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Translation into the classroom… 

Lab experience overview… 

It is commonly accepted that bone forms in response to stress loading. 
This project looks into specific stress loading conditions that cause the 
initial development of trabecular bone in the proximal femur. This 
experiment will determine whether walking or stair climbing has a 
greater correlation with trabecular bone density along stress lines to 
determine which has a greater impact on the cause of initial formation 
of trabecular bone. 

Trabecular bone, also known as spongy 
bone, has many holes through it to 
anatomically allow for vascularization 
throughout the bone. This structure also 
keeps the bone lightweight for movement 
of the organism. In a long bone it makes 
up the epiphysis of the bone. 

I chose to investigate the specific location 
of trabecular bone in relation to its 

functionality.  

From a mechanical perspective, stress 
loading plays an extremely important role 
in why trabecular bone forms the way 
that it does.  

 

 

 

 

 

 

Wolff’s Law 

…bone responds to loads under which it 
is placed by altering its form over time to 
become resistant to that type of loading 
and therefore stronger.  

There is a correlation between certain 
common stress loading conditions and 
the density of trabecular bone. In 
agreement with Wolff’s Law, trabecular 
bone should be the most dense where it 
bears the greatest load. However, the 
type of movement that incurs this load 
has not been studied. This study will use 
Finite Element Analysis to determine 
whether  

a.) The Gait Cycle or  

b.) Stair Climbing 

has a greater influence on the initial 
development of trabecular bone in the 
proximal femur. 

Trabecular 
Bone 

Compact 
Bone 

MIMICs is a medical imaging software that was used to create a 
3D representation of the femur. In order to determine the response 
of trabecular bone to stress loading, the density was measured 
through this program in the proximal femur (the main location of 
trabecular bone in the femur).  
 
Qualitative Observations on MIMICs 
-The femur was segmented by color coating different thresholds to 
visually represent different densities in general areas of the femur 
(Image 2 & 3). 
 

Engage in relevant engineering research related to teaching content for 6 weeks in the 
summer. Create a meaningful and relevant research project to be completed in the 6 week 
program. 
Participate in weekly seminars and led by the engineering department faculty. 
Take weekly tours of the Michigan State University facilities to learn about a vast sampling 
of research going on at the university. 
Develop a lesson and activity that will be used during the year that exposes students to 
current engineering research practices. 
Develop a long-term plan for an Engineering course to prepare students at Mumford HS for 
a major in engineering. 
 

This lesson and activity was developed to be implemented in a high school 
Anatomy and Physiology course during the Skeletal System Unit.  
Anatomy/Physiology Objectives: 
-Students will be able to determine key characteristics differentiating 
trabecular bone and compact bone. 
-Students will be able to explain the function of bones. 
-Students will be able to identify the anatomy of a long bone. 
Engineering Objectives: 
-Students will be able to demonstrate the engineering process. 
-Students will be able to express why biomedical engineers use models  
instead of real organic material. 
-Students will be able to use MIMICs, a bio modeling software to create 
virtual models. 
 

1. Using digital imaging to predict mechanical consequences 
of impact on bone. 
2. Increasing understanding of osteoporotic bone for 
osteoporosis patients. 
3. Improving bone fracture repair methods. 
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Forces were loaded on points where the femur interacts with other 
muscles and cartilage to show the maximum force moment during: 
 
1. The gait cycle (walking) 2. Stair Climbing 

Comsol is a finite element analysis program. A simplified version 
of the proximal femur was created using a cylinder and a sphere.  

 

Obtain STL file CT scans of femur bone 
 

Import STL file into COMSOL 
 

Assign materials to femur bone 
 

Create mesh on 3D model of femur bone 
 

Create 4 points for stress loading 
 

Apply appropriate forces onto the points 
 

Study the stress distribution results 
 

Compare stress distribution to density distribution from 
MIMICs 

 
Conclusion 
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Preliminary Results: 
There was a greater displacement during stair climbing. 
Therefore, according to Wolff’s Law, stair climbing should have a 
greater impact on trabecular bone formation 
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