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Introduction

Over the past decades rapid technological devel-
opment has resulted in inevitable reforms of the 
entire school system, including higher education as 
well. Modern medical curriculum is more problem-
oriented, integrated and based on the use of modern 
technologies. The traditional border between pre-
clinical and clinical disciplines has disappeared, and 
conditions for their interrelations have been created. 
In the light of the above mentioned changes, the 
teaching of anatomy has undergone significant 

changes of scope, content and teaching methods.
Traditional dissection and demonstration on cadav-
eric material gave way to modern imaging methods 
and virtual reality, while the content has been large-
ly clinically oriented. These changes at medical 
schools in Serbia coincided with the beginning of 
the application of the principles of the Bologna Dec-
laration. Introducing new study programs at the 
Faculty of Medicine in Novi Sad after the year 2000 
and higher education reforms represented big chal-
lenges to the Department of Anatomy. The aim of 
this review is to assess the position of anatomy in 
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Summary
The expansion of medical knowledge supported by rapid 
progress of information technologies led to important changes 
of medical education concept, as well as volume and content of 
medical curriculum. Anatomy teaching has gone through many 
restrictive measures. First, the number of lessons has been re-
duced and subsequently focus from systematic and regional 
anatomy has been moved to clinical anatomy with the aim of 
practical integration of knowledge in clinical conditions. Today 
the justification of cadaver dissection that is considered to be 
the backbone of traditional anatomy teaching is being ques-
tioned. Numerous problems are associated with the cadavers 
use in teaching, including their accessibility, preservation and 
ethical justification. Cadaver dissection has alternatives in real 
anatomical models, as well as in virtual multimedia, ranging 
from simple linear to sophisticated, interactive, augmentative 
reality. Although, the use of modern technologies is estimated 
by some lecturers as the act of dehumanization of medicine and 
criticized as insufficiently student oriented, it is considered 
justified only as a supplement to traditional dissection method 
and demonstration on cadaver material. Anatomists are put in 
front of very delicate task to integrate the positive aspects of 
traditional and modern teaching, with the aim to motivate stu-
dents and provide conditions for better knowledge retention. 
This paper deals with problems and challenges facing contem-
porary anatomy teaching from the perspective of the Depart-
ment of Anatomy, Faculty of Medicine Novi Sad.
Key words: Education, Medical, Undergraduate; Anatomy; Ca-
daver; Dissection; Ethics; Educational Technology; Curriculum

Sažetak
Ekspanzija medicinskog znanja, podržana rapidnim napretkom 
informaciono-komunikacionih tehnologija dovela je do bitnih 
izmena koncepta medicinske edukacije i obima i sadržine 
medicinskog kurikuluma. Nastava predmeta Anatomija podle-
gla je brojnim restriktivnim merama. U prvom redu došlo je do 
redukcije broja časova, a potom i do pomeranja težišta sa siste-
matske i regionalne na kliničku anatomiju, sa ciljem praktične 
integracije znanja u kliničkim uslovima i razvijanja veštine 
rešavanja kliničkih problema. Danas se preispituje i opravdanost 
disekcija kadavera koja predstavlja okosnicu tradicionalne nas-
tave anatomije. Brojni su problemi povezani sa korišćenjem 
kadavera u nastavi – od njihove dostupnosti, prezervacije, pa 
do etičke opravdanosti. Disekcija kadavera dobila je alternative 
u realnim anatomskim modelima, kao i u virtuelnim, multimedi-
jalnim sadržajima – od jednostavnih, linearnih pa do sofisticiranih 
tehnologija interaktivne, „proširene“, realnosti. Ipak, primenu 
modernih tehnologija neki ocenjuju kao akt dehumanizacije 
medicine i kritikuju je kao nedovoljno orijentisanu ka studentu, 
smatrajući da je opravdana samo kao dopuna klasičnim meto-
dama disekcije i demonstracije na kadaveričnom materijalu. 
Pred anatomima je delikatan zadatak da integrišu pozitivne 
aspekte tradicionalne nastave sa modernom, sa ciljem moti-
vacije studenata i obezbeđivanja uslova za bolju retenciju znan-
ja. Ovaj rad se bavi problemima i izazovima sa kojima se sreću 
predavači savremene nastave predmeta Anatomija iz ugla Za-
voda za anatomiju Medicinskog fakulteta Novi Sad.  
Ključne reči: osnovne studije medicine; anatomija; leš; disek-
cija; etika; obrazovna tehnologija; kurikulum
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the modern medical curriculum, considering expe-
rience from the Department of Anatomy of the Fac-
ulty of Medicine in Novi Sad.  

Traditional vs. Modern Medical Curriculum

Traditional medical curriculum is largely criti-
cized because of the lack of interactivity and learn-
ing out of context. It is based on the classical teach-
ing forms where the teacher is in the center and 
students are passive recipients [1–3]. Modern med-
ical curriculum has been adjusted to the needs of 
the students of a new millennium. “Millennials” is 
a term widely used for generations born from the 
1980s to the present, grown in conditions where 
digital technologies are part of their everyday life-
time. Based on these data, as well as the situation 
in society and education, it can be concluded that 
electronic media dominate their lives for many rea-
sons, first of all because they provide visualization, 
dynamic forms and nonlinear sequences of knowl-
edge, active and interactive communication, and 
most importantly, the fear of pedagogical sanctions 
that are so typical for a traditional school. Students 
of the new millennium are distinguished by impa-
tience, requisite for quick availability of information 
sources, short-term engagement with a topic, a 
quick shift from theme to topic, sharing attention 
- doing several things at the same time (learning 
from other information), priority - unprinted dig-
ital resources (images, movement, music, not text), 
new language - abbreviations, exposure to a very 
well-designed and exciting context. This is the main 
reason of the “generation gap” between students and 
teachers nowadays. Prensky called the students 
“digital natives” and teachers “digital immigrants” 
[4]. Therefore, different learning models have been 
designed to respond to the abilities of the millenni-
als. Motivation has a key impact on the effective-
ness of learning for the students of the new millen-
nium  [5]. Modern medical curriculum puts the 
student in the centre of the learning process; it be-
comes more problem-based which stimulates stu-
dents to be more active, and makes learning process 
more relevant. It is also integrated which means that 
the content of the basic, preclinical subjects is 
placed in the context of the clinical practice [1–3, 
6]. Those changes of the medical curriculum large-
ly influenced on the content of the anatomy. Due to 
worldwide undergraduate reforms, many programs 
have decreased the time spent on basic sciences, and 
anatomy has suffered greatly.

Anatomy Teaching – then and now 

Anatomy training has always served as an es-
sential part of any medical curriculum, regardless of 
the institution [7]. In the earliest medical programs 
on record, anatomy itself was enough to constitute a 
complete preclinical education. Though it’s now part 
of a more comprehensive medical training approach, 

anatomy still serves as the conceptual framework for 
general medicine as well as specialties like surgery 
and radiology [8]. Famed Scottish surgeon Robert 
Liston was once quoted as saying “The art of operat-
ing must be laid in the dissecting room” [9].

Over time, anatomy’s status as a science has 
changed. Early anatomists founded the study of 
anatomy using a combination of data collection (i.e. 
directly observing body structures), hypothetical 
explanation, and observational hypothesis testing. 
But today, it’s highly unlikely that new gross struc-
tures will be discovered, except for the neuroanat-
omy field. The lack of possibility of discovery has 
made anatomy more of an objective reality [10]. The 
anatomical body outlined in medical textbooks is 
presented as a grouping of common observations, 
often in a literary structure that’s both easily under-
stood and so complex it could be studied for a life-
time. Learning, but not discovering, anatomy is a 
reality that, when studied and later appreciated by 
everyone, becomes part of a common experience 
[11]. Traditionally, anatomy has been taught descrip-
tively and topographically, based mainly on the 
cadaveric dissections. Nowadays, it is unfairly pro-
claimed as archaic, traditional, passive and too fac-
tual subject. All over the world anatomy content was 
reduced and cadaveric dissection has been largely 
replaced by virtual reality, while the content be-
came more functional and clinically oriented. Three 
fundamental questions regarding to current anato-
my teaching are addressed: how much, when and 
how anatomy should be learned [12].

Minimum anatomy knowledge should be enough 
for an independent practitioner to practice safely. 
Older et al. stated that there is sevenfold increase in 
claims associated with anatomical errors submitted 
to the Medical Defence between 1995 and 2000 [13]. 
Several studies showed poor anatomical knowledge 
among students, young doctors [14–16] and clini-
cians [17, 18]. Facts like this alerts anatomists to 
raise the question if the anatomy knowledge has 
fallen beneath safe level [13].

Traditionally, anatomy has been taught in the 
first undergraduate year. Because of that, future 
doctors and specialist have only one opportunity for 
anatomy learning, and that is not enough. Retention 
of basic science knowledge has to be discussed in 
the light of a “negatively accelerated (logarithmic) 
forgetting curve” [19]. Approximately 25% of 
knowledge is lost after one year [20]. A recent re-
port of 5th year chiropractic students in Australia 
reported that only 38% of the cohort was able to 
accurately identify all eight carpal bones [21]. Solu-
tion would be to integrate anatomy during the whole 
studies and postgraduate and to provide optimal 
number of anatomy hours.

At the beginning of the 20th century students 
attended about 500 hours of anatomy, at the half of 
the last century about 300, and in the end, beneath 
200 hours [22]. Course hours, not including exam-
ination ones, at the Faculty of Medicine Novi Sad 
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in the school year 2005/06 amounted 150 lecture 
hours and 165 hours of practice. Anatomy took 
three semesters and it was divided into two subjects: 
Anatomy 1, which was held during the first year 
(amounted 135 lecture hours and 150 hours of prac-
tices), and Anatomy 2, that included anatomy of the 
central nervous system and special senses, that was 
taught in the second year of medical studies 
(amounted 15 lecture hours and 15 practical les-
sons). Today, there is only one subject that takes two 
semesters; the number of hours fell on 135 lecture 
hours and 150 practical hours (285 in total) and it 
awards 24 ECTS. Study material is shortened and 
partially adjusted to the clinical needs but students 
lack the proper neuroanatomical knowledge because 
of the insufficient time to master such a complex 
discipline. Similar situation is at the other medical 
faculties in Serbia: number of total anatomy hours 
is between 255 and 280, and they weight between 
16 and 24 ECTS.

According to the European Federation for Ex-
perimental Morphology (EFEM) – Consensus Con-
ference on Morphological Sciences 2007 the total 
weight of morphological sciences (anatomy, histol-
ogy and embryology) should not fall below the 30 
ECTS [23]. The same resolution recommends verti-
cal or horizontal integration of morphological sub-
jects, or teaching morphology as an introduction to 
clinical matters rather than basic education in mor-
phology during the first years of the curriculum. 
Moore et al. also recommended anatomy not to be 
completed in the first years of medical school, but 
to continue in the following years by means of op-
tional and facultative subjects such as clinical anat-
omy, imagining anatomy, or joint biomechanics 
[24]. This model is partially applied at the Serbian 
universities including Faculty of Medicine Novi Sad 
where students of the second and third year are of-
fered two anatomy electives: Variations in Anatomy 
and Clinical surface anatomy; these subjects pro-
vide clinical insight into the anatomy knowledge 
enabling the continuity between preclinical and 
clinical subjects. Given the existence of a large 
number of variations of organs, muscles, their vas-
cularization and innervation, knowledge about them 
is essential for physicians in practice, which justifies 
the introduction of this course to basic medical stud-
ies. Gaining knowledge about the surface morphol-
ogy of the body and the projections of the internal 
organs and structures on the body surface will form 
the basis for clinical propedeutics and radiology as 
well as the possibility of applying the acquired 
knowledge of the observed objects in all morpho-
logical branches of medicine.

Teaching Methods in Anatomy 

One of the greatest sources of modern debate in 
medical education concerns using computer tools 
as part of the curriculum [25]. All over the world 
lectures based on the use of chalk and board are still 

the most represented ways of teaching although 
lately many forms of computer assisted techniques 
are present. Anatomy represents the area in which 
computer tools have made a marked difference. 

The use of computer assisted techniques is avail-
able with the help of computer science development 
and is mostly accepted by younger teachers and re-
searchers who are familiar with them. Among these 
techniques by far the most consumed are Power 
Point presentations. Both traditional lectures with 
chalk and board as well as the modern ones sup-
ported by Power Point presentations have their own 
advantages and disadvantages.Though several stud-
ies have attempted to uncover the benefits of com-
puter-assisted learning, there’s still little proof that 
it has a stronger impact than traditional teaching 
methods – traditional lectures appeared to provide 
better interaction between students and teachers [26-
33]. To date, most technological changes introduced 
have been complements to traditional teaching meth-
ods instead of replacements. Computer tools have 
been used as sources of consultation, study materi-
als for medical students, and even as support mate-
rials for attendance-based teaching [34, 35].

Since 2000, the Medical Faculty of the Univer-
sity of Novi Sad has integrated computer-based 
materials (i.e. lesson summaries with hyperlinked 
images, test examples, lesson key points and in-
structions, etc.) into its more traditional attendance-
based anatomy courses. The university dissemi-
nates these materials via virtual campus, which 
mainly serves as a complement to course lectures 
and as a follow-up for lessons or activities covered 
in the courses. Some of the materials have been 
designed as teaching aids (i.e. Power Point presenta-
tions, animations, videos, etc.) to help professors 
deliver more effective anatomy lectures.

Practice in Anatomical Education – from 
Cadaver Dissection to Virtual Reality

Traditional cadaver dissection had inception in 
ancient Greece in 3rd century BC. Through the cen-
turies it has been recognized as important method in 
anatomy studying, giving students a 3D view of hu-
man anatomy and developing a self-directed learning 
and team framework [36]. In the 21st century there is 
a great tendency to use the computer technologies 
and new pedagogical methods instead of performing 
human dissection as the overpassed, old-fashioned 
anatomical teaching tool. The positive sides of tradi-
tional cadaver dissection could deny this tendency, 
marking the human dissection as necessary practice 
and core part of anatomy education. Human dissec-
tion gives  students the opportunity to learn inde-
pendently about human body structures and their 
relationship, acquisitioning the manual skills and get-
ting insight into anatomical variations. Students 
question they view of death and dying, confronting 
maybe for the first time the real human mortality in 
front of human body remains [37], and gaining a 



Galić Srdić B, et al. Contemporary Anatomy Teaching348

first-hand appreciation of human life [38]. However, 
the method of traditional cadaver dissection brings 
a lot of ethical, technical, health and other problems, 
which have been discussed in entire scientific and 
laity community. On the other hand, due to the lack 
of cadavers, the demonstration on cadaveric mate-
rial has been used at universities worldwide as the 
equally good method of anatomy learning. For the 
same reason medical students at the University of 
Novi Sad do not do the dissections themselves, but 
they have been taught by the method of demonstra-
tion on cadaveric material, or using additional mate-
rials like anatomical models and images.

Donating body for research purposes in anatomy 
is still relatively rare, and many countries have in-
stituted programs and regulations surrounding the 
donation of cadavers or body parts. Using publica-
tion and lecture meetings, people worldwide are 
getting more informed about body donation, and 
from the second half of 20th century the raise of 
body donation programs as the source of human 
cadavers for anatomical dissection has been record-
ed [39]. The decision to become a body donor is 
influenced by factors as social awareness, altruism, 
desire to aid the advancement of medical knowledge 
and funeral cost savings [40]. The reasons for un-
willingness to donate the body are family concern, 
not being psychologically ready, anxiety of mis-
treatment the body and religious beliefs [41]. The 
lack of human cadavers remains a great issue at 
medical faculties in some universities worldwide, 
including the Faculty of Medicine Novi Sad [42].

Another disadvantage of using cadavers is the 
problem of conservation and storage. Preparing of 
cadavers for dissection is a really long process, and 
afterwards the cadavers have to be kept in special 
conditions, which is expensive and time consuming. 
Beside those disadvantages of human dissection, 
there is also one concerning the health - students 
and teaching stuff are confronted to the health haz-
ard of formalin, which is proved to be acute and 
chronically toxic [43]. In the year 2012 the Depart-
ment of Anatomy of the Faculty of Medicine Novi 
Sad was reconstructed (Figure 1). This project was 
realized within the Infrastructural Programme for 
Higher Education proposed by the Ministry of Edu-
cation and the Ministry of Science and Technologi-
cal Development within the process of programming 
the European Union funds (IPA – Instrument for 
Pre-Accession Assistance) with the following aims: 
improving the quality of teaching and research-
scientific work in the field of anatomy, improving 
safety and health of students and staff and environ-
mental protection. It comprised reconstruction, re-
habilitation and adaptation of facilities for storage 
and processing of cadaver materials aimed at reduc-
ing concentration and emission rate of formalin, 
installation of modern ventilation system with filters 
for formalin fumes in teaching rooms and hallway 
and adapting the facilities and purchasing the equip-
ment for plastination technique (Figure 2). Plastina-

tion is a relatively new technique of conserving the 
cadaveric material, which can be kept in the air. This 
method was created by Gunther Von Hagens in Hei-
delberg University in Germany in 1978, and it is 
currently used worldwide in both teaching and re-
search [44–46]. This method provides conserving 
cadaveric material by replacing the water and fat in 
tissues by curable polymers (silicone, epoxy, poly-
ester), resulting in hard, dry and durable specimens 
that can be touched and even retain most properties 
of the original sample. The great advantage of this 
preservation method is absence of proved health 
hazards, like the ones that the traditional human 
dissection brings with the use of formalin.

The human dissection has some demonstration 
disadvantage, which reflects in unreal representa-
tion due to the loss of properties during the fixation, 
and in the representation of small structures (e.g. 
the ear). Also, it is not to neglect the emotional con-
flicts with body donors and their families.

The ethical question about the necessity of human 
dissection in medical studies was raised by many 
anatomists and the laity. The issue is: are medical 
students respectful enough in front of the human re-
mains, being aware of the fact that all the cadavers 

Figure 1. Ventilation system in the dissection hall of the 
Department of Anatomy of the Faculty of Medicine Novi 
Sad – before and after reconstruction
Slika 1. Ventilacioni sistem u salama za disekciju Za-
voda za anatomiju Medicinskog fakulteta Novi Sad – pre 
i posle rekonstrukcije

Figure 2. Plastinated specimens made at the Department 
of Anatomy, Faculty of Medicine Novi Sad
Slika 2. Plastinirani preparati načinjeni na Zavodu za 
anatomiju Medicinskog fakulteta Novi Sad
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were persons? In Japan, for example, medical stu-
dents before the dissection first pray for the souls of 
the donors, with deep understanding of good will of 
donors and the feelings of their families [47].

Most published papers on anatomy curriculum 
strongly recommend incorporating dissection.  Dis-
section provides students an array of benefits, most-
ly in the domains of skills, attitudes, and knowledge 
acquisition and integration [11]. The majority of 
anatomists agree that the dissection has passed the 
greatest pedagogical test, which is the test of time. 
The dissection has survived numerous historical tur-
bulences, cultural changes and pedagogical trends. 
Using this traditional with other technological re-
sources, students should develop skills in three cat-
egories: theoretical, practical and bioethical [48].

Many medical schools and anatomy departments 
have investigated alternatives to cadaver-based instruc-
tion like two-dimensional (2D) and three-dimensional 
(3D) imaging [49] or using 3D anatomical models.

Imaging methods have been used as practical 
tools of learning to recognize the human anatomical 
structures and their relationship inside the body. The 
radiography, computed tomography, magnetic reso-
nance imaging, positron emission tomography and 
ultrasonography give the opportunity to present 
anatomical structures in axial, sagittal and coronal 
planes, with the possibility to remove irrelevant tis-
sues, such as bones. Because images can be recorded 
and stored digitally, they are adequate for analyses 
in detail during teaching. The technological innova-
tions brought us a great range of interactive multi-
media used as individual anatomy learning methods 
– the 3D atlases software, the virtual dissection, the 
interactive 3D anatomy boards, augmentative reality 
with somatosensory response, etc [49]. A great dis-
advantage of these technological innovations is the 
price, which makes them unavailable to many med-
ical faculties worldwide. Biassuto et al. compared the 
capability of cadaver dissections and computerized 
resources to provide proper understanding and learn-
ing anatomy – their results showed better results in 
the traditional teaching group than the technologi-
cally supported group, evaluated by the number of 
students that passed their exams, while the group that 
followed the course with both practical resources was 
better than the others [50]. Even when computerized 
improvements have developed a new area giving stu-
dents a lot of elements to facilitate their approach to 
imaging structures, it was shown that the possibility 
of direct contact with cadaveric material cannot yet 
be replaced. This study has demonstrated that the 
best possibility for learning anatomy is interaction 
of all these resources. The use of modern technolo-
gies is estimated by some lecturers as the act of de-
humanization of medicine and criticized as insuffi-
ciently student oriented. It is considered justified only 
as a supplement to traditional dissection method and 
demonstration on cadaver material.

Three dimensional printing of prosected speci-
mens’ products highly realistic 3D replicas (Figure 

3). With this technique, even small vessels and nerves 
could be readily distinguished. Furthermore, printing 
of negative space such as air sinuses and coronary 
vessels segmented from computed tomography data 
sets was as anatomically accurate as the original 
clinical radiological data. It is possible to scale up or 
scale down in size of the 3D prints and to produce 
highly satisfactory replicas of dissections, and nega-
tive space prints [51]. Arguably the most notable ad-
vantage regarding printing reproductions of ana-
tomical dissections is reflected in the superiority of 
the 3D printed copies to the plastic models. Plastic 
models are in common use at universities and medi-
cal schools. They are mass produced copies or molds 
which often lack important specific details. They are 
not ideal for teaching detailed anatomy in medical 
and allied health professional courses, even if they 
are suitable for some other teaching purposes.

It is necessary for educators to innovate and 
change the teaching style and help the students in 
learning anatomy. There are several creative options 
for educators, as body painting, modeling clay, 
wearable art etc. Students can use their anatomy 
knowledge in modeling or drawing, and also that is 
the way for better understanding and memorizing 
complicated anatomical structures and relation-
ships. First modeling course at the Faculty of Med-
icine Novi Sad entitled “Learning through modeling 
– Position and relation of mediastinal organs” was 
organized during the school year 2016/17 (Figure 
4). The course was attended by 85 undergraduate 
students who learned relations between medistinal 
organs using different materials, such as modeling 
clay, balloons, wires or crayons. The colorful visu-
al models of various structures that were made by 
their hands increased their memory. There was a lot 
of fun during the learning and they were interested 
in processing other topics, at the same way. 

Conclusion

Anatomy teaching at the Faculty of Medicine 
Novi Sad has been facing many challenges in 

Figure 3. 3D printed vertebrae (from the collection of the 
Department of Anatomy, Faculty of Medicine Novi Sad) 
Slika 3. 3D štampani pršljenovi (iz kolekcije Zavoda za 
anatomiju Medicinskog fakulteta Novi Sad)
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achieving the high standards of modern medical cur-
riculum. Transitional period brought many changes 
and reconsiderations - some of them were hard to 
bear, but some were creative and refreshing. Con-
cerning positive and negative aspects of traditional 
and modern curriculum and position of the anatomy 
in the modern curriculum we feel that it is necessary 
to retain positive aspects of traditional teaching such 
is anatomy dissection. On the other hand, clinical 
orientation makes anatomical knowledge more rel-
evant and helps memorizing. According to the re-
sults of several studies modern technologies should 
be rationally included in the anatomy teaching com-
bining with traditional, formal methods.
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