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Hardness Properties of Pig Esophageal at Nanoscale Using Atomic
Force Microscope

LIN Chengxiong®, LIU Wei*, XIE Jingyang, LI Wei
( Tribology Research Institute, Southwest Jiaotong University, Chengdu 610031, China)

Abstract; Objective To study the hardness properties of pig esophageal at the nanoscale using atomic force
microscope ( AFM). Methods The porcine esophagus was chosen as experimental sample to study the
hardness properties of esophageal tissues at different loading rates, deflection and dwell time with AFM. Results
The hardness of esophageal tissues at the nanoscale was strongly correlated with the loading rate and the
deflection, which increased with the increasing loading rate and decreased with the increasing deflection of
cantilever. The difference in the hardness was associated with the viscoelasticity and viscoplasticity of esophageal
tissues, including contact stress, energy transition and strain plastic gradient. Conclusions The experimental
results have important significance for clinical diagnosis, surgical operation and artificial material development,
and reveal the changing patterns for mechanical properties of the esophageal tissues at the microscale.

Key words: esophageal tissues; hardness; atomic force microscope (AFM) ; viscoelasticity
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Fig. 1 Fixation of esophageal tissue and schematic

diagram of atomic force microscope
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Fig.3 Hardness distributions for esophageal tissues under different conditions (a) Loading rates, (b) Compression depths, (c) Dwell time
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Fig.4 SEM images of esophageal tissues under different observation multiples (a) 200x, (b) 1 000x, (c¢) 4 000x, (d) 10 000x
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