
ANATOMICAL MODELS OF BONE DEFORMITIES FOR 
MEDICAL EDUCATION  

1
Katie Wyman, 

1
Ibrahim Ellithy, 

1
Dave Rice, 

1
Frank J. Fedel 

1
Eastern Michigan University 

  

American Academy of Orthotists & Prosthetists 

41st Academy Annual Meeting &  

Scientific Symposium 

February 18 - 21, 2015 
FPTH14 

Figure 1. Original 
human femur 
model ready for 
3D scanning. 

Figure 2. 3D CAD model 
of femur and two 
deformities coxa vara 
(left) and coxa valga 
(inset). 

 

INTRODUCTION 
Human anatomy lays the foundation for all 
medical professions. Even with today’s 
technologies such as virtual dissection tables 
(Anatomage, San Jose, CA) models of skeletons 
display only normal bone structure, although 
often care providers are confronted with 
abnormal structure (Noelle, 2006). The current 
standard for medical education is often 2D 
images which do not address kinesthetic 
learning.  As technology improves, the ways in 
which health science teaching is approached to 
engage students is changing (Tanner, 2004). 
Beginning in elementary school, students are 
first presented with kinesthetic learning followed 
by visual learning.  During high school aural and 
reading and writing are introduced, which 
continue and increase much more through the 
college years in the form of lecture classes 
(CAST.org).   
 
One goal of this project is to generate 3D 
models of deformed skeletal structures that will 
provide a wider variety of instructional 
opportunities, using physical models to 
supplement visual, aural, and reading and 
writing methods.  An additional benefit of our 
method is that the cost of materials for each 
device will be lower since each bone model will 
consist of interchangeable pieces of various 
deformities. This project specifically addresses 
anatomical deformities of the femoral neck. 
 
METHOD 
A human femur is acquired; the femur is 
scanned  (Figure 1.) using a Sense 3D scanner 

(3D Systems Inc., Rock 
Hill, SC). Using Rhino 3D 
software (McNeel, 
Seattle, WA) the model of 
the femur is cut at the 
proximal end of the 

diaphysis just distal to the 
lesser trochanter. The 
neck of the femur is 
manipulated to create a 
model of four different 

deformities of the femur: coxa valga, coxa vara, 
(Figure 2.) anteversion, and retroversion. An 

interlocking 
mechanism is 
integrated into the 
cut ends to allow 

interchangeability 
of parts. A DaVinci 
3D printer (XYZ 
Printing, San 
Diego, CA) is used 
to print the model. 
The printed 
models are 

rectified then used to create separate molds 
from which the normal shaft/distal end, and five 
separate femoral heads (four with deformities 
and the fifth that is anatomically normal) are cast 
in structurally stable urethane. 
 
RESULTS 
By creating 3-D models of deformities we can 
extend the impact of medical education by 
allowing students to learn what these deformities 
look and feel like. As an example, these models 
can aid in visualizing how anteversion alters 
biomechanics. 

DISCUSSION 
There are currently a plethora of anatomically 
correct models that are used in teaching 
anatomy; however, professionals often need to 
provide care to individuals with abnormal 
anatomy. The creation of this product will 
facilitate teaching, learning, and understanding 
the biomechanical ramifications of skeletal 
abnormalities.  
 
CLINICAL APPLICATIONS 
These models can be effective tools for 
instructors teaching students in health sciences, 
as well as for orthotics or prosthetics clinicians 
when educating patients. 
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