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Biological cells are complex living systems that can be viewed as micromachines, which derive
many of their mechanical functions from the molecular motors within the cell. The force that cells
apply to their surrounding extracellular matrix through focal adhesions control processes such as
growth, adhesion, development, and migration. A new experimental approach to quantify three-
dimensional full-field displacements and tractions due to cells embedded in a fibrous matrix is
presented. Cells and their surrounding matrix are imaged in three dimensions using laser
scanning confocal microscopy. Cell-induced matrix displacements are computed using digital
volume correlation. The simultaneous imaging of the cell and the labeled matrix enables the study
of cell-matrix interactions and the consequences of matrix remodeling due to cell-induced forces.
The three-dimensional traction force microscopy technique is used to investigate how cells
employ physical forces during cell division, spreading, and sensing. A constitutive model for a
fibrous material to simulate deformations induced by cells is developed. It is shown that cells in a
fibrous matrix induce deformation fields that propagate over a longer range than predicted by
linear elasticity. The model captures measured cell-induced matrix displacements from
experiments and identifies loss of compression stiffness due to microbuckling of fibers as an
important mechanism for long-range cell mechanosensing.
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