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• The process of liver fibrosis changes the rheological properties of liver tissue. 
This study characterizes and compares liver fibrosis stages from F0 to F4 in 
rats in terms of shear viscoelastic moduli. Here two viscoelastic models, the 
Zener model and Voigt model, were applied to experimental data of 
rheometer tests and then values of elasticity and viscosity were estimated for 
each fibrosis stage.  
 • The results demonstrate that moderate fibrosis (≤F2) has a good correlation 
with liver viscoelasticity. The mean Zener elasticity E1 increases from 
(0.452±0.094) kPa (F0) to (1.311±0.717) kPa (F2), while the mean Voigt 
elasticity E increases from (0.618±0.089) kPa (F0) to (1.701±0.844) kPa 
(F2).The mean Zener viscosity increases from (3.499±0.186) Pa·s (F0) to 
(4.947±1.811) Pa·s (F2) and the mean Voigt viscosity increases from 
(3.379±0.316) Pa·s (F0) to (4.625±1.296) Pa·s (F2).  

• Compared with viscosity, the elasticity shows smaller variations at stages F1 
and F2 no matter what viscoelastic model is used. Therefore, the estimated 
elasticity is more effective than viscosity for differentiating the fibrosis stages 
from F0 to F2.  JZ
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Table Mean viscoelastic parameters of each fibrosis stage according 
to two rheological models   

 Stage                            Zener model                            Voigt model  
      E1 (kPa) E2 (kPa)           η (Pa·s)        E (kPa) η (Pa·s)  
F0 (n=6)  0.452±0.094  1.507±1.446  3.499±0.186  0.618±0.089  3.379±0.316
  
F1 (n=5)  0.688±0.264  0.921±0.906  4.212±1.468  0.991±0.555  4.023±1.165
  
F2 (n=9)  1.311±0.717  0.561±0.221  4.947±1.811  1.701±0.844  4.625±1.296
  
F3 (n=5)  1.284±0.674  0.962±1.105  4.829±0.922  1.616±0.587  4.443±0.329
  
F4 (n=2)  1.605±0.809  3.404±1.475  4.972±1.757  1.644±0.824  4.060±0.813
  
Data are expressed as mean±standard deviation (SD)  
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