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The reduction of estrogen level plays a significant role in Osteoporosis and Osteopenia, which affect 

over 73 million people. The impact of estrogen depletion on bone quality, and the effect of drugs used 

for treatment, have focused heavily on bone mineral density (BMD) as the primary experimental and 

clinical assay. However, BMD has demonstrated limitations for scientific understanding of the roles of 

estrogen in tissue as well as for clinical diagnosis and the prediction of fracture.
1
 The possible roles 

decreasing estrogen plays in reducing tissue quality remains an active area of research. An important 

avenue for study involves how protein structure and organization changes under conditions of estrogen 

depletion; however, this cannot be effectively measured by BMD so new structural metrics are needed. 

Atomic force microscopy (AFM) allows tissue level imaging of both micron scale tissue organization as 

well as measurement of individual Type 1 collagen fibril nanomorphology.
2 

 

In order to pursue these questions we have analyzed Type I collagen nanomorphology and 

microarchitecture for two studies employing overiectomized (OVX) rabbits as the model system for 

estrogen depletion. These models were previously employed for a comparison of the effects of 

alendronate (ALN) and cathepsin K inhibitors (CatKIs) on bone formation and resorption.
3
 One animal 

group included sham-operated animals, OVX animals, and OVX animals that were treated with either 

ALN or CatKi. The second animal group included sham-operated animals, OVX animals, and OVX 

animals given estrogen replacement therapy (ERT). These experiments provide two biologically 

independent tests of the changes in Type I collagen structure occurring under OVX estrogen depletion 

conditions. In addition, the impact of ALN, a bis(phosphonate) drug currently used in the clinic, CatKi, 

an example of an inhibitor that has just completed phase III clinical trials, and ERT on the protein 

structure was also explored. For all samples, AFM images of cortical femur bone were obtained. 

 

A quantitative analysis of the AFM images of the micron level Type I collagen fibril organization 

indicates a significant decrease in fibrils appearing in ordered structures such as bundles and sheets 

(18%), and a concomitant increase in fibrils appearing in disordered structures, upon OVX treatment of 

6- and 9-month old rabbits. ALN and ERT drug treatment reduce the decrease of fibrils observed 

ordered structures (12%) and CatKi provide an even greater degree of prevention resulting in only a 5% 

decrease. These changes in the microscale level structure of the protein are mirrored by change in both 

structural bone properties, as indicated by average stiffness, and materials bone properties, as indicated 

by average strain energy. These studies point to the importance of gaining a further understanding of 

how changes in Type I collagen protein structure are related to estrogen-related disease for purposes of 

optimizing diagnosis, treatment, and the understanding of the impact on bone quality and function. 
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Fig. 1 AFM images illustrating “ordered” and “disordered” regions of Type I collagen fibrils. A) images 

overlayed with vector map B) heat map indicating regions of local order C) angular distribution of 

vector overlay. 
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