
NSF #2150417

Soha Ben Tahar
PhD Candidate
Mechanical Engineering

Annabelle 
McGregor
Undergraduate
Biomedical Physics

Sandra Shefelbine
PI
Associate Dean of Space and Special Initiatives
Professor Mechanical and Industial Engineering
Professor Bioengineering

Lindsey Young
PhD Candidate
Bioengineering

The Effect of Menopause on Osteoporosis and Bone Degeneration
In Mouse Models

https://www.nsf.gov/awardsearch/showAward?AWD_ID=2150417


Structural Impact

The Effect of Menopause on Osteoporosis and Bone Degeneration

• Loss of bone density
Higher risk of serious fractures

Osteoporosis: a bone loss disease

Trabecular  

Cortical  



Structural Impact

The Effect of Menopause on Osteoporosis and Bone Degeneration

• Loss of bone density
Higher risk of serious fractures
Trabecular bone becomes thin and 
porous

Osteoporosis: a bone loss disease

Trabecular  

Cortical  



Structural Impact

The Effect of Menopause on Osteoporosis and Bone Degeneration

• Loss of bone density
Higher risk of serious fractures
Trabecular bone becomes thin and 
porous

Osteoporosis: a bone loss disease

Mechanical Impact

• Loss of stiffness and strength



Structural Impact

The Effect of Menopause on Osteoporosis and Bone Degeneration

• Loss of bone density
Higher risk of serious fractures
Trabecular bone becomes thin and 
porous

Osteoporosis: a bone loss disease

Mechanical Impact

• Loss of stiffness and strength
Increased brittleness



Structural Impact

The Effect of Menopause on Osteoporosis and Bone Degeneration

• Loss of bone density
Higher risk of serious fractures
Trabecular bone becomes thin and 
porous

Osteoporosis: a bone loss disease

Mechanical Impact

• Loss of stiffness and strength
Increased brittleness
Reduction in the bone’s ability to 
bear weight and resist stress



Structural Impact

The Effect of Menopause on Osteoporosis and Bone Degeneration

• Loss of bone density
Higher risk of serious fractures
Trabecular bone becomes thin and 
porous

Osteoporosis: a bone loss disease

Mechanical Impact

• Loss of stiffness and strength
Increased brittleness
Reduction in the bone’s ability to 
bear weight and resist stress

Bone Reabsorption > Bone Formation



Es
tr

og
en

Estrogen Throughout Human life

MenopausePerimenopause



Es
tr

og
en

Estrogen in Mice

No Perimenopause or Menopause



Es
tr

og
en

Removal of Ovaries
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Chemically Induced Menopause with 4-vinylcyclohexane (VCD)
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Modeling Menopause and Osteoporosis in Mice

Hypothesis: Osteoporosis presents differently depending on the age at which menopause 
is induced, leading to distinct structural and mechanical changes in bone.



n=6

n=2

Isolating the Effects of Menopause with Aging

These mice were courtesy of Dr. Chiara Bellini’s Laboratory.
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- 3D image of bone is captured
- Images are processed for contrast 

and clarity
- Geometrical properties of each 

slice are calculated with BoneJ
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Elastic Plastic



Results

 Average Young's Modulus (E) was higher in the treated 

mice from young menopause (YM) and 

perimenopause (PM)

 There was a greater spread of data in YM compared to 

all other conditions.

 Young Control (YC) and YM has a lower Work to 

Fracture (WF) than other conditions 

 PM and Menopause (M) shows similar mean WF 

values, which are both lower than controls and higher 

than YM 



Future Work

Analysis can be done on trabecular region with boneJ to identify changes in thickness and density of inner bone

More members each condition will be analyzed with the same imaging and mechanical testing methods for 
statistical significance
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