
Introduction
As the oldest field of medicine, anatomy examines the nor-
mal shape and structure of the body, the organs that form
the body, and the structural and functional relationships
between these organs. The primary educational tools used
in anatomy education include theoretical books, atlases,
plastinated or embalmed cadavers, and digital pictures.[1–5]

Spatial ability is important in learning anatomy.
Understanding the spatial and visual relationships of

anatomical structures with one another forms the basis of
the anatomy training.[6] Furthermore, modern technology
offers various solutions in at least acquiring certain types of
resources. Among the new technologies that have been
introduced in the recent years into the biomedical fields
for research, practice and education purposes are the fast
prototyping techniques used in three dimensional (3D)
printing.[7] With using 3D software, students can visualize
visceral organs and determine variations of these organs.[8,9]
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Abstract

Objectives: Traditional anatomy education involves theoretical lectures and practical applications, including examination of
cadavers and models. In recent years, new technologies in biomedical fields have included three-dimensional (3D) modeling
techniques that enable rapid creation of a 3D computer version of physical models. Such 3D modeling can be used as an
active educational tool that enables students to better understand organs and how these organs are positioned relative to
one another in anatomy education. The aim of this study was to analyze how the active role and involvement of students in
3D modeling contributes to anatomy education and 3D thinking. 

Methods: In this study, 29 Term II students studying in the Baflkent University School of Medicine were enrolled with 3D mod-
eling training based on an anonymized CT sample. In addition to defining anatomic structures observed in the sections, 3D
images of the common carotid artery, thyroid gland and trachea were obtained using the TT3D-BMMP software, and the posi-
tion of these structures relative to one another was evaluated. The results of the anatomy quizzes given before and after the 3D
modeling training were statistically evaluated. 

Results: A statistically significant difference was found between the results of the quizzes administered before and after the
training (p<0.001). However, no statistically significant difference was found between male and female students in terms of the
quiz results before training, while a significant difference was found in the quiz results after training.

Conclusion: We believe that sectional and radiological identification and recognition of anatomical structures by the stu-
dents through 3D modeling will facilitate their anatomy education and be beneficial in terms of clinical practices in the
future. 
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Moreover, in certain faculties of medicine, reaching the
resources used in anatomy education can be difficult not
only due to a lack of financial resources, but also for ethi-
cal, legally and cultural reasons. It is considered that the
new opportunities provided by modern technology can
create a path for overcoming these difficulties.[7]

Anatomical models are important during academic
education, and are also used today in clinic practice as
well.[10] With the use of 3D modeling technology in clin-
ics, it becomes possible to perform modeling specifically
for a single patient, and to intervene on the patient in the
most suitable manner by developing the necessary strate-
gies for surgery.[11]

A 3D modeling can quickly create a 3D computer ver-
sion of a physical model. In the recent years, 3D modeling
applications have started to be used in medicine, medical
education, diagnosis, surgery planning and bone recon-
structions.[12]

Moreover, 3D anatomy software is beneficial for the
students’ self-learning. This software is also relevant for
the courses on cadaver dissection, which are provided
under the guidance of instructors. The development of a
computer-based anatomy education supports students in
adapting and implementing their anatomy knowledge in
real life.[13] The 3D modeling and the two-dimensional
radiological imaging methods (such as cross-sectional
anatomy, MR and CT) that students practice during their
basic medical education allow them to gain prior experi-
ence in clinical applications.

The objective of this study was to evaluate the contri-
bution of 3D modeling on the active role and involvement
of students in anatomy education and on their ability to
imagine in three dimensions. Furthermore, in the light of
the results, it can give an idea about whether computer
based education system should be included in medical cur-
riculum.

In this study, 3D modeling of thyroid gland was per-
formed. The thyroid gland is the largest endocrine gland
located in the anterior part of the neck, below and lateral
to the thyroid cartilage, consisting of an isthmus with two
lateral lobes on the right and left. The isthmus neighbors
the second and third tracheal rings on their anterior side,
while the sternohyoid, sternothyroid and omohyoid mus-
cles are located in front of the isthmus. The thyroid gland
is supplied by superior and inferior thyroid arteries.
Recurrent laryngeal nerves pass under the medial surface
of the lateral lobes.[14] The anatomical neighborhood of
the gland to the inferior thyroid artery and laryngeal nerve
is important for complications that may occur during thy-
roid surgery.[15,16]

Materials and Methods
Our study was conducted with a total of 29 Term II stu-
dents, including 17 women and 12 men from Baflkent
University School of Medicine. All of the students were
given an anatomy quiz (the first quiz) 15 days after taking
the theoretical anatomy lecture of endocrine organs.
Then 29 students were trained with 3D modeling using
the TT3D-BMMP method, and asked to perform a 3D
modeling of the thyroid gland and the neighboring tra-
chea and common carotid artery. They were not informed
about a second quiz.

An anatomy quiz (the second quiz) that included the
same questions was administered again 30 days after the
modeling training was performed and the modeling activ-
ities were carried out. The anatomy quiz consisted of ten
questions with ten slides that contained two dimensional
atlas pictures, atlases, and cadaver and radiologic sections.
In each slide, a question was asked about a structure. The
post-exam assessment was performed by giving one point
for each question. The scores of the exams prior to and
after the training (the first and second quizzes) were sta-
tistically evaluated.

TT3D-BMMP software was used for the 3D model-
ing training. This software was developed by Dr. Erhan
K›z›ltan from Department of Biophysics in Baflkent
University School of Medicine. The students first per-
formed the manual segmentation of the thyroid gland,
common carotid artery and trachea from 60 sections of 1.5
mm thickness found in the CT scan of an anonymous
patient (Figures 1–3).

Before and during the modeling training, standard
information was given to the students regarding the struc-
tures observed in the sections. The structures segmented
by the TT3D-BMMP software were distinguished by the
students. A 3D mesh-structure (mesh) was formed, and
then visualized with the GMESH software. The post-pro-
cessing applications which were performed with this soft-
ware was freely and easily available. The relation between
the anatomical structures were also evaluated in three
dimensions with the post-processing applications and
compared in terms of appearance and size with ideal atlas
images.

Descriptive statistics in the study were given as mean ±
standard deviations. The difference between the exam
results before and after the training was analyzed using the
paired sample t test. By separately evaluating the exam
results before and after the training, the difference
between the gender groups was analyzed using the Mann-
Whitney U test. In the analysis, the type I error probabil-
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ity was determined as 0.05. All analyses were performed
using IBM SPSS Statistics for Windows (Version 25,
Armonk, NY, USA). This study was approved by the

Baflkent University Medical and Health Sciences Research
Committee (Project number: KA19/72) and supported by
the Baflkent University Research Fund.

Figure 1. Segmentation of the thyroid gland.

Figure 2. Segmentation of the common carotid artery.
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Results
Segmentations of the thyroid gland, trachea and com-
mon carotid artery were performed by the students using
the TT3D-BMMP software, and mesh models were also
prepared. One physical model was produced as a sample
(Figures 4 and 5).

The models were visually compared with radiogra-
phy images and ideal atlas images in terms of appearance
and scale. The anatomy quizzes given before and after
the 3D modeling training were evaluated based on ten
points, with each question having a value of one point.
Descriptive statistics of the quizzes given before (first)

Figure 4. Superior view of 3D model of thyroid gland, common carotid
artery and trachea. [Color figure can be viewed in the online issue, which
is available at www.anatomy.org.tr]

Figure 5. Posteror view of 3D model of thyroid gland, common carotid
artery and trachea. [Color figure can be viewed in the online issue, which
is available at www.anatomy.org.tr]

Figure 3. Segmentation of the trachea.
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and after (second) the 3D modeling training are shown
in Table 1.

A statistically significant difference was found between
the first quiz given before the 3D modeling training and
the second quiz given after the training (p<0.001). While
the average score in the exam before the training was
approximately 5 points, the average exam score increased
to approximately 7 points after the training.

When the exam results were evaluated between the
gender groups, no statistically significant difference was
found between male and female students in terms of the
first quiz results (p=0.873), while a significant difference
was found in terms of the second quiz results (p=0.007)
(Table 2).

Discussion 
The results of this study showed that 3D modeling can
be an effective method in anatomy education by allowing
students to recognize structures in repeating segments
and form 3D structures. Models printed with 3D model-
ing can also be used as materials in anatomy education.
These models are also important in that they are indi-
vidualized training materials and show variations.

Traditional learning model can be summarized as a
2D → 3D → 2D model. Information learned in such a
manner makes it difficult to remember 3D structures
correctly, and may even cause structures to be learned
erroneously and deficiently. As was the case in this study,
the 3D structures formed from consecutively repeating
2D sections through the integration of 3D modeling into
2D education has allowed for a more accurate and last-
ing learning.[17]

In a study by Vorstenbosch et al.[6] on spatial intelli-
gence, students with high mental rotation test scores
were also found to be more successful in the anatomy
exam. Although men scored higher than women in both
mental rotation tests, no significant gender-related
increase was observed between the two tests. Similarly in
this study, while the increase in the scores for men in the
second exam after receiving the training was statistically
significant (p=0.008), the increase in the score between
the two exams was not found to be statistically significant
for women (p=0.879).

Jamil et al.[18] found that the scores of men were high-
er than women in both tests, and a significant increase
was identified in the scores of both women and men.
Although this study’s objective was not to evaluate the
difference between genders, it can be stated based on the
obtained data that a statistically significant difference is
present between the scores obtained in the two tests by
male students.

Certain studies in the literature have aimed to pro-
vide training through a 3D model. In this study, our aim
was to have the students learn anatomy by making 3D
modeling from 2D sections. For example, in a previous
study conducted on a 3D generated model, a comparison
was made between groups that received traditional 2D
education and 3D model education, and no difference
was found between the two groups in terms of contribu-
tion to anatomy education.[19]

In another study by Lim et al.[20] on 3D models, the
cadaver samples group, the 3D models group and a
group that combined the two were compared. While a
significant improvement was observed in the results of
the 3D model group no significant difference was
observed in the other two groups. The use of 3D models
instead of cadaver models does not create a disadvantage,
and the results even demonstrate that the use of 3D
model is more effective in anatomy education.

The development of spatial intelligence contributes
to anatomy education, and anatomy education similarly
contributes to the development of spatial intelligence in
students. This mutual interaction positively affects the
visual approach of the students towards their anatomy
knowledge, making it easier for them to learn anatomy.

According to a study by Jamil et al., 97% of students
found the use of 3D modeling software in education
more effective as compared to plastic models.[18] The use
of 3D modeling in medical education will ensure greater
visualization of dynamic processes in the mind, and allow
for more effective use in both diagnosis and treatment in
future.[21]

Anatomy quiz Mean±SD p

First quiz 5.14±1.66
<0.001

Second quiz 7.10±1.37

Table 1
Descriptive statistics of quiz given before and after the 3D modeling

training using paired sample t-test.

First quiz Second quiz
median (min–max) median (min–max) p

Women (n=17) 5 (1–8) 7 (4–9) 0.873

Men (n=12) 5.5 (2–7) 8 (7–9) 0.007

Table 2
Evaluation of first and second quiz results among genders using 

Mann-Whitney U test.
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The low number of participants can be considered as a
limiting factor of the present study. Since participation to
the study was on a voluntary basis, the intense course
schedule of medical students limited their participation in
the study. The inability to distinguish nerves, certain small
veins and certain muscles from soft tissues in every section
when using different radiologic methods constitutes one
of the difficulties of 3D modeling.[19] This study represents
a preliminary study; further studies are required for
revealing its contribution to life-long learning. 

Conclusion
By using such a 3D modeling program as a part of active
education, students will improve themselves in evaluat-
ing the sectional images 3D manner. Such a program
will make the students familiar to the localizations of dif-
ferent anatomical structures in the human body and their
relations with each other. With the addition of 3D edu-
cation into the curriculum, our aim was to increase the
success of students in the anatomy class. 
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