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Numerical Investigation of Perforated Polymer Microcantilever Sensor for
Contractile Behavior of Cardiomyocytes
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In this study, a numerical investigation of microcantilever sensors for detecting contractile behavior of
cardiomyocytes is carried out. Because cardiomyocytes or cardiac muscle cells beat in a periodic
manner, there have been several efforts to employ their autonomous motion in developing a novel
microsystem or to measure their behavior for investigating biochemical effects of drugs [1, 2]. Recently,
a development of novel polymer microcantilever sensor for a preliminary screening of cardiac toxicity
was reported [3]. The developed microcantilever sensor was produced to have holes for an easy lift-off
from the substrate during the fabrication step. As any geometrical change in the cantilever structure can
influence the sensor’s performance, effects of the holes should be investigated to obtain a more precise
sensing output. In this regard, the numerical model with a simple treatment of surface traction induced
by the cardiomyocytes is developed and used to analyze a bending characteristic of the microcantilever.

Figure 1 depicts a schematic of the microcantilever sensor. Because the longitudinal micro-grooves
were formed on the top surface where cardiomyocytes were cultured, the cantilever showed the bending
motion, which was detected by the external laser displacement sensor. To implement the surface traction
on the top surface, the simple numerical model is used as illustrated in Figure 2. C. and Cy represent
lower and upper bounds of the focal area, respectively. It is assumed that a constant surface traction (5
nN/um? [4] in this specific case) is applied within this area. The periodic surface contraction assigned
on the top surface produces an upward bending of the cantilever, like the real experiment.

Three representative geometrical models are used in this study, as shown in Figure 3. It should be noted
that Figure 3(c) represents the virtual model for a comparative study. Figure 4 shows the surface traction
distributions when Cp and Cy are assigned to be 0.0 and 1.0, respectively. In these cases, the entire
surface is assumed to be covered with the cardiomyocytes aligned in the longitudinal direction and
length of the single cell is assumed to be 100um. The contractile surface traction on the top surface
produces the asymmetric deformation of the cantilever, resulting in the upward bending as shown in
Figure 5. The perforated cantilever results in a reduced bending due to the decreased total surface force
even though the holes lowers a stiffness of the cantilever, from 0.125 N/m to 0.108 N/m. As shown in
Figure 6, the bending of the cantilever becomes larger as the focal area increases. For all cases, the total
surface force exhibits the larger effect than stiffness does. The current numerical model can be utilized
in designing microcantilever sensors for cardiomyocytes or investigating cell’s behaviors.
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Fig. 1 Schematic diagram of the present Fig. 2 Model describing the contraction force
microcantilever sensor. within a single cell.
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Fig. 3 Finite element meshes for (a) plain cantilever, (b) perforated cantilever, and (c) plain
cantilever with confined cells cases.
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Fig. 4 Surface traction distributions for (a) plain cantilever, (B) perforated cantilever, and (c) plain
cantilever with confined cells cases.
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Fig. 5 Deformed cantilevers for (a) plain cantilever, (b) perforated cantilever, and (c) plain

cantilever with confined cells cases.
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Fig. 6 Effect of model parameter Cy on the maximum displacement (C;=0.0).





