
Supporting Information

Of

Understanding Spatiotemporal Mechanical Behavior, Viscoelasticity, 

and Functions of Stem Cell-Derived Cardiomyocytes

Lihua Lou a, Alberto Sesena Rubfiaro b, Jin He b, Arvind Agarwal a*

a Mechanical and Materials Engineering, College of Engineering and Computing, Florida 
International University, 10555 West Flagler Street, Miami, FL 33174, USA
b Department of Physics, Florida International University, Miami, FL 33174, USA

* Corresponding author. 
     Corresponding author at Mechanical and Materials Engineering, School of Biomedical, 
Materials and Mechanical Engineering (SBMME), College of Engineering and Computing, 
Florida International University Miami, FL 33174, USA.
    E-mail addresses: agarwala@fiu.edu (A. Agarwal).

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2023

mailto:agarwala@fiu.edu


 It is calculated based on Equation S1: 𝐸'

                                     (Equation S1)
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𝐸'
=  

(1 ‒ 𝜇 2
𝑡𝑖𝑝)

𝐸𝑡𝑖𝑝
+  

(1 ‒ 𝜇 2
ℎ𝑖𝑃𝑆𝐶 ‒ 𝐶𝑀)

𝐸ℎ𝑖𝑃𝑆𝐶 ‒ 𝐶𝑀

where  and  are the Poisson's ratios of the probe (silicon, 0.28) and hiPSC-CM 𝜇𝑡𝑖𝑝 𝜇ℎ𝑖𝑃𝑆𝐶 ‒ 𝐶𝑀

(0.45).

Figure S1. Qualitative COMSOL modeling of AFM nanoindentation on the hiPSC-CM 

surface and load distribution. Blue and green/yellow/red represent without and with stresses. 

            (Equation S2)
𝐹(𝑡) =
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where  is the normalized equilibrium modulus,  (  is 1, 2, or 3) is sample-related constant, and  𝑔∞ 𝑔𝑖 𝑖

 is the ramp correlation factor,  , where  is the finite ramp time.𝑅𝐶𝐹𝑖
𝑅𝐶𝐹𝑖 =
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                                               (Equation S3)
𝑠𝑐 = 1 ‒

𝑚𝑖𝑛⁡(𝐿𝑥,   𝐿𝑦)
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where  and  are the x-directional and y-directional lengths of a cell. 𝐿𝑥 𝐿𝑦

                                     (Equation S4)      
𝜀(𝑡) =

𝜎0

𝐸
(1 ‒ 𝑒𝑥𝑝⁡( ‒ (𝐸 𝜂)𝑡))

where , , and  are the stress, elastic modulus, and viscosity of the materials. 𝜎0 𝐸 𝜂


