
 

Supporting Information S1: Strain heterogeneity in existing equibiaxial stretching 

devices 

 

 
 

Figure S1.1: Factors affecting fraction of uniformly stretched cells in existing devices. In 

existing devices, cells are cultured over the entire surface of the device, which has a diameter 

D. Cells are stretched using an indenter of diameter d, to a strain ε. Only cells in the central 

region of the membrane (shown in blue) are subjected to homogeneous strains. This region 

has a diameter d/(1+ ε) in the unstrained condition (left), and expands to a diameter d when 

stretched (right). Cells attached to the remaining membrane area (in red) experience 

heterogeneous strains.  

 

Discussion 

Heterogeneous strains in the peripheral region of the membrane cannot be experimentally 

quantified due to the curved shape of this region upon stretching. Instead, the fraction of cells 

cultured in this region is used to yield a quantifiable measure of heterogeneity. Using the 

dimensions illustrated in Figure S1.1, this fraction can be described by the following 

equation: 
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Equation (1) was used to examine strain heterogeneity in the commercially available Flexcell 

FX-5000 device (Table S1.1), based on its reported dimensions [4]. However, as dimensions 

for other devices were unavailable, they could not be examined. Instead, we used known 

dimensions of our own device, while assuming that it was fitted with a flat membrane instead 

of a membrane with a central well. The results of the calculations are tabulated below.  

 

 

 

 

 



Table S1.1: Fraction of cells subjected to heterogeneous strain (ε = 0.1) in devices using 

existing designs.  

Stretching device D 

(mm) 

d 

(mm) 

Fraction of cells subjected to 

heterogeneous strains 

Flexcell FX-5000 35 [1] 25 [1] 0.58 

Our device with flat membrane 68 45 0.64 

Our device with flat membrane and 

wide indenter 

68 60 0.36 
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