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BACKGROUND  

Newly developed interactive tutorials and applications 
which teach human anatomy are often set up as pay-to-play 
websites. Examples of these include the Visible Body app1 and 
the 3D Organon Anatomy2. Though these applications can be 
very educational, they may be costly, thus many students and 
members of the education community will not access these 
programs because of the upfront charges. These teaching 
programs are also frequently anatomically limited because they 
utilize idealized models, like KineMan3, instead of renderings 
or imaging data sets obtained from humans (clinical or from 
cadavers). This characteristic may make them useful study 
tools, but will not best prepare future doctors, nurses, and other 
health professionals for true, variable patient anatomies they 
will encounter in their various practices. Further, such students 
would likely gain more by studying 3D objects of real human 
anatomies instead of 2D images. We have designed a strategy to 
bring 3D human anatomies from real cadavers to the scientific 
and education communities completely open source (free of 
charge). Our interactive application is geared toward students of 
all ages (grade school to medical school) or by anyone 
interested in learning more about human bone anatomy.   
 Our goal is to make this anatomy demonstration available 
through an online server which can be accessed publicly for 
free. The current iteration of our tutorial is interactive, allowing 
the user to maneuver through the 3D modeled bones of a human 
cadaver. We believe this feature will provide the students with 
better understanding of relative anatomy, meaning where bones 
are physically associated in various 3D planes compared to 
other bones, details that are currently missing from many of the 
popular anatomic learning tools available today. Our interactive 
design itself is also informative �± the user can hover the mouse 
over a specific bone and its labels and functional descriptions 
will populate in the corner. Finally, the current application is 
freely available online.  

METHODS 

 Unfixed human cadavers donated through the Anatomy 
Bequest Program at the University of Minnesota were used for 
our investigations. Full body computed tomography (CT) scans 
were completed using a high radiation dosage for optimized 
image contrast. These obtained image dicom data sets were then 
used to create detailed 3D models using Materialise Mimics 
software. Bones were segmented out individually so individual 
3D object files could be created. These files were next uploaded 
into the Unity video game engine.  
 Utilizing the Unity software, the skeleton was assembled 
and colorized. A script was written to ensure skeleton 
movement capabilities (left and right, up and down, forward 
and backward, 360º rotation). Similarly, the ability to highlight 
and display the appropriate labels and descriptions for 
individual bones when the cursor hovered over them. These 
scenes w�H�U�H�� �W�K�H�Q�� �H�[�S�R�U�W�H�G�� �W�R�� �D�� �Z�H�E�� �E�U�R�Z�V�H�U�� �W�K�U�R�X�J�K�� �8�Q�L�W�\�¶�V��
WebGL feature.  

RESULTS 

 Models of real human anatomies were used to create the 
described free tutorials on the identifications of bones in the 
body. This application allows the user to navigate through a 
given skeleton, visualizing each bone from all angles (Figure 1). 
Additionally, each bone or group of associated bones can be 
highlighted individually by hovering a cursor over: when the 
�E�R�Q�H�� �L�V�� �K�L�J�K�O�L�J�K�W�H�G���� �L�W�¶�V�� �O�D�E�H�O�� �D�Q�G�� �D�� �E�U�L�H�I�� �G�H�V�F�U�L�S�W�L�R�Q�� �L�V��
displayed in the upper left corner of the screen (Figure 2). 
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Figure 1. Demonstration of the ability to visualize bones 

from all angles, showcasing the relative anatomies and 

taking advantage of the 3D modeling capabilities. 
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Figure 2. An example of bone labeling for the A) pelvis and 

B) scapula. When the user hovers the cursor over a given 

bone model, the bone highlights and the label and 

description appears in the top left corner of the user screen.  

 

 As previously mentioned, we consider here that two primary 
benefit of our application over those currently on the market are 
1) it is open source as in it is free to use by any member of the 
public (Figure 3) and 2) the model we utilized are from 
cadavers, thus represent anatomical correctness throughout 
(Figure 4). Again, though many of the available software and 
programs used today are very beneficial, they lack the realness 
of a true human body. We are offering these imperfections in 
addition to diversities/variations of bone structures, sizes, and 
even locations that exist in different bodies because of our 3D 
models are generated from full body cadaver CT scans (Figure 
4).  
 

 
 

Figure 3. Image of the free program running through a web 

server via an online browser.  
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A)  B)   

 

Figure 4. Visual comparison of the anatomical differences 

between A) a “real” bone model and B) an “idealized” bone 

model3 available by the other companies. The idealized 

model often loses body positioning/orientation, as well as 

relative sizing of all human bones.  

INTERPRETATION 
  
 The project we have developed and described here 
demonstrates an open source anatomical learning tool that 
represents true human anatomies and allows the user unique 3D 
visualizations of them. We believe this teaching tool could be of 
high value to all levels of anatomical students: i.e., from 
healthcare professionals to patients to elementary students. 
Further, this application allows the user to study 3D models 
instead of the standard 2D images. In other words, this allows 
the learner to gain knowledge of relative geometric anatomy, 
meaning how closely one bone resides to another, instead of 
mere 2D bone identification. Further, this free, 3D anatomic 
tool may also lead to novel insights into how other anatomical 
components like muscles or nerves fit in nicely with functioning 
bones to create a compact, mobile body.  
 Future directions for this project center around tailoring the 
application to medical school students, meaning adding a 
significant amount of anatomical details that would ensure they 

are anatomy experts in their field. We intend to grow our library 
of available human skeletal anatomies so that we can represent 
the variations between men and women, young and old, and 
notable health conditions. Also, we have begun to incorporate 
other anatomic parts of the cadavers within these applications 
including organs, vasculature, muscles, and nerves. These 
additions will greatly increase the educational value of this 
teaching tool. Further, we aim to add a question and answer 
�³�T�X�L�]�´ �P�R�G�H�� �W�R�� �W�K�H�� �D�S�S�O�L�F�D�W�L�R�Q���� �Z�K�L�F�K�� �Z�L�O�O�� �W�H�V�W�� �W�K�H�� �X�V�H�U�¶�V��
knowledge of bone identification. Eventually, we want the 
interface to be mobile compatible, ensuring the application can 
be used on all types of commonly available electronic devices. 
We believe this project will fill the gap in the current field of 
products that bring technology into the anatomy classroom by 
freely teaching bone anatomy with true human anatomy instead 
of relying on idealized models as well as taking advantage of 
their 3D structures for educating students on relative anatomy. 
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