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DESCRIPTION
The mechanical properties of cells such as stiffness, elasticity and 
viscosity play an important role in determining their behavior, 
function and overall health. These properties are not just 
fundamental to cell biology but also have significant implications 
for therapeutic strategies. The mechanical properties of cells, how 
they affect cellular behaviour and their potential applications in 
medicine and therapy.

Cellular mechanics

Cells exhibit a range of mechanical properties that influence 
their functionality and interaction with their environment. 
Stiffness is primarily determined by the cytoskeleton, a network 
of proteins including actin filaments, microtubules and 
intermediate filaments. For example, cancer cells often exhibit 
decreased stiffness compared to normal cells, which can 
influence their ability to invade tissues. Elasticity describes how a 
cell returns to its original shape after deformation. Elastic 
properties are essential for processes such as cell migration and 
division. Viscosity relates to how a cell dissipates energy when 
deformed, influencing its ability to withstand mechanical stress 
and respond to external forces.

Implications for cellular behavior

The mechanical properties of cells significantly impact various 
biological processes, from tissue development to disease progression.

Cell migration and invasion: Cells must alter their mechanical 
properties to migrate effectively. For instance, during wound 
healing, fibroblasts become more deformable to move into the 
wound area and facilitate repair. In cancer metastasis, tumor 
cells often exhibit decreased stiffness, allowing them to invade 
surrounding tissues and spread to other parts of the body.

Cell division and differentiation: Mechanical properties 
influence how cells divide. During mitosis, cells undergo 
significant changes in stiffness and shape to ensure successful 
chromosome separation and cytokinesis. Abnormal mechanical

properties can lead to issues in cell division and contribute to 
diseases such as cancer. The stiffness of the cellular micro- 
environment can influence stem cell differentiation.

Cellular responses to mechanical stress: Cells constantly adapt 
to mechanical stress through various mechanisms. For instance, 
cells in high-stress environments, such as those exposed to shear 
forces in blood flow, may alter their cytoskeletal structure to 
maintain function and prevent damage. Abnormal mechanical 
properties can contribute to disease.

Therapeutic implications

Understanding and manipulating cellular mechanical properties 
have significant therapeutic potential.

Tissue engineering and regenerative medicine: In tissue 
engineering, the mechanical properties of scaffolds can be 
customized to match those of the target tissue. For example, 
scaffolds with controlled stiffness and elasticity can promote the 
proper development of engineered tissues and organs.

Cancer therapy: Altering the mechanical properties of tumor 
cells or their microenvironment can influence tumor progression 
and response to treatment. For instance, drugs that affect 
cytoskeletal dynamics may help reduce tumor cell invasion and 
metastasis. Changes in cellular mechanics can serve as 
biomarkers for disease progression and treatment response.

Cardiovascular and musculoskeletal therapies

Mechanical properties of vascular cells can impact the 
development of cardiovascular diseases. By understanding these 
properties, researchers can develop therapies to restore normal 
cell function and improve cardiovascular health. In musculoskeletal 
disorders, such as osteoarthritis, changes in the mechanical 
properties of cartilage cells can contribute to disease progression.

CONCLUSION
The mechanical properties of cells are fundamental to their 
behavior and function, influencing processes such as migration,
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Addressing the challenges and continuing to explore the
implications of cellular mechanics will be key to developing
innovative therapies and improving patient outcomes in various
medical fields.
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division and adaptation to stress. Advances in measurement 
techniques and a deeper understanding of these properties have 
opened new avenues for therapeutic applications in tissue 
engineering, cancer treatment and regenerative medicine.
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