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The host response to biomaterials is often mediated by, and accompanied by, changes in the 

chemical and physical microenvironment, which simultaneously influence the mechanical 

properties and functions of cells. Physical cues—such as the morphology and mechanical 

characteristics of biomaterials—are increasingly recognized as being just as crucial as soluble 

factors in directing cell behavior. Understanding the causal relationship between the physical 

properties of biomaterials and the resulting mechanical and functional responses of cells is 

essential for the rational design of cell-instructive biomaterials with tailored physical 

properties. Achieving this understanding, however, requires advanced characterization 

techniques that offer high resolution and are compatible with use in wet conditions. 

In this study, we present relevant case studies where biomaterials with tailored physical 

properties—specifically topography and mechanical characteristics—were engineered to 

modulate cellular responses. A combination of atomic force microscopy (AFM) techniques, 

including force spectroscopy imaging, single-cell force spectroscopy, and microrheology, 

along with fluidic force microscopy (FluidFM), was employed to quantify the morphological 

and mechanical properties of the biomaterials, as well as the mechanical parameters of live 

cells (preosteoblasts and macrophages) interacting with these surfaces. These measurements 

were then correlated with the cells' biological functions. 

Overall, our findings demonstrate how AFM-based techniques can yield valuable insights into 

the causal relationship between the physical properties of biomaterials, cellular mechanics, 

and key cellular functions. 

 

 

 

 


