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Abstract: The aim of this article is to investigate the effect of three-dimensional digital images on anatomy education through student
views. The data collection form prepared with a five-point Likert test was sent to the first and second year students of the Kafkas
University Medicine Faculty on the web. 133 students in total answered the questions. When the answers given to the questions were
examined, it was observed that there was a significant difference between the answers given by the first and second graders in the
third (P=0.013) and ninth (P=0.002) questions (P<0.05). It is thought that the results and opinions obtained from the study will guide

the future of anatomy education. Thanks to the student views, it is expected that the study will raise awareness among educators.
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1. Introduction

Cadaver is a very important teaching tool in anatomy
education (McLachlan et al, 2004). Technological
developments in recent years have brought many
innovations to the field of anatomy (Lewis et al,, 2014).
Three-dimensional course software, digital atlas and
tablets have been tools that students are interested in
and use (Peker et al,, 2012; Hoyek et al,, 2014). However,
the replacement of cadavers by these teaching tools is a
highly controversial issue (Murgitroyd et al.,, 2015).
Anatomy education using cadavers is actually a laborious
education model that requires infrastructure (Estai and
Bunt, 2016). Laboratory infrastructure should include
cadaver tanks, stretcher vehicles carrying cadavers and
personnel (Cornwall and Stringer, 2009). In addition,
solutions that serve to embalm the cadaver should
prevent the risk of infectious diseases and infections
(Balta et al., 2019). It is necessary to have done many
cadaver dissections in order to be able to master the
cadaver and to give lessons with all the details (Granger,
2004). For this reason, having knowledge about cadavers
is a success that requires a lot of effort and opportunity
(Older, 2004).

When it comes to three dimensional software tools; in
recent years, they have benefited greatly from anatomy
education (Sugand et al, 2010). Especially, cross-
sectional and three-dimensional anatomy of the
structures has positive effects in increasing the level of
knowledge (Gunderman and Wilson, 2005). Sometimes,
dissection areas that are not suitable for the cadaver are

learned quite clearly with three-dimensional software
(Lazarus et al, 2012). However, three-dimensional
software cannot provide the perception of reality
sufficiently (Kotze et al, 2012). A virtual object of the
realness acquired in the cadaver cannot afford much
(Lazarus et al,, 2012; Biasutto et al., 2006).

In this study, students’ views on the state of digital
software that has emerged in recent years in anatomy
education are included. Education can follow a more
dynamic path with student views and the views of young
generations can direct education.

2. Material and Methods

The study was carried out on the first and second-year
medical students of Kafkas University Medicine Faculty
in the 2019-2020 academic year. The data collection
forms used in the study were prepared on the web and
sent to the students by e-mail. One hundred thirty three
students (75 from the first class, 58 from the second
class) answered the questions in the data collection form.
Data collection questions were prepared with a five-point
Likert scale (totally agree, agree, undecided, disagree,
and totally disagree) (Bahsi et al., 2020). The answers
given by the students were automatically analyzed
through the web system and the results were obtained
through the software. The answer options given were
calculated automatically on the system with the
calculation of frequency and percentage. The answers are
given by the first year and second-year students to the
questions were statistically compared with the chi-
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square test.

2.1. Statistical Analysis

The first and second years were compared according to
the answers given by the students. Statistical analysis
was carried out using SPSS 22.0 version software
program for Windows. Descriptive statistics for
categorical variables are expressed as frequency and
percentage values. A Chi-square test was used in the
analysis of categorical data (). The results were evaluated
at a 95% confidence interval, and a p-value of <0.05 was
considered significant.

2.2. Ethical Consideration

This study was approved by the ethics committee of the
Medicine Faculty of the Kafkas University (Approval
2019/12; Decision: 14). The study was
performed following the aid of the ethical standards
down in the 1964 Declaration of Helsinki and its later

number:

amendments.

3. Results

The first and second years were compared according to
the answers given by the students. Statistical analysis
was carried out using SPSS 22.0 version software
program for Windows. Descriptive statistics for

categorical variables are expressed as frequency and
percentage values. A Chi-square test was used in the
analysis of categorical data. The results were evaluated at
a 95% confidence interval, and a p-value of <0.05 was
considered significant. The answer ‘I strongly agree’ to
the first question is higher for the second graders
(62.1%) than for the first graders (46.7%). The
sophomore students have marked quite decisively. In the
second question, the answer ‘I strongly agree’ is higher in
the second grade (79.3%) compared to the first grade
(66.7%). In the third question, the answer ‘1 strongly
agree’ is higher in the first grade (53.3%) compared to
the second grade (37.9%). In the second year, although
the rate of ‘I absolutely agree’ (37.9%) is the highest, ‘I
strongly disagree’ (32.8%) and ‘I am indecisive’ (27.6%)
responses are also quite high. The answer I strongly
agree on the fourth question is almost equal in first
(40%) and second grade (39.7%). In the fifth question,
the rate of undecided students is highest in both the first
and second year (Table 1, Table 2). According to the
statistics of the Chi-square test of first and second-grade
answers, there is a significant difference only in the third
(P=0.013) and ninth (P=0.002) questions (P<0.05). Other
P values are given in Table 3.

Table 1. Percentage of frequency (f) that first-year students gave to the questions

First year of the medicine faculty students n:75

5 4 3 2 1

Three-dimensional software tools including anatomy
education are the future of anatomy education.
Anatomy education can be supported by three-
dimensional software tools.

Anatomy education can be supported with three-
dimensional digital anatomy software, but cannot
replace cadavers.

Learning by touching (tactile sense) is a must in
anatomy education. Reality perception cannot be
achieved with digital images.

Learning by touching (tactile sense) is essential in
anatomy education. Reality perception can be
provided with digital images.

Since the fixative solution has an odor in the cadaver,
if a digital transparent cadaver is developed instead,
the lesson can be learned just like in the cadaver.
Cadaver education I do not want it because of the
irritant effect of solutions that protect the cadaver on
respiration and skin.

The structures in the cadaver are complex, [ have
difficulty in perception, I think it will be more
comfortable to learn and perceive anatomy with
digital three-dimensional software.

Anatomy lesson should be learned from models and
digital three-dimensional software.

I think that instead of learning anatomy lessons
entirely from mock-up and three-dimensional digital
software, mock-up and three-dimensional software
should be supportive materials in anatomy education.

46.7 1.3 13.3 28 10.7

66.7 - 2.7 24 6.6

533 1.3 6.7 33.3 5.4

40 - 22.7 28 9.3

10.7 53 34.7 21.3 28

14.7 9.3 28 22.7 25.3

4 18.7 25.3 9.3 42.7

10.7 53 45.3 22.7 16

18.7 2.7 33.3 17.3 28

57.3 2.7 6.7 30.7 2.6

5= Totally agree (%), 4= Agree (%), 3= Undecided (%), 2= Totally Disagree (%). 1= Disagree (%)
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Table 2. Percentage of frequency (f) that second year students gave to the questions

Second year of the medicine faculty students n:58 5 4 3 2 1
Three-dimensional software tools including
anatomy education are the future of anatomy 62.1 - 10.3 27.6 -
education.

Anatomy education can be supported by three-
, ) 79.3 - 3.4 171 -

dimensional software tools.

Anatomy education can be supported with three-

dimensional digital anatomy software, but cannot 37.9 - 27.6 32.8 1.7

replace cadavers.

Learning by touching (tactile sense) is a must in

anatomy education. Reality perception cannot be 39.7 1.7 31 17.2 10.4

achieved with digital images.

Learning by touching (tactile sense) is essential in

anatomy education. Reality perception can be 25.9 8.6 27.6 24.1 13.8

provided with digital images.

Since the fixative solution has an odor in the

cadaver, if a digital transparent cadaver is

developed instead, the lesson can be learned just

like in the cadaver.

27.6 8.6 241 259 13.8

Cadaver education I do not want it because of the
irritant effect of solutions that protect the cadaver 10.3 241 24.1 13.8 27.6
on respiration and skin.

The structures in the cadaver are complex, [ have
difficulty in perception, I think it will be more

, . 19 6.9 24.1 27.6 22.4
comfortable to learn and perceive anatomy with
digital three-dimensional software.
A 1 houl 1 f 1
natomy lesson should be learned from models and 224 ) 24.1 448 8.7

digital three-dimensional software.

[ think that instead of learning anatomy lessons

entirely from mock-up and three-dimensional

digital software, mock-up and three-dimensional 534 1.7 12.1 31 1.8
software should be supportive materials in

anatomy education.

5= Totally agree (%), 4= Agree (%), 3= Undecided (%), 2= Totally Disagree (%). 1= Disagree (%)

Table 3. P values of first and second year students' answers to each question with chi-square test

Questions P
Three-dimensional software tools including anatomy education are the future of anatomy education. 0.070
Anatomy education can be supported by three-dimensional software tools. 0.147
Anatomy education can be supported with three-dimensional digital anatomy software, but cannot 0.013
replace cadavers.

Learning by touching (tactile sense) is a must in anatomy education. Reality perception cannot be 0431
achieved with digital images.

Learning by touching (tactile sense) is essential in anatomy education. Reality perception can be 0.073
provided with digital images.

Since the fixative solution has an odor in the cadaver, if a digital transparent cadaver is developed

. . o 0.270
instead, the lesson can be learned just like in the cadaver.

Cadaver education I do not want it because of the irritant effect of solutions that protect the cadaver on 0.280
respiration and skin.

The structures in the cadaver are complex, I have difficulty in perception, I think it will be more 0146
comfortable to learn and perceive anatomy with digital three-dimensional software.

Anatomy lesson should be learned from models and digital three-dimensional software. 0.002
[ think that instead of learning anatomy lessons entirely from mock-up and three-dimensional digital

software, mock-up and three-dimensional software should be supportive materials in anatomy 0.843

education.

P: Chi-square test of 1st and 2nd grade students ‘P’ values.
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4. Discussion

The innovation and benefits of three-dimensional digital
development to the field of anatomy are quite high
(Nicholson et al, 2006). In addition to classical
systematic anatomy, nowadays, ultrasonographic
anatomy, laparoscopic anatomy and cross-sectional
anatomy can be taught (Gunderman and Wilson, 2005;
Ten Brinke et al,, 2014). This is perhaps one of the most
valuable and life-saving advantages that technology
provides to the medical world (Tan et al, 2012). The
issue discussed among anatomists is that the digital
system can replace the cadaver (Theoret et al, 2007).
There are many articles put forward on this subject.
Some anatomists have argued that the digital world is
very effective and useful, while others have stated that
the digital world will very difficultly replace education
with cadaver and reality perception (Theoret et al., 2007;
Triepels et al,, 2020; Saltarelli et al,, 2014; Turhan, 2020).
In this article, the subject was presented to the students'
opinions with important questions, using the comments
and the literature on the effects of digital education on
the field of anatomy. Both first and second year students
agree to the idea that digital systems will be the future of
anatomy education. Even if the number of those who
agree with the view that 'anatomy education can be
supported by digital 3D software but cannot replace the
cadaver' is high in the first and second year, the number
of those who do not agree is almost close to the value of
those who agree. This may indicate that cadaveric
education is still supported by students today, but the
trend towards digital education will be more in the
following years. 'Learning by touching (tactile sense) is
essential in anatomy education. The view that perception
of reality cannot be achieved with digital images'
participation in the first and second classes is almost
equal and more. However, the number of students who
are undecided is also quite high. This situation may show
that the importance of the concept of learning with touch
perception is not adopted by some students.

In order to clarify the uncertainty created by some of the
students, the fourth question was posed with a little
change, and important values were obtained. 'Learning
by touching (tactile sense) is essential in anatomy
education. Reality perception can be achieved with
digital images.' the rate of those who agree with the
opinion is very low. This is desirable. However, the
highest rate is undecided students in both the first and
second year students. In addition, the total of those who
do not participate and definitely do not participate is
higher in both the first and second years. In this question,
as in the fourth question, the fact that there are
undecided people shows that the approach that digital
education is adopted more than cadavers is not clear yet.

In the sixth and seventh questions, the desire for digital
software due to the irritating effect of the fixative
solution in the cadaver was examined. While a small
portion of the students are affected by irritant solutions,
in the first grade, despite irritant solutions, the desire for

cadaveric education is higher than the second graders.
Apart from that, although the classroom environment
with digital cadavers instead of cadavers with irritant
solution is mostly rejected by the first graders, the
students from the second grade who want this situation
are higher than the first grade. The reason why the
second graders' approach to digital cadavers is a bit too
much may suggest that some students experience exam
stress in cadaveric education.

Since the questions asked form a thinking process in the
students' minds, the questions were asked in a certain
order. As a matter of fact, in the eighth question, the
thinking area in the sixth and seventh questions was
expanded and clarity was sought. At the end of this
situation, it was concluded that the answers given to the
eighth question both in the first grade and in the second
grade are not certain that digital education will actually
provide an easier understanding or replace it than
cadaver. The rate of undecided students in the opinion
that 'anatomy lessons should be learned from models and
software’ is high in both first and second year. This is an
indication that the new generation is suspicious of the
adoption of digital education instead of cadavers. It is
observed that students are not willing to learn medicine
from digital software instead of a real cadaver.

When it comes to the last question, a question was asked
that would actually be the summary of the study. Almost
all of the first and second year students strongly agree
with the view that 'Anatomy lesson can be a supportive
material in anatomy education instead of learning from
model and 3D digital software'. It is understood from this
that the new generation students have a very positive
view of digital technological educational tools. However,
the interest in cadavers and the effectiveness of cadavers
in the lesson still maintain their place. Therefore, new
technology can be useful and effective if integrated with
cadaveric education (Pereira et al, 2007; Kharb and
Samanta, 2016).

5. Conclusion

Cadaver is a very important tool in anatomy education.
An effective and useful education model can be created
only when the digital course tools offered by the
developing technology are integrated with the cadaver.

Limitations

The study is limited with the answers of students who
participated in the survey. The collected information is
assumed to be true; the subjects involved in the study
were assumed to give their answers honestly. The
questionnaire was not a standardized instrument and
could be validated in future studies.
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