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ABSTRACT 
 
New and novel Finite Element Method (FEM) model 

for contraction of cardiomyocytes on PDMS 
microcantilevers was studied. In new FEM model, 
contractile force of cardiomyocytes was considered as 
internal stress generated by themselves, not as interfacial 
force exerted externally. Also, random distribution of 
cardiomyocytes in FEM model was implemented through 
quantification of real distribution of cardiomyocytes on 
microcantilever by means of analysis of fluorescent image. 
From the result of FEM analysis using new model, the 
vertical deflection of PDMS microcantilever was almost in 
proportion to the portion of cardiomyocyte on the surface of 
microcantilever and then improved as compared with odd 
result of FEM analysis using previous model. The 
simulated vertical deflection of microcantilever for 
2~5nN/um2 of contractile force using new modeling for 
FEM coincided well with those of analytical solution and 
experimental data in tendency and shape of graph. 
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1 INTRODUCTION 
 
The measurement of magnitude and beating frequency 

of cardiomyocyte contraction is significant not only for 
real-time monitoring of the toxicity of chemicals on 
cardiomyocyte, but also for understanding of the 
mechanisms of heart failure. Measuring contractile force of 
cardiomyocyte have been studied by many research groups 
and through various methods[1-4]. Previously, we reported 
on the hybrid biopolymer microcantilever for measurement 
of contractile force of cardiomyocyte[1]. Through 
comparison between vertical deflection of fabricated PDMS 
microcantilever and that from finite element method 
analysis, contractile force of cardiomyocytes of neonatal rat 
was figured out. However, FEM analysis was used not as 
verification tool, but as estimation tool, and therefore, the 
suitability of FEM model to real behavior of cardiomyocyte 
is critical to reliability of measured contractile force. In this 
paper, we proposed new and novel FEM model for 
contractile force of cardiomyocyte on hybrid biopolymer 
microcantilever. Based on measured deflection of 
microcantilever, the validity of new model was estimated.  

 
2 CONTRACTILE FORCE SENSOR 

 
Previously, we proposed the measurement method of 

contractile force of cardiomyocyte by using the hybrid 
biopolymer microcantilever[1]. Polydimethylsiloxane 
(PDMS) is proper for application to contractile force sensor 
of cardiomyocyte due to its flexibility and biocompatibility 
and it is relatively easy to fabricate microcantilever 
structure with PDMS by micromolding process[5]. As 
culturing cardiomyocyte on the surface of PDMS 
microcantilever, contractile force of cardiomyocyte exert 
shear force on the surface of PDMS microcantilever, and 
then it is deflected vertically due to bending moment 
generated by shear force as seen in Figure 1 below.  

 

 

Figure 1: Vertical deflection of microcantilever by 
contractile force 

These values of vertical deflection of microcantilever 
can be measured by scanning electron microscope(SEM) 
image analysis. On the other hand, the relation between 
contractile force and microcantilever deflection can be 
predicted by FEM simulation. Contractile force of 
cardiomyocyte is extracted through comparison between 
measured and FEM-predicted vertical deflection of 
microcantilever. Therefore, reliability of measured 
contractile force is seriously dependent on matching 
accuracy of measured and FEM-predicted vertical 
deflection of microcantilever. However, previous FEM 
model[1] did not resemble the contractile behaviors of real 
cardiomyocytes. So, we tried to build new FEM model 
which is more coincident with the contractile behaviors of 
real cardiomyocytes and can bring more reliable results. 
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3 MODEL DISCRIPTION 
 
As mentioned above, we present new and novel FEM 

model for contractile forces of cardiomyocytes on hybrid 
biopolymer microcantilevers to complement problems of 
previous model and enhance the reliability of contractile 
force sensor. There are mainly two differences between 
previous and new model. One is the type of forces exerted 
by cardiomyocytes and the other is random distribution of 
cardiomyocytes on the surface of microcantilever. Basic 
formation of FEM model was considered as a double-
layered microcantilever of which substrate is 20um thick 
PDMS and thin film is 10um thick cardiomyocytes, just 
like in previous model. The area of cardiomyocyte was 
assumed to be 20*40 um2. We considered only longitudinal 
direction of forces associated with vertical deflection of 
microcantilever and identified that forces of other directions 
have little effect on vertical deflection of microcantilever.  

 
3.1 Contractile Force of Cardiomyocytes 

When cardiomyocytes are cultured on the plane, they 
adhere to the plane at several focal points and their 
contractile forces are not identical to each other. In other 
words, the contraction of cardiomyocyte is applied to 
PDMS structure not as continuously distributed stress, but 
discontinuously distributed shear force. For that reason, 
contractile force of cardiomyocytes was considered as 
gradient and discontinuous shear force exerted at the 
interface between cardiomyocytes and microcantilever 
structure, as described in Figure 2. 

 

 

Figure 2: The schematic of previous FEM model 

In this case, bending moment generated by shear stress 
at the interface which means contractile force of 
cardiomyocytes induces vertical deflection of the whole 
structure that consist of PDMS microcantilever and 
cardiomyocytes. But cardiomyocytes contract 
spontaneously, and vertical deflection of PDMS 
microcantilever is induced by shear stress imparted to it via 
the interface, in turn. Thus as described in Figure 3, we 
considered contractile force of cardiomyocytes as internal 
stress generated by themselves, not as interfacial force 
generated externally, and then contraction of 
cardiomyocytes affected PDMS microcantilever adhered by 
them. We introduced the concept of thermal stress in order 
to implement the internal stress yielding volumetric 
shrinkage in simulation tool, just like as the deflection of 
bimetal. 

 

Figure 3: The schematic of new FEM model 

3.2 Random Distribution of Cardiomyocytes 

In new FEM model, random distribution of real 
cardiomyocytes on the microcantilever was implemented so 
that new FEM model could be more similar to the behavior 
of real cardiomyocytes. Based on the observation of 
fluorescent image in Figure 4, we tried to quantitate the 
distribution of cardiomyocytes on microcantilever. We 
divided the image of microcantilever surface into 20*40um2 

area, that is, 4 times of assumed cell area of unit regions, 
and then classified each regions of whole surface as non-
nuclear, mono-nuclear and poly-nuclear region according to 
the number of nucleus in the region(0,1,and more than 2, 
respectively). As a result of quantitative analysis for 
400*1200um2 area of microcantilever, non-nuclear, mono-
nuclear or poly-nuclear region occupied 23.67%, 65.67% or 
10.67% of total regions, respectively.  

 

 

Figure 4: Fluorescent image of nucleus on microcantilever 

In FEM model, cardiomyocyte layer consisted of 40*60 
blocks of 10*20um2 area and 4 adjacent blocks were 
defined as one region. 10.67% of all regions were selected 
as poly-nuclear region, and then 65.67% of all regions were 
selected as mono-nuclear region among the remains by 
means of simple computer program coded for random 
selection. And 2 of 4 blocks of poly-nuclear region and 1of 
4 blocks of mono-nuclear region were selected again as 
cardiomyocytes. The rest blocks except selected ones were 
designated as buffer, of which mechanical properties such 
as Young’s modulus and Poisson’s ratio were identical to 
cardiomyocyte but which has no internal stress. It was 
assumed that Young’s modulus of PDMS and 
cardiomyocyte were 750kPa and 188kPa, respectively, and 
Poisson’s ratios of both materials were 0.49. 
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4 RESULT AND DISCUSSION 
 
FEM analysis using new FEM model for cardiomyocyte 

was performed and result of that compared with analytical 
solution and experimental data in our previous report[1].  
Also, the results of FEM analysis using previous and new 
FEM model was compared and analyzed. FEM analysis 
was performed with ANSYS program from ANSYS 
Incorporation. Figure 5~7 show the deflection results for 
2~5nN/um2 of contractile force from analytical solution, 
FEM analysis using previous and new model, respectively, 
compared with experimental data.  
 

 

Figure 5: Deflection of micro cantilever from analytical 
solution and experimental data 

 

Figure 6: Deflection of microcantilever from FEM 
simulation with previous model and experimental data 

 

Figure 7 Deflection of microcantilever from FEM 
simulation with new model and experimental data 

According to the simulation results using previous FEM 
model shown in Figure 5, vertical deflection of 
microcantilever increased with the lengths of 
microcantilevers. But the graph of result was considerably 
different from that of experimental data and analytical 
solution in Figure 6 in shape. However, the simulation 
results using new FEM model in Figure 7 agreed well with 
analytical solution and experimental data. Through Figure 7, 
we could see that FEM results for contractile force using 
new model coincided very well with 2~5nN/um2 of the 
preceding result for contractile force of cardiomyocyte, 
also[3]. Moreover, under random cell distribution uniform, 
the higher the portion of non-nuclear region was, the more 
the microcantilever was deflected, and the higher the 
portion of poly-nuclear region was, the less the 
microcantilever was deflected, in previous model. In other 
words, the vertical deflection of microcantilever was 
decreased as increasing the number of cardiomyocytes 
adhered on the microcantilever, oddly. However, the 
vertical deflection of microcantilever by new FEM model 
was nearly proportional to the portion of cardiomyocyte as 
shown in Figure 8 and the problem of previous model 
described above was solved. 

 

 

Figure 8: Deflection of microcantilever according to 
portions of each region 
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5 CONCLUSION 
 

We presented new Finite Element Method (FEM) model 
for cardiomyocytes in order to enhance the reliability of 
contractile force sensor for cardiomyocyte using PDMS. 
The shear force for contractile force was replaced with 
internal stress and random distribution of cardiomyocytes 
on the surface of microcantilever was modeled, also. As a 
result of FEM analysis using new model, the odd result 
from previous FEM model was solved, in which the vertical 
deflection of PDMS microcantilever was decreased as 
increasing the number of cardiomyocytes on the surface of 
microcantilever. And result from FEM analysis using new 
model was agreed well with the analytical solution, the 
experimental data and the preceding result for contractile 
force of cardiomyocyte.  
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