. https://​doi.​
org/​10.​1007/​978-​90-​481-​2249-​3_​2

	253.	 Crosier D, Parveva T. The Bologna process: its impact on higher 
education development in Europe and beyond. Paris: UNESCO: 
International Institute for Educational Planning; 2013.

	254.	 Vögtle EM. 20 years of Bologna—a story of success, a story of 
failure. Eur J Soc Sci Res. 2019;32(4):406–28. https://​doi.​org/​10.​
1080/​13511​610.​2019.​1594717

	255.	 Dissaux B, Duigou M, Herteleer M, Lefevre C, Baque P, Seizeur 
R. A national survey to assess the state of anatomy teaching in 
France across various disciplines and professions. Surg Radiol 
Anat. 2024;46(3):391–8. https://​doi.​org/​10.​1007/​s0027​6-​024-​
03310​-​3

	256.	 Küçükaslan O, Erdogan S, Bulut I. Turkish undergraduate veteri-
nary students' attitudes to use of animals and other teaching alter-
natives for learning anatomy. J Vet Med Educ. 2019;46(1):116–27. 
https://​doi.​org/​10.​3138/​jvme.​0217-​032r1​

	257.	 Terrado J, Gomez O, Chicharro D, Garcia-Manzanares M, Juarez 
M, Romo-Barrientos C, et al. Anxiety, emotions, and thoughts of 
veterinary medicine students during their first visit to the dissec-
tion room. Anat Sci Educ. 2023;16(3):547–56. https://​doi.​org/​10.​
1002/​ase.​2258

	258.	 Silén C, Karlgren K, Hjelmqvist H, Meister B, Zeberg H, Pettersson 
A. Three-dimensional visualisation of authentic cases in anat-
omy learning—an educational design study. BMC Med Educ. 
2022;22(1):477. https://​doi.​org/​10.​1186/​s1290​9-​022-​03539​-​9

	259.	 Pettersson AF, Karlgren K, Al-Saadi J, Hjelmqvist H, Meister B, 
Zeberg H, et  al. How students discern anatomical structures 
using digital three-dimensional visualizations in anatomy educa-
tion. Anat Sci Educ. 2023;16(3):452–64. https://​doi.​org/​10.​1002/​
ase.​2255

	260.	 Valera-Calero JA, Navarro-Santana MJ, Fernandez-de-Las-Penas 
C, Varol U, Lopez-de-Uralde-Villanueva I, Rodriguez-Lopez ES, 
et al. Inclusion of cross-sectional and radiological images for bet-
ter understanding of musculoskeletal anatomy and decreasing the 
risk of adverse events during dry needling in undergraduate phys-
iotherapy students. Anat Sci Educ. 2023;16(3):521–30. https://​doi.​
org/​10.​1002/​ase.​2251

	261.	 Romo-Barrientos C, Criado-Alvarez JJ, Gil-Ruiz MT, Gonzalez-
Gonzalez J, Rodriguez-Hernandez M, Corregidor-Sanchez AI, 
et al. Anatomical prosection practices in the occupational ther-
apy degree. Student anxiety levels and academic effectiveness. 
Ann Anat. 2019;221:135–40. https://​doi.​org/​10.​1016/j.​aanat.​
2018.​10.​003

	262.	 Bork F, Lehner A, Eck U, Navab N, Waschke J, Kugelmann D. The 
effectiveness of collaborative augmented reality in gross anatomy 
teaching: a quantitative and qualitative pilot study. Anat Sci Educ. 
2021;14(5):590–604. https://​doi.​org/​10.​1002/​ase.​2016

	263.	 Paech D, Klopries K, Nawrotzki R, Schlemmer HP, Giesel FL, Kirsch 
J, et al. Strengths and weaknesses of non-enhanced and contrast-
enhanced cadaver computed tomography scans in the teach-
ing of gross anatomy in an integrated curriculum. Anat Sci Educ. 
2022;15(1):143–54. https://​doi.​org/​10.​1002/​ase.​2034

	264.	 Pakanen L, Tikka J, Kuvaja P, Lunetta P. Autopsy-based learning 
is essential but underutilized in medical education: a question-
naire study. Anat Sci Educ. 2022;15(2):341–51. https://​doi.​org/​10.​
1002/​ase.​2073

	265.	 Wu A, McWatt SC, Utomo R, Talis A, Xiao QY, Saraci K, et al. A 
thematic analysis of students' discussions on death and body 
donation in international online focus groups. Anat Sci Educ. 
2023;16(4):768–84. https://​doi.​org/​10.​1002/​ase.​2265

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/jocs.14646
https://doi.org/10.1007/s40670-024-02154-1
https://doi.org/10.1007/s40670-024-02154-1
https://doi.org/10.2196/42483
https://doi.org/10.1186/s12909-024-06334-w
https://doi.org/10.1186/s12909-024-06334-w
https://doi.org/10.1111/ahe.12888
https://doi.org/10.1111/ahe.12888
https://doi.org/10.4067/S0717-95022022000100046
https://doi.org/10.33448/rsd-v11i9.32190
https://doi.org/10.33448/rsd-v11i9.32190
https://doi.org/10.1007/s00276-020-02551-2
https://doi.org/10.1007/s00276-020-02551-2
https://doi.org/10.1111/ahe.12776
https://doi.org/10.1111/ahe.12776
https://doi.org/10.1002/ase.1534
https://doi.org/10.4067/S0717-95022023000501372
https://doi.org/10.5281/zenodo.11238001
https://education.cfr.org/learn/reading/economics-europe
https://education.cfr.org/learn/reading/economics-europe
https://doi.org/10.1007/978-90-481-2249-3_2
https://doi.org/10.1007/978-90-481-2249-3_2
https://doi.org/10.1080/13511610.2019.1594717
https://doi.org/10.1080/13511610.2019.1594717
https://doi.org/10.1007/s00276-024-03310-3
https://doi.org/10.1007/s00276-024-03310-3
https://doi.org/10.3138/jvme.0217-032r1
https://doi.org/10.1002/ase.2258
https://doi.org/10.1002/ase.2258
https://doi.org/10.1186/s12909-022-03539-9
https://doi.org/10.1002/ase.2255
https://doi.org/10.1002/ase.2255
https://doi.org/10.1002/ase.2251
https://doi.org/10.1002/ase.2251
https://doi.org/10.1016/j.aanat.2018.10.003
https://doi.org/10.1016/j.aanat.2018.10.003
https://doi.org/10.1002/ase.2016
https://doi.org/10.1002/ase.2034
https://doi.org/10.1002/ase.2073
https://doi.org/10.1002/ase.2073
https://doi.org/10.1002/ase.2265


    | 29HORTSCH et al.

	266.	 De Stefano A, Rusciano I, Moretti V, Scavarda A, Green MJ, Wall S, 
et al. Graphic medicine meets human anatomy: the potential role 
of comics in raising whole body donation awareness in Italy and 
beyond. A pilot study. Anat Sci Educ. 2023;16(2):209–23. https://​
doi.​org/​10.​1002/​ase.​2232

	267.	 Buhlheller G, Steinborn A, Brunk I. Evaluation of the (clinical) rele-
vance of gross anatomical teaching for dental students and prac-
ticing oral surgeons in Berlin. Ann Anat. 2024;254:152237. https://​
doi.​org/​10.​1016/j.​aanat.​2024.​152237

	268.	 Bellier A, Cavalie G, Masson P, Palombi O, Chaffanjon P. Feedback 
on the usefulness of an illustrated guidebook in an anatomical dis-
section course. Surg Radiol Anat. 2019;41(10):1173–9. https://​doi.​
org/​10.​1007/​s0027​6-​019-​02194​-​y

	269.	 Wu A, Preker A. Identifying international leadership competencies 
in medical education. Med Sci Educ. 2023;33(6):1405–8. https://​
doi.​org/​10.​1007/​s4067​0-​023-​01897​-​7

	270.	 Wu A, Yu ACX, Chang CS, Goel R, Sagoo MG, Sakurai T, et  al. 
Initiating students' reflections on life's passing in the anatomy 
course—an international observation at 14 universities. Ann Anat. 
2021;237:151741. https://​doi.​org/​10.​1016/j.​aanat.​2021.​151741

	271.	 Banovac I, Kovacic N, Hladnik A, Blazevic A, Bicanic I, Petanjek 
Z, et al. In the eye of the beholder—how course delivery affects 
anatomy education. Ann Anat. 2023;246:152043. https://​doi.​org/​
10.​1016/j.​aanat.​2022.​152043

	272.	 Polak K, Gielecki JS, Zurada A. Tablet-assisted objective struc-
tured spotter practical examination (TOSSPE): advantages of an 
innovative anatomy spotter examination method for medical stu-
dent assessment. Anat Sci Educ. 2022;15(6):1060–73. https://​doi.​
org/​10.​1002/​ase.​2131

	273.	 Vasil'ev YL, Dydykin SS, Kashtanov AD, Molotok EV, Lyakisheva 
AA, Kytko OV, et al. A comparative analysis of lecturers' satisfac-
tion with Anatomage and Pirogov virtual dissection tables during 
clinical and topographic anatomy courses in Russian universities. 
Anat Sci Educ. 2023;16(2):196–208. https://​doi.​org/​10.​1002/​ase.​
2248

	274.	 Barrientos CR, Jose Criado-Alvarez J, Gonzalez-Gonzalez J, 
Ubeda-Banon I, Saiz-Sanchez D, Flores-Cuadrado A, et al. Anxiety 
among medical students when faced with the practice of anatom-
ical dissection. Anat Sci Educ. 2019;12(3):300–9. https://​doi.​org/​
10.​1002/​ase.​1835

	275.	 Karamaroudis S, Poulogiannopoulou E, Sotiropoulos MG, Kalantzis 
T, Johnson EO. Implementing change in neuroanatomy education: 
organization, evolution, and assessment of a near-peer teaching 
program in an undergraduate medical school in Greece. Anat Sci 
Educ. 2020;13(6):694–706. https://​doi.​org/​10.​1002/​ase.​1944

	276.	 Antonopoulos I, Pechlivanidou E, Piagkou M, Panagouli E, 
Chrysikos D, Drosos E, et al. Students' perspective on the inter-
active online anatomy labs during the COVID-19 pandemic. Surg 
Radiol Anat. 2022;44(8):1193–9. https://​doi.​org/​10.​1007/​s0027​
6-​022-​02974​-​z

	277.	 Brenner E, Bleys RLAW, de Caro R, Catereniuc I, Chirculescu ARM, 
Destrieux C, et al. The legal and ethical framework governing body 
donation in Europe—2nd update on current practice. Ann Anat. 
2024;252:152195. https://​doi.​org/​10.​1016/j.​aanat.​2023.​152195

	278.	 Romo-Barrientos C, Criado-Alvarez JJ, Martinez-Lorca A, Vinuela 
A, Martin-Conty JL, Saiz-Sanchez D, et al. Anxiety among nursing 
students during their first human prosection. Nurse Educ Today. 
2020;85:104269. https://​doi.​org/​10.​1016/j.​nedt.​2019.​104269

	279.	 Singer L, Evans L, Zahra D, Agbeja I, Moyes S. Fostering engage-
ment in virtual anatomy learning for healthcare students. BMC 
Med Educ. 2024;24(1):414. https://​doi.​org/​10.​1186/​s1290​9-​024-​
05278​-​5

	280.	 Gummery E, Cobb KA, Mossop LH, Cobb MA. Student percep-
tions of veterinary anatomy practical classes: a longitudinal study. 
J Vet Med Educ. 2018;45(2):163–76. https://​doi.​org/​10.​3138/​
jvme.​0816-​132r1​

	281.	 Moxham BJ, Emmanouil-Nikoloussi E, Brenner E, Plaisant O, 
Brichova H, Kucera T, et al. The attitudes of medical students in 
Europe toward the clinical importance of histology. Clin Anat. 
2017;30(5):635–43. https://​doi.​org/​10.​1002/​ca.​22889​

	282.	 Mione S, Valcke M, Cornelissen M. Remote histology learning 
from static versus dynamic microscopic images. Anat Sci Educ. 
2016;9(3):222–30. https://​doi.​org/​10.​1002/​ase.​1572

	283.	 Gatumu MK, MacMillan FM, Langton PD, Headley PM, Harris JR. 
Evaluation of usage of virtual microscopy for the study of histology 
in the medical, dental, and veterinary undergraduate programs of 
a UK University. Anat Sci Educ. 2014;7(5):389–98. https://​doi.​org/​
10.​1002/​ase.​1425

	284.	 Durrani Z, Pickavance L, Duret D, Nevitt S, Noble K. Evaluation of 
innovative digital microscopy and interactive team-based learning 
approaches in histology teaching. Dev Acad Pract. 2021;2021:1–
16. https://​doi.​org/​10.​3828/​dap.​2021.​8

	285.	 Garcia M, Victory N, Navarro-Sempere A, Segovia Y. Students' 
views on difficulties in learning histology. Anat Sci Educ. 
2019;12(5):541–9. https://​doi.​org/​10.​1002/​ase.​1838

	286.	 Saverino D, Marcenaro E, Zarcone D. Teaching histology and 
anatomy online during the COVID-19 pandemic. Clin Anat. 
2022;35(1):129–34. https://​doi.​org/​10.​1002/​ca.​23806​

	287.	 Mione S, Valcke M, Cornelissen M. Evaluation of virtual micros-
copy in medical histology teaching. Anat Sci Educ. 2013;6(5):307–
15. https://​doi.​org/​10.​1002/​ase.​1353

	288.	 Sander B, Golas MM. HistoViewer: an interactive e-learning plat-
form facilitating group and peer group learning. Anat Sci Educ. 
2013;6(3):182–90. https://​doi.​org/​10.​1002/​ase.​1336

	289.	 Hamilton J, Carachi R. Clinical embryology: is there still a place in 
medical schools today? Scott Med J. 2014;59(4):188–92. https://​
doi.​org/​10.​1177/​00369​33014​550953

	290.	 Moxham BJ, Emmanouil-Nikoloussi E, Standley H, Brenner E, 
Plaisant O, Brichova H, et al. The attitudes of medical students in 
Europe toward the clinical importance of embryology. Clin Anat. 
2016;29(2):144–50. https://​doi.​org/​10.​1002/​ca.​22667​

	291.	 Nikas IP, Lamnisos D, Meletiou-Mavrotheris M, Themistocleous 
SC, Pieridi C, Mytilinaios DG, et  al. Shift to emergency remote 
preclinical medical education amidst the COVID-19 pandemic: a 
single-institution study. Anat Sci Educ. 2022;15(1):27–41. https://​
doi.​org/​10.​1002/​ase.​2159

	292.	 Campos-Sanchez A, Martin-Piedra MA, Carriel V, Gonzalez-
Andrades M, Garzon I, Sanchez-Quevedo MC, et  al. Reception 
learning and self-discovery learning in histology: students' per-
ceptions and their implications for assessing the effectiveness of 
different learning modalities. Anat Sci Educ. 2012;5(5):273–80. 
https://​doi.​org/​10.​1002/​ase.​1291

	293.	 Boumponari T, Kedraka K, Grigoriou M, Lampropoulou M, Skavdis 
G, Konstantopoulos C. University pedagogy: teaching biosciences 
by using the flipped classroom model. In: Kedraka K, Tzovla E, 
editors. Learning through the life span—trends, dimensions, prac-
tices, and reflections. Alexandroupolis: Democritus University of 
Thrace; 2023. p. 21–40.

	294.	 Tauber Z, Cizkova K, Lichnovska R, Lacey H, Erdosova B, Zizka R, 
et al. Evaluation of the effectiveness of the presentation of virtual 
histology slides by students during classes. Are there any differ-
ences in approach between dentistry and general medicine stu-
dents? Eur J Dent Educ. 2019;23(2):119–26. https://​doi.​org/​10.​
1111/​eje.​12410​

	295.	 Zaletel I, Maric G, Gazibara T, Rakocevic J, Labudovic Borovic M, 
Puskas N, et al. Relevance and attitudes toward histology and em-
bryology course through the eyes of freshmen and senior medical 
students: experience from Serbia. Ann Anat. 2016;208:217–21. 
https://​doi.​org/​10.​1016/j.​aanat.​2016.​07.​002

	296.	 Vainer B, Mortensen NW, Poulsen SS, Sorensen AH, Olsen J, 
Saxild HH, et al. Turning microscopy in the medical curriculum dig-
ital: experiences from the Faculty of Health and Medical Sciences 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ase.2232
https://doi.org/10.1002/ase.2232
https://doi.org/10.1016/j.aanat.2024.152237
https://doi.org/10.1016/j.aanat.2024.152237
https://doi.org/10.1007/s00276-019-02194-y
https://doi.org/10.1007/s00276-019-02194-y
https://doi.org/10.1007/s40670-023-01897-7
https://doi.org/10.1007/s40670-023-01897-7
https://doi.org/10.1016/j.aanat.2021.151741
https://doi.org/10.1016/j.aanat.2022.152043
https://doi.org/10.1016/j.aanat.2022.152043
https://doi.org/10.1002/ase.2131
https://doi.org/10.1002/ase.2131
https://doi.org/10.1002/ase.2248
https://doi.org/10.1002/ase.2248
https://doi.org/10.1002/ase.1835
https://doi.org/10.1002/ase.1835
https://doi.org/10.1002/ase.1944
https://doi.org/10.1007/s00276-022-02974-z
https://doi.org/10.1007/s00276-022-02974-z
https://doi.org/10.1016/j.aanat.2023.152195
https://doi.org/10.1016/j.nedt.2019.104269
https://doi.org/10.1186/s12909-024-05278-5
https://doi.org/10.1186/s12909-024-05278-5
https://doi.org/10.3138/jvme.0816-132r1
https://doi.org/10.3138/jvme.0816-132r1
https://doi.org/10.1002/ca.22889
https://doi.org/10.1002/ase.1572
https://doi.org/10.1002/ase.1425
https://doi.org/10.1002/ase.1425
https://doi.org/10.3828/dap.2021.8
https://doi.org/10.1002/ase.1838
https://doi.org/10.1002/ca.23806
https://doi.org/10.1002/ase.1353
https://doi.org/10.1002/ase.1336
https://doi.org/10.1177/0036933014550953
https://doi.org/10.1177/0036933014550953
https://doi.org/10.1002/ca.22667
https://doi.org/10.1002/ase.2159
https://doi.org/10.1002/ase.2159
https://doi.org/10.1002/ase.1291
https://doi.org/10.1111/eje.12410
https://doi.org/10.1111/eje.12410
https://doi.org/10.1016/j.aanat.2016.07.002


30  |    HORTSCH et al.

at University of Copenhagen. J Pathol Inform. 2017;8:11. https://​
doi.​org/​10.​4103/​2153-​3539.​201919

	297.	 Moxham BJ, Brenner E, Plaisant O, Pais D, Stabile I, Scholz M, 
et al. The attitudes of European medical students towards the clin-
ical importance of neuroanatomy. Ann Anat. 2022;239:151832. 
https://​doi.​org/​10.​1016/j.​aanat.​2021.​151832

	298.	 Manzanares-Cespedes MC, Dalmau-Pastor M, Simon de Blas C, 
Vazquez-Osorio MT. Body donation, teaching, and research in 
dissection rooms in Spain in times of Covid-19. Anat Sci Educ. 
2021;14(5):562–71. https://​doi.​org/​10.​1002/​ase.​2093

	299.	 Bond AP, Kelsey A, Aitken G. The future of anatomy teach-
ing post-pandemic: an academic viewpoint. Anat Sci Educ. 
2023;16(6):1121–33. https://​doi.​org/​10.​1002/​ase.​2308

	300.	 Messerer DAC, Behr JL, Kraft SF, Schön M, Horneffer A, Kuhl SJ, 
et al. The gross anatomy course: SARS-CoV-2 pandemic-related ef-
fects on students' learning, interest in peer-teaching, and students' 
perception of its importance. Anat Sci Educ. 2023;16(4):629–43. 
https://​doi.​org/​10.​1002/​ase.​2245

	301.	 Merzougui WH, Myers MA, Hall S, Elmansouri A, Parker R, Robson 
AD, et  al. Multiple-choice versus open-ended questions in ad-
vanced clinical neuroanatomy: using a national neuroanatomy as-
sessment to investigate variability in performance using different 
question types. Anat Sci Educ. 2021;14(3):296–305. https://​doi.​
org/​10.​1002/​ase.​2053

	302.	 Teferra D, Altbach PG. African higher education: challenges for 
the 21st century. High Educ. 2004;47:21–50. https://​doi.​org/​10.​
1023/B:​HIGH.​00000​09822.​49980.​30

	303.	 Aina TA. Beyond reforms: the politics of higher education trans-
formation in Africa. Afr Stud Rev. 2010;53(1):21–40. https://​doi.​
org/​10.​1353/​arw.0.​0290

	304.	 Monekosso GL. A brief history of medical education in sub-
Saharan Africa. Acad Med. 2014;89(8 Suppl):S11–S15. https://​doi.​
org/​10.​1097/​ACM.​00000​00000​000355

	305.	 Gbolahan BW. Using electronic tools and resources to meet the 
challenges of anatomy education in sub-Saharan Africa. Anat Sci 
Educ. 2019;12(1):97–104. https://​doi.​org/​10.​1002/​ase.​1831

	306.	 Mahdy MAA, Sayed RKA. Evaluation of the online learning 
of veterinary anatomy education during the COVID-19 pan-
demic lockdown in Egypt: students' perceptions. Anat Sci Educ. 
2022;15(1):67–82. https://​doi.​org/​10.​1002/​ase.​2149

	307.	 Boulos AN. Evaluation of the effectiveness of online education 
in anatomy for medical students during the COVID-19 pandemic. 
Ann Anat. 2022;244:51973.

	308.	 Boulos AN. Tutorials in anatomy education of medical students 
during the COVID-19 pandemic—an evaluation of its effective-
ness. Clin Anat. 2023;36(5):818–29. https://​doi.​org/​10.​1002/​ca.​
24047​

	309.	 Hulail M, Alsemeh AI, Ibrahim IH, Hassan NH. Anatomical knowl-
edge of graduates of integrated medical curriculum schools: 
a real challenge to health care system. Zagazig Univ Med J. 
2023;29(2):49–59. https://​doi.​org/​10.​21608/​​ZUMJ.​2020.​37687.​
1909

	310.	 Idrissi Serhrouchni K, Chraibi M, Elhangouch J, Oulmaati A, 
Ahallat M. Evaluation of new tools for embryology teaching: ex-
perience of Tangier Medical School in Morocco. J Med Surg Res. 
2021;8(2):1003–8. https://​doi.​org/​10.​46327/​​msrjg.1.​00000​00000​
00204​

	311.	 Bousgheiri F, Belafki H, Oulmaati A, Elbouri H, Najdi A. Student 
satisfaction with online learning: a study among medical students 
at a Medical School in Northern Morocco during the COVID-19 
pandemic. J Technol High Educ. 2023;20(1):56–69. https://​doi.​
org/​10.​18162/​​ritpu​-​2023-​v20n1​-​04

	312.	 Kramer B, Pather N, Ihunwo AO. Anatomy: spotlight on Africa. 
Anat Sci Educ. 2008;1(3):111–8. https://​doi.​org/​10.​1002/​ase.​28

	313.	 Shead DA, Roos R, Olivier B, Ihunwo AO. Gross anatomy edu-
cation for south African undergraduate physiotherapy students. 

Anat Sci Educ. 2018;11(6):554–64. https://​doi.​org/​10.​1002/​ase.​
1763

	314.	 Lazarus L, Sookrajh R, Satyapal KS. Perceptions of South African 
academic instructors toward the teaching and learning of anat-
omy. Folia Morphol (Warsz). 2019;78(4):871–8. https://​doi.​org/​10.​
5603/​FM.​a2019.​0034

	315.	 Odongo CO, Talbert-Slagle K. Training the next generation of 
Africa's doctors: why medical schools should embrace the team-
based learning pedagogy. BMC Med Educ. 2019;19(1):403. https://​
doi.​org/​10.​1186/​s1290​9-​019-​1845-​y

	316.	 Hall TR, Mosley CF, Vakil JB, Lambert CK, Savelli DM, Balta JY. 
Who is teaching anatomy? An examination of the demographic 
characteristics, academic backgrounds, and professional respon-
sibilities of US anatomy teachers. Anat Sci Educ. 2025;18(4):335–
46. https://​doi.​org/​10.​1002/​ase.​70005​

	317.	 Williams CD, Pitchforth EL, O'Callaghan C. Computers, the Internet 
and medical education in Africa. Med Educ. 2010;44(5):485–8. 
https://​doi.​org/​10.​1111/j.​1365-​2923.​2009.​03602.​x

	318.	 Enyoojo SF, Ijah CE, Etukudo EM, Usman IM, Ezeonuogu CS, 
Adaramati T, et  al. Satisfaction and learning experience of stu-
dents using online learning platforms for medical education. BMC 
Med Educ. 2024;24(1):1398. https://​doi.​org/​10.​1186/​s1290​9-​
024-​06411​-​0

	319.	 Owolabi J, Ojiambo R, Seifu D, Nishimwe A, Masimbi O, Okorie CE, 
et al. African medical educators and anatomy teachers' perceptions 
and acceptance of the Anatomage table as an EdTech and innova-
tion: a qualitative study. Adv Med Educ Pract. 2022;13:595–607. 
https://​doi.​org/​10.​2147/​AMEP.​S358702

	320.	 Ogeng'o J, Ongeti K, Misiani M, Olabu B. Maintaining excellence 
in teaching of human anatomy: University of Nairobi experience. 
Anat J Afr. 2013;2(1):117–29.

	321.	 Olopade FE, Adaramoye OA, Raji Y, Fasola AO, Olapade-Olaopa 
EO. Developing a competency-based medical education curric-
ulum for the core basic medical sciences in an African medical 
school. Adv Med Educ Pract. 2016;7:389–98. https://​doi.​org/​10.​
2147/​AMEP.​S100660

	322.	 Chipamaunga SR, Prozesky DR. Addressing student diversity 
and integrative learning in an undergraduate medical curriculum. 
Open Access Lib J. 2021;8:e7252. https://​doi.​org/​10.​4236/​oalib.​
1107252

	323.	 Soley JT, Kramer B. Student perceptions of problem topics/con-
cepts in a traditional veterinary anatomy course. J S Afr Vet Assoc. 
2001;72(3):150–7. https://​doi.​org/​10.​4102/​jsava.​v72i3.​639

	324.	 Amuguni HJ, Mazan M, Kibuuka R. Producing interdisciplinary 
competent professionals: integrating one health core competen-
cies into the veterinary curriculum at the University of Rwanda. J 
Vet Med Educ. 2017;44(4):649–59. https://​doi.​org/​10.​3138/​jvme.​
0815-​133R

	325.	 Wessels Q, du Plessis A, du Plessis A, Bouman D. The use of re-
flective practice to promote pharmacy students’ metacognition 
in a foundation anatomy course. Anat J Afr. 2019;8(1):1474–81. 
https://​doi.​org/​10.​4314/​aja.​v8i1.​183970

	326.	 Shead DA, Roos R, Olivier B, Ihunwo AO. Curricular and 
pedagogical aspects of gross anatomy education for under-
graduate physiotherapy students: a scoping review. JBI Evid 
Synth. 2020;18(5):893–951. https://​doi.​org/​10.​11124/​​JBISR​
IR-​2017-​003903

	327.	 Ashipala DO, Elias S, Lifalaza A. Nursing students’ experiences of 
utilizing a concept map as a learning method in human anatomy 
and physiology: a qualitative descriptive study. Int J Afr Nurs Sci. 
2023;18:100547. https://​doi.​org/​10.​1016/j.​ijans.​2023.​100547

	328.	 Udeh FC, Ikwuka AO, Nwandu TC, Ewunonu EO, Egwu OA, Ezinwa 
GA, et  al. Human anatomy education: knowledge, attitude, per-
ception and challenges encountered by medical and nursing 
students in two Gambian universities. J Tert Educ Learn (JTEL). 
2023;1(3):29–38. https://​doi.​org/​10.​54536/​​jtel.​v1i3.​2277

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.4103/2153-3539.201919
https://doi.org/10.4103/2153-3539.201919
https://doi.org/10.1016/j.aanat.2021.151832
https://doi.org/10.1002/ase.2093
https://doi.org/10.1002/ase.2308
https://doi.org/10.1002/ase.2245
https://doi.org/10.1002/ase.2053
https://doi.org/10.1002/ase.2053
https://doi.org/10.1023/B:HIGH.0000009822.49980.30
https://doi.org/10.1023/B:HIGH.0000009822.49980.30
https://doi.org/10.1353/arw.0.0290
https://doi.org/10.1353/arw.0.0290
https://doi.org/10.1097/ACM.0000000000000355
https://doi.org/10.1097/ACM.0000000000000355
https://doi.org/10.1002/ase.1831
https://doi.org/10.1002/ase.2149
https://doi.org/10.1002/ca.24047
https://doi.org/10.1002/ca.24047
https://doi.org/10.21608/ZUMJ.2020.37687.1909
https://doi.org/10.21608/ZUMJ.2020.37687.1909
https://doi.org/10.46327/msrjg.1.000000000000204
https://doi.org/10.46327/msrjg.1.000000000000204
https://doi.org/10.18162/ritpu-2023-v20n1-04
https://doi.org/10.18162/ritpu-2023-v20n1-04
https://doi.org/10.1002/ase.28
https://doi.org/10.1002/ase.1763
https://doi.org/10.1002/ase.1763
https://doi.org/10.5603/FM.a2019.0034
https://doi.org/10.5603/FM.a2019.0034
https://doi.org/10.1186/s12909-019-1845-y
https://doi.org/10.1186/s12909-019-1845-y
https://doi.org/10.1002/ase.70005
https://doi.org/10.1111/j.1365-2923.2009.03602.x
https://doi.org/10.1186/s12909-024-06411-0
https://doi.org/10.1186/s12909-024-06411-0
https://doi.org/10.2147/AMEP.S358702
https://doi.org/10.2147/AMEP.S100660
https://doi.org/10.2147/AMEP.S100660
https://doi.org/10.4236/oalib.1107252
https://doi.org/10.4236/oalib.1107252
https://doi.org/10.4102/jsava.v72i3.639
https://doi.org/10.3138/jvme.0815-133R
https://doi.org/10.3138/jvme.0815-133R
https://doi.org/10.4314/aja.v8i1.183970
https://doi.org/10.11124/JBISRIR-2017-003903
https://doi.org/10.11124/JBISRIR-2017-003903
https://doi.org/10.1016/j.ijans.2023.100547
https://doi.org/10.54536/jtel.v1i3.2277


    | 31HORTSCH et al.

	329.	 Chia T, Oyeniran OI. Anatomy education in Nigeria: challenges and 
prospects. J Contemp Med Edu. 2019;9(3):61–5.

	330.	 Wessels Q, Vorster W, Jacobson C. Anatomy education in Namibia: 
balancing facility design and curriculum development. Anat Sci 
Educ. 2012;5(1):41–7. https://​doi.​org/​10.​1002/​ase.​1250

	331.	 Nnodim JO. Learning human anatomy: by dissection or from 
prosections? Med Educ. 1990;24(4):389–95. https://​doi.​org/​10.​
1111/j.​1365-​2923.​1990.​tb024​56.​x

	332.	 Nnodim JO, Ohanaka EC, Osuji CU. A follow-up comparative study 
of two modes of learning human anatomy: by dissection and from 
prosections. Clin Anat. 1996;9(4):258–62. https://​doi.​org/​10.​
1002/​(SICI)​1098-​2353(1996)9:​4<​258::​AID-​CA8>​3.0.​CO;​2-​A

	333.	 Bekele A, Reissig D, Loffler S, Hinz A. Experiences with dissection 
courses in human anatomy: a comparison between Germany and 
Ethiopia. Ann Anat. 2011;193(2):163–7. https://​doi.​org/​10.​1016/j.​
aanat.​2010.​10.​007

	334.	 Karau PB, Wamachi A, Ndede K, Mwamisi J, Ndege P. Perception 
to cadaver dissection and views on anatomy as a subject between 
two pioneer cohorts in a Kenyan medical school. Anat J Afr. 
2014;3(2):318–23.

	335.	 Uchewa OO, Egwu OA, Nwafor JA, Egwu AJ, Nwite KN, Nwajagu 
GI. Dissection: a facility for students’ better learning and un-
derstanding of gross anatomy theory. Int J Sci Healthc Res. 
2018;3(4):191–6.

	336.	 Asante EA, Maalman RS, Ali MA, Donkor YO, Korpisah JK. 
Perception and attitude of medical students towards cadaveric 
dissection in anatomical science education. Ethiop J Health Sci. 
2021;31(4):867–74. https://​doi.​org/​10.​4314/​ejhs.​v31i4.​22

	337.	 Tenaw B. Teaching gross anatomy: Anatomage table as an innova-
tive line of attack. Int J Anat Var. 2020;13(1):76–9.

	338.	 Chia T, Ajagbe AO, Onigbinde OA, Oyeniran OI, Turhan B. 
Repositioning gross anatomy practical for future pandemics: a 
paradigm shift from traditional to effective alternatives. Acta 
Morphol Anthropol. 2021;28:103–15.

	339.	 Ikpeze SC, Ama IM, Anosike IU, Nwovu FC. Assessment and im-
pact of technology-based self-directed learning of anatomy among 
clinical and anatomy students in two universities. Br J Med Med 
Res. 2024;11(2):285–301. https://​doi.​org/​10.​14738/​​bjhmr.​112.​
16776​

	340.	 Amoako-Sakyi D, Amonoo-Kuofi H. Problem-based learning in 
resource-poor settings: lessons from a medical school in Ghana. 
BMC Med Educ. 2015;15:221. https://​doi.​org/​10.​1186/​s1290​
9-​015-​0501-​4

	341.	 Agyei-Nkansah A, Adjei P, Torpey K. COVID-19 and medical 
education: an opportunity to build back better. Ghana Med J. 
2020;54(4 Suppl):113–6. https://​doi.​org/​10.​4314/​gmj.​v54i4s.​18

	342.	 Boadum O, Ahenkorah J, Balta JY. Sourcing and utilization of 
bodies of the deceased for medical education and research: 
an examination of West African universities. Anat Sci Educ. 
2025;18(6):544–57. https://​doi.​org/​10.​1002/​ase.​70038​

	343.	 Kramer B, Hutchinson EF, Brits DM, Billings BK. Making the ethi-
cal transition in South Africa: acquiring human bodies for training 
in anatomy. Anat Sci Educ. 2019;12(3):264–71. https://​doi.​org/​10.​
1002/​ase.​1814

	344.	 Arko-Boham B, Abankwah KA, Adutwum-Ofosu K, Ahenkorah 
J, Hottor BA, Koney NK. Whole body donation for teaching 
in Ghana: the perspectives of medical doctors. Anat Sci Educ. 
2024;17(3):539–45. https://​doi.​org/​10.​1002/​ase.​2382

	345.	 Kramer B. Challenges to sourcing human bodies for teaching 
and research in Africa: are the challenges insurmountable? Ann 
Anat. 2024;252:152196. https://​doi.​org/​10.​1016/j.​aanat.​2023.​
152196

	346.	 Akwa TE, Maingi JM. From Ebola to COVID-19: reshaping funerals 
and burial rites in Africa? J Health Commun. 2020;5(3):7.

	347.	 De Gama BZ, Jones DG, Bhengu TT, Satyapal KS. Cultural prac-
tices of the Zulu ethnic group on the body and their influence on 

body donation. Anat Sci Educ. 2020;13(6):721–31. https://​doi.​org/​
10.​1002/​ase.​1950

	348.	 Akanaku OC, Anyiom OP, Onah IJ, Remigius AP. Evaluating the at-
titude of Nigerian anatomists towards body donations for medical 
education. Biomed Sci. 2019;5(4):71. https://​doi.​org/​10.​11648/​j.​
bs.​20190​504.​16

	349.	 Gangata H, Ntaba P, Akol P, Louw G. The reliance on unclaimed ca-
davers for anatomical teaching by medical schools in Africa. Anat 
Sci Educ. 2010;3(4):174–83. https://​doi.​org/​10.​1002/​ase.​157

	350.	 Mazyala EJ, Revocatus M, Manyama M, Msuya S, Rambau P, 
Kimwaga E, et al. Human bodies bequest program: a wake-up call to 
Tanzanian medical schools. Adv Anat Pathol. 2014;2014:940472. 
https://​doi.​org/​10.​1155/​2014/​940472

	351.	 Dongo V, Chengetanai S, Chibhabha F. Whole-body dona-
tion through the lens of Shona culture and Christian religion in 
Zimbabwe. Anat Sci Educ. 2024;17(8):1628–39. https://​doi.​org/​
10.​1002/​ase.​2423

	352.	 Manjatika AT, Davimes JG, Mwakikunga A. Acquisition of cadav-
ers for anatomy education and research in Malawi. Ann Anat. 
2024;253:152212. https://​doi.​org/​10.​1016/j.​aanat.​2024.​152212

	353.	 Anyanwu GE, Agu AU, Anyaehie UB. Enhancing learning objec-
tives by use of simple virtual microscopic slides in cellular phys-
iology and histology: impact and attitudes. Adv Physiol Educ. 
2012;36(2):158–63. https://​doi.​org/​10.​1152/​advan.​00008.​2012

	354.	 University of California San Diego. MedPics. San Diego, CA: 
University of California San Diego, School of Medicine; 2024. 
Available from: https://​medpi​cs.​ucsd.​edu/​

	355.	 Sorensen RL, Brelje TC. Histology Guide 2023. Available from: 
https://​histo​logyg​uide.​com

	356.	 Takizawa P. Histology@Yale. New Haven, CT: Yale University, 
Department of Cell Biology; 2022. Available from: http://​medce​ll.​
org/​histo​logy/​histo​logy.​php

	357.	 Mars M, McLean M. Students' perceptions of a multimedia 
computer-aided instruction resource in histology. S Afr Med J. 
1996;86(9):1098–102.

	358.	 McLean M. Introducing computer-aided instruction into a tradi-
tional histology course: student evaluation of the educational 
value. J Audiov Media Med. 2000;23(4):153–60. https://​doi.​org/​
10.​1080/​01405​11005​0198609

	359.	 McLean M. Web pages: an effective method of providing CAI 
resource material in histology. Med Teach. 2001;23(3):263–9. 
https://​doi.​org/​10.​1080/​01421​59012​0043035

	360.	 Beylefeld AA, Hugo AP, Geyer HJ. More learning and less teach-
ing? Students' perceptions of a histology podcast. South Afr J 
Higher Educ. 2008;22(5):948–56.

	361.	 Lazarus L, Sookrajh R, Satyapal KS. Tablet technology in med-
ical education in South Africa: a mixed methods study. BMJ Open. 
2017;7(7):e013871. https://​doi.​org/​10.​1136/​bmjop​en-​2016-​013871

	362.	 Finn E, Ayres F, Goldberg S, Hortsch M. Brave new E-world: 
medical students' preferences for and usage of electronic learn-
ing resources during two different phases of their education. 
FASEB Bioadv. 2022;4(5):298–308. https://​doi.​org/​10.​1096/​fba.​
2021-​00124​

	363.	 Chimmalgi M, Hortsch M. Teaching histology using self-
directed learning modules (SDLMs) in a blended approach. Med 
Sci Educ. 2022;32(6):1455–64. https://​doi.​org/​10.​1007/​s4067​
0-​022-​01669​-​9

	364.	 Ayad E. Virtual telepathology in Egypt, applications of WSI in 
Cairo University. Diagn Pathol. 2011;6(Suppl 1):S1. https://​doi.​
org/​10.​1186/​1746-​1596-​6-​S1-​S1

	365.	 Ayad E. E-education for medical students using WSI in Egypt. 
Diagn Pathol. 2013;8(Suppl 1):S39.

	366.	 Ayad E, Yagi Y. Virtual microscopy beyond the pyramids, applica-
tions of WSI in Cairo University for E-education & telepathology. 
Anal Cell Pathol (Amst). 2012;35:93–5. https://​doi.​org/​10.​3233/​
ACP-​2011-​0027

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ase.1250
https://doi.org/10.1111/j.1365-2923.1990.tb02456.x
https://doi.org/10.1111/j.1365-2923.1990.tb02456.x
https://doi.org/10.1002/(SICI)1098-2353(1996)9:4%3C258::AID-CA8%3E3.0.CO;2-A
https://doi.org/10.1002/(SICI)1098-2353(1996)9:4%3C258::AID-CA8%3E3.0.CO;2-A
https://doi.org/10.1016/j.aanat.2010.10.007
https://doi.org/10.1016/j.aanat.2010.10.007
https://doi.org/10.4314/ejhs.v31i4.22
https://doi.org/10.14738/bjhmr.112.16776
https://doi.org/10.14738/bjhmr.112.16776
https://doi.org/10.1186/s12909-015-0501-4
https://doi.org/10.1186/s12909-015-0501-4
https://doi.org/10.4314/gmj.v54i4s.18
https://doi.org/10.1002/ase.70038
https://doi.org/10.1002/ase.1814
https://doi.org/10.1002/ase.1814
https://doi.org/10.1002/ase.2382
https://doi.org/10.1016/j.aanat.2023.152196
https://doi.org/10.1016/j.aanat.2023.152196
https://doi.org/10.1002/ase.1950
https://doi.org/10.1002/ase.1950
https://doi.org/10.11648/j.bs.20190504.16
https://doi.org/10.11648/j.bs.20190504.16
https://doi.org/10.1002/ase.157
https://doi.org/10.1155/2014/940472
https://doi.org/10.1002/ase.2423
https://doi.org/10.1002/ase.2423
https://doi.org/10.1016/j.aanat.2024.152212
https://doi.org/10.1152/advan.00008.2012
https://medpics.ucsd.edu/
https://histologyguide.com
http://medcell.org/histology/histology.php
http://medcell.org/histology/histology.php
https://doi.org/10.1080/01405110050198609
https://doi.org/10.1080/01405110050198609
https://doi.org/10.1080/01421590120043035
https://doi.org/10.1136/bmjopen-2016-013871
https://doi.org/10.1096/fba.2021-00124
https://doi.org/10.1096/fba.2021-00124
https://doi.org/10.1007/s40670-022-01669-9
https://doi.org/10.1007/s40670-022-01669-9
https://doi.org/10.1186/1746-1596-6-S1-S1
https://doi.org/10.1186/1746-1596-6-S1-S1
https://doi.org/10.3233/ACP-2011-0027
https://doi.org/10.3233/ACP-2011-0027


32  |    HORTSCH et al.

	367.	 Banach L, Stepien A, Schneider J, Wichrzycka-Lancaster E. 
Dynamic active telepathology over National Health Laboratory 
service network, South Africa: feasibility study using Nikon 
Coolscope. Diagn Pathol. 2008;3(Suppl 1):S3. https://​doi.​org/​10.​
1186/​1746-​1596-​3-​S1-​S3

	368.	 Bacha D, Ferjaoui W, Charfi L, Rejaibi S, Gharbi L, ben Slama S, 
et  al. The interest of virtual microscopy as a means of simula-
tion learning in pathological anatomy and cytology. Oncol Rad. 
2020;14(5):23–9.

	369.	 Richards PA, Richards PD, Coetzee HL, Soley JT. The opti-
cal microscope—en route to extinction? J Audiov Media Med. 
2000;23(3):113–8.

	370.	 Anyanwu EG. Anatomy adventure: a board game for enhancing 
understanding of anatomy. Anat Sci Educ. 2014;7(2):153–60. 
https://​doi.​org/​10.​1002/​ase.​1389

	371.	 Kotze SH, Mole CG. Making large class basic histology lectures 
more interactive: the use of draw-along mapping techniques and 
associated educational activities. Anat Sci Educ. 2015;8(5):463–
70. https://​doi.​org/​10.​1002/​ase.​1514

	372.	 McLean M. Flipping histology in an undergraduate problem-
based learning medical curriculum: a blended learning approach. 
Med Sci Educ. 2018;28:429–37. https://​doi.​org/​10.​1007/​S4067​
0-​018-​0543-​4

	373.	 Reid S, Shapiro L, Louw G. How haptics and drawing enhance the 
learning of anatomy. Anat Sci Educ. 2019;12(2):164–72. https://​
doi.​org/​10.​1002/​ase.​1807

	374.	 Ekerin O, Okechukwu CK. Neuroscience education in Africa, pros-
pects and challenges. South Sudan Med J. 2021;14(4):127–31. 
https://​doi.​org/​10.​4314/​ssmj.​v14i4.​5

	375.	 International Brain Research Organization (IBRO). Regional oppor-
tunities—Africa. Paris: International Brain Research Organization 
(IBRO); 2021. Available from: https://​ibro.​org/​neuro​scien​ce-​train​
ing-​fundi​ng-​africa/​

	376.	 Juliano SL. Report on the African teaching tools workshops. 
Neurology. 2012;78(22):1797–9. https://​doi.​org/​10.​1212/​WNL.​
0b013​e3182​583113

	377.	 Russell VA. Notes on the recent history of neuroscience in Africa. 
Front Neuroanat. 2017;11:96. https://​doi.​org/​10.​3389/​fnana.​
2017.​00096​

	378.	 Dhawan S. Online learning: a panacea in the time of COVID-19 
crisis. J Educ Technol Syst. 2020;49(1):5–22.

	379.	 Evans DJR, Bay BH, Wilson TD, Smith CF, Lachman N, Pawlina W. 
Going virtual to support anatomy education: a STOPGAP in the 
midst of the COVID-19 pandemic. Anat Sci Educ. 2020;13(3):279–
83. https://​doi.​org/​10.​1002/​ase.​1963

	380.	 Zalat MM, Hamed MS, Bolbol SA. The experiences, challenges, 
and acceptance of e-learning as a tool for teaching during the 
COVID-19 pandemic among university medical staff. PLoS One. 
2021;16(3):e0248758. https://​doi.​org/​10.​1371/​journ​al.​pone.​
0248758

	381.	 Chapupu T, Gatsi AB, Chibhabha F, Zilundu PLM. Self-regulated 
learning of anatomy during the COVID-19 lockdown period in a 
low-income setting. BMC Med Educ. 2024;24(1):548. https://​doi.​
org/​10.​1186/​s1290​9-​024-​05329​-​x

	382.	 Emma-Okon B, Tombs M, Akomolafe R, Ayannuga O. Teaching 
pre-clinical medical students remotely in Nigeria post COVID-19 
pandemic: can past experiences shape future directions? BMC 
Med Educ. 2024;24(1):515. https://​doi.​org/​10.​1186/​s1290​9-​024-​
05508​-​w

	383.	 Mbagwu SI, Edem EE, Adegbilero-Iwari OE, Akunna GG, 
Makanjuola VO, Ogbo FO, et al. Medical school students' perspec-
tives on virtual anatomy education in a developing country. Anat 
Sci Educ. 2024;17(6):1345–57. https://​doi.​org/​10.​1002/​ase.​2486

	384.	 Keiller L, Nyoni CN, Van Wyk C. A model for design of online 
health professions education faculty development courses in 

sub-Saharan Africa. BMC Med Educ. 2023;23(1):60. https://​doi.​
org/​10.​1186/​s1290​9-​023-​04039​-​0

	385.	 Egielewa P, Idogho PO, Iyalomhe FO, Cirella GT. COVID-19 and 
digitized education: analysis of online learning in Nigerian higher 
education. E-Learning Digital M. 2022;19(1):19–35. https://​doi.​
org/​10.​1177/​20427​53021​1022808

	386.	 McLean M. Introducing a reward system in assessment in histol-
ogy: a comment on the learning strategies it might engender. BMC 
Med Educ. 2001;1:7. https://​doi.​org/​10.​1186/​1472-​6920-​1-​7

	387.	 Rosenberg J, Juvonen M, Ng MZ, Arinzeh N, Adanu TSA, Ninsiima H, 
et al. Medical schools in Africa: seeing momentum. BMJ Glob Health. 
2024;9(2):e014468. https://​doi.​org/​10.​1136/​bmjgh​-​2023-​014468

	388.	 Council on Foreign Relations. South & Central Asia: the essen-
tials—people and society: South & Central Asia. New York, NY: 
Council on Foreign Relations; 2022. Available from: https://​educa​
tion.​cfr.​org/​learn/​​learn​ing-​journ​ey/​south​-​centr​al-​asia-​essen​tials/​​
peopl​e-​and-​socie​ty-​south​-​-​centr​al-​asia

	389.	 Council on Foreign Relations. South & Central Asia: the essen-
tials—economics: South & Central Asia. New York, NY: Council on 
Foreign Relations; 2023. Available from: https://​educa​tion.​cfr.​org/​
learn/​​learn​ing-​journ​ey/​south​-​centr​al-​asia-​essen​tials/​​econo​mics-​
south​-​-​centr​al-​asia

	390.	 Supe A, Burdick WP. Challenges and issues in medical education in 
India. Acad Med. 2006;81(12):1076–80. https://​doi.​org/​10.​1097/​
01.​ACM.​00002​46699.​94234.​ab

	391.	 Solanki A, Kashyap S. Medical education in India: current chal-
lenges and the way forward. Med Teach. 2014;36(12):1027–31. 
https://​doi.​org/​10.​3109/​01421​59X.​2014.​927574

	392.	 National Medical Commission. List of colleges teaching MBBS 
(Bachelor of Medicine, Bachelor of Surgery). New Delhi: 
Government of India; 2024. Available from: https://​www.​nmc.​org.​
in/​infor​matio​n-​desk/​for-​stude​nts-​to-​study​-​in-​india/​​list-​of-​colle​
ge-​teach​ing-​mbbs/​

	393.	 Joshi H, Singh G, Patwardhan K. Ayurveda education: evaluating 
the integrative approaches of teaching Kriya Sharira (ayurveda 
physiology). J Ayurveda Integr Med. 2013;4(3):138–46.

	394.	 National Medical Commission. Guidelines for Competency 
Based Medical Education (CBME) curriculum 2024. New Delhi: 
Government of India; 2024. Available from: https://​www.​nmc.​
org.​in/​MCIRe​st/​open/​getDo​cument?​path=/​Docum​ents/​Public/​
Portal/​Lates​tNews/​​organ​ized_​compr​essed.​pdf

	395.	 Charmode S, Mohanty A, Kumar S, Mishra V. Teaching human 
anatomy without cadavers: Indian scenario in 2020. Indian J Clin 
Anat Physiol. 2020;7(3):250–2. https://​doi.​org/​10.​18231/​j.​ijcap.​
2020.​049

	396.	 PTI. Medical colleges in Rajasthan grapple with cadaver short-
age, seek nod to acquire unclaimed bodies. The Hindu. 2023 Jan 4. 
Available from: https://​www.​thehi​ndu.​com/​news/​natio​nal/​other​
-​states/​medic​al-​colle​ges-​in-​rajas​than-​grapp​le-​with-​cadav​er-​short​
age-​seek-​nod-​to-​acqui​re-​uncla​imed-​bodies/​artic​le663​37882.​ece

	397.	 Saigal G. Cadaver crunch in U.P medical colleges. Hindustan Times. 
2023 Oct 26. Available from: https://​www.​hindu​stant​imes.​com/​
cities/​luckn​ow-​news/​cadav​er-​crunc​h-​in-​u-​p-​medic​al-​colle​ges-​
10169​83297​00972.​html

	398.	 Maralihalli B. HIMS students face shortage of cadavers. The Times 
of India. 2024 Aug 11. Available from: https://​times​ofind​ia.​india​
times.​com/​city/​hubba​lli/​hims-​stude​nts-​face-​short​age-​of-​cadav​
ers/​artic​leshow/​11243​6140.​cms

	399.	 Kumar SV. Ministry of Health appeals for donation of dead bodies 
for academic, research purposes. The Hindu. 2024 Jul 10. Available 
from: https://​www.​thehi​ndu.​com/​news/​natio​nal/​minis​try-​of-​healt​
h-​appea​ls-​for-​donat​ion-​of-​dead-​bodie​s-​for-​acade​mic-​and-​resea​
rch-​purpo​ses/​artic​le683​85092.​ece

	400.	 Ganguly PK, Chakravarty M, Latif NA, Osman M, Abu-Hijleh 
M. Teaching of anatomy in a problem-based curriculum at the 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1186/1746-1596-3-S1-S3
https://doi.org/10.1186/1746-1596-3-S1-S3
https://doi.org/10.1002/ase.1389
https://doi.org/10.1002/ase.1514
https://doi.org/10.1007/S40670-018-0543-4
https://doi.org/10.1007/S40670-018-0543-4
https://doi.org/10.1002/ase.1807
https://doi.org/10.1002/ase.1807
https://doi.org/10.4314/ssmj.v14i4.5
https://ibro.org/neuroscience-training-funding-africa/
https://ibro.org/neuroscience-training-funding-africa/
https://doi.org/10.1212/WNL.0b013e3182583113
https://doi.org/10.1212/WNL.0b013e3182583113
https://doi.org/10.3389/fnana.2017.00096
https://doi.org/10.3389/fnana.2017.00096
https://doi.org/10.1002/ase.1963
https://doi.org/10.1371/journal.pone.0248758
https://doi.org/10.1371/journal.pone.0248758
https://doi.org/10.1186/s12909-024-05329-x
https://doi.org/10.1186/s12909-024-05329-x
https://doi.org/10.1186/s12909-024-05508-w
https://doi.org/10.1186/s12909-024-05508-w
https://doi.org/10.1002/ase.2486
https://doi.org/10.1186/s12909-023-04039-0
https://doi.org/10.1186/s12909-023-04039-0
https://doi.org/10.1177/20427530211022808
https://doi.org/10.1177/20427530211022808
https://doi.org/10.1186/1472-6920-1-7
https://doi.org/10.1136/bmjgh-2023-014468
https://education.cfr.org/learn/learning-journey/south-central-asia-essentials/people-and-society-south--central-asia
https://education.cfr.org/learn/learning-journey/south-central-asia-essentials/people-and-society-south--central-asia
https://education.cfr.org/learn/learning-journey/south-central-asia-essentials/people-and-society-south--central-asia
https://education.cfr.org/learn/learning-journey/south-central-asia-essentials/economics-south--central-asia
https://education.cfr.org/learn/learning-journey/south-central-asia-essentials/economics-south--central-asia
https://education.cfr.org/learn/learning-journey/south-central-asia-essentials/economics-south--central-asia
https://doi.org/10.1097/01.ACM.0000246699.94234.ab
https://doi.org/10.1097/01.ACM.0000246699.94234.ab
https://doi.org/10.3109/0142159X.2014.927574
https://www.nmc.org.in/information-desk/for-students-to-study-in-india/list-of-college-teaching-mbbs/
https://www.nmc.org.in/information-desk/for-students-to-study-in-india/list-of-college-teaching-mbbs/
https://www.nmc.org.in/information-desk/for-students-to-study-in-india/list-of-college-teaching-mbbs/
https://www.nmc.org.in/MCIRest/open/getDocument?path=/Documents/Public/Portal/LatestNews/organized_compressed.pdf
https://www.nmc.org.in/MCIRest/open/getDocument?path=/Documents/Public/Portal/LatestNews/organized_compressed.pdf
https://www.nmc.org.in/MCIRest/open/getDocument?path=/Documents/Public/Portal/LatestNews/organized_compressed.pdf
https://doi.org/10.18231/j.ijcap.2020.049
https://doi.org/10.18231/j.ijcap.2020.049
https://www.thehindu.com/news/national/other-states/medical-colleges-in-rajasthan-grapple-with-cadaver-shortage-seek-nod-to-acquire-unclaimed-bodies/article66337882.ece
https://www.thehindu.com/news/national/other-states/medical-colleges-in-rajasthan-grapple-with-cadaver-shortage-seek-nod-to-acquire-unclaimed-bodies/article66337882.ece
https://www.thehindu.com/news/national/other-states/medical-colleges-in-rajasthan-grapple-with-cadaver-shortage-seek-nod-to-acquire-unclaimed-bodies/article66337882.ece
https://www.hindustantimes.com/cities/lucknow-news/cadaver-crunch-in-u-p-medical-colleges-101698329700972.html
https://www.hindustantimes.com/cities/lucknow-news/cadaver-crunch-in-u-p-medical-colleges-101698329700972.html
https://www.hindustantimes.com/cities/lucknow-news/cadaver-crunch-in-u-p-medical-colleges-101698329700972.html
https://timesofindia.indiatimes.com/city/hubballi/hims-students-face-shortage-of-cadavers/articleshow/112436140.cms
https://timesofindia.indiatimes.com/city/hubballi/hims-students-face-shortage-of-cadavers/articleshow/112436140.cms
https://timesofindia.indiatimes.com/city/hubballi/hims-students-face-shortage-of-cadavers/articleshow/112436140.cms
https://www.thehindu.com/news/national/ministry-of-health-appeals-for-donation-of-dead-bodies-for-academic-and-research-purposes/article68385092.ece
https://www.thehindu.com/news/national/ministry-of-health-appeals-for-donation-of-dead-bodies-for-academic-and-research-purposes/article68385092.ece
https://www.thehindu.com/news/national/ministry-of-health-appeals-for-donation-of-dead-bodies-for-academic-and-research-purposes/article68385092.ece


    | 33HORTSCH et al.

Arabian Gulf University: the new face of the museum. Clin Anat. 
2003;16(3):256–61. https://​doi.​org/​10.​1002/​ca.​10144​

	401.	 Notzer N, Zisenwine D, Oz L, Rak Y. Overcoming the tension be-
tween scientific and religious views in teaching anatomical dissec-
tion: the Israeli experience. Clin Anat. 2006;19(5):442–7. https://​
doi.​org/​10.​1002/​ca.​20312​

	402.	 Hassanzadeh G, Hassanpoor N, Jalali A, Hassanzadeh N, Jafari M, 
Panahi N. Teaching anatomy: viewpoints of Iranian anatomists. 
Thrita J Neuron. 2012;1(2):62–6. https://​doi.​org/​10.​5812/​thrita.​
6434

	403.	 Marom A, Tarrasch R. On behalf of tradition: an analysis of medical 
student and physician beliefs on how anatomy should be taught. 
Clin Anat. 2015;28(8):980–4. https://​doi.​org/​10.​1002/​ca.​22621​

	404.	 Alghamdi MA, Saeed RB, Fudhah W, Alqarni D, Albarzan S, 
Alamoudi S, et al. Perceptions of medical students regarding meth-
ods of teaching human anatomy. Cogent Educ. 2024;11(1). https://​
doi.​org/​10.​1080/​23311​86x.​2024.​2340836

	405.	 Bharambe V, Puranam V, Manvikar PR, Bajpayee P. Anatomy acts 
in India: a review. Eur J Anat. 2019;23(6):469–77.

	406.	 Susai S, Chandrupatla M, Motwani R. Anatomy acts concerning 
body and organ donations across the globe: past, present and fu-
ture with a special emphasis on the Indian scenario. Anat Cell Biol. 
2023;56(1):1–8. https://​doi.​org/​10.​5115/​acb.​22.​166

	407.	 Habbal O. The state of human anatomy teaching in the medical 
schools of gulf cooperation council countries. Sultan Qaboos Univ 
Med J. 2009;9(1):24–31.

	408.	 Subasinghe SK, Jones DG. Human body donation programs in Sri 
Lanka: Buddhist perspectives. Anat Sci Educ. 2015;8(5):484–9. 
https://​doi.​org/​10.​1002/​ase.​1525

	409.	 Winkelmann A, Güldner FH. Cadavers as teachers: the dissect-
ing room experience in Thailand. BMJ. 2004;329(7480):1455–7. 
https://​doi.​org/​10.​1136/​bmj.​329.​7480.​1455

	410.	 Poornima CS. “Desire for medical gifting”—qualitative analysis 
of attitudinal and motivational perspectives of registered whole 
body donors. J YSR Univ Health Sci. 2023;12:267–71. https://​doi.​
org/​10.​4103/​jdrys​ruhs.​jdrys​ruhs_​122_​23

	411.	 Jones DG. Anatomists' uses of human skeletons: ethical issues as-
sociated with the India bone trade and anonymized archival collec-
tions. Anat Sci Educ. 2023;16(4):610–7. https://​doi.​org/​10.​1002/​
ase.​2280

	412.	 Chauhan P, Mehra S, Pandya A. Randomised controlled trial: role 
of virtual interactive 3-dimensional models in anatomical and 
medical education. J Vis Commun Med. 2024;47(1):39–45. https://​
doi.​org/​10.​1080/​17453​054.​2024.​2352404

	413.	 Anand MK, Singel TC. A comparative study of learning with 
“Anatomage” virtual dissection table versus traditional dissec-
tion method in neuroanatomy. Indian J Clin Anat Physiol. 2017;​
4(2):177–80.

	414.	 Ralte S, Bhattacharyya A, Momin AD, Sundaram SP. Perceived 
effectiveness of cadaveric and three-dimensional virtual dis-
section in learning anatomy among first-year MBBS students: a 
cross-sectional study from northeastern India. Natl J Clin Anat. 
2023;12:157–64. https://​doi.​org/​10.​4103/​NJCA.​NJCA_​79_​23

	415.	 Yohannan DG, Oommen AM, Kumar AS, Devanand S, Ut MR, 
Sajan N, et al. “Visualization matters”—stereoscopic visualization 
of 3D graphic neuroanatomic models through AnaVu enhances 
basic recall and radiologic anatomy learning when compared with 
monoscopy. BMC Med Educ. 2024;24(1):932. https://​doi.​org/​10.​
1186/​s1290​9-​024-​05910​-​4

	416.	 Asad MR, Asghar A, Tadvi N, Ahmed MM, Nazeer M, Amir KM, 
et  al. Medical faculty perspectives toward cadaveric dissec-
tion as a learning tool for anatomy education: a survey study 
in India. Cureus. 2023;15(4):e37713. https://​doi.​org/​10.​7759/​
cureus.​37713​

	417.	 Yohannan DG, Oommen AM, Amogh BJ, Raju NK, Suresh RO, Nair 
SJ. “Air Anatomy”—teaching complex spatial anatomy using simple 

hand gestures. Anat Sci Educ. 2022;15(3):552–65. https://​doi.​org/​
10.​1002/​ase.​2088

	418.	 Yohannan DG, Ginns P, Jayaprasad AB, Nair SJ, Suresh RO, Raju 
NK, et  al. Using the hands for learning anatomy. In: Shapiro L, 
editor. Graphic medicine, humanizing healthcare and novel ap-
proaches in anatomical education. Cham: Springer Nature; 2023. 
p. 205–29. https://​doi.​org/​10.​1007/​978-​3-​031-​39035​-​7_​10

	419.	 Yohannan DG. Air Anatomy. Kerala, 2019. Available from: https://​
www.​youtu​be.​com/​chann​el/​UCMz5_​ng3QW​X1cWN​aiA1fZJA

	420.	 Jacob TG. History of teaching anatomy in India: from ancient to 
modern times. Anat Sci Educ. 2013;6(5):351–8. https://​doi.​org/​10.​
1002/​ase.​1359

	421.	 Khan AA, Vaishnav R, Habbal O. Teaching of an integrated human 
nervous system course in the Sultanate of Oman. Neurosciences 
(Riyadh). 2004;9(1):5–10.

	422.	 Abu-Hijleh MF. The place of anatomy in medical education: guide 
supplement 41.1-viewpoint. Med Teach. 2010;32(7):601–3. 
https://​doi.​org/​10.​3109/​01421​59100​3680644

	423.	 Akeel MA. Exploring students’ understanding of structured prac-
tical anatomy. J Taibah Univ Med Sci. 2021;16(3):318–27. https://​
doi.​org/​10.​1016/j.​jtumed.​2020.​12.​006

	424.	 Sadeqi H, Valiani A, Avizhgan M, Ebrahimi SA, Manteghinejad A, 
Miralai P, et al. The effect of teaching integrated course of phys-
ical examination and radiological anatomy in practical limb anat-
omy on medical students' learning outcomes. BMC Med Educ. 
2021;21(1):461. https://​doi.​org/​10.​1186/​s1290​9-​021-​02898​-​z

	425.	 Muazam S, Aziz A, Shan M, Imran S, Kundi H, Hafeez R. 
Perceptions of dental students’ regarding anatomy learning and 
assessment in integrated curriculum adopted by Shaheed Zulfiqar 
Ali Bhutto Medical University, Pakistan. J Univ Med Dent Coll. 
2022;13(2):355–61. https://​doi.​org/​10.​37723/​​jumdc.​v13i2.​681

	426.	 Lorke DE, Rock JA, Hernandez RJR, Graham D, Keough N, van 
Tonder DJ. Creation of 21st century anatomy facilities: designing 
facilities for integrated preclinical education in the Middle East. 
BMC Med Educ. 2023;23:388. https://​doi.​org/​10.​1186/​s1290​9-​
023-​04361​-​7

	427.	 Bhaskhar V, Malhotra V, Shankar R, Adhlakha A, Hirak JG. Students 
perception to Anatomy education in medical curriculum. Int J Curr 
Res Rev. 2012;4:99–105.

	428.	 Ahmed R, Shamim KM, Talukder MHK, Alam K, Nargis T. Current 
practice in the histology practical classes of anatomy in the under-
graduate medical education in 15 Bangladesh. Bangladesh J Med 
Educ. 2014;5:15–9. https://​doi.​org/​10.​3329/​bjme.​v5i1.​32197​

	429.	 Sujatha K. Use of labeled histology images with key identification 
for histology teaching learning. Natl J Clin Anat. 2020;9:21–4. 
https://​doi.​org/​10.​1055/​s-​0040-​1705589

	430.	 Cogdell B, Torsney B, Stewart K, Smith RA. Technological and 
traditional drawing approaches encourage active engagement in 
histology classes for science undergraduates. Biosci Educ. 2012;​
19(1):1–15.

	431.	 Rafi A, Rauf A, Anwar MI. Significance of actually drawing micro-
scopic images and its impact on students’ understanding of histol-
ogy. J Dow Univ Health Sci. 2017;11(3):77–81.

	432.	 Basu R, Roy T. Perception of first year medical students towards 
a new histology module in a medical College in Eastern India: a 
quasi-experimental study. J Clin Diagn Res. 2023;17(9):JC10-4. 
https://​doi.​org/​10.​7860/​JCDR/​2023/​62532.​18474​

	433.	 Horne CA, Hepworth D, Saunders E, Keenan ID. Everyone can 
draw: an inclusive and transformative activity for conceptualiza-
tion of topographic anatomy. Anat Sci Educ. 2024;17(5):1080–96. 
https://​doi.​org/​10.​1002/​ase.​2460

	434.	 Aristotle S, Subramanian S, Jayakumar S. Effectiveness of flipped 
classroom model in teaching histology for first-year MBBS stu-
dents based on competency-based blended learning: an interven-
tional study. J Educ Health Promot. 2021;10:152. https://​doi.​org/​
10.​4103/​jehp.​jehp_​467_​20

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ca.10144
https://doi.org/10.1002/ca.20312
https://doi.org/10.1002/ca.20312
https://doi.org/10.5812/thrita.6434
https://doi.org/10.5812/thrita.6434
https://doi.org/10.1002/ca.22621
https://doi.org/10.1080/2331186x.2024.2340836
https://doi.org/10.1080/2331186x.2024.2340836
https://doi.org/10.5115/acb.22.166
https://doi.org/10.1002/ase.1525
https://doi.org/10.1136/bmj.329.7480.1455
https://doi.org/10.4103/jdrysruhs.jdrysruhs_122_23
https://doi.org/10.4103/jdrysruhs.jdrysruhs_122_23
https://doi.org/10.1002/ase.2280
https://doi.org/10.1002/ase.2280
https://doi.org/10.1080/17453054.2024.2352404
https://doi.org/10.1080/17453054.2024.2352404
https://doi.org/10.4103/NJCA.NJCA_79_23
https://doi.org/10.1186/s12909-024-05910-4
https://doi.org/10.1186/s12909-024-05910-4
https://doi.org/10.7759/cureus.37713
https://doi.org/10.7759/cureus.37713
https://doi.org/10.1002/ase.2088
https://doi.org/10.1002/ase.2088
https://doi.org/10.1007/978-3-031-39035-7_10
https://www.youtube.com/channel/UCMz5_ng3QWX1cWNaiA1fZJA
https://www.youtube.com/channel/UCMz5_ng3QWX1cWNaiA1fZJA
https://doi.org/10.1002/ase.1359
https://doi.org/10.1002/ase.1359
https://doi.org/10.3109/01421591003680644
https://doi.org/10.1016/j.jtumed.2020.12.006
https://doi.org/10.1016/j.jtumed.2020.12.006
https://doi.org/10.1186/s12909-021-02898-z
https://doi.org/10.37723/jumdc.v13i2.681
https://doi.org/10.1186/s12909-023-04361-7
https://doi.org/10.1186/s12909-023-04361-7
https://doi.org/10.3329/bjme.v5i1.32197
https://doi.org/10.1055/s-0040-1705589
https://doi.org/10.7860/JCDR/2023/62532.18474
https://doi.org/10.1002/ase.2460
https://doi.org/10.4103/jehp.jehp_467_20
https://doi.org/10.4103/jehp.jehp_467_20


34  |    HORTSCH et al.

	435.	 Vaddatti T, Chaitra B, Renuka IV. The perceptions of II MBBS stu-
dents toward flipped classroom as an active method of learning. 
Dent Med Res. 2022;10(2):60–3. https://​doi.​org/​10.​4103/​dmr.​
dmr_5_​23

	436.	 Joy P, Panwar R, Azhagiri R, Krishnamurthy A, Adibatti M. Flipped 
classroom—a student perspective of an innovative teaching method 
during the times of pandemic. Educ Med. 2023;24(2):100790. 
https://​doi.​org/​10.​1016/j.​edumed.​2022.​100790

	437.	 Jha S, Sethi R, Kumar M, Khorwal G. Comparative study of the 
flipped classroom and traditional lecture methods in anatomy 
teaching. Cureus. 2024;16(7):e64378. https://​doi.​org/​10.​7759/​
cureus.​64378​

	438.	 Mendis B, Abayaratne R, Ranasinghe AW, Premraj S, editors. 
The possible use of the Internet for the teaching of histology to 
University of Peradeniya Students. Proceedings & Abstracts of the 
annual research sessions. Peradeniya: Unviersity of Peradeniya; 
1999.

	439.	 Hande AH, Lohe VK, Chaudhary MS, Gawande MN, Patil SK, 
Zade PR. Impact of virtual microscopy with conventional micros-
copy on student learning in dental histology. Dent Res J (Isfahan). 
2017;14(2):111–6.

	440.	 Chimmalgi M. Off-line virtual microscopy in teaching histology to 
the undergraduate medical students: do the benefits correlate with 
the learning style preferences? J Anat Soc India. 2018;67(2):186–
92. https://​doi.​org/​10.​1016/j.​jasi.​2018.​11.​010

	441.	 Francis DV, Charles AS, Jacob TM, Ruban A, Premkumar PS, Rabi 
S. Virtual microscopy as a teaching–learning tool for histology in 
a competency-based medical curriculum. Med J Armed Forces 
India. 2023;79:S156–S164. https://​doi.​org/​10.​1016/j.​mjafi.​2022.​
02.​002

	442.	 Potaliya P, Dixit SG, Ghatak S. Impact of team-based virtual mi-
croscopy on student learning in histology. Experimental Biology 
2017 Meeting; Chicago: FASEB J; 2017. p. 582.15. https://​doi.​org/​
10.​1096/​fasebj.​31.1_​suppl​ement.​582.​15

	443.	 Padhi KS, Balmuchu G, Acharya PS, Singh SR, Joseph T. The 
perspectives of educators and learners on E-learning: a cross-
sectional descriptive study in a medical school. Adv Med Educ 
Pract. 2021;12:1059–66. https://​doi.​org/​10.​2147/​AMEP.​S326147

	444.	 Coleman R. The advantages of virtual microscopy for teaching his-
tology. Ital J Anat Embryol. 2013;118(2):58.

	445.	 Alotaibi O, ALQahtani D. Measuring dental students' prefer-
ence: a comparison of light microscopy and virtual microscopy 
as teaching tools in oral histology and pathology. Saudi Dent J. 
2016;28(4):169–73. https://​doi.​org/​10.​1016/j.​sdentj.​2015.​11.​002

	446.	 Samueli B, Sror N, Jotkowitz A, Taragin B. Remote pathology edu-
cation during the COVID-19 era: crisis converted to opportunity. 
Ann Diagn Pathol. 2020;49:151612. https://​doi.​org/​10.​1016/j.​
anndi​agpath.​2020.​151612

	447.	 Amer MG, Nemenqani DM. Successful use of virtual microscopy in 
the assessment of practical histology during pandemic COVID-19: 
a descriptive study. J Microsc Ultrastruct. 2020;8(4):156–61.

	448.	 Al-Alami ZM, Adwan SW, Alsous M. Remote learning during 
COVID-19 lockdown: a study on anatomy and histology education 
for pharmacy students in Jordan. Anat Sci Educ. 2022;15(2):249–
60. https://​doi.​org/​10.​1002/​ase.​2165

	449.	 Amaratunga H. Overcoming challenges to anatomy education 
during the COVID-19 pandemic. Sri Lanka Anat J. 2020;4(1):2–4. 
https://​doi.​org/​10.​4038/​slaj.​v4i1.​109

	450.	 Singal A, Bansal A, Chaudhary P, Singh H, Patra A. Anatomy edu-
cation of medical and dental students during COVID-19 pandemic: 
a reality check. Surg Radiol Anat. 2021;43(4):515–21. https://​doi.​
org/​10.​1007/​s0027​6-​020-​02615​-​3

	451.	 Salman A, Qureshi AS, Umar Z, Riaz M, Usman M, Zulfiqar S, 
et al. Effects of COVID-19 pandemic on anatomy education of 
medical and dental students of Pakistan; a reality check. Surg 

Radiol Anat. 2022;44(11):1495–500. https://​doi.​org/​10.​1007/​
s0027​6-​022-​03034​-​2

	452.	 Mayes J, White A, Byrne M, Mogg J. How smartphone technol-
ogy is changing healthcare in developing countries. J Glob Health. 
2017;7(2):36–8. https://​doi.​org/​10.​7916/​thejgh.​v6i2.​4993

	453.	 Silva MPL, Matos BDS, Ezequiel OS, Lucchetti ALG, Lucchetti G. 
The use of smartphones in different phases of medical school and 
its relationship to internet addiction and learning approaches. 
J Med Syst. 2018;42(6):106. https://​doi.​org/​10.​1007/​s1091​
6-​018-​0958-​x

	454.	 Gavali MY, Khismatrao DS, Gavali YV, Patil KB. Smartphone, 
the new learning aid amongst medical students. J Clin Diagn 
Res. 2017;11(5):JC05–C08. https://​doi.​org/​10.​7860/​JCDR/​2017/​
20948.​9826

	455.	 Latif MZ, Hussain I, Saeed R, Qureshi MA, Maqsood U. Use of smart 
phones and social media in medical education: trends, advantages, 
challenges and barriers. Acta Inform Med. 2019;27(2):133–8. 
https://​doi.​org/​10.​5455/​aim.​2019.​27.​133-​138

	456.	 Chandran VP, Balakrishnan A, Rashid M, Pai Kulyadi G, Khan S, 
Devi ES, et al. Mobile applications in medical education: a system-
atic review and meta-analysis. PLoS One. 2022;17(3):e0265927. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​0265927

	457.	 Council on Foreign Relations. Economics: East Asia & the 
Pacific. New York, NY: Council on Foreign Relations; 2022. 
Available from: https://​educa​tion.​cfr.​org/​learn/​​readi​ng/​econo​
mics-​east-​asia-​pacific

	458.	 Marginson S. Higher education in East Asia and Singapore: rise of 
the Confucian model. High Educ. 2011;61(5):587–611. https://​doi.​
org/​10.​1007/​s1073​4-​010-​9384-​9

	459.	 Amin Z, Eng KH, Gwee M, Dow Rhoon K, Chay Hoon T. Medical 
education in Southeast Asia: emerging issues, challenges and op-
portunities. Med Educ. 2005;39(8):829–32. https://​doi.​org/​10.​
1111/j.​1365-​2929.​2005.​02229.​x

	460.	 Wang W. Medical education in China: progress in the past 70 years 
and a vision for the future. BMC Med Educ. 2021;21(1):453. 
https://​doi.​org/​10.​1186/​s1290​9-​021-​02875​-​6

	461.	 Li S, Su K, Li P, Sun Y, Pan Y, Wang W, et  al. Public availability 
of information from officially accredited medical schools in China. 
BMC Med Educ. 2022;22(1):414. https://​doi.​org/​10.​1186/​s1290​
9-​022-​03491​-​8

	462.	 Kim JW, Myung SJ, Yoon HB, Moon SH, Ryu H, Yim JJ. How med-
ical education survives and evolves during COVID-19: our expe-
rience and future direction. PLoS One. 2020;15(12):e0243958. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​0243958

	463.	 Cheng X, Chan LK, Pan SQ, Cai H, Li YQ, Yang X. Gross anatomy 
education in China during the COVID-19 pandemic: a national sur-
vey. Anat Sci Educ. 2021;14(1):8–18. https://​doi.​org/​10.​1002/​ase.​
2036

	464.	 Tg Muda TFM, Rushaidhi M, Choi KW, Dhamodharan J, Abdul 
Ghafar N, Wong KH, et  al. Anatomy teaching and learn-
ing in Malaysia during the COVID-19 pandemic. Educ Med J. 
2021;13(2):71–81. https://​doi.​org/​10.​21315/​​eimj2​021.​13.2.​6

	465.	 Chan LK, Yang J, Irby DM. Application of the one-minute precep-
tor technique by novice teachers in the gross anatomy laboratory. 
Anat Sci Educ. 2015;8(6):539–46. https://​doi.​org/​10.​1002/​ase.​
1515

	466.	 Cheung CC, Bridges SM, Tipoe GL. Why is anatomy difficult to 
learn? The implications for undergraduate medical curricula. Anat 
Sci Educ. 2021;14(6):752–63. https://​doi.​org/​10.​1002/​ase.​2071

	467.	 Yang J. Technology-enhanced preclinical medical education (anat-
omy, histology and occasionally, biochemistry): a practical guide. 
Adv Exp Med Biol. 2023;1431:65–93. https://​doi.​org/​10.​1007/​
978-​3-​031-​36727​-​4_​4

	468.	 Cheung RCC, Yang J, Fang C, Leung MF, Bridges SM, Tipoe GL. 
Show them what they can't see! An evaluation of the use of 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.4103/dmr.dmr_5_23
https://doi.org/10.4103/dmr.dmr_5_23
https://doi.org/10.1016/j.edumed.2022.100790
https://doi.org/10.7759/cureus.64378
https://doi.org/10.7759/cureus.64378
https://doi.org/10.1016/j.jasi.2018.11.010
https://doi.org/10.1016/j.mjafi.2022.02.002
https://doi.org/10.1016/j.mjafi.2022.02.002
https://doi.org/10.1096/fasebj.31.1_supplement.582.15
https://doi.org/10.1096/fasebj.31.1_supplement.582.15
https://doi.org/10.2147/AMEP.S326147
https://doi.org/10.1016/j.sdentj.2015.11.002
https://doi.org/10.1016/j.anndiagpath.2020.151612
https://doi.org/10.1016/j.anndiagpath.2020.151612
https://doi.org/10.1002/ase.2165
https://doi.org/10.4038/slaj.v4i1.109
https://doi.org/10.1007/s00276-020-02615-3
https://doi.org/10.1007/s00276-020-02615-3
https://doi.org/10.1007/s00276-022-03034-2
https://doi.org/10.1007/s00276-022-03034-2
https://doi.org/10.7916/thejgh.v6i2.4993
https://doi.org/10.1007/s10916-018-0958-x
https://doi.org/10.1007/s10916-018-0958-x
https://doi.org/10.7860/JCDR/2017/20948.9826
https://doi.org/10.7860/JCDR/2017/20948.9826
https://doi.org/10.5455/aim.2019.27.133-138
https://doi.org/10.1371/journal.pone.0265927
https://education.cfr.org/learn/reading/economics-east-asia-pacific
https://education.cfr.org/learn/reading/economics-east-asia-pacific
https://doi.org/10.1007/s10734-010-9384-9
https://doi.org/10.1007/s10734-010-9384-9
https://doi.org/10.1111/j.1365-2929.2005.02229.x
https://doi.org/10.1111/j.1365-2929.2005.02229.x
https://doi.org/10.1186/s12909-021-02875-6
https://doi.org/10.1186/s12909-022-03491-8
https://doi.org/10.1186/s12909-022-03491-8
https://doi.org/10.1371/journal.pone.0243958
https://doi.org/10.1002/ase.2036
https://doi.org/10.1002/ase.2036
https://doi.org/10.21315/eimj2021.13.2.6
https://doi.org/10.1002/ase.1515
https://doi.org/10.1002/ase.1515
https://doi.org/10.1002/ase.2071
https://doi.org/10.1007/978-3-031-36727-4_4
https://doi.org/10.1007/978-3-031-36727-4_4


    | 35HORTSCH et al.

customized 3D printed models in head and neck anatomy. Anat Sci 
Educ. 2024;17(2):379–95. https://​doi.​org/​10.​1002/​ase.​2361

	469.	 Yung Ngan OM, Tang TLH, Chan AKY, Chen DM, Tang MK. Blended 
learning in Anatomy teaching for non-medical students: an inno-
vative approach to the health professions education. Health Prof 
Educ. 2018;4(2):149–58. https://​doi.​org/​10.​1016/j.​hpe.​2017.​11.​
001

	470.	 Pan SQ, Chan LK, Yan Y, Yang X. Survey of gross anatomy education 
in China: the past and the present. Anat Sci Educ. 2020;13(3):390–
400. https://​doi.​org/​10.​1002/​ase.​1952

	471.	 Wang J, Zhang W, Qin L, Zhao J, Zhang S, Gu J, et al. Problem-
based learning in regional anatomy education at Peking 
University. Anat Sci Educ. 2010;3(3):121–6. https://​doi.​org/​10.​
1002/​ase.​151

	472.	 Leung KK, Lue BH, Lu KS, Huang TS. Students' evaluation on a 
two-stage anatomy curriculum. Med Teach. 2006;28(2):e59–e63. 
https://​doi.​org/​10.​1080/​01421​59060​0617251

	473.	 Wang CY, Yin T, Ma KH, Shyu JF, Cheng CP, Wang YC, et  al. 
Enhancing anatomy education through cooperative learning: 
harnessing virtual reality for effective gross anatomy learning. 
J Microbiol Biol Educ. 2023;24:e00100-23. https://​doi.​org/​10.​
1128/​jmbe.​00100​-​23

	474.	 Liao ML, Yeh CC, Lue JH, Chang MF. Implementing virtual real-
ity technology to teach medical college systemic anatomy: a pilot 
study. Anat Sci Educ. 2024;17(4):796–805. https://​doi.​org/​10.​
1002/​ase.​2407

	475.	 Ang E-T, Sugand K, Hartman M, Seow CS, Bay BH, Abrahams 
P. Singapore's anatomical future: quo vadis? Anat Sci Educ. 
2012;5(4):234–40. https://​doi.​org/​10.​1002/​ase.​1286

	476.	 Ang E-T, Yip G, Lim CHE, Sugand K. Learning undergraduate human 
anatomy—relections on undergraduate preferences in Singapore: 
a pilot study. J NUS Teach Acad. 2014;4(1):2–17.

	477.	 Tan JW, Ng KB, Mogali SR. An exploratory digital board game 
approach to the review and reinforcement of complex medical 
subjects like anatomical education: cross-sectional and mixed 
methods study. JMIR Serious Games. 2022;10(1):e33282. https://​
doi.​org/​10.​2196/​33282​

	478.	 Kim DH, Kim S. Curriculum of gross anatomy education in Korean 
dental hygiene programs: perceptions of clinical dental hygienists. 
Anat Sci Educ. 2022;15(4):709–18. https://​doi.​org/​10.​1002/​ase.​
2139

	479.	 Oh SO, Bay BH, Kim HJ, Lee HY, Yoon S. Commemoration of body 
donors in a religiously diverse society: a tale of two Korean medi-
cal schools. Anat Sci Educ. 2024;17(8):1618–27. https://​doi.​org/​10.​
1002/​ase.​2462

	480.	 Kim IB, Joo KM, Song CH, Rhyu IJ. A brief review of anatomy ed-
ucation in Korea, encompassing its past, present, and future di-
rection. J Korean Med Sci. 2024;39(20):e159. https://​doi.​org/​10.​
3346/​jkms.​2024.​39.​e159

	481.	 Rao KH, Rao RH. Perspectives in medical education 8. Enhancing 
preclinical education in Japan with a clinically focused, interactive 
anatomy curriculum. Keio J Med. 2009;58(1):210–5.

	482.	 Atmadja DS, Untoro E. The usage of the voluntary cadaver in 
education of medicine through silent mentor program. Ind J Leg 
Forensic Sci. 2012;2(2):34–6.

	483.	 Walenna NF, Syarief LI, Nurhadi AA, de Jong PGM, Masadah R. 
Perceptions of students and teachers regarding the impact of 
cadaver-less online anatomy education on quality of learning, skills 
development, professional identity formation, and economics in 
medical students. Med Sci Educ. 2024;34(1):113–23. https://​doi.​
org/​10.​1007/​s4067​0-​023-​01932​-​7

	484.	 Yen SGS, Jalani SAM, Rushlan MAA, Hadie SNH, Minhat HS, Abas 
R. Anatomy education environment among pre-clinical medical 
students in Universiti Putra Malaysia using anatomy education en-
vironment measurement inventory. Educ Med J. 2021;13(3):21–9. 
https://​doi.​org/​10.​21315/​​eimj2​021.​13.3.​3

	485.	 Abu Bakar YI, Hassan A, Yusoff MSB, Kasim F, Abdul Manan Sulong 
H, Hadie SNH. A scoping review of effective teaching strategies in 
surface anatomy. Anat Sci Educ. 2022;15(1):166–77. https://​doi.​
org/​10.​1002/​ase.​2067

	486.	 Hisham SHA, Hadie SNH, Kasim F, Shamsuddin SA. From crisis 
to opportunity: enhancing anatomy education in a post-COVID 
world: the Universiti Sains Malaysia experience. Korean J Med 
Educ. 2024;36(4):435–43. https://​doi.​org/​10.​3946/​kjme.​2024.​
315

	487.	 Leung KK, Lu KS, Huang TS, Hsieh BS. Anatomy instruction in 
medical schools: connecting the past and the future. Adv Health 
Sci Educ Theory Pract. 2006;11(2):209–15. https://​doi.​org/​10.​
1007/​s1045​9-​005-​1256-​1

	488.	 Kawashiro Y, Anahara R, Kohno T, Mori C, Matsuno Y. Attitudes of 
healthcare students on gross anatomy laboratory sessions. Anat 
Sci Educ. 2009;2(6):273–9. https://​doi.​org/​10.​1002/​ase.​116

	489.	 Cheung CC, Yang J, Tipoe GL. Multifactorial learning challenges 
in anatomy: what is the niche in current research? Anat Sci Educ. 
2021;14(6):856–8. https://​doi.​org/​10.​1002/​ase.​2125

	490.	 Wang J, Li W, Dun A, Zhong N, Ye Z. 3D visualization technol-
ogy for learning human anatomy among medical students and 
residents: a meta- and regression analysis. BMC Med Educ. 
2024;24(1):461. https://​doi.​org/​10.​1186/​s1290​9-​024-​05403​-​4

	491.	 Cheung RCC, Chen B, Ho CCJ, Tipoe GL, Yang J. “Where is the 
spleen? Where are the lungs?”—an investigation of the level of 
anatomical knowledge of the Hong Kong public. Anat Sci Educ. 
2023;16(6):1209–17. https://​doi.​org/​10.​1002/​ase.​2318

	492.	 Chiou RJ, Tsai PF, Han DY. Impacts of a gross anatomy labora-
tory course on medical students' emotional reactions in Taiwan: 
the role of high-level emotions. BMC Med Educ. 2021;21(1):489. 
https://​doi.​org/​10.​1186/​s1290​9-​021-​02923​-​1

	493.	 Tsai PF, Han DY. Exploring factors influencing dental students' 
negative emotions during a gross anatomy laboratory in Taiwan. 
J Dent Sci. 2023;18(2):681–8. https://​doi.​org/​10.​1016/j.​jds.​2022.​
10.​011

	494.	 Park JT, Jang Y, Park MS, Pae C, Park J, Hu KS, et al. The trend of 
body donation for education based on Korean social and religious 
culture. Anat Sci Educ. 2011;4(1):33–8. https://​doi.​org/​10.​1002/​
ase.​198

	495.	 Jones DG, Nie JB. Does Confucianism allow for body donation? 
Anat Sci Educ. 2018;11(5):525–31. https://​doi.​org/​10.​1002/​ase.​
1771

	496.	 He Y, Liu Q, Wen H, Yuan L, Luo C, Yuan R, et al. The relationship 
between body donation and attitudes toward death and altruism 
in Changsha City in China. Anat Sci Educ. 2023;16(6):1200–8. 
https://​doi.​org/​10.​1002/​ase.​2309

	497.	 Oo EM, Saw KEE, Htun TZ, Latt ZZ. Motivational factors, atti-
tudes, and knowledge about the cadaveric body donation program 
among body donors in Myanmar. Anat Sci Educ. 2023;16(5):789–
801. https://​doi.​org/​10.​1002/​ase.​2282

	498.	 Zeng J, Leng C, Xue R, Luo Y, Tong Y, Li D, et al. Legislative harmo-
nization for body donation in mainland China: a call for national re-
form. Anat Sci Educ. 2025;18(9):1021–3. https://​doi.​org/​10.​1002/​
ase.​70089​

	499.	 Guo Y, Wang X, Gao Y, Yin H, Ma Q, Chen T. Flipped online teach-
ing of histology and embryology with design thinking: design, 
practice and reflection. BMC Med Educ. 2024;24(1):388. https://​
doi.​org/​10.​1186/​s1290​9-​024-​05373​-​7

	500.	 Zhong J, Li Z, Hu X, Wang L, Chen Y. Effectiveness comparison 
between blended learning of histology practical in flipped physi-
cal classrooms and flipped virtual classrooms for MBBS students. 
BMC Med Educ. 2022;22(1):795. https://​doi.​org/​10.​1186/​s1290​
9-​022-​03740​-​w

	501.	 Ang E-T, Liu P, Jitesh R, Chandrika M, Satish RL, Lian WQD, et al. 
The challenges of histology education. Clin Anat. 2023;36(2):308–
14. https://​doi.​org/​10.​1002/​ca.​23989​

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ase.2361
https://doi.org/10.1016/j.hpe.2017.11.001
https://doi.org/10.1016/j.hpe.2017.11.001
https://doi.org/10.1002/ase.1952
https://doi.org/10.1002/ase.151
https://doi.org/10.1002/ase.151
https://doi.org/10.1080/01421590600617251
https://doi.org/10.1128/jmbe.00100-23
https://doi.org/10.1128/jmbe.00100-23
https://doi.org/10.1002/ase.2407
https://doi.org/10.1002/ase.2407
https://doi.org/10.1002/ase.1286
https://doi.org/10.2196/33282
https://doi.org/10.2196/33282
https://doi.org/10.1002/ase.2139
https://doi.org/10.1002/ase.2139
https://doi.org/10.1002/ase.2462
https://doi.org/10.1002/ase.2462
https://doi.org/10.3346/jkms.2024.39.e159
https://doi.org/10.3346/jkms.2024.39.e159
https://doi.org/10.1007/s40670-023-01932-7
https://doi.org/10.1007/s40670-023-01932-7
https://doi.org/10.21315/eimj2021.13.3.3
https://doi.org/10.1002/ase.2067
https://doi.org/10.1002/ase.2067
https://doi.org/10.3946/kjme.2024.315
https://doi.org/10.3946/kjme.2024.315
https://doi.org/10.1007/s10459-005-1256-1
https://doi.org/10.1007/s10459-005-1256-1
https://doi.org/10.1002/ase.116
https://doi.org/10.1002/ase.2125
https://doi.org/10.1186/s12909-024-05403-4
https://doi.org/10.1002/ase.2318
https://doi.org/10.1186/s12909-021-02923-1
https://doi.org/10.1016/j.jds.2022.10.011
https://doi.org/10.1016/j.jds.2022.10.011
https://doi.org/10.1002/ase.198
https://doi.org/10.1002/ase.198
https://doi.org/10.1002/ase.1771
https://doi.org/10.1002/ase.1771
https://doi.org/10.1002/ase.2309
https://doi.org/10.1002/ase.2282
https://doi.org/10.1002/ase.70089
https://doi.org/10.1002/ase.70089
https://doi.org/10.1186/s12909-024-05373-7
https://doi.org/10.1186/s12909-024-05373-7
https://doi.org/10.1186/s12909-022-03740-w
https://doi.org/10.1186/s12909-022-03740-w
https://doi.org/10.1002/ca.23989


36  |    HORTSCH et al.

	502.	 Tian Y, Xiao W, Li C, Liu Y, Qin M, Wu Y, et al. Virtual microscopy 
system at Chinese medical university: an assisted teaching plat-
form for promoting active learning and problem-solving skills. BMC 
Med Educ. 2014;14:74. https://​doi.​org/​10.​1186/​1472-​6920-​14-​74

	503.	 Cheng X, Chan LK, Li H, Yang X. Histology and embryology edu-
cation in China: the current situation and changes over the past 
20 years. Anat Sci Educ. 2020;13(6):759–68. https://​doi.​org/​10.​
1002/​ase.​1956

	504.	 Zhong Y, Sun W, Zhou L, Tang M, Zhang W, Xu J, et al. Application 
of remote online learning in oral histopathology teaching in China. 
Med Oral Patol Oral Cir Bucal. 2021;26(4):e533–e540. https://​doi.​
org/​10.​4317/​medor​al.​24441​

	505.	 Chang JY, Lin TC, Wang LH, Cheng FC, Chiang CP. Comparison 
of virtual microscopy and real microscopy for learning oral pa-
thology laboratory course among dental students. J Dent Sci. 
2021;16(3):840–5. https://​doi.​org/​10.​1016/j.​jds.​2021.​03.​011

	506.	 Kim MH, Park YS, Seo D, Lim YJ, Kim D-I, Kim CW, et al. Virtual 
microscopy as a practical alternative to conventional microscopy 
in pathology education. Basic Appl Pathol. 2008;1:46–8. https://​
doi.​org/​10.​1111/j.​1755-​9294.​2008.​00006.​x

	507.	 Song JS, Yi SY, Oh HE. Experimental production and implemen-
tation of the pathology laboratory teaching material using virtual 
microscope. Korean J Med Educ. 2006;18:193–201.

	508.	 Song D-Y, OH S-P, Lee J-H, Yu H-N, Woo R-S, Lee M-Y, et  al. 
Development of human neuro-digital slides and neuro-atlas for 
neuroscience tutorial I (spinal cord and brain stem) [in Korean]. 
Korean J Phys Anthropol. 2010;23(4):177–86.

	509.	 Itoh K, Ogi H. Virtual microscopy system in global applica-
tions and challenges [in Japanese]. J Kyoto Pref Univ Med. 
2017;126(12):829–36.

	510.	 Takizawa T, Goto T, Ishibashi O, Luo S-S, Ishikawa T, Mori M, et al. 
Virtual microscopy of human full-term placenta: a new teaching 
tool for Anatomy education [in Japanese]. J Med Assoc Nippon 
Med School. 2008;4(4):170–1.

	511.	 Ambardini RL, Arovah NI, Indra EN. Enhancing histology learning 
in sport science education through a functional approach and vir-
tual microscopy practical session. J Sport Area. 2024;9(3):377–85. 
https://​doi.​org/​10.​25299/​​sport​area.​2024.​vol9(3).​16552​

	512.	 Islam A, Banerjee A, Wati SM, Roy B, Chatterjee K, Singhania KN. 
Whole slide imaging (WSI) versus traditional microscopy (TM) 
through evaluation of parameters in oral histopathology: a pilot 
study. J Pharm Bioallied Sci. 2024;16:S1685–S1689. https://​doi.​
org/​10.​4103/​jpbs.​jpbs_​1042_​23

	513.	 Ducut E, Liu F, Avila JM, Encinas MA, Diwa M, Fontelo P. 
Virtual microscopy in a developing country: a collaborative 
approach to building an image library. J eHealth Technol Appl. 
2010;8(2):112–5.

	514.	 Mantaring BSS, Tecson JV. Satisfaction of medical students in 
studying histology using virtual and light microscopy: a cross-
sectional study. Acta Med Philipp. 2023;57(10):26–51. https://​doi.​
org/​10.​47895/​​amp.​v57i10.​7180

	515.	 Cheng X, Ka Ho Lee K, Chang EY, Yang X. The “flipped classroom” 
approach: stimulating positive learning attitudes and improving 
mastery of histology among medical students. Anat Sci Educ. 
2017;10(4):317–27. https://​doi.​org/​10.​1002/​ase.​1664

	516.	 Zhong Y, Zhang Y, Sun W, Li L, Zhang W, Jiang Y, et  al. An 
outcomes-based module education via flipped classroom en-
hances undergraduate oral histopathology learning. BMC Med 
Educ. 2023;23(1):848. https://​doi.​org/​10.​1186/​s1290​9-​023-​
04753​-​9

	517.	 Narihan MZA, Ojep DNA, Ahadon M, Than TA, Law LS, Razali SA. 
Time to flip? Feedback from UNIMAS medical students towards 
implementation of flipped pathology classroom. Educ Med J. 
2023;15(1):41–58. https://​doi.​org/​10.​21315/​​eimj2​023.​15.1.​4

	518.	 Latiff AA, Kamarzaman S, Ab Manan N, Gopal Rampal K, Muniandy 
BK. Students’ perception on anatomy education in Cyberjaya 

University College of Medical Sciences, Malaysia. J Anat Soc India. 
2019;68:163–73. https://​doi.​org/​10.​4103/​JASI.​JASI_​46_​19

	519.	 Deng X, Zhou G, Xiao B, Zhao Z, He Y, Chen C. Effectiveness eval-
uation of digital virtual simulation application in teaching of gross 
anatomy. Ann Anat. 2018;218:276–82. https://​doi.​org/​10.​1016/j.​
aanat.​2018.​02.​014

	520.	 Mogali SR, Rotgans JI, Rosby L, Ferenczi MA, Low Beer N. 
Summative and formative style anatomy practical examinations: 
do they have impact on students' performance and drive for learn-
ing? Anat Sci Educ. 2020;13(5):581–90. https://​doi.​org/​10.​1002/​
ase.​1931

	521.	 Chung BS, Chung MS, Dai JX, Ouyang J. Differences of neuroanat-
omy education for large and small numbers of students in China 
and Korea. Int J Morphol. 2020;38(4):825–30.

	522.	 Guo Z, Heise N. Battling time restrictions with collective discourse: 
collaborative quizzes in a condensed human anatomy course. BMC 
Med Educ. 2024;24(1):1454. https://​doi.​org/​10.​1186/​s1290​9-​
024-​06416​-​9

	523.	 Lee SS, Samarasekera DD, Sim JH, Hong W-H, Foong CC, Pallath 
V, et al. Exploring the cultivation of self-regulated learning (SRL) 
strategies among pre-clinical medical students in two medical 
schools. Med Sci Edu. 2020;30:271–80. https://​doi.​org/​10.​1007/​
s4067​0-​019-​00894​-​z

	524.	 Worldometer. Countries in Oceania: Dadax Limited; 2024. 
Available from: https://​www.​world​omete​rs.​info/​popul​ation/​​
count​ries-​in-​ocean​ia-​by-​popul​ation/​​

	525.	 Worldometer. GDP per Capita 2022. Available from: https://​www.​
world​omete​rs.​info/​gdp/​gdp-​per-​capita/​

	526.	 uniRank University Rank™. Universities in Oceania - Higher ed-
ucation in Oceania. Canada Bay, New South Wales: uniRank 
University Rank™; 2024. Available from: https://​www.​4icu.​org/​
Ocean​ia/#:​~:​text=​Ocean​ian%​20Uni​versi​ties%​20Wor​ld%​20Rep​
resen​tatio​n&​text=​Accor​ding%​20to%​20the%​20uni​Rank%​20dat​
abase​,higher%​2Dedu​cation%​20ins​titut​ions%​20in%​20Oce​ania

	527.	 EduRank. Best universities for anatomy/physiology in Oceania El 
Briara. Brummana: EduRank; 2024. Available from: https://​edura​
nk.​org/​medic​ine/​physi​ology/​​oc/​

	528.	 Australian Medical Council. List of accredited medical schools. 
Canberra: Australian Medical Council Limited; 2024. Available 
from: https://​www.​amc.​org.​au/​accre​dited​-​organ​isati​ons/​medic​
al-​schoo​ls/​accre​dited​-​medic​al-​schoo​ls/​

	529.	 MacDonald A, Cooper M, Cooper C, Salcedo E, Lee L. No need to 
reinvent—augmenting a flipped class histology curriculum with a 
commercial online course. FASEB J. 2021;35(S1). https://​doi.​org/​
10.​1096/​fasebj.​2021.​35.​S1.​04579​

	530.	 Brown SJ, Power N, Bowmar A, Foster S. Student engagement in a 
human Anatomy and physiology course: a New Zealand perspec-
tive. Adv Physiol Educ. 2018;42(4):636–43. https://​doi.​org/​10.​
1152/​advan.​00035.​2018

	531.	 Acosta ML, Sisley A, Ross J, Brailsford I, Bhargava A, Jacobs R, 
et al. Student acceptance of e-learning methods in the laboratory 
class in optometry. PLoS One. 2018;13(12):e0209004. https://​doi.​
org/​10.​1371/​journ​al.​pone.​0209004

	532.	 Woodley SJ, Green RA, Webb AL. A core musculoskeletal anat-
omy syllabus for undergraduate physical therapy student educa-
tion. Clin Anat. 2023;36(2):190–223. https://​doi.​org/​10.​1002/​ca.​
23953​

	533.	 Corre PHC, Alexander A, Daniel BK, Wibowo E. Job prospects 
and career pathways for human anatomy graduates from the 
University of Otago: implications for student support and profes-
sional development. Anat Sci Educ. 2023;16(4):582–99. https://​
doi.​org/​10.​1002/​ase.​2243

	534.	 Willoughby BR, Flack N, Bird RJ, Woodley SJ. Motivation to learn 
in university science students studying anatomy: a mixed-methods 
analysis of what drives learning. Anat Sci Educ. 2024;17(4):818–
30. https://​doi.​org/​10.​1002/​ase.​2416

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1186/1472-6920-14-74
https://doi.org/10.1002/ase.1956
https://doi.org/10.1002/ase.1956
https://doi.org/10.4317/medoral.24441
https://doi.org/10.4317/medoral.24441
https://doi.org/10.1016/j.jds.2021.03.011
https://doi.org/10.1111/j.1755-9294.2008.00006.x
https://doi.org/10.1111/j.1755-9294.2008.00006.x
https://doi.org/10.25299/sportarea.2024.vol9(3).16552
https://doi.org/10.4103/jpbs.jpbs_1042_23
https://doi.org/10.4103/jpbs.jpbs_1042_23
https://doi.org/10.47895/amp.v57i10.7180
https://doi.org/10.47895/amp.v57i10.7180
https://doi.org/10.1002/ase.1664
https://doi.org/10.1186/s12909-023-04753-9
https://doi.org/10.1186/s12909-023-04753-9
https://doi.org/10.21315/eimj2023.15.1.4
https://doi.org/10.4103/JASI.JASI_46_19
https://doi.org/10.1016/j.aanat.2018.02.014
https://doi.org/10.1016/j.aanat.2018.02.014
https://doi.org/10.1002/ase.1931
https://doi.org/10.1002/ase.1931
https://doi.org/10.1186/s12909-024-06416-9
https://doi.org/10.1186/s12909-024-06416-9
https://doi.org/10.1007/s40670-019-00894-z
https://doi.org/10.1007/s40670-019-00894-z
https://www.worldometers.info/population/countries-in-oceania-by-population/
https://www.worldometers.info/population/countries-in-oceania-by-population/
https://www.worldometers.info/gdp/gdp-per-capita/
https://www.worldometers.info/gdp/gdp-per-capita/
https://www.4icu.org/Oceania/#:~:text=Oceanian Universities World Representation&text=According to the uniRank database,higher%2Deducation institutions in Oceania
https://www.4icu.org/Oceania/#:~:text=Oceanian Universities World Representation&text=According to the uniRank database,higher%2Deducation institutions in Oceania
https://www.4icu.org/Oceania/#:~:text=Oceanian Universities World Representation&text=According to the uniRank database,higher%2Deducation institutions in Oceania
https://www.4icu.org/Oceania/#:~:text=Oceanian Universities World Representation&text=According to the uniRank database,higher%2Deducation institutions in Oceania
https://edurank.org/medicine/physiology/oc/
https://edurank.org/medicine/physiology/oc/
https://www.amc.org.au/accredited-organisations/medical-schools/accredited-medical-schools/
https://www.amc.org.au/accredited-organisations/medical-schools/accredited-medical-schools/
https://doi.org/10.1096/fasebj.2021.35.S1.04579
https://doi.org/10.1096/fasebj.2021.35.S1.04579
https://doi.org/10.1152/advan.00035.2018
https://doi.org/10.1152/advan.00035.2018
https://doi.org/10.1371/journal.pone.0209004
https://doi.org/10.1371/journal.pone.0209004
https://doi.org/10.1002/ca.23953
https://doi.org/10.1002/ca.23953
https://doi.org/10.1002/ase.2243
https://doi.org/10.1002/ase.2243
https://doi.org/10.1002/ase.2416


    | 37HORTSCH et al.

	535.	 Stephens GC, Rees CE, Lazarus MD. How does donor dissection in-
fluence medical students' perceptions of ethics? A cross-sectional 
and longitudinal qualitative study. Anat Sci Educ. 2019;12(4):332–
48. https://​doi.​org/​10.​1002/​ase.​1877

	536.	 Stephens GC, Rees CE, Lazarus MD. Exploring the impact of edu-
cation on preclinical medical students' tolerance of uncertainty: a 
qualitative longitudinal study. Adv Health Sci Educ Theory Pract. 
2021;26(1):53–77. https://​doi.​org/​10.​1007/​s1045​9-​020-​09971​-​0

	537.	 Bertram JF. Experiences and lessons learned as a chair of anat-
omy—an 18-year journey. Anat Rec. 2020;303(10):2516–25. 
https://​doi.​org/​10.​1002/​ar.​24345​

	538.	 Lazarus MD, Gouda-Vossos A, Ziebell A, Brand G. Fostering un-
certainty tolerance in anatomy education: lessons learned from 
how humanities, arts and social science (HASS) educators develop 
learners' uncertainty tolerance. Anat Sci Educ. 2023;16(1):128–47. 
https://​doi.​org/​10.​1002/​ase.​2174

	539.	 Flack NAMS, Nicholson HD. What do medical students learn from 
dissection? Anat Sci Educ. 2018;11(4):325–35. https://​doi.​org/​10.​
1002/​ase.​1758

	540.	 Craig S, Tait N, Boers D, McAndrew D. Review of anatomy educa-
tion in Australian and New Zealand medical schools. ANZ J Surg. 
2010;80(4):212–6. https://​doi.​org/​10.​1111/j.​1445-​2197.​2010.​
05241.​x

	541.	 Trautman J, McAndrew D, Craig SJ. Anatomy teaching stuck in 
time? A 10-year follow-up of anatomy education in Australian and 
New Zealand medical schools. Aust J Educ. 2019;63(3):340–50. 
https://​doi.​org/​10.​1177/​00049​44119​878263

	542.	 Farey JE, Bui DT, Townsend D, Sureshkumar P, Carr S, Roberts 
C. Predictors of confidence in anatomy knowledge for work as a 
junior doctor: a national survey of Australian medical students. 
BMC Med Educ. 2018;18(1):174. https://​doi.​org/​10.​1186/​s1290​
9-​018-​1280-​5

	543.	 Power J, Dempsey P, Barry D, Slater G, McMenamin P, McNicholas 
M. Radiology perspective on anatomy teaching in Australia and 
New Zealand. Surg Radiol Anat. 2022;44(1):5–8. https://​doi.​org/​
10.​1007/​s0027​6-​021-​02811​-​9

	544.	 Wilson AN, Homer CSE. Third- and fourth-degree tears: a review 
of the current evidence for prevention and management. Aust N Z 
J Obstet Gynaecol. 2020;60(2):175–82. https://​doi.​org/​10.​1111/​
ajo.​13127​

	545.	 Newman HJ, Meyer AJ, Carr SE. Neuroanatomy teaching in 
Australian and New Zealand medical schools. World Neurosurg. 
2021;149:e217–e224. https://​doi.​org/​10.​1016/j.​wneu.​2021.​02.​
048

	546.	 Meyer AJ, Chapman JA. A slide into obscurity? The current state of 
histology education in Australian and Aotearoa New Zealand med-
ical curricula in 2022-2023. Anat Sci Educ. 2024;17(9):1694–705. 
https://​doi.​org/​10.​1002/​ase.​2518

	547.	 Hassan NM, Akhter R, Al-Aubaidy H, Flatau A. Undergraduate 
dental students' perceptions of head and neck anatomy teaching 
in Australia. Eur J Dent Educ. 2018;22(3):e337–e342. https://​doi.​
org/​10.​1111/​eje.​12299​

	548.	 Johnston S, Vaughan B. ‘We need one more hour solely based on 
anatomy… give us anatomy!’: Early-year learner perceptions of 
anatomy within an integrated & case-based learning osteopathy 
curriculum. Int J Osteopath Med. 2020;36:49–54. https://​doi.​org/​
10.​1016/j.​ijosm.​2020.​02.​001

	549.	 Browne CJ. Assessing the engagement rates and satisfaction lev-
els of various clinical health science student sub-groups using sup-
plementary eLearning resources in an introductory anatomy and 
physiology unit. Health Educ. 2019;119(1):2–17. https://​doi.​org/​
10.​1108/​He-​04-​2018-​0020

	550.	 Green RA, Whitburn LY, Zacharias A, Byrne G, Hughes DL. The re-
lationship between student engagement with online content and 
achievement in a blended learning anatomy course. Anat Sci Educ. 
2018;11(5):471–7. https://​doi.​org/​10.​1002/​ase.​1761

	551.	 Hulme AK, Luo K, Strkalj G. Musculoskeletal anatomy knowledge 
retention in the Macquarie University chiropractic program: a 
cross-sectional study. Anat Sci Educ. 2020;13(2):182–91. https://​
doi.​org/​10.​1002/​ase.​1879

	552.	 Douglas-Morris J, Ritchie H, Willis C, Reed D. Identification-based 
multiple-choice assessments in anatomy can be as reliable and 
challenging as their free-response equivalents. Anat Sci Educ. 
2021;14(3):287–95. https://​doi.​org/​10.​1002/​ase.​2068

	553.	 McDonald AC, Green RA, Zacharias A, Whitburn LY, Hughes DL, 
Colasante M, et  al. Anatomy students that are “team-taught” 
may achieve better results Than those that are “sole-taught”. 
Anat Sci Educ. 2021;14(1):43–51. https://​doi.​org/​10.​1002/​ase.​
1954

	554.	 Ritchie HE, Oakes D, Drury H, Ollerenshaw S, Hegedus E. Can 
drawing instruction help students with low visuospatial ability in 
learning anatomy? Anat Sci Educ. 2023;16(2):252–65. https://​doi.​
org/​10.​1002/​ase.​2230

	555.	 Fyfe S, Fyfe G, Dye D, Radley-Crabb H. The Anatomage table: 
differences in student ratings between initial implementation and 
established use. Focus Health Prof Ed. 2018;19(2):41–52.

	556.	 Langfield T, Colthorpe K, Ainscough L. Online instructional anat-
omy videos: student usage, self-efficacy, and performance in upper 
limb regional anatomy assessment. Anat Sci Educ. 2018;11(5):461–
70. https://​doi.​org/​10.​1002/​ase.​1756

	557.	 Shoecraft K, Massa H, Kenway L. Translanguaging pedagogies: 
using an action research approach to support English as an addi-
tional language (EAL) students in a first-year undergraduate anat-
omy course. J Engl Acad Purp. 2024;68:101357. https://​doi.​org/​
10.​1016/j.​jeap.​2024.​101357

	558.	 Abdel Meguid EM, Smith CF, Meyer AJ. Examining the motivation 
of health profession students to study human anatomy. Anat Sci 
Educ. 2020;13(3):343–52. https://​doi.​org/​10.​1002/​ase.​1919

	559.	 Diong J, Lee H, Reed D. The effect of face-to-face versus online 
learning on student performance in anatomy: an observational 
study using a causal inference approach. Discov Educ. 2023;2(3). 
https://​doi.​org/​10.​1007/​s4421​7-​022-​00027​-​6

	560.	 Jenkin RA, Keay KA. Body donor programs in Australia and New 
Zealand: current status and future opportunities. Anat Sci Educ. 
2025;18(3):301–28. https://​doi.​org/​10.​1002/​ase.​70004​

	561.	 Wang J, Beecher K, Chehrehasa F. Virtual dissection table case 
studies for undergraduate neuroanatomy written assignments. J 
Undergrad Neurosci Educ. 2024;22(3):A256–A264. https://​doi.​
org/​10.​59390/​​JDOG5046

	562.	 Moro C, Phelps C, Redmond P, Stromberga Z. HoloLens and mo-
bile augmented reality in medical and health science education: a 
randomised controlled trial. Br J Educ Technol. 2021;52(2):680–
94. https://​doi.​org/​10.​1111/​bjet.​13049​

	563.	 Zafar S, Zachar JJ. Evaluation of HoloHuman augmented reality 
application as a novel educational tool in dentistry. Eur J Dent 
Educ. 2020;24(2):259–65. https://​doi.​org/​10.​1111/​eje.​12492​

	564.	 Pather N, Blyth P, Chapman JA, Dayal MR, Flack N, Fogg QA, et al. 
Forced disruption of anatomy education in Australia and New 
Zealand: an acute response to the COVID-19 pandemic. Anat Sci 
Educ. 2020;13(3):284–300. https://​doi.​org/​10.​1002/​ase.​1968

	565.	 Flack NA, Nicholson HD. Historical perspective-anatomy down the 
ages in Australasia; lessons for the future. Clin Anat. 2016;29(1):4–
10. https://​doi.​org/​10.​1002/​ca.​22640​

	566.	 Diaz CM, Linden K, Solyali V. Novel and innovative approaches to 
teaching human anatomy classes in an online environment during 
a pandemic. Med Sci Educ. 2021;31:1703–13. https://​doi.​org/​10.​
1007/​s4067​0-​021-​01363​-​2

	567.	 Downie C, Burke M. Constructive alignment: teaching introduc-
tory gross anatomy to sport science students. Anat Sci Educ. 
2024;17(1):47–54. https://​doi.​org/​10.​1002/​ase.​2338

	568.	 Jones K, Miller DJ, Noble P. Did the rapid transition to online 
learning in response to COVID-19 impact students' cognitive 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ase.1877
https://doi.org/10.1007/s10459-020-09971-0
https://doi.org/10.1002/ar.24345
https://doi.org/10.1002/ase.2174
https://doi.org/10.1002/ase.1758
https://doi.org/10.1002/ase.1758
https://doi.org/10.1111/j.1445-2197.2010.05241.x
https://doi.org/10.1111/j.1445-2197.2010.05241.x
https://doi.org/10.1177/0004944119878263
https://doi.org/10.1186/s12909-018-1280-5
https://doi.org/10.1186/s12909-018-1280-5
https://doi.org/10.1007/s00276-021-02811-9
https://doi.org/10.1007/s00276-021-02811-9
https://doi.org/10.1111/ajo.13127
https://doi.org/10.1111/ajo.13127
https://doi.org/10.1016/j.wneu.2021.02.048
https://doi.org/10.1016/j.wneu.2021.02.048
https://doi.org/10.1002/ase.2518
https://doi.org/10.1111/eje.12299
https://doi.org/10.1111/eje.12299
https://doi.org/10.1016/j.ijosm.2020.02.001
https://doi.org/10.1016/j.ijosm.2020.02.001
https://doi.org/10.1108/He-04-2018-0020
https://doi.org/10.1108/He-04-2018-0020
https://doi.org/10.1002/ase.1761
https://doi.org/10.1002/ase.1879
https://doi.org/10.1002/ase.1879
https://doi.org/10.1002/ase.2068
https://doi.org/10.1002/ase.1954
https://doi.org/10.1002/ase.1954
https://doi.org/10.1002/ase.2230
https://doi.org/10.1002/ase.2230
https://doi.org/10.1002/ase.1756
https://doi.org/10.1016/j.jeap.2024.101357
https://doi.org/10.1016/j.jeap.2024.101357
https://doi.org/10.1002/ase.1919
https://doi.org/10.1007/s44217-022-00027-6
https://doi.org/10.1002/ase.70004
https://doi.org/10.59390/JDOG5046
https://doi.org/10.59390/JDOG5046
https://doi.org/10.1111/bjet.13049
https://doi.org/10.1111/eje.12492
https://doi.org/10.1002/ase.1968
https://doi.org/10.1002/ca.22640
https://doi.org/10.1007/s40670-021-01363-2
https://doi.org/10.1007/s40670-021-01363-2
https://doi.org/10.1002/ase.2338


38  |    HORTSCH et al.

load and performance in veterinary anatomy? J Vet Med Educ. 
2025;52(1):70–80. https://​doi.​org/​10.​3138/​jvme-​2023-​0135

	569.	 Vitali J, Blackmore C, Mortazavi S, Anderton R. Tertiary anatomy 
and physiology, a barrier for student success. Int J High Educ. 
2020;9(2):289–96. https://​doi.​org/​10.​5430/​ijhe.​v9n2p289

	570.	 Guy R, Byrne B, Dobos M. Optional anatomy and physiology e-
learning resources: student access, learning approaches, and aca-
demic outcomes. Adv Physiol Educ. 2018;42(1):43–9. https://​doi.​
org/​10.​1152/​advan.​00007.​2017

	571.	 White LJ, McGowan HW, McDonald AC. The effect of content de-
livery style on student performance in Anatomy. Anat Sci Educ. 
2019;12(1):43–51. https://​doi.​org/​10.​1002/​ase.​1787

	572.	 Dolic M, Peng Y, Dhingra K, Lee K, McInerney J. ePortfolios: 
enhancing confidence in student radiographers' communication 
of radiographic anatomy and pathology. A cross-sectional study. 
J Med Radiat Sci. 2024;71(3):403–11. https://​doi.​org/​10.​1002/​
jmrs.​787

	573.	 Giuriato R, Strkalj G, Prvan T, Pather N. Musculoskeletal anatomy 
core syllabus for Australian chiropractic programs: a pilot study. 
J Chipropr Educ. 2022;36(2):117–23. https://​doi.​org/​10.​7899/​
Jce-​21-​18

	574.	 Anderson W. A discussion on art in its relation to Anatomy. Br Med 
J. 1895;2:349–58.

	575.	 Turney BW. Anatomy in a modern medical curriculum. Ann R Coll 
Surg Engl. 2007;89(2):104–7. https://​doi.​org/​10.​1308/​00358​
8407X​168244

	576.	 Syed Abd Halim SA, Yusoff MSB, Yaman MN, Roslan NS, Tengku 
Muda TFM, Ramli RR, et  al. The need to identify anatomy-
related competencies in medical education. Anat Sci Educ. 
2024;17(9):1659–67. https://​doi.​org/​10.​1002/​ase.​2515

	577.	 Peranich L, Reynolds KB, O'Brien S, Bosch J, Cranfill T. The roles of 
occupational therapy, physical therapy, and speech/language pa-
thology in primary care. J Nurse Pract. 2010;6(1):36–43. https://​
doi.​org/​10.​1016/j.​nurpra.​2009.​08.​021

	578.	 Carroll MA, Lawson K. The intermingled history of occupational 
therapy and anatomical education: a retrospective exploration. 
Anat Sci Educ. 2014;7(6):494–500. https://​doi.​org/​10.​1002/​ase.​
1451

	579.	 Schofield KA. Anatomy in occupational therapy program curricu-
lum: practitioners' perspectives. Anat Sci Educ. 2014;7(2):97–106. 
https://​doi.​org/​10.​1002/​ase.​1378

	580.	 Sheikh AH, Barry DS, Gutierrez H, Cryan JF, O'Keeffe GW. 
Cadaveric anatomy in the future of medical education: what is the 
surgeons view? Anat Sci Educ. 2016;9(2):203–8. https://​doi.​org/​
10.​1002/​ase.​1560

	581.	 Macklin CC. The relation of histology to pathology. J Assoc Am 
Med Coll. 1935;10(5):265–84.

	582.	 Kumar RK, Freeman B, Velan GM, De Permentier PJ. Integrating 
histology and histopathology teaching in practical classes using 
virtual slides. Anat Rec. 2006;289(4):128–33. https://​doi.​org/​10.​
1002/​ar.b.​20105​

	583.	 Nivala M, Lehtinen E, Helle L, Kronqvist P, Paranko J, Saljo R. 
Histological knowledge as a predictor of medical students' per-
formance in diagnostic pathology. Anat Sci Educ. 2013;6(6):361–7. 
https://​doi.​org/​10.​1002/​ase.​1352

	584.	 Al Khader A, Obeidat FN, Abu Shahin N, Khouri NA, Kaddumi EG, 
Al Qa'qa' S, et al. Medical students' perceptions of pathology and 
a proposed curricular integration with histology: a future vision 
of curricular change. Int J Morphol. 2020;38(1):38–42. https://​doi.​
org/​10.​4067/​S0717​-​95022​02000​0100038

	585.	 Tubbs RS, Sorenson EP, Sharma A, Benninger B, Norton N, Loukas 
M, et  al. The development of a core syllabus for the teach-
ing of head and neck anatomy to medical students. Clin Anat. 
2014;27(3):321–30. https://​doi.​org/​10.​1002/​ca.​22353​

	586.	 Webb EM, Naeger DM, Fulton TB, Straus CM. Learning objec-
tives in radiology education: why you need them and how to write 

them. Acad Radiol. 2013;20(3):358–63. https://​doi.​org/​10.​1016/j.​
acra.​2012.​10.​003

	587.	 Rowland KC, Joy A. The gross anatomy laboratory: a novel venue 
for critical thinking and interdisciplinary teaching in dental educa-
tion. J Dent Educ. 2015;79(3):295–300. https://​doi.​org/​10.​1002/j.​
0022-​0337.​2015.​79.3.​tb058​84.​x

	588.	 Wainman B, Aggarwal A, Birk SK, Gill JS, Hass KS, Fenesi B. Virtual 
dissection: an interactive anatomy learning tool. Anat Sci Educ. 
2021;14(6):788–98. https://​doi.​org/​10.​1002/​ase.​2035

	589.	 Birbara NS, Pather N. Instructional design of virtual learning re-
sources for anatomy education. Adv Exp Med Biol. 2021;1317:75–
110. https://​doi.​org/​10.​1007/​978-​3-​030-​61125​-​5_​5

	590.	 Graziani GC, Bocchi M, Gouvea ESLF, Fornaziero CC, Fernandes 
EV. Technologies for studying and teaching human anatomy: im-
plications in academic education. Med Sci Educ. 2024;34(5):1203–
14. https://​doi.​org/​10.​1007/​s4067​0-​024-​02079​-​9

	591.	 Chang Chan AY, Ten Cate O, Wammes E, Custers EJFM, van 
Leeuwen MS, Bleys RLAW. Comparing medical student interest 
in gross anatomy learning and teaching across different cultures. J 
Med Educ Train. 2020;4(2):050.

	592.	 Miller SA, Perrotti W, Silverthorn DU, Dalley AF, Rarey KE. From 
college to clinic: reasoning over memorization is key for under-
standing anatomy. Anat Rec. 2002;269(2):69–80. https://​doi.​org/​
10.​1002/​ar.​10071​

	593.	 Cake MA. Deep dissection: motivating students beyond rote 
learning in veterinary anatomy. J Vet Med Educ. 2006;33(2):266–
71. https://​doi.​org/​10.​3138/​jvme.​33.2.​266

	594.	 Wilhelmsson N, Dahlgren LO, Hult H, Scheja M, Lonka K, 
Josephson A. The anatomy of learning anatomy. Adv Health Sci 
Educ Theory Pract. 2010;15(2):153–65. https://​doi.​org/​10.​1007/​
s1045​9-​009-​9171-​5

	595.	 Navarchuk N, Guzik O. Anatomy teaching as an art of high-quality 
memorization, clinical representation and practical use. Curr 
Issues Soc Stud Hist Med. 2017;4(16):10–3. https://​doi.​org/​10.​
24061/​​2411-​6181.4.​2017.​115

	596.	 McBride JM, Prayson RA. Development of a synergistic case-
based microanatomy curriculum. Anat Sci Educ. 2008;1(3):102–5. 
https://​doi.​org/​10.​1002/​ase.​21

	597.	 Eisenstein A, Vaisman L, Johnston-Cox H, Gallan A, Shaffer K, 
Vaughan D, et  al. Integration of basic science and clinical medi-
cine: the innovative approach of the cadaver biopsy project at the 
Boston University School of Medicine. Acad Med. 2014;89(1):50–
3. https://​doi.​org/​10.​1097/​ACM.​00000​00000​000054

	598.	 King TS, Sharma R, Jackson J, Fiebelkorn KR. Clinical case-
based image portfolios in medical histopathology. Anat Sci Educ. 
2019;12(2):200–9. https://​doi.​org/​10.​1002/​ase.​1794

	599.	 Singh K, Bharatha A, Sa B, Adams OP, Majumder AA. Teaching 
anatomy using an active and engaging learning strategy. BMC 
Med Educ. 2019;19(1):149. https://​doi.​org/​10.​1186/​s1290​9-​0​
19-​1590-​2

	600.	 Xiao J. Improving student learning and performance through 
a continuous flipped anatomy teaching model. Anat Sci Educ. 
2024;17(2):219–26. https://​doi.​org/​10.​1002/​ase.​2351

	601.	 Collins TJ, Given RL, Hulsebosch CE, Miller BT. Status of gross 
anatomy in the U.S. and Canada: dilemma for the 21st century. 
Clin Anat. 1994;7:275–96. https://​doi.​org/​10.​1002/​ca.​98007​0509

	602.	 McCuskey RS, Carmichael SW, Kirch DG. The importance of anat-
omy in health professions education and the shortage of qualified 
educators. Acad Med. 2005;80(4):349–51. https://​doi.​org/​10.​
1097/​00001​888-​20050​4000-​00008​

	603.	 Langley NR, Butaric LN. Anatomical sciences education among 
biological anthropology graduates: a solution to the dearth of 
Anatomy educators? Med Sci Educ. 2020;30(1):129–37. https://​
doi.​org/​10.​1007/​s4067​0-​019-​00809​-​y

	604.	 Wilson AB, Notebaert AJ, Schaefer AF, Moxham BJ, Stephens 
S, Mueller C, et  al. A look at the anatomy educator job market: 

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3138/jvme-2023-0135
https://doi.org/10.5430/ijhe.v9n2p289
https://doi.org/10.1152/advan.00007.2017
https://doi.org/10.1152/advan.00007.2017
https://doi.org/10.1002/ase.1787
https://doi.org/10.1002/jmrs.787
https://doi.org/10.1002/jmrs.787
https://doi.org/10.7899/Jce-21-18
https://doi.org/10.7899/Jce-21-18
https://doi.org/10.1308/003588407X168244
https://doi.org/10.1308/003588407X168244
https://doi.org/10.1002/ase.2515
https://doi.org/10.1016/j.nurpra.2009.08.021
https://doi.org/10.1016/j.nurpra.2009.08.021
https://doi.org/10.1002/ase.1451
https://doi.org/10.1002/ase.1451
https://doi.org/10.1002/ase.1378
https://doi.org/10.1002/ase.1560
https://doi.org/10.1002/ase.1560
https://doi.org/10.1002/ar.b.20105
https://doi.org/10.1002/ar.b.20105
https://doi.org/10.1002/ase.1352
https://doi.org/10.4067/S0717-95022020000100038
https://doi.org/10.4067/S0717-95022020000100038
https://doi.org/10.1002/ca.22353
https://doi.org/10.1016/j.acra.2012.10.003
https://doi.org/10.1016/j.acra.2012.10.003
https://doi.org/10.1002/j.0022-0337.2015.79.3.tb05884.x
https://doi.org/10.1002/j.0022-0337.2015.79.3.tb05884.x
https://doi.org/10.1002/ase.2035
https://doi.org/10.1007/978-3-030-61125-5_5
https://doi.org/10.1007/s40670-024-02079-9
https://doi.org/10.1002/ar.10071
https://doi.org/10.1002/ar.10071
https://doi.org/10.3138/jvme.33.2.266
https://doi.org/10.1007/s10459-009-9171-5
https://doi.org/10.1007/s10459-009-9171-5
https://doi.org/10.24061/2411-6181.4.2017.115
https://doi.org/10.24061/2411-6181.4.2017.115
https://doi.org/10.1002/ase.21
https://doi.org/10.1097/ACM.0000000000000054
https://doi.org/10.1002/ase.1794
https://doi.org/10.1186/s12909-019-1590-2
https://doi.org/10.1186/s12909-019-1590-2
https://doi.org/10.1002/ase.2351
https://doi.org/10.1002/ca.980070509
https://doi.org/10.1097/00001888-200504000-00008
https://doi.org/10.1097/00001888-200504000-00008
https://doi.org/10.1007/s40670-019-00809-y
https://doi.org/10.1007/s40670-019-00809-y


    | 39HORTSCH et al.

anatomists remain in short supply. Anat Sci Educ. 2020;13(1):91–
101. https://​doi.​org/​10.​1002/​ase.​1895

	605.	 Wilson AB, Kaza N, Singpurwalla DJ, Brooks WS. Are Anatomy 
PhDs nearing extinction or adapting to change? United States 
graduate education trends in the anatomical sciences. Anat Sci 
Educ. 2021;14(4):432–9. https://​doi.​org/​10.​1002/​ase.​2013

	606.	 Edwards DN, Meyer ER, Brooks WS, Wilson AB. Faculty retire-
ments will likely exacerbate the anatomy educator shortage. Anat 
Sci Educ. 2023;16(4):618–28. https://​doi.​org/​10.​1002/​ase.​2217

	607.	 Hagopian A, Thompson MJ, Fordyce M, Johnson KE, Hart LG. The 
migration of physicians from sub-Saharan Africa to The United 
States of America: measures of the African brain drain. Hum Resour 
Health. 2004;2(1):17. https://​doi.​org/​10.​1186/​1478-​4491-​2-​17

	608.	 Shinwari SA, Currie C, Kumpf J. Brain drain in global health. Mil 
Med. 2021;186(7–8):175–7. https://​doi.​org/​10.​1093/​milmed/​
usaa569

	609.	 Cahill DR, Leonard RJ. Missteps and masquerade in American 
medical academe: clinical anatomists call for action. Clin 
Anat. 1999;12(3):220–2. https://​doi.​org/​10.​1002/​(SICI)​1098-​
2353(1999)​12:​3<​220::​AID-​CA14>​3.0.​CO;​2-​K

	610.	 Bergman EM, Verheijen IW, Scherpbier AJ, Van der Vleuten CP, 
De Bruin AB. Influences on anatomical knowledge: the complete 
arguments. Clin Anat. 2014;27(3):296–303. https://​doi.​org/​10.​
1002/​ca.​22341​

	611.	 Brokaw JJ, O'Loughlin VD. Implementation of an education-
focused PhD program in anatomy and cell biology at Indiana 
University: lessons learned and future challenges. Anat Sci Educ. 
2015;8(3):258–65. https://​doi.​org/​10.​1002/​ase.​1482

	612.	 Doss AA, Brooks WS. Gross anatomy for teacher education (GATE): 
educating the anatomy educator. HAPS Educ. 2016;20(2):46–50. 
https://​doi.​org/​10.​21692/​​haps.​2016.​006

	613.	 Jalali A, Ramnanan CJ. An innovative master in anatomy: com-
bining anatomy with educational scholarship. J Med Educat Curri 
Develop. 2023;10:23821205231183866. https://​doi.​org/​10.​
1177/​23821​20523​1183866

	614.	 Singer R. Problems relating to the present image of Anatomy. J 
Natl Med Assoc. 1969;61(3):383–6.

	615.	 Regan de Bere S, Petersen A. Out of the dissecting room: news 
media portrayal of human anatomy teaching and research. Soc 
Sci Med. 2006;63(1):76–88. https://​doi.​org/​10.​1016/j.​socsc​imed.​
2005.​12.​011

	616.	 Taylor AM, Diggle P, Wessels Q. What do the public know about 
anatomy? Anatomy education to the public and the implications. 
Anat Sci Educ. 2018;11(2):117–23. https://​doi.​org/​10.​1002/​ase.​
1746

	617.	 Dueñas AN, Tiffin PA, Finn GM. Anatomy outreach: a concep-
tual model of shared purposes and processes. Anat Sci Educ. 
2024;17(7):1445–60. https://​doi.​org/​10.​1002/​ase.​2478

	618.	 Thompson AR, O'Loughlin VD. The Blooming Anatomy Tool 
(BAT): a discipline-specific rubric for utilizing Bloom's taxonomy 
in the design and evaluation of assessments in the anatomical sci-
ences. Anat Sci Educ. 2015;8:493–501. https://​doi.​org/​10.​1002/​
ase.​1507

	619.	 de Oliveira LF, Ribeiro AB, Colombo PB, Makrakis LR, Silva-Lovato 
CH, Ribeiro AB. Using disruptive technologies in the anatomy dis-
cipline after the COVID-19 pandemic: a scoping review. Med Sci 
Educ. 2024;34(5):1215–29. https://​doi.​org/​10.​1007/​s4067​0-​024-​
02080​-​2

	620.	 Thintharua P, Dharmasaroja P. Technologies-enhanced anatomi-
cal study in undergraduate medical students in one of the med-
ical schools in Thailand. Ramathibodi Med J. 2021;44(4):44–51 
https://​doi.​org/​10.​33165/​​rmj.​2021.​44.4.​250876

	621.	 Raja BS, Chandra A, Azam MQ, Das S, Agarwal A. Anatomage—the 
virtual dissection tool and its uses: a narrative review. J Postgrad 
Med. 2022;68(3):156–61. https://​doi.​org/​10.​4103/​jpgm.​jpgm_​
1210_​21

	622.	 Chapman JA. Chapman Histology: YouTube. 2023. Available from: 
https://​www.​youtu​be.​com/​chann​el/​UCvSv​CkHjC​bHn8a​Gd6OP​
no_​A

	623.	 Lee LMJ, Goldman HM, Hortsch M. The virtual microscopy 
database-sharing digital microscope images for research and edu-
cation. Anat Sci Educ. 2018;11(5):510–5. https://​doi.​org/​10.​1002/​
ase.​1774

	624.	 Vilburn M, Simet S. Virtual Dissection Database (VDD). 
Rockville, MD: American Association for Anatomy; 2024. 
Available from: https://​www.​virtu​aldis​secti​ondat​abase.​com/​
accou​nt/​login​

	625.	 Wu A, Kielstein H, Sakurai T, N'oel G, Viranta-Kovanen S, Chien 
C-L, et  al. Internationalization of medical education—building a 
program to prepare future leaders in healthcare. Med Sci Educ. 
2019;29:535–47. https://​doi.​org/​10.​1007/​s4067​0-​019-​00695​-​4

	626.	 Wu A, Choi E, Diderich M, Shamim A, Rahhal Z, Mitchell M, et al. 
Internationalization of medical education—motivations and for-
mats of current practices. Med Sci Educ. 2022;32(3):733–45. 
https://​doi.​org/​10.​1007/​s4067​0-​022-​01553​-​6

	627.	 Pollock JD, Love TP, Steffes BC, Thompson DC, Mellinger J, Haisch 
C. Is it possible to train surgeons for rural Africa? A report of a 
successful international program. World J Surg. 2011;35(3):493–9. 
https://​doi.​org/​10.​1007/​s0026​8-​010-​0936-​z

	628.	 Kolars JC, Cahill K, Donkor P, Kaaya E, Lawson A, Serwadda D, 
et al. Perspective: partnering for medical education in sub-Saharan 
Africa: seeking the evidence for effective collaborations. Acad 
Med. 2012;87(2):216–20. https://​doi.​org/​10.​1097/​ACM.​0b013​
e3182​3ede39

	629.	 Kiguli S, Mubuuke R, Baingana R, Kijjambu S, Maling S, Waako P, 
et al. A consortium approach to competency-based undergradu-
ate medical education in Uganda: process, opportunities and chal-
lenges. Educ Health. 2014;27(2):163–9. https://​doi.​org/​10.​4103/​
1357-​6283.​143774

	630.	 Kumar R, Singh R. Model pedagogy of human anatomy in medical 
education. Surg Radiol Anat. 2020;42(3):355–65. https://​doi.​org/​
10.​1007/​s0027​6-​019-​02331​-​7

	631.	 Pizzimenti MA, Pantazis N, Sandra A, Hoffmann DS, Lenoch S, 
Ferguson KJ. Dissection and dissection-associated required ex-
periences improve student performance in gross anatomy: differ-
ences among quartiles. Anat Sci Educ. 2016;9(3):238–46. https://​
doi.​org/​10.​1002/​ase.​1574

	632.	 Thompson AR, Marshall AM. Participation in dissection affects 
student performance on gross anatomy practical and written 
examinations: results of a four-year comparative study. Anat Sci 
Educ. 2020;13(1):30–6. https://​doi.​org/​10.​1002/​ase.​1859

	633.	 Das M, Claeson KM, Lowrie DJ Jr, Bolender DL, Fredieu JR, 
Guttman G, et al. A guide to competencies, educational goals, and 
learning objectives for teaching human embryology in an under-
graduate medical education setting. Med Sci Educ. 2018;28:417–
28. https://​doi.​org/​10.​1007/​s4067​0-​018-​0542-​5

	634.	 Das M, Ettarh R, Lowrie DJ Jr, Rengasamy P, Lee LMJ, Williams JM, 
et al. A guide to competencies, educational goals, and learning ob-
jectives for teaching medical histology in an undergraduate medi-
cal education setting. Med Sci Educ. 2019;29:523–34. https://​doi.​
org/​10.​1007/​s4067​0-​018-​00688​-​9

	635.	 Chen D, Zhang Q, Deng J, Cai Y, Huang J, Li F, et al. A shortage of 
cadavers: the predicament of regional anatomy education in main-
land China. Anat Sci Educ. 2018;11(4):397–402. https://​doi.​org/​
10.​1002/​ase.​1788

	636.	 Van Nuland SE, Rogers KA. The skeletons in our closet: E-learning 
tools and what happens when one side does not fit all. Anat Sci 
Educ. 2017;10(6):570–88. https://​doi.​org/​10.​1002/​ase.​1708

	637.	 Marom A. The birth, death, and renaissance (?) of dissection: a cri-
tique of anatomy teaching with-or without-the human body. Acad 
Med. 2020;95(7):999–1005. https://​doi.​org/​10.​1097/​ACM.​00000​
00000​003090

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ase.1895
https://doi.org/10.1002/ase.2013
https://doi.org/10.1002/ase.2217
https://doi.org/10.1186/1478-4491-2-17
https://doi.org/10.1093/milmed/usaa569
https://doi.org/10.1093/milmed/usaa569
https://doi.org/10.1002/(SICI)1098-2353(1999)12:3%3C220::AID-CA14%3E3.0.CO;2-K
https://doi.org/10.1002/(SICI)1098-2353(1999)12:3%3C220::AID-CA14%3E3.0.CO;2-K
https://doi.org/10.1002/ca.22341
https://doi.org/10.1002/ca.22341
https://doi.org/10.1002/ase.1482
https://doi.org/10.21692/haps.2016.006
https://doi.org/10.1177/23821205231183866
https://doi.org/10.1177/23821205231183866
https://doi.org/10.1016/j.socscimed.2005.12.011
https://doi.org/10.1016/j.socscimed.2005.12.011
https://doi.org/10.1002/ase.1746
https://doi.org/10.1002/ase.1746
https://doi.org/10.1002/ase.2478
https://doi.org/10.1002/ase.1507
https://doi.org/10.1002/ase.1507
https://doi.org/10.1007/s40670-024-02080-2
https://doi.org/10.1007/s40670-024-02080-2
https://doi.org/10.33165/rmj.2021.44.4.250876
https://doi.org/10.4103/jpgm.jpgm_1210_21
https://doi.org/10.4103/jpgm.jpgm_1210_21
https://www.youtube.com/channel/UCvSvCkHjCbHn8aGd6OPno_A
https://www.youtube.com/channel/UCvSvCkHjCbHn8aGd6OPno_A
https://doi.org/10.1002/ase.1774
https://doi.org/10.1002/ase.1774
https://www.virtualdissectiondatabase.com/account/login
https://www.virtualdissectiondatabase.com/account/login
https://doi.org/10.1007/s40670-019-00695-4
https://doi.org/10.1007/s40670-022-01553-6
https://doi.org/10.1007/s00268-010-0936-z
https://doi.org/10.1097/ACM.0b013e31823ede39
https://doi.org/10.1097/ACM.0b013e31823ede39
https://doi.org/10.4103/1357-6283.143774
https://doi.org/10.4103/1357-6283.143774
https://doi.org/10.1007/s00276-019-02331-7
https://doi.org/10.1007/s00276-019-02331-7
https://doi.org/10.1002/ase.1574
https://doi.org/10.1002/ase.1574
https://doi.org/10.1002/ase.1859
https://doi.org/10.1007/s40670-018-0542-5
https://doi.org/10.1007/s40670-018-00688-9
https://doi.org/10.1007/s40670-018-00688-9
https://doi.org/10.1002/ase.1788
https://doi.org/10.1002/ase.1788
https://doi.org/10.1002/ase.1708
https://doi.org/10.1097/ACM.0000000000003090
https://doi.org/10.1097/ACM.0000000000003090


40  |    HORTSCH et al.

	638.	 Nzenwa IC, Iqbal HA, Bazira PJ. Exploring the inclusion of anatom-
ical variation in medical education. Anat Sci Educ. 2023;16(3):531–
46. https://​doi.​org/​10.​1002/​ase.​2254

	639.	 Zureick AH, Burk-Rafel J, Purkiss JA, Hortsch M. The interrupted 
learner: how distractions during live and video lectures influence 
learning outcomes. Anat Sci Educ. 2018;11(4):366–76. https://​doi.​
org/​10.​1002/​ase.​1754

	640.	 Hortsch M, Rompolski K. The freedom to teach (at the best). Anat 
Sci Educ. 2022;16(2):189–95. https://​doi.​org/​10.​1002/​ase.​2240

	641.	 Holden H, Rada R. Understanding the influence of perceived us-
ability and technology self-efficacy on teachers’ technology ac-
ceptance. J Res Technol Educ. 2011;43(4):343–67. https://​doi.​org/​
10.​1080/​15391​523.​2011.​10782576

	642.	 Yohannan DG, Reshmi R, Hortsch M. The importance of the 
human element in teaching the anatomical sciences. Surg Radiol 
Anat. 2022;44(4):499–500. https://​doi.​org/​10.​1007/​s0027​6-​022-​
02913​-​y

	643.	 Estevez ME, Lindgren KA, Bergethon PR. A novel three-
dimensional tool for teaching human neuroanatomy. Anat Sci 
Educ. 2010;3(6):309–17. https://​doi.​org/​10.​1002/​ase.​186

	644.	 DeHoff ME, Clark KL, Meganathan K. Learning outcomes and 
student-perceived value of clay modeling and cat dissection 
in undergraduate human anatomy and physiology. Adv Physiol 
Educ. 2011;35(1):68–75. https://​doi.​org/​10.​1152/​advan.​00094.​
2010

	645.	 Khot Z, Quinlan K, Norman GR, Wainman B. The relative effec-
tiveness of computer-based and traditional resources for educa-
tion in anatomy. Anat Sci Educ. 2013;6(4):211–5. https://​doi.​org/​
10.​1002/​ase.​1355

	646.	 Preece D, Williams SB, Lam R, Weller R. “Let's get physical”: advan-
tages of a physical model over 3D computer models and textbooks 
in learning imaging anatomy. Anat Sci Educ. 2013;6(4):216–24. 
https://​doi.​org/​10.​1002/​ase.​1345

	647.	 Hildebrandt S. How the Pernkopf controversy facilitated a his-
torical and ethical analysis of the anatomical sciences in Austria 
and Germany: a recommendation for the continued use of the 
Pernkopf atlas. Clin Anat. 2006;19(2):91–100. https://​doi.​org/​10.​
1002/​ca.​20272​

	648.	 Hildebrandt S. Books, bones and bodies: the relevance of the his-
tory of anatomy in Nazi Germany for medical education today. 
Anat Rec. 2022;305(4):886–901. https://​doi.​org/​10.​1002/​ar.​
24691​

	649.	 Winkelmann A. The Anatomische Gesellschaft and National 
Socialism—a preliminary analysis based on the society proceed-
ings. Ann Anat. 2012;194(3):243–50. https://​doi.​org/​10.​1016/j.​
aanat.​2011.​11.​010

	650.	 Weindling P. “Cleansing” anatomical collections: the politics of re-
moving specimens from German anatomical and medical collec-
tions 1988–92. Ann Anat. 2012;194(3):237–42. https://​doi.​org/​10.​
1016/j.​aanat.​2012.​02.​003

	651.	 Cornwall J, Hildebrandt S, Champney TH, Billings B, Schmitt B, 
Winkelmann A. IFAA recommendations for the ethical use of an-
atomical images. Anat Sci Educ. 2024;17(1):7–10. https://​doi.​org/​
10.​1002/​ase.​2349

	652.	 El-Haddad J, Pather N. Developing an ethical framework for in-
formed consent using human fetal and embryological collections: 
an Australian perspective. Anat Sci Educ. 2025;18(2):192–208. 
https://​doi.​org/​10.​1002/​ase.​2548

	653.	 Huffer D, Graham S. These were people once: the online trade 
in human remains and why it matters. New York, NY: Berghahn 
Books; 2023. 236 p. https://​doi.​org/​10.​3167/​97818​05390862

	654.	 Agarwal SC. The disposability and inclusion of Brown bodies. Am 
J Biol Anthropol. 2024;186(1):e25003. https://​doi.​org/​10.​1002/​
ajpa.​25003​

	655.	 Hanlon V. Körperwelten/body worlds. Can Med Assoc J. 
2003;169(1):52–3.

	656.	 Burns L. Gunther von Hagens' BODY WORLDS: selling beauti-
ful education. Am J Bioeth. 2007;7(4):12–23. https://​doi.​org/​10.​
1080/​15265​16070​1220659

	657.	 Meyer ER, Williams S, Conway M, Notebaert AJ. Kids in the gross 
anatomy lab: how an outreach program in anatomy educates high 
school and undergraduate students about health care. HAPS Educ. 
2018;22(3):262–7. https://​doi.​org/​10.​21692/​​haps.​2018.​031

AUTHOR BIOG R APHIE S

Michael Hortsch, Ph.D., is a professor in the Departments of 
Cell and Developmental Biology and of Learning Health Sciences 
at the University of Michigan Medical School in Ann Arbor, 
Michigan, USA. Since 1991, he has taught histology to medical, 
dental, and undergraduate/graduate students. He is a Fellow of 
the American Association for Anatomy, and its 2023 recipient of 
the Henry Gray Distinguished Educator Award.

Virginia Claudia Carneiro Girão-Carmona, Ph.D., is a professor 
in the Department of Morphology at the Federal University of 
Ceará (UFC) in Fortaleza, Brazil, and a faculty member in the 
Graduate Program in Morphological Sciences at UFC. Since 
2001, she has taught histology and embryology to students 
across medical, dental, veterinary, and undergraduate/gradu-
ate programs. Additionally, she serves as the coordinator of the 
Innovation and Research Laboratory in Morphology (iLAB-UFC).

Ana Caroline Rocha de Melo Leite, Ph.D., is a professor at the 
Institute of Health Sciences at the University for International 
Integration of the Afro-Brazilian Lusophony (UNILAB) in 
Redenção, Brazil. Since 2013, she has taught pathology and im-
munology. She is also a faculty member in UNILAB's Graduate 
Program in Nursing.

Ilias P. Nikas, M.D., is an assistant professor of histology at the 
University of Cyprus in Nicosia, Cyprus. He teaches histology to 
medical students, and his research interests include molecular 
pathology of cancer and medical education.

Margaret K. Gatumu, Ph.D., is a reader in Anatomy at Brunel 
Medical School, Brunel University of London in Uxbridge, 
Middlesex, United Kingdom. She teaches gross anatomy and 
histology to medical and biomedical science students. She has 
led the design and setup of the anatomy department of two new 
medical schools in the United Kingdom.

Nii Koney-Kwaku Koney, Ph. D., is senior lecturer in the 
Department of Anatomy at the University of Ghana Medical 
School, College of Health Sciences in Accra, Ghana. He has 
taught gross anatomy, histology, neuroanatomy, embryology, and 
cell biology to graduate and undergraduate medical, dental and 
allied health students since 2010. His research interests include 
the introduction of technology and to enhance students' learning 
experiences in anatomy.

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ase.2254
https://doi.org/10.1002/ase.1754
https://doi.org/10.1002/ase.1754
https://doi.org/10.1002/ase.2240
https://doi.org/10.1080/15391523.2011.10782576
https://doi.org/10.1080/15391523.2011.10782576
https://doi.org/10.1007/s00276-022-02913-y
https://doi.org/10.1007/s00276-022-02913-y
https://doi.org/10.1002/ase.186
https://doi.org/10.1152/advan.00094.2010
https://doi.org/10.1152/advan.00094.2010
https://doi.org/10.1002/ase.1355
https://doi.org/10.1002/ase.1355
https://doi.org/10.1002/ase.1345
https://doi.org/10.1002/ca.20272
https://doi.org/10.1002/ca.20272
https://doi.org/10.1002/ar.24691
https://doi.org/10.1002/ar.24691
https://doi.org/10.1016/j.aanat.2011.11.010
https://doi.org/10.1016/j.aanat.2011.11.010
https://doi.org/10.1016/j.aanat.2012.02.003
https://doi.org/10.1016/j.aanat.2012.02.003
https://doi.org/10.1002/ase.2349
https://doi.org/10.1002/ase.2349
https://doi.org/10.1002/ase.2548
https://doi.org/10.3167/9781805390862
https://doi.org/10.1002/ajpa.25003
https://doi.org/10.1002/ajpa.25003
https://doi.org/10.1080/15265160701220659
https://doi.org/10.1080/15265160701220659
https://doi.org/10.21692/haps.2018.031


    | 41HORTSCH et al.

Benjamin Arko-Boham, Ph.D., is an associate professor in the 
Department of Anatomy at the University of Ghana Medical 
School, College of Health Sciences in Accra, Ghana. Since 2010, 
he has taught gross anatomy, histology, embryology, and neu-
roanatomy to graduate and undergraduate medical, dental, and 
allied health sciences students. He is a founding member of the 
West African College of Morphologists.

Doris George Yohannan, M.D., is an assistant professor in the 
Department of Anatomy at Government Medical College, 
Thiruvananthapuram (GMCT) in Kerala, India. He has taught 
anatomy to medical students for 13 years. His interests include 
teaching neuroanatomy, clinically oriented anatomy, and the in-
troduction of modern technologies to medical education.

Aswathy Maria Oommen, M.S., is an associate professor in the 
Department of Anatomy at Government Medical College, Idukki 
in Kerala, India. She has taught anatomy to medical students for 
over 20 years. Her interests focus on improving the standard of 
medical education and on teaching methods that motivate stu-
dents to learn.

Yan Li, Ph.D., is an associate professor in the Department of 
Anatomy, Histology, and Embryology, School of Basic Medical 
Science at Fudan University in Shanghai, China. She has taught 
histology and embryology for 22 years. Her goal is to improve 
teaching and student learning experiences with the help of new 
teaching strategies and technologies.

Jian Yang, Ph.D., is the principal lecturer at the School of 
Biomedical Sciences, Li Ka Shing Faculty of Medicine at The 
University of Hong Kong, Hong Kong, China. He is teaching gross 
anatomy, neuroanatomy, and histology to medical, biomedical 
sciences, pharmacy, dentistry, and nursing students. He is also 
the coordinator of the University of Hong Kong Body Donation 
Program, Deputy Director of Education Technology, and the lead 
in anatomy education at the Li Ka Shing Faculty of Medicine.

Alexandra F. Trollope, Ph.D., is an associate professor in the 
College of Medicine and Dentistry at James Cook University, 
Townsville, Queensland, Australia. She has over a decade of ex-
perience in teaching anatomy to undergraduate students in allied 
health, medicine, pharmacy, and biomedicine. Her research fo-
cuses on stroke as a major worldwide health concern with dev-
asting effects for patients.

Amanda J. Meyer, Ph.D., F.H.E.A., is a senior lecturer in the 
College of Medicine and Dentistry at James Cook University, 
Townsville, Queensland, Australia. She has taught neuroanat-
omy, gross anatomy, and histology to allied health, biomedical 
science, and medical students for 14 years. Her research inter-
ests include student motivation and anxiety, assessment, and 
evidence-based teaching.

Sonya E. Van Nuland, Ph.D., is an associate professor in the 
Department of Cell Biology and Anatomy at Louisiana State 
University Health Sciences Center, New Orleans, LA. She teaches 
medical gross anatomy and histology. Her research interests are 
medical education and e-learning tool effectiveness.

How to cite this article: Hortsch M, Girão-Carmona VCC, 
Leite ACRdM, Nikas IP, Gatumu MK, Koney N-K, et al. A 
global overview of anatomical science education and its 
present and future role in biomedical curricula. Anat Sci 
Educ. 2025;00:1–41. https://doi.org/10.1002/ase.70137

 19359780, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ase.70137 by N
IC

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [24/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ase.70137

	A global overview of anatomical science education and its present and future role in biomedical curricula
	Abstract
	INTRODUCTION
	ANATOMY EDUCATION IN DIFFERENT GLOBAL REGIONS
	Anatomy education in North America
	Anatomy education in South America
	Anatomy education in Europe
	Anatomy education in Africa
	Anatomy education in South Asia
	Anatomy education in East Asia
	Anatomy education in Oceania

	DISCUSSION
	A SWOT (Strengths, weaknesses, opportunties, and threats) analysis of anatomical sciences education in present and future biomedical curricula
	Strengths of anatomical sciences education
	Weaknesses of anatomical sciences education
	Opportunities for anatomical science education
	Threats to anatomical sciences education

	LIMITATIONS OF THIS ANALYSIS
	CONCLUSIONS AND FUTURE CHALLENGES
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	ORCID
	REFERENCES


