W) Check for updates

B3URFHHGLQJV Rl WKH '"HVLJQ RI OHGLFDO '
0
$SULO OLQQHDSROLYV

USING WEBGL FOR TEACHING BONE IDENTIFICATION
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BACKGROUND METHODS

Newly developed interactive tutorials and applications Unfixed human cadavers donated through the Anatomy
which teach human anatomy are often set up astgpplay Bequest Program at the Univitgysof Minnesota were useaif
websites Examples of these include the Visible Body appd our investigationsFull body computed tomography (CT) scan

the 3D Organon Anatomy Though these applications can be were completed using a high radiation dosage for opt|m|z§d
very educational, they may be costly, thus many students andimage contrast. These obtained imdgmm datasets were then
members of the education community will not access these used to createletailed 3Dmodels usingMaterialise Mimics
programs because of the upfit charges. These teaching software.Bones were segmented out individuallyisdividual
programs are also frequentyatomicallylimited because they 3D object files could be created. These files were next uploaded
utilize idealized modelslike KineMar?, instead of renderings into the Unity video game engine.

or imaging data sets obtained from humdulinical or from Utilizing the Unity software the skeleton was assemble
cadavers This characteristic may makdéem useful study and colorized. A script was written to ensur&elston
tools, but will not best prepare future doctors, nurses, and othermovement capabilities (left and right, up and down, forwa
health professionals for true, variable patient anatomies theyand backward, 380rotatior). Similarly, the ability tohighlight =
will encounterin their various practices-urther, such students and display the appropriate labels and descriptions §>r
would likely gain more by studying 3D objscof real human individual bones when the cursor hovered over them. These
anatomies instead of 2D images. We have designed a strategy tecenes HWUH WKHQ H[SRUWHG WR D ZH g E
bring 3D human anatomies from real cadavers to the scientific WebGL feature.
and education communities completely open source (free of

charge). Our interactive application is geared towardegits of

all ages (grade school to medical school) or by anyone RESULTS
interested in learning more about human bone anatomy.

Our goal is to make this anatomy demonstration available Models of real human anatomies were used to create ghe
through an online server which can be accessed publicly for described free tutorialon the identifiations of bones in the 2
free. The curreniteration of our tutorial is interactive, allowing  body. Thisapplication allows the user to navigate throwgh §
the user to maneuver through the 3D modeled bones of a humargiven skeleton, visualizing each bone from all angles (Figure 1).
cadaver. We believe this featundl provide the studentsvith Additionally, each bone or group @fssociatecbones can be ¢
better understanding of relative anatomy, meaning where boneshighlighted individually by hovering cursor over: when the g
are physically asociated in varioussD planes compared to ERQH LV KLJKOLJKWHG LWV ODE @ 0]
other bones, details that are currently mis$ingh many of the displayed in the upper left corner of the screen (Figure 2). N
popular anatomitearning toolsavailabletoday.Our interactive
design itself is also informativetthe user can hover the mouse
over a specific bam and its labels anfiinctional descriptions
will populate in the corner. Finally, the current application is
freely available online.
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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.
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As previously metioned,we consider here that two primary%
benefit ofour application ovethose currently on the market are2
1) it is open sourcas in it is free to use by any member of th§
public (Figure 3) and 2) the model we utilized are fromg
cadavers, thus repregeanatomical correctnesghroughout
(Figure 4) Again, hough many of thavailablesoftware and
programs used today are very beneficial, tlaek the realness g
of a true human body. We are offering these imperfectionsgn
addtion to diversitiebsariatiors of bone structurg sizes, and
even location that exisin different bodies because of 08D
modelsare generated frorull body cadaver CT scans (Figur
4).
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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 3. Image of the free program running through a web
server via an online browser.
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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. Alsae have begun to incorporate
other anatomicparts of the cadavemsithin these applications
including organs, vasculature, muscles, and nervdgese
additions will greatlyincrease the educational value of thi
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A) teaching tool.Further, ve aim to add ajuesion and answer 5
STXLPRGH WR WKH DSSOLFDWLRQ ZKL
Figure 4. Visual comparison of the anatomical differences knowledge of bone identification. Eventually, we want thg
between A) a “real” bone model and B) an “idealized” bone interface to be mobile compatible, ensuring the application can
model’ available by the other companies. The idealized be used on allypes of commonly availablelectronic devies. ’;i:
model often loses body positioning/orientation, as well as We believe this project will fill the gap in the current field of
relative sizing of all human bones. products that bring technology into the anatomy classroomdy
freely teaching bone anatomy with true human anatomy instead
INTERPRETATION of relying onidealized models as well as taking advantage &f

their 3D structurefor educating students on relative anatomy.
The project we have developed and descdbédere
demonstratesan open source anatomical learning tool that ACKNOWLEDGMENTS
represents true human anatomies and altbersiser uniqu@D
visualizatiors of them. We believéhis teaching tool could bef Thank you to Erin Mahre for her help segmenting the human
high value toall levels of anatomical students: i.drom cadaver skeleton.
healthcare professional® patients to elementary students.
Further, his applicationallows the user to study 3D models REFERENCES
instead of thestandard 2D images$n other wordsthis allows
the learner to gain knowledge odlative geometric anatomy, ! ¥isible Body”. Human Anatomy Atlas
meaning how closely one bone resides to another, instead ofhttps//www.visiblebody.com/
mere 2D bone identification. Further, this free, 3D anatomic
tool may also lead to novel insights into how other anatdmica 23D Organomnatomy 3D Organon Anatomy- Skeleton,
components like muscles or nerves fit in nicely with functioning Bones, and Ligamentisttp://www.3dorganon.com/
bones to create a compact, mobile body.
Future directions for this project center around tailoring the *%KineMan.” KineMan: Movable 3D Skeleton,
application to medical school students, meaning adding a www.kineman.com/default.php
significant amount of anamaical details that would ensure they
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