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Abstract
Background: Education of human anatomy has always experienced many di�culties, including the lack
of anatomical specimens and limitations imposed by anatomical dissection techniques that damage and
change the shape and position of the anatomical structures.

Methods: A digital virtual anatomy system may be the solution to these di�culties. Based on high-
resolution sectional anatomical images from the Chinese Visible Human dataset, a virtual anatomy
system was created. In total, 170 undergraduate students from the Third Military Medical University were
divided into two groups, namely the combining virtual anatomy (CVA) group and the traditional anatomy
(TA) group. The CVA group was taught using both the virtual anatomy system and the traditional
anatomy course, while the TA group was taught using only the traditional course. After completing the
course, the teaching outcomes were assessed by written and practical examinations, and the satisfaction
levels of the students and teachers were also assessed with questionnaires.

Results: The examination scores and questionnaires showed that the CVA anatomy course provided a
comfortable studying environment for medical students and greatly improved their self-learning ability,
active thinking ability, 3D spatial thinking ability and interest in learning.

Conclusions: The teaching mode adding the virtual anatomy course with the traditional anatomy course
is a new and effective way to advance the teaching of human anatomy, which is better than traditional
dissection. 

Background
Every year, large numbers of students enroll in medical schools in China [1]. In 2008, there were 159
medical schools and institutions with approximately 1.7 million students [2]. Traditional anatomical
study has been used in medical schools for almost 100 years and still plays an integral role [3, 4]. In most
Chinese medical schools, human anatomy courses mainly include cadaver dissection and reading
anatomical textbooks and atlases [5]. However, some of shortcomings of dissection include the
destructive nature of dissection, possible shortage and costs of procuring cadavers, storage and
infrastructure to properly house the specimens, and the fumes associated with working in cadaveric-
based learning environments [6-8]. This may leave students with less time to spend on actual observing
and studying human anatomy.

To lessen the limitations associated with the traditional anatomy courses, many medical schools in North
America and Europe are using a virtual anatomy system (VAS) in the human anatomy curriculum to some
extent [9-12].

Based on our previous study [13] and the Chinese Visible Human dataset, we and Shandong Digital
Human Corporation (Digihuman, 2017, http://www.digihuman.com/) created a 3D interactive human
anatomy study system, which included interactive 3D models and sectional anatomical images of

http://www.digihuman.com/
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human structures [14]. The Chinese Visible Human dataset has high-resolution sectional anatomical
images that can be applied in many useful ways for both clinical anatomical research and anatomical
and clinical medical education purposes [3, 6, 13, 15-17].

This VAS is a computer-driven approach to anatomical laboratory experiences that avoid those
associated with cadaveric dissection [9]. This approach can stimulate study interest and improve the
study initiative of students because of it has high quality 3D images, a comfortable environment, and
easy operation without having to directly face a cadaver and inhale formalin vapors [10, 12, 14].

It has controversial issue about use of the VAS in human anatomy courses in Chinese medical
universities. Some people still remain skeptical about this approach because it is virtual and does not
involve touching a real cadaver; it is also expensive, requires supercomputer capability and uses an
artist's interpretation of anatomy [18]. Whether this teaching mode can improve active learning and
problem-solving skills [19] and whether this mode can be adapted for the Chinese educational
environment are still in dispute.

  Therefore, in order to verify whether the VAS can replace the traditional anatomy course, or whether it
should act as a complementary system to the traditional anatomy course, and whether this teaching
mode combing virtual anatomy system and traditional anatomy teaching can promote active learning
and improve learning e�ciency. The authors used the VAS in anatomy courses taken by undergraduate
students attending the Third Military Medical University; collected and analyzed the results of their written
and practical examinations and the results of the satisfaction questionnaires, determining signi�cance
with 1-way independent sample t-tests.

Methods

Virtual Anatomy System in Third Military Medical University
With the help of Shandong Digital Human Corporation, the Third Military Medical University established a
local network of VAS. Detailed information on the VAS is available at the website
(http://www.digihuman.com/). The software can be viewed at http://www.digihuman.com/en. This VAS
is online system, so one can access it whenever and wherever they want, which is an easy and convenient
way for medical students to study human anatomy. A web version of the VAS was also created. In this
version, teachers and students can use the software with any personal computer using the local area
network of the university.

This VAS offers three learning modules, the male systematic anatomy module, the male regional
anatomy module, and the female systematic anatomy module. In the systematic anatomy module, the
main 10 category includes 9 anatomical systems including locomotor, alimentary, respiratory, urinary,
male genital, vasculature, sensory, nervous and endocrine system (Fig. 1). In the male and the female
regional anatomical modules, the catalogue includes the head, neck, thorax, abdomen, pelvis, vertebral
column, upper limb, and lower limb region. 

http://www.digihuman.com/
http://www.digihuman.com/en
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The framework for these three modules has three parts, an anatomical structures catalogue and
explanation section, a sectional anatomical image display section, and a 3D reconstructed model display
section. In the catalogue area which occupies the left part of the interface, nearly all human organs are
shown on the list, and they are included in the catalogue containing human system classi�cations (Fig.
1). The sectional anatomical image display area includes coronal, sagittal, and transverse sections.
Students can move the scroll bar easily to display any plane of the human anatomy. In the 3D
reconstructed model display area, students can easily translate, rotate, and amplify any of the 3D
reconstructed models and then observe the 3D organ model in any direction and from any angle.
Students can also make the super�cial 3D structures semi-transparent to observe the deep structures. All
parts and structures were mapped as realistic pictures, making them more accurate and attractive. Some
vessels and bone markers can be observed on the surface of the bone (Fig. 2A, C, D). The muscle bellies,
tendons, and muscle �bers can be observed on the muscle surface, and the orientation of the muscle
�ber follow the orientation of the real muscle �ber (Fig. 2A, C). Additionally, the skin texture mapping used
the texture of real human skin, making it appear more realistic on the screen, and the skin encompasses
nearly all structures in the human body (Fig. 2B). 

Participating students
In total, 170 undergraduate students in their �rst year at the Third Military Medical University were
assigned to this study (Table 1). Their �rst semester consisted of a basic science curriculum, which
included mathematics, physics, chemistry, and English. In subsequent semesters, medical students began
their basic medical curriculum, which included systematic anatomy courses. Based on the scores
obtained in previous medical compulsory courses, students were divided into a combining virtual
anatomy (CVA) group and a traditional anatomy (TA) group, 66 students in the CVA group and 104
students in the TA group. According to the principle, these two group students have the same equivalent
score. Because the limitation of website and teaching space of VAS, only 66 students take part in
combing virtual anatomy system. 

Before participation in the study, the teachers and the medical students were familiar with the study rules.
The teachers gave participating students instructor materials including the important and complex
anatomical structures which need to understand, comprehend and master. The medical students were
military students, and they all strictly obeyed the principle of informed consent. Before the course, the
average scores on the basic science curriculum were not signi�cantly different between the CVA group
and the TA group (P<0.05). Each group had a group leader who was in charge of all members and
collected the study information. The group leader was the communicator between students and
teachers. To determine the students’ progress, a pre-test including 20 multiple choice questions and 5
essay questions was administered before the beginning of the course, and the differences in test scores
between the two groups were analyzed. This pre-knowledge test indicates the prior knowledge of the
students and was veri�ed by our authorship team. Table 1 shows the basic characteristics of the CVA and
TA groups. 

http://dict.cn/equivalent
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Teaching methods
All students took typical courses in human regional anatomy. The regional anatomical courses in the
Third Military University include basic theoretical courses (16 class hours) and practical courses (69 class
hours). All the anatomical courses including theoretical and practical course will take one entire term
which lasts 5 months. This course included lower limb, upper limb, thorax, abdomen, pelvic and perineum,
head and neck dissection.

In the practical course of the CVA group, medical students studied human anatomy with VAS for 1/3
class hours, for a total of 23 class hours, which accounted for one-third of the practical course. They
studied the location, 3D shape and spatial relationship of human anatomy through translating, rotating
and zooming the anatomy model in the VAS. They studied the location, 3D shape and spatial relationship
of human anatomy through translating, rotating and zooming the anatomy model in the VAS. During the
other two-thirds of the practical course, they studied human anatomy in the traditional mode including
cadaver dissection and observation. In the practical course of the TA group, medical students studied
human anatomy just through the traditional anatomy teaching mode including cadaver dissection and
observation. Both in the CVA group and the TA group, medical students studied regional anatomy mainly
by themselves and anatomical teacher worked as a tutor to help students to study human anatomy.

After the basic theoretical and practical course, all medical students had an additional 6 hours for review.
In the review course, the CVA group students reviewed the information through the VAS, while the TA
group students reviewed the information by observing specimens and reading reference books.

The teachers of the VAS course were trained before teaching the medical students. The courses for these
two groups were launched synchronously. In the practical part of the course, all the medical students
followed the guide to adhere to the same learning objectives. The VAS contains instructions that can be
used to guide the user, and the user only needs to move the mouse or use the keyboard to easily operate
the VAS. 

Evaluation methods
Fourteen days after the last anatomical lesson, all students took an examination on regional anatomy,
which included both written and practical portions. The written portion of the examination included 150
questions which was composed of single-choice questions, multiple-choice questions, and essay
questions, and most of the questions were single-choice questions. Some of the questions in the pre-test
examination was also repeated in this written examination.

The practical examination is a “bell-ringer” style practical examination. This examination was on the
anatomical structure of a real cadaver that was present in the classroom, with labels on anatomical
structures. The students wrote down the full name of each noted structure within a designated time limit.
The medical students stayed at each station, each of which contained two anatomical structures, for only
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70 seconds. A full score on both the written examination and the practical examination was 100 points.
In written examination, some questions were 0.5 point and some question was 1.0 point, and the full
score of the written examination was also 100 points. The two groups of students were divided into �ve
subgroups based on their scores on the examination. The score in Failure, Pass, Normal, Good and
Excellent part is <60, 60-70, 70-80, 80-90, 90-100 separately. We compared the ratio of this subgroup in
these two groups. 

Questionnaires administered to the students and teachers
In order to evaluate the attention, 3D spatial thinking, interesting and satisfaction of the students
studying human anatomy with the VAS, questionnaires were distributed to the students in the CVA group.
The items in the questionnaire are listed in Table 2 (This table is placed at the end of the document text
�le). The questionnaires given to the students had 20 questions. After we drafted this questionnaire, 5
specialists examined and modi�ed it.

The items were measured on a �ve-point Likert scale ranging from 1 to 5 as follows: 5–strongly agree; 4–
agree; 3–undecided; 2–disagree; 1–strongly disagree. In addition, students had the opportunity to
comment on the content of the VAS.

The eight teachers who participated in the CTA group were invited to complete a self-structured
questionnaire which was composed of 10 questions adapted from the questionnaire in Singh’s study
(Table 3). In the studies by Singh and Tian, the authors designed the questions, and the students
responded to questions according to the questionnaire table in the study [2, 20]. The completed
questionnaires were strictly anonymous.

Statistical analysis
Statistical Product and Service Solutions (SPSS) 13 (SPSS Inc., Chicago, IL, USA) was used for the
statistical analyses. The examination scores for both the CVA group and the TA group were analyzed
using a 2-sided independent samples t-test. Cohen’s d calculation was used to indicate the standardized
difference between two means of the CVA and the TA groups’ examination.  P < 0.05 was considered
statistically signi�cant. The analysis was conducted in a manner that prevents the identi�cation of
individuals.

Results
The average scores on the basic science curriculum (Fig 3) were not signi�cantly different between the
CVA group and the TA group (p < 0.05). In the CVA group, there were 51 male students and 13 female
students, and the mean age was 19.1 years. In the TA group, there were 84 male students and 20 female
students, and the mean age was 19.0 years. 
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Application of software by medical students
The average pre-course score in the CVA group was 23.9±8.0, and the average pre-course score in the TA
group was 23.5±8.0 (Fig 3). The results of the pre-course assessment indicated that there was no
signi�cant difference in preexisting knowledge between the two groups. After the completion of the
anatomy course, the average score on the written examination of regional anatomy was 84.7±4.0 for the
CVA group and 76.3±4.6 for the TA group (Fig 3). The results indicated that there was a signi�cant
difference between the mean scores for the CVA group and the TA group (p < 0.05).

In the practical examinations, the average score of the CVA group was 78.4±6.1, while that of the TA
group was 68.4±8.1 (Fig 3). The score of the CVA group was signi�cantly higher than that of the TA group
(P < 0.05), and the difference in scores between the CVA group and the TA group was greater on the
practical examination than on the written examination (Fig. 3).

By verifying the results of the written and practical examinations, teachers observed that some students
in the CVA group received an excellent grade on both written exam and practical exam, while none of the
TA group students earned an excellent grade on those examinations. There were more students with good
grades in the CVA group than in the TA group on both written exam and practical exam, and there were
fewer failing students in the CVA group than in the TA group. Therefore, more students performed better
in the CVA group than in the TA group (Fig. 4). 

Analysis of student questionnaire
The results of the student questionnaire evaluation are shown in Table2. Students declared a high level of
satisfaction with the VAS (mean: 4.1 on the �ve-point Likert-scale). About the new combing teaching
mode, and the CVA group students said that they found it very interesting, convenient and e�cient (Table
2 Q1, Q2, Q3). Participants mentioned that the combination of cadaver dissection and 3D images
improved their 3D understanding and retention (Table 2 Q4, Q5). The CVA teaching mode provided
students with more information about anatomy and reinforced the communication between teachers and
students (Table 2 Q9, Q10). VAS also helped the instructor to guide the course adequately and to some
extent supplemented the traditional anatomy course (Table 2 Q15, Q18). Most students were not
convinced that VAS could fully replace the traditional anatomy course (Table 2 Q16). As to whether VAS
alone could provide more detailed information about complicated and abstract anatomical structures,
many students remained neutral (Table 2 Q6).

The Cohen's d of the practical examination between the CVA and TA groups was 0.5893, while the
Cohen's d of the written examination between the CVA and TA groups was 0.9107. This �nding shows
that the effect of the VAS was greater on the written examination than on the practical examination.
Although the VAS is very important, it still cannot completely replace the TA with real dissection.  
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Analysis of teacher questionnaire
Teachers declared a high level of satisfaction with the VAS (mean: 3.7 on the �ve-point Likert-scale)
(Table 3). The functionality of the VAS and virtual anatomy teaching mode was evaluated. As shown in
Table 3, the CVA courses were viewed as a scienti�c and interesting teaching approach to enhance
undergraduate education (Table 3 Q1, Q4), providing a comfortable environment (Table 3 Q2) and self-
directed learning skills (Table 3 Q7) for undergraduate students. Most of teachers, like students, remained
neutral as to whether VAS can clearly demonstrate abstract and complicated anatomy structures (Table 3
Q6). Although most teachers still doubted that VAS could provide very detailed anatomy information to
undergraduate students (Table 3 Q5) and possibly replace the TA teaching mode (Table 3 Q9), most of
them agreed that combining CVA with TA courses could replace the existing TA course (Table 3 Q10).

Discussion
Virtual anatomy is a new digital and virtual simulation technique to teach human anatomy [21-24], and it
is a great supplement to traditional human anatomy studies. In a traditional cadaver dissection course,
approximately 8-16 people use only one complete cadaver because of the scarcity of cadavers. Therefore,
it is not always easy to rotate and transform the heavy cadaver frequently because at least 2-3 people are
needed to move or rotate one complete cadaver (Table2 Q2). However, through vivid 3D interactive
operation, it is a simple task to transform and rotate the virtual human organs in three-dimensional virtual
space [25, 26] (Table2 Q1, 2). The �nal test scores obtained by students in the CVA group supported this
view regarding the superiority of a combined teaching mode incorporating the VAS and the traditional
dissection course. The results obtained from the questionnaires showed that most students preferred
VAS, although both training modes have the same aim and provide the same anatomical information
(Table2 Q1, 2). For most students, the VAS was interesting and facilitated and convenient to learn
anatomy at the same time (Table2 Q1, 2). They were pleased with the attractive, high quality and
interactive 3D anatomical models available through this system, which can provide them 3D spatial
thinking ability (Table2 Q4, 5). Moreover, the VAS can store a large amount of data including 3D human
organ models, sectional anatomy images, dissection videos and anatomy cartoon videos in small space
(Table2 Q8, 9).

Although the TA group and the CVA group had the same study hours, the CVA course stimulated study
interest and initiative, developed 3D thinking abilities, and improved knowledge acquisition and
understanding [27], which was a very important aspect of the anatomy course (Table2 Q1, 3, 4). The
medical students in the CVA group obtained higher examination scores and reported high scores on the
questionnaire, which con�rms the bene�ts of the CVA course including interesting, curiosity, anatomical
relevance and satisfaction from the viewpoint of the students (Table2 Q1, 3, 4, 5). The 3D model allows
medical students to understand human anatomy better and improves their level of knowledge of
anatomy. The VAS can improve medical students' spatial ability through operation the 3D human model
in the VAS (Table2 Q3) with translating, rotating and zooming the 3D models. Therefore, the CVA course
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which combined the VAS can raise more students' interesting, satisfaction, curiosity, environment
comfort, 3D spatial thinking ability and study e�ciency compared with the TA course. (Table2 Q9, 14, 20)

As a superior method of teaching anatomy, the VAS and the CVA course was well received by students,
but the course which totally use 3D VAS cannot completely replace traditional dissection anatomy
courses (Table2 Q16, Table3 Q9) [8, 28, 29]. The VAS provide the realistic anatomical structures, however,
it lacks the sense of touch. If medical students want to be familiar with complicated and abstract
anatomical structures, such as fascia and space, the virtual anatomy teaching mode alone may not be
su�cient (Table2 Q6, 7, Table3 Q6, 8). To understand these abstract structures, medical students must
touch them in a real cadaver before clinical work [29]. Students in the dissection room can also gain
experience and skills because they are confronted with death, the need to respect the dead, and the
opportunity to work as a team, which are all relevant skills for future doctors (Table2 Q16, Table3 Q8, 9).
These might not be gained if students only have access to the VAS (Table2 Q11, Table3 Q5).

Cadavers can also offer students the opportunity to have a learning relationship with their "�rst patient"
(https://www.mededportal.org/publication/9975/) [30-34]. Cadavers have individual difference [35] and
also offer a complex and real biological view of what lies beneath the skin. The VAS simply cannot do
this due to scan resolution, post-processing resolution, the skill of the artists and computer operators
(Table2 Q4, 11, Table3 Q6). What VAS offers is a simpli�ed 'model' view of the labeled constituent pieces
of the pertinent anatomy [36, 37].

In general, the vast majority of students and teachers were satis�ed with using this virtual anatomy
system environment rather than studying in dissection rooms (Table2 Q12, 13, 19 Table3 Q3, 4), and they
think the VAS changes the learning environment of the gross anatomy lab, and they need not to inhale
formalin (Table3 Q2), and can dissect the digital cadaver repeatly and need not worry about the destroy
and move the digital cadaver (Table2 Q2) [38].

Conclusions
The CVA course can be facilitated and convenient for medical students to learn anatomy, contained much
anatomical information, activity thinking ability, environment comfort, 3D spatial thinking ability, study
interest and study e�ciency. However, the virtual anatomy course alone cannot fully replace the
traditional anatomy course due to its lack of the sense of touch and dissection. Thus, the course
combining the VAS with dissection should be considered as a new and effective way to teaching modern
human anatomy, which can offset the shortage of the teachers and the cadaver. Most students and
teacher like the VAS and the CVA course, although the VAS cannot replace the traditional dissection
course.

Abbreviations
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CVA : combining virtual anatomy; TA : traditional anatomy; CVH: Chinese visible human; VAS : virtual
anatomy system; SPSS : Statistical Product and Service Solutions; 3D: three dimensions.
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Figure 1

Interface for the male regional anatomy module in the Virtual Anatomy System. The left-hand screen is
the catalogue of the human structure, the middle main screen is the 3D reconstruction of regional
anatomy, and the right three panels are the transverse, coronal and sagittal sections based on CVH
images.
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Figure 2

Three-dimensional human model display the human skeleton and muscles showing texture. (A) Thigh;
(B) skin; (C) hand; (D) torso.
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Figure 3

Mean examination scores (X ± SD) for the pre-test and post-tests on human anatomy. CVA group (n = 66)
and TA group (n = 104). *p < 0.05. CVA: combining virtual anatomy; TA: traditional anatomy
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Figure 4

Grades earned on the examination by medical students in regional anatomy courses. W (VA): ratio of CVA
group students in written exam. W (TA): ratio of TA group students in written exam. P (VA): ratio of CVA
group students in practical exam. P (TA): ratio of TA group students in practical exam.
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