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osteoporosis,2 atherosclerosis,3 caner,4 etc. Clinically, the mechanics 
of tissue or organ has been used for diagnosis purpose. Palpation is 
used to diagnose the abnormal hardness of tissue caused by diseases 
like breast cancer. 

Elastographic techniques, such as ultrasound elastography5 and 
Magnetic resonance elastography,6 have attracted much clinical 
interest in the ability of diagnosing diseases based on analyzing tissue 
mechanical properties. Although these methods can somehow provide 
quantitative stiffness information, the accuracy is not sufficient 
especially when the disease is at an early stage or a small scale. Cell 
mechanics has become an important biomarker for diseases. Studies 
are attempting to find a correlation of cellular elasticity with cell 
functions and human diseases, since changes in pathophysiological 
properties of tissues are often manifested at the cellular level. 
Understanding of cell mechanics is critical to provide potential 
clinical methods that will enhance detection, diagnosis, and treatment 
of diseases.

There are a number of advanced techniques to measure cellular 
mechanics, including Atomic Force Microscopy (AFM), infrared laser 
traps (optical tweezers), magnetic tweezers, micropipette aspiration, 
magnetic twisting cytometry, optical stretching. Among them, AFM 
is one of the most versatile techniques in mechanobiology. Thanks 
to its high accuracy, AFM allows to obtain a high resolution image 
at nanoscale. In particular, AFM possesses several advantages over 
other measuring techniques. Regardless of high resolution, AFM 
can operate in both ambient conditions and aqueous environment, 
which could study biological materials in biophysical condition non-
destructively.7 It has overcome the limitation of scanning tunneling 
microscope to carry out measurement at physiological environment, 
which has shown immense impact on force-based probing of 
biological materials.8 Currently, AFM has been used in a wide range 
of applications, such as imaging, characterization of surface property, 
micromanipulation, force study and molecular interaction study. 

In addition to the extraordinary capability of imaging cellular 
microenvironments, surface structure, and sub-cellular structure, 
AFM acts as a state-of-the-art tool to probe biomechanical properties 
of biological materials to extract quantitative parameters of both 
biological systems and non-biological systems.9 AFM-based force 
spectroscopy can detect the changes in cell elasticity to distinguish 

metastatic cells from benign cells, thus identifying disease states 
in cancer.10–12 What is more, AFM is applicable to detection on the 
pathological changes of cartilage cells in osteoarthritis.13 All above 
demonstrate that AFM can be potentially developed as a diagnostic 
tool for detecting human disease states with fairly high efficiency and 
accuracy.

With the unprecedented signal-to-noise ratio, AFM enables both 
the imaging of biological interfaces from the cellular to the molecular 
scale and force measurement at nanoresolution. Combining the 
imaging mode and force mode, Guo has correlated the mechanical 
property with cell morphology.14 Furthermore, AFM has been 
integrated with other state-of-the-art technology to provide more 
informative properties in the cells. Together with fluorescent image, 
the real-time assembly and distribution of stress fibers, acting as 
cytoskeleton of cells, were investigated.12 The organization of actin 
fibers has significant effect on the Stiffness, which has been found to 
have correlation with healthy and cancer cells.15 

There is no doubt that AFM-based technology has revolutionized 
nanotechnology in biological systems. With more research results from 
both AFM and other hybrid AFM studies, they have substantiated that 
cell mechanics can provide as a diagnosis tool for healthy and diseased 
cells. While efforts are still required for future clinical applications. 
Although AFM technology has matured into a powerful nanoscopic 
platform, the throughput is still required to be improved. In addition, 
the future miniaturization of AFM force-based technology is essential 
to be used as a clinical tool, even for in vivo use.
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Cell, as the basic unit of human life, has a biologically complex 

system. The mechanical property of biological cells is one of the most 
prominent properties, which is closely related to their physiological 
performance. Living cells possess specific physical and structural 
properties, enabling them to maintain functional in physiological 
environment. Cell mechanics plays a major role in many cell 
physiological events such as cell differentiation, cell migration and 
cell deformability.1 Deviations from normal values of biomechanical 
properties of cells will undermine not only the physical integrity 
of the cells, but also their biological functions. Abnormal tissue 
stiffness is often an indication of a wide range of diseases such as 
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