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Abstract 
 

In this paper, we present the results of bioelectro-

magnetic modeling of a microelectrode array (MEA) 

and the cell culture contained in the MEA dish. We 

simulate different grounded microelectrode (ME) con-

stellations and demonstrate the effects with real MEA 

measurements and electrical stimulation. Generally, 

e.g., in acute brain slice MEA measurements, the bath 

is grounded by a large reference/ground electrode 

(RE), whereas possible defective or uninteresting 

measurement MEs are also grounded. Here, we show 

that such ME grounding has an effect on measurement 

and stimulation sensitivity distributions, and further, 

on the measured signals or the cells stimulated. 

 

1. Introduction 
 

MEAs [1] are routinely used in field potential meas-

urements and electrical stimulation of acute brain 

slices, and neuronal and cardiomyocyte cultures. In a 

MEA, the MEs reside in a planar array at the bottom of 

the MEA dish, and the bath is grounded via an embed-

ded or external electrode, which generally also acts as 

the measurement RE. Also, malfunctioning or uninter-

esting MEs are grounded. Such grounded MEs affect 

electromagnetic fields, current flows, and measurement 

and stimulation sensitivity distributions in the MEA 

dish. Electromagnetic field simulations of a different 

type of MEA have been presented in [2] with the aim 

of killing cells. To the best of our knowledge, cell cul-

ture MEA dish simulations and the effects of grounded 

ME constellations to electrical stimulation and meas-

urement have not been considered prior to our work. 

2. Simulation and measurement setups 
 

We simulated two RE constellations using finite 

element methods [3] (Femlab, Comsol Group). Our 

model (Fig. 1A) includes a glass culture dish (with in-

finite resistance), 60 embedded titanium MEs and a 

MEA embedded RE (conductance: 7.4·105 S/m), cul-

ture medium (1.5 S/m), and a rough slab-like model of 

the cell culture or tissue slice (20 S/m). 

To assess the actual effects of grounded ME con-

stellations on the spatial extent of stimulation, a MEA 

dish filled with saline was stimulated via a single ME 

with 20 µs pulses of 10 µA, while none or a part of the 

other MEs were grounded (c.f. Fig. 1B). In both cases, 

the bath was grounded via a silver wire. Different MEA 

types were used in simulations and measurements to 

illustrate the different systems employed in practice. 

 

3. Results 
 

In Figs. 2A and B, isopotential surfaces and electric 

field lines are shown for the case when only the em-

bedded RE is used. In Figs. 2C and D, in addition to 

the RE, all MEs, except the leftmost column of MEs, 

were grounded. Fig. 2 clearly illustrates that grounding 

MEs severely distorts isopotential surfaces and the cur-

rent flow lines. With most of the MEs grounded, cur-

rent flows mostly to the MEs (Figs. 2C and D). The 

isopotential surfaces may also be interpreted as meas-

urement or stimulation sensitivity isosurfaces. 

Effect of grounded MEs on the spatial extent of 

electrical stimulation can be seen in Fig. 3. In Fig. 3A, 

the only RE is the silver wire (c.f., Fig. 1B), whereas in 

Fig. 3B, also the 20 MEs in the upper left corner are 
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Fig. 1. (A) Model of the MEA dish (30 µm ME 

diameter, 200 µm spacing). (B) Saline filled 

MEA (spike-like MEs, 200 µm spacing, no em-

bedded RE) with external silver RE (in bottom 

center). Stimulation ME is circled and the MEs 

grounded for the case seen Fig. 3B are the 

ones above the tilted line. 

     

     
Fig. 2. Simulated electric potentials as isosur-

faces and electric field lines.  (A) and (B) using 

only the embedded RE. (C) and (D) Embedded 

and all but leftmost column of the MEs 

grounded. Note that the isosurfaces are not at 

the same potential in all figures. 
 

grounded. The additional stimulation artifacts appear-

ing in Fig. 3B as compared to Fig. 3A demonstrate that 

this kind of grounded ME constellation has a clear ef-

fect on the spatial extent of electrical stimulation. 

 

 4. Conclusions 
 

In this paper, we have simulated and shown in practice 

that grounded MEs constellations affect measurement 

sensitivity distribution and spatial extent of stimulation. 

The simulations also suggest that the MEA measure-

ment results may depend on the grounded ME constel-

lations. Therefore, it is recommendable to use only 

MEAs in prime condition, and if ME grounding is nec-

essary, employ the same grounded ME constellation for 

every comparable measurement. 

(A)  

(B)  
Fig. 3. Measurements of stimulation effects in 

the MEA dish with only the grounded silver 

wire as the RE (A). (B) With silver wire and the 

20 upper left corner MEs grounded (c.f., Fig. 

1B). Effects on spatial extent of stimulation are 

demonstrated by the stimulation artifacts in 

the marked signals. Stimulation is applied via 

the rightmost ME in the bottom row. 
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