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Modern practical and theoretical instruction sessions need to be up-to-date, and nested with
creativity and technology. Virtual reality (VR) is a state-of-the-art user interface interacting with
multiple sensory channels and creating real-time simulations. In this study, we examined the
effect of VR on the learning of the anatomy of the head and neck region. Seventeen students from
12 different medical schools in Turkey participated in this study. After one hour of theoretical
training, the students were trained on cadavers for five hours. Then, a pre-test examination was
given. After the pre-test, all students were given one-to-one virtual reality training and then
a post-test. A statistically significant increase in the achievement of the students was found
between the mean pre- and post-VR test scores (p=0.003). VR is considered as a rising trend
in medicine when the skills and competencies of the generation Z on digital technologies are
taken into consideration.

Key words: Medical education, virtual dissection, digital anatomy, virtual reality

Introduction

In 2018, the majority of students who are studying medicine are involved in the
Generation Z. ‘Generation Z’ term describes the people born between 1995 and 2012
[4, 19], who were born and grown in advanced digital conditions. This makes them
more susceptible to digital knowledge and skills without the need for extra training,
unlike previous generations [16, 17]. The Generation Z is much more interested in
technology; thus, expects practical and theoretical instruction media to be up-to-date,
and lectures to be nested with creativity and technology [4, 18]. Therefore, traditional
learning methods and environments do not appeal to the Generation Z.

Traditional techniques are well-established and have proven efficacy; however,
up-to-date methods for differentiating and enriching education should be used to
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attract the attention of these students [2]. The use of new technologies in medical
education and practice requires special importance and priority. Virtual reality (VR),
which is frequently used in flight and warfare simulators, architecture, engineering
and industrial design, has also taken a remarkable place in medical education in recent
years [9]. Parallel to the increase in the number of sensory organs involved in learning
process, the learning becomes more permanent [5]. VR is a state-of-the-art user
interface interacting with multiple sensory channels and creating real-time simulations.
In VR, instead of the real world, a virtual world created by the computer is perceived
[3]. VR has been used in the teaching of complex structures such as larynx [10] and
temporal bone [6], in the experience of risky interventions such as endoscopic skull-
base surgery [20] and kidney transplantation [14], in preoperative surgery planning of
the congenital heart diseases [12], etc. All of these studies emphasized that VR is an
effective tool for learning and practical applications. In this context, we conducted a
preliminary study to test whether VR training is useful or not as an additional tool to
classical anatomy instruction. The objective of this study was not to introduce a new
method of instruction; however, we aimed to provide a statistical evidence to support
the efficiency of a VR education tool.

Materials and Methods

Thirty students participated in the dissection course, organized by TOBB ETU
Faculty of Medicine Students Scientific Research Association. Among these students,
17 volunteers were involved in the study. Informed consent was obtained from all
participants. The content of this dissection course was “Head and Neck Region”.
Traditionally, students were given
1 hour of theoretical training and 5
hours of dissection. In addition to
theoretical and dissection training,
this course also included VR training.
The seventeen students participating
in this study, were 2nd and 3rd year
medical students from 12 different
medical schools in Turkey. The age
range of the students was 19-21.
After one hour of theoretical training,
the students were trained in applied
dissection on cadavers, in groups of
five for five hours (Fig. 1). Following
dissection, a pre-test examination
was given to all students with 5
questions consisting of true-false
questions, multiple choice questions
and questions on anatomical models.

Fig. 1. Dissection set up of the study.
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After the pre-test, students were given
one-to-one virtual reality training using
Vived Anatomy software (VIVED Inc.,
Coralville, IA, USA) on zSpace Desktop
VR systems (zSpace Inc., Sunnyvale,
CA, USA) for 15 minutes (Fig. 2). After
the virtual reality training, all students
were given post-test, which covered
similar content with pre-test. Pre- and
post-test scores were evaluated on 5
points and the results were recorded.
Statistical analyzes were made using
IBM SPSS Statistics 28 software.

Results and Discussion

The pre-VR and post-VR test scores
of the 17 volunteers which involved
in the study is presented in Table 1. e
The average pre-VR test score was Fig. 2. Virtual reality set up of the study.
2.7059+1.22382 while the average post-

VR test score was 3.5647+1.1418. A statistically significant increase in the achievement
of the students was noted when the averages of the pre- and post-VR test scores were
compared (p=0.003).

Traditionally, textbooks and lecture presentations for theoretical education,
cadavers and anatomical models for practical training, are used in anatomy lessons. One
of the best methods for learning anatomy is observing cadavers, which provides better
understanding of structure of the body, organs and limbs. Cadavers have been essential
for students to have a thorough understanding of the human morphology, and have
played a crucial role in medical education [2]. On the other hand, during the last decade
cadaver supply got into a critical shortage level in Turkey. The developing technology and
increasing expectations of students, led to numerous innovations in education. In recent
years preliminary experiences have been carried out using simulations of diagnostic
and treatment modalities, surgical operations, especially in faculties providing health
education. Virtual classes, laboratories and operating rooms are being successfully tested
by some universities and educational institutions [10, 13, 15]. VR offers possibilities to
perform experiments in virtual environments where it is difficult to experience in live
models, to see their results and to get their output. Although computer-based trainings
could not compare with conventional anatomy teaching methods [8], they provide
significant contributions to the anatomy education [11]. Some regions of the human
body are much more complicated from anatomical point of view and have a difficult
structure to learn. Liu et al. in their study on the larynx, which is a complex anatomic
region, have transformed 2D images obtained from the database into 3D VR models.
Then they used this model in the anatomy lessons of the students and received positive
feedback [10]. Aebersold et al. showed that students who trained with VR for nasogastric
tube implementation, were significantly more successful in this application than control

e
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group [1]. Ha et al. obtained VR images from cadavers and they made measurements
on these data. They indicated that VR can accurately simulate anatomical features, thus
it could be used for planning of individual surgeries [7]. In our study, we provided a
statistical evidence that VR training was effective in better understanding of the complex
anatomy of head and neck.

Table 1. The pre-VR and post-VR test scores

Participant No Pre-VR Test Score Post-VR Test Score
1 3.50 5.00
2 3.50 4.50
3 2.00 3.00
4 2.00 2.00
5 3.50 3.50
6 3.00 3.80
7 1.00 3.00
8 3.00 3.80
9 1.50 1.50
10 4.50 4.50
11 2.00 4.50
12 1.00 1.00
13 2.00 3.50
14 3.50 4.00
15 1.00 4.00
16 4.50 4.50
17 4.50 4.50
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Conclusion

In conclusion, VR should be considered as a rising trend in medical education, when the
results of all the above studies, as well as the skills and competencies of the Generation
Z on digital technologies, are taken into consideration.

References

1. Aebersold, M., T. Voepel-Lewis, L. Cherara, M. Weber, C. Khouri, et al. Interactive
anatomy-augmented virtual simulation training. — Clinical Simulation in Nursing, 15,
2018, 34-41.

2. Codd, A. M., B. Choudhury. Virtual reality anatomy: is it comparable with traditional
methods in the teaching of human forearm musculoskeletal anatomy? — Anatomical
Sciences Education, 4(3), 2011, 119-125.

3. Cohen, A. R,, S. Lohani, S. Manjila, S. Natsupakpong, N. Brown, et al. Virtual reality
simulation: basic concepts and use in endoscopic neurosurgery training. — Child s nervous
system, 29(8), 2013, 1235-1244.

4. Eckleberry-Hunt, J., D. Lick, R. Hunt. Is medical education ready for generation Z? —
Journal of Graduate Medical Education, 10(4), 2018, 378-381.

5. Ekstrand, C., A. Jamal, R. Nguyen, A. Kudryk, J. Mann, et al. Inmersive and interactive
virtual reality to improve learning and retention of neuroanatomy in medical students: a
randomized controlled study. — CMAJ Open, 6(1), 2018, E103-109.

6. Fang, T. Y., P. C. Wang, C. H. Liu, M. C. Su, S. C. Yeh. Evaluation of a haptics-based
virtual reality temporal bone simulator for anatomy and surgery training. — Computer
Methods and Programs in Biomedicine, 113(2), 2014, 674-681.

7. Ha, W., D. Yang, S. Gu, Q. W. Xu, X. Che, et al. Anatomical study of suboccipital vertebral
arteries and surrounding bony structures using virtual reality technology. — Medical
Science Monitor, 20,2014, 802-806.

8. Khot, Z., K. Quinlan, G. R. Norman, B. Wainman. The relative effectiveness of computer-
based and traditional resources for education in anatomy. — Anatomical Sciences Education,
6(4),2013,211-215.

9. Kuehn, B. M. Virtual and augmented reality put a twist on medical education. — Journal of
the American Medical Association, 319(8), 2018; 756-758.

10. Liu, K., B. Fang, Y. Wu, Y. Li, J. Jin, et al. Anatomical education and surgical simulation
based on the Chinese Visible Human: a three-dimensional virtual model of the larynx
region. — Anatomical Science International, 88(4), 2013, 254-258.

11. Moro, C., Z. Stromberga, A. Raikos, A. Stirling. The effectiveness of virtual and augmented
reality in health sciences and medical anatomy. — Anatomical Sciences Education, 10(6),
2017, 549-559.

12. Ong, C. S., A. Krishnan, C. Y. Huang, P. Spevak, L. Vricella, et al. Role of virtual reality
in congenital heart disease. — Congenital Heart Disease, 13(3), 2018; 357-361.

13.. Pan, J. J., J. Chang, X. Yang, H. Liang, J. J. Zhang, et al. Virtual reality training and
assessment in laparoscopic rectum surgery. — International Journal of Medical Robotics
and Computer Assisted Surgery, 11(2), 2015, 194-209.

14. Pieterse, A. D., V. A. L. Huurman, B. P. Hierck, M. E. J. Reinders. Introducing the
innovative technique of 360 degrees virtual reality in kidney transplant education. —
Transplant Immunology, 49, 2018, 5-6.

15. Schuster-Amft, C., K. Eng, I. Lehmann, L. Schmid, N. Kobashi, et al. Using mixed
methods to evaluate efficacy and user expectations of a virtual reality-based training
system for upper-limb recovery in patients after stroke: a study protocol for a randomised
controlled trial. — Trials, 15, 2014, 350.

107



16. Shatto, B., K. Erwin. Moving on from millennials: preparing for generation Z. — Journal
of Continuing Education in Nursing, 47(6), 2016, 253-254.

17. Shatto, B., K. Erwin. Teaching millennials and generation Z: Bridging the Generational
Divide. — Creative Nursing, 23(1), 2017, 24-28.

18. Vogelsang, M., K. Rockenbauch, H. Wrigge, W. Heinke, G. Hempel. Medical education
for “Generation Z”: everything online?! — An analysis of Internet-based media use by
teachers in medicine. — GMS Journal for Medical Education, 35(2), 2018, Doc21.

19. Wells, T., E. K. Fishman, K. M. Horton, S. P. Rowe. Meet generation Z: Top 10 trends of
2018. —JACR, 15(12), 2018, 1791-1793.

20. Won, T. B., P. Hwang, J. H. Lim, S. W. Cho, S. H. Paek, et al. Early experience with
a patient-specific virtual surgical simulation for rehearsal of endoscopic skull-base
surgery. — International Forum of Allergy & Rhinology, 8(1), 2018, 54-63.

108



