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Abstract. Trapping particle such as a cell, cell spheroid or scaffold bead, in a large trapping 
spot, such as a microwell, is important in various biological aspects. To achieve high trapping 
efficacy, the management of two countering effects from hydrodynamic and gravitational 
force is a key requirement. To increase the possibility of controllable entrapment, this study 
proposed a new approach using the filling and dragging technique to trap particles. The 
investigation of the trapping efficacy in three different shapes of triangular microwells such 
as obtuse, equilateral and acute triangle was conducted. The extremely low flow rate was 
firstly introduced to fill the particles in the microwell, and the flow rate was subsequently 
increased to drag and rearrange the entrapped particles. High trapping rate of a single particle 
in an array of equilateral triangular microwells could reach 80% when trapping polystyrene 
beads. For biomaterial particle such as cell spheroids, the adhesiveness with the other and 
the microwell surface is the parameter that needs to be further investigated. 
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1. Introduction 
 

There has been a continuing attempt to study cell to 
cell interactions to control the growth, function, and 
differentiation of cells; therefore, various 3D-culture 
methodologies have been developed recently to support 
this kind of study. Among them, cell spheroid culture is 
one of the simplest approaches [1-4], and a formation of 
3D cell spheroids using a microwell [2, 4-12] has become 
a robust and efficient tool to overcome the problems of 
the conventional methods such as hanging drop and 
bioreactor techniques.  

However, the proliferation of cells in spheroids is still 
limited by their sizes. Oxygen and nutrients are often 
inaccessible to cells in the interior of the spheroid 
aggregates, which can lead to either cell death of the inner 
cells or differences in behavior between the outer and 
inner cells.  

To resolve the problem, spheroids with biomaterial 
scaffold particles have been studied [13-17]. This method 
could provide a suitable surface for cell attachment and 
space for facile diffusion of nutrients resulting of 
increasing cell viability and promoting cell proliferation. 
To facilitate the formation of scaffold/cell spheroids, the 
microwell is also one of promising techniques used to trap 
the spherical scaffold beads before loading the cells to 
attach to the scaffolds [13-15].  

Additionally, in some studies, cell spheroids were pre-
formed using other platforms, and then transferred to a 
trapping spot, such as an array of microwells, inside the 
culturing chip [18-20]. In these studies, the microfluidic 
chip was designed to immobilize the cell spheroids and 
provide suitable microenvironments for further specific 
biological studies, for example, tissue-tissue interactions 
and spheroid fusion process.  

Therefore, the microwell could be employed to 
support cell-spheroid researches in several ways, not only 
for the spheroid formation. However, major drawbacks of 
the conventional microwell are still remained such as cell 
loss during operation, non-uniform characteristics 
depending to microwell size, low trapping rate and high 
possibility of accumulating of waste surrounding the cells 
[21-27]. Among many aspects that are needed to be 
improved, the entrapment with ability to control a number 
of scaffold-particles or cell-spheroids per a microwell, or 
in another word, a trapping manner such as single, double 
or multiple particles/spheroids per a microwell, would be 
one of the key requirements.  

Comparing between different shapes, a triangular 
microwell is distinctive because it could be specific to 
single particle/spheroid trapping, and provide a vast space 
surrounding the entrapped spheroid for the cell growth 
[28-30].    

The triangular microwell has unique flow structures 
that are hydrodynamically induced from the influence of 
an asymmetrical shape of the microwell. Figures 1a and 1b 
show the recirculation inside a triangular microwell 

comparing to that in a circular microwell. Briefly, two 
vortex systems, such as a pair of counter-rotating 
streamwise vortices and a lateral spanwise vortex, are 
initiated at the leading edges of the microwell. 
Consequently, they are interacted to each other resulting 
of a formation of another pair of streamwise vortices 
along the vertical side walls inside the microwell. These 
secondary streamwise vortices could push entrapped 
particles off the microwell when their strength and spatial 
extent are adequate. In addition, it has high possibility that 
a single particle would be trapped at the front corner of 
the microwell under the influence of the recirculation of 
spanwise vortex. Apparently, the hydrodynamic force is 
one factor that has an effect on the motion of 
particle/spheroid in the microwell. 

Another factor is a gravitational force that would have 
counter effects to the hydrodynamic force. In the case 
when the gravitational force is extremely stronger, the 
trapping manner is independent to the flow structures, 
and particles would fully fill in the microwell regardless of 
the shape of the microwell. On the other hand, the 
excessively strong hydrodynamic forces would drag 
particles along the streamline resulting in low possibility 
of particle entrapment inside the microwell. Therefore, the 
management of the magnitude of the two forces becomes 
a very important issue for the highly effective trapping.  

To deal with these countering effects, we propose the 
new entrapment approach that is divided into two steps as 
shown in Fig. 2. Firstly, the particles/spheroids are 
allowed to fully fill in the microwells under the influence 
of relatively strong gravitational forces at extremely low 
flow rate condition. After that, the flow rate is increased 
resulting in the significant increasing of the influence of 
hydrodynamic force. As a result, entrapped 
particles/spheroids are selectively dragged out the 
microwell regarding to the strength and spatial extent of 
induced flow structures. Using this approach, the trapping 
process and manner could be easily controlled effectively. 
With different shapes of microwells, the flow structures as 
well as the strength of hydrodynamic force should be 
dissimilar even at the certain flow conditions. As a result, 
the perturbing formation of settled particles/spheroids 
should be different depending on the shapes of the 
microwells. 

With respect to the reasons mentioned above, this 
study aims to employ this two-step trapping approach 
such as filling and dragging to the different shapes of 
triangular microwells. Three shapes of microwell such as 
obtuse, equilateral and acute triangle were employed. At 
the beginning, computational study was conducted to 
investigate the effects of the microwell shapes on the 
formation of flow structures for these three types of 
microwells. To prove the concept, experimental study 
with polystyrene beads was then used to examine the 
trapping efficacy especially for the single-particle manner 
comparing between all cases. After that, the trapping of 
cell spheroids was tried using an identical procedure with 
the polystyrene bead experiments. 
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Fig. 1. Flow structures originated from flow streamlines coming in at the middle plane of the (a) triangular, and (b) 
circular microwells. 
 

 
 

Fig. 2. Filling-and-Dragging technique consecutively using low- and high-speed flow to trap particles in a microwell. 
 

2. Flow Simulation 
 
2.1. Computational Approach 
 

Three-dimensional simulations were conducted using 
commercial software, COMSOL Multiphysics®, for the 
three different shapes of the triangular microwells. Figure 
3a shows dimensions of all cases. The working fluid was 
assumed to be water (a homogeneous, incompressible, 
Newtonian fluid with density of 1,000 kg/m3 and dynamic 

viscosity of 0.001 Pa.s), and the flow was assumed to be 
laminar and steady. For boundary conditions, a fully 
developed flow at inlet, a symmetric condition for the side 
walls, and a no slip condition for the top and bottom of 
the channel were applied (Fig. 3b). The average flow 
velocity was 20 mm/s that was comparable to that when 
dragging particles/spheroids in the experiments. Grid-
Independence test was performed to ensure the accuracy 
of computational results. In the study, the simulations for 
both empty and fully-occupied microwells by 150 µm 
particles were examined. 
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Fig. 3. Computational domains showing (a) microwell sizes for all cases, and (b) applied symmetric-wall condition. 
 
 
2.2. Vorticity Contour 
 

From the simulations, three types of the vortex such 
as a spanwise vortex, a pair of primary streamwise vortices 
and a pair of secondary streamwise vortices were clearly 
observed in the empty microwells. The spanwise vortex is 
a flow circulation from the back to the front corner of the 
microwell. In all cases, the spatial extent of the spanwise 
vortex was comparable, and it had strong influence to the 
depth of 150-200 µm from the upper plane of the 
microwell.  For the magnitude of vorticity that represents 
the strength of the flow circulation, the obtuse triangular 
microwell had relatively strong circulation, which reduced 
in the equilateral and acute triangular microwell, 
respectively.   

The second vortex system is the pair of the primary 
streamwise vortices that is initiated at the leading edges of 
the microwell (see Fig. 4a). They were observed only at the 
depth less than 100 µm from the upper plane. Beyond that, 
at the depth between 100 and 250 µm (see Figs. 4b and 
4c), another pair of the streamwise vortices, which had the 
rotation direction opposite to the primary streamwise 
vortices, was formed due to the interaction between the 
spanwise vortex and the primary streamwise vortices. 
Their magnitude as well as spatial extent in the obtuse 
triangular microwell were relatively large, and reduced for 
equilateral and acute triangular microwell, respectively. 
Probably, the strong influence of relatively large confined 
space inside the obtuse triangular microwell might allow 

the progressive evolution of the secondary streamwise 
vortices. 

The comparison of the streamwise vorticity at the 
frontal and trailing plane for all cases was shown in Figs. 
5a and 5b, respectively. Two pairs of the streamwise 
vortices were clearly observed on both planes. At the 
frontal plane, the primary streamwise vortices were 
initiated on the leading edges while the secondary 
streamwise vortices were formed on the vertical side-walls 
of the microwell. At the trailing plane, the secondary 
streamwise vortices became stronger, and moved away 
from the microwell near the corners at the back of the 
microwell.   

With the entrapped particles of 150 µm, the spanwise 
vortex and primary streamwise vortices still penetrated to 
the same depth with that observed in the empty 
microwells. The secondary streamwise vortices were 
observed as well. In the obtuse and equilateral triangular 
microwells, their magnitude as well as spatial extent were 
larger comparing to that in the empty microwells of the 
same shape (see example for the equilateral triangular 
microwell in Fig. 6). Except in the acute triangular 
microwell, no significant change was observed. For these 
cases, the confined space got smaller as the depth between 
the spanwise vortex at the top and entrapped particles at 
the bottom reduced to 150 µm. This reduction of the 
confined space might increase the relatively strong 
interaction between the flow structures and the entrapped 
particles in the obtuse and equilateral triangular microwells. 
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Fig. 4. Streamwise vorticity for all cases on the plane of (a) 50, (b) 150, and (c) 250 μm below the upper plane of the 
empty microwells.   
 
 

         
 
Fig. 5. Streamwise vorticity for all cases on the (a) frontal, and (b) trailing plane in the empty microwells. 
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Fig. 6. Streamwise vorticity on the plane of (a) 50, (b) 100, and (c) 150 μm below the upper plane of the equilateral 
microwell, which was fully filled with 150 μm particles. 
 
2.3. Surface-Averaged Vorticity 
 

Surface-averaged vorticity in the streamwise direction 
on the plane deeper in the microwells was calculated for 
all cases. It represents the strength of flow circulation. If 
the strength is adequate, the flow circulation might perturb 
and pull entrapped particles along. 

For the empty microwell shown in Fig. 7a, the 
averaged vorticity in the streamwise direction for all cases 
decreased from the upper to the lower plane. Among all 
cases, the magnitude of averaged streamwise vorticity of 
the acute triangular microwell was weaker than the other 
cases. Except at the depth of 250 µm, the difference of the 
magnitude of averaged streamwise vorticity of all cases 
significantly reduced probably due to the influence of the 
bottom wall of the microwell. 

In the case of microwells with entrapped particles as 
shown Fig. 7b, at the depth of 100-150 µm, or the plane 
above the entrapped particles, the tendency of the 
averaged streamwise vorticity in the acute triangular 
microwell was similar to the empty microwell. It was 
probably due to the relatively weak interaction between 
the spanwise and primary streamwise vortices, especially 
inside the microwell. Therefore, the small confined space, 
when the microwell was occupied, had no significant 
effect to change the flow structures. On the other hand, 
the averaged vorticity in the obtuse triangular microwell 
happened to increase beyond the middle plane at the 
location close to the entrapped particles. Besides, its 
magnitude became considerably higher than the other 
cases. This implied that the interaction between the 
spanwise and primary streamwise vortices of this case was 
undoubtedly enhanced further, resulting of the strong 
secondary streamwise vortices that possibly perturbed the 
entrapped particles much impactfully. 

 

 

 
 
Fig. 7. Surface-averaged streamwise vorticity at different 
depths for all cases when (a) the microwell was empty, and 
(b) fully filled with 150-μm particles. 

 
2.4. Flow Region 
 

From the results, it could be divided the induced flow 
into two flow regions such as at the upper region, the 
plane at the depth between 0-100 µm, and the lower region, 
the plane at the depth between 100-150 µm and beyond. 
In the first region, the vorticities represent the existence 
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of the primary streamwise vortices. The results implied 
that, in the equilateral and obtuse triangular microwells, 
the primary streamwise vortices had stronger influence 
deeper into the microwell, when comparing to the acute 
triangular case. 

In the second region, the vorticities represent the 
existence of the secondary streamwise vortices, and the 
magnitude of averaged vorticity should be related to the 
evolution of the vortices as mentioned earlier. With the 
wider space in the obtuse triangular microwell, the growth 
of secondary streamwise vortices could be occurred with 
less constraint resulting to the higher averaged vorticities. 
Despite of that, at the plane beyond 150 µm, the averaged 
vorticities were drastically low in all cases. It implied that 
the influence of the freestream flow above the microwell 
was only existed within a certain depth, around 150 µm in 
these cases. 

In summary, the effects of the flow circulation that 
could alter the arrangement of settled particles should 
depend on the shape of the microwells. In the acute 
triangular microwell, the formation of secondary 
streamwise vortices was limited so that their strength was 
weaker comparing to the other cases. Because of that, it is 
possible that the influence of hydrodynamics forces would 
be too little in the acute triangular microwell, and the flow 
might be unable to pull entrapped particles along. When 
the confined space became larger, the strength of 
secondary streamwise vortices was increased, and became 
stronger for the equilateral and obtuse triangular 
microwell, respectively. However, it is possible that the 
flow perturbation might be too strong, over the level that 
all entrapped particles could persist, and all of them would 
flow along the streamlines out of the microwells. 
Furthermore, on the plane deeper than a half of the 
microwell depth, or about 150 µm, the strength of the flow 
circulation became very small. As a result, the influence of 
the flow circulation might be too weak to alter the motion 
of the particles located lower than that depth in the 
microwell. 

 

3. Two-Step Trapping  
 
3.1. Experimental Setup 

 
To prove the concept of the new trapping approach, 

the experiments with polystyrene beads of 150 µm 
(purchased from Sigma-Aldrich), which was equivalent to 
the diameter of desired particle/spheroid, were conducted. 
In experiments, the microwells with the similar 
dimensions (300 µm deep, 520 µm long and 400, 600 and 
800 µm wide, respectively, for an acute, equilateral and 
obtuse triangular microwell) to those in the simulation 
were employed. The microfluidic chip was made of 
polydimethylsiloxane (PDMS) using a standard soft 
lithography. It consisted of a low-aspect-ratio rectangular 
chamber with the dimensions of 12.5 x 22 x 0.35 mm3, in 
which an array of microwells (the number of wells about 
250, 210, 170, respectively, for acute, equilateral and 
obtuse triangular microwell) were placed at the bottom of 

the chamber as shown in Fig. 8a. The distance between 
each microwell, about 500-600 µm, was long enough as 
the effects of the recirculation in the upstream microwell 
on the flow in the following downstream microwell were 
little. The experimental setup consisted of a microscope, 
VDO camera and a suction syringe pump. 

In experiments, the concentration of polystyrene 
beads in phosphate buffered saline (PBS) solution was 
prepared at 1,200-1,500 beads/ml. At the beginning, the 
microfluidic chip was fully filled with PBS solution, and 
air bubbles inside were completely removed. Three 
milliliters of polystyrene beads/PBS solution was fed into 
the microfluidic chip with the flow rate of 10 ml/hr for 15 
minutes to fill up beads inside the microwells. After that, 
the pure PBS solution with the flow rate of 500 ml/hr was 
fed to drag entrapped beads out from the microwells for 
2 minutes. Figure 8b shows the consecutive images 
captured from the experiments. 
 
3.2. Experiments with Polystyrene Beads 

 
To quantify the trapping efficacy, the photographing 

technique was employed to capture the images of 
occupied microwells at the middle of the microwells. Each 
image contains about 65, 55 and 45 microwells, 
respectively, for an acute, equilateral and obtuse triangular 
microwell. It was about 25% of total number of the 
microwells that were examined in each case. From the 
captured images, the number of entrapped beads inside 
those microwells was counted, and the results were 
reported as a number of the microwells which entrapped 
beads for a single, double, or more at that time. 
Independent experiments for each case were repeated 5 
times (n=5). 

When the dragging process using the higher flow rate 
starts, the particles are dragged out, and the number of 
entrapped particles would reduce. The appearance of the 
double and single entrapment would increase gradually. 
Because of the difference in dimension, the number of 
entrapped particles could be accommodated inside each 
type of the microwell is different. As the number of the 
particles at the beginning for the acute is less, only three 
particles, the appearance of the two entrapped particles 
would be observed earlier comparing to the other cases. 
For all cases, the empty microwell would happen if all 
particles are dragged out when the strong perturbation due 
to the flow circulation is introduced. 

From the experimental results (Figs. 9 a-c), the 
number of multiple entrapped particles sharply reduced 
within 15-30 s for all cases. It implied that the flow 
circulation inside the microwells with the flow rate of 500 
ml/hr was adequate to suddenly perturb the settled 
particles and pull them along.  

For the equilateral triangular microwell shown in Fig. 
9a, the single entrapment increased to and remained at 
80%. The double entrapment was not observed while the 
increment rate of the number of empty microwells was 
fast. It implied that the influence of the flow perturbation 
was adequate, and resulted to the short appearance of the 
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double entrapment. On the other word, the transition 
from multiple to single entrapment was relatively quick. 
Fortunately, the perturbation was not strong enough to 
pull the single particle entrapped at the front corner out 
from the microwell. 

Interestingly, the number of occupied microwells with 
the multiple particles was remained about 40% for the 
acute triangular case even it slightly reduced afterwards as 
shown in Fig. 9b. In addition, the number of both single 

and double entrapment increased to 30% and remained at 
that level while the empty microwell gradually appeared 
when the time passed by. The relatively weak perturbation 
due to the flow circulation for the acute triangular 
microwell comparing to the equilateral microwell would 
cause this slow transition of the particle arrangement to be 
happened. 
 
 

 
 
 
 
 

 
 
 

 
 

Fig. 8. Experimental setup showing (a) the array of microwells and setup arrangement, and (b) time-lapsed images for 
the polystyrene-bead trapping. 
 
  



DOI:10.4186/ej.2020.24.2.63 

ENGINEERING JOURNAL Volume 24 Issue 2, ISSN 0125-8281 (https://engj.org/) 71 

 

 

 

 
 

Fig. 9. Ratio of the number of occupied microwells with 
150 μm polystyrene beads to all ones, when the dragging 
with the flow rate of 500 ml/hr was applied. The results 
are for the (a) equilateral, (b) acute, and (c) obtuse 
triangular microwells, respectively. The average was taken 
from 5 independent tests.  

 
For the obtuse triangular microwells shown in Fig. 9c, 

the empty microwells quickly appeared comparing to the 
other cases. The transition from the different trapping 
manner was very quick as the appearance of single and 
double entrapments was little. This might be happened 
due to the relatively strong flow perturbation induced in 
this case as explained in the simulation section.  

Therefore, the experimental results with polystyrene 
beads suggested that the equilateral triangular microwell 

was the most appropriate among three different shapes in 
this study as the flow perturbation was adequate. As a 
result, the particle trapping could be effectively controlled, 
and the possibility of single entrapment could reach 80%.  
 
3.3. Experiments with Cell Spheroids  

 
The experiments were set up trying to use an identical 

protocol, such as spheroid concentration in buffer 
solution and flow rates, with that in the previous section. 
For the spheroid preparation, mouse embryonic stem cells 
were cultured on mitomycin C–inactivated confluent 
mouse embryonic fibroblast (MEF) feeder layers. These 
cells were maintained in ES medium consisting of 
Dulbecco's modified Eagle medium (DMEM, HyClone) 
supplemented with 10% fetal bovine serum (FBS; ES 
grade, gibco, USA), 5 ng/ml mouse leukemia inhibitory 
factor (LIF; Merck, USA), 0.1 mM β-mercaptoethanol (β-
ME), 0.1 mM nonessential amino acids (NEAA), 1% 
glutamine and 1% antibiotic-antimycotic solution. The 
mouse embryonic stem cells were cultured on feeder layers 
for at least two passages after thawing and prior to the 
differentiation procedure. After that, the cells were then 
transferred and cultured for at least one passage in feeder-
free conditions on Matrigel matrix-coated plates with LIF 
in the ES medium. To maintain the culture conditions, the 
embryonic stem cells were transferred to fresh medium 
every 1–2 days prior to reaching 70% confluency. The cell 
culture reagents were purchased from Invitrogen Life 
Technologies (Grand Island, NY, USA), and all chemicals 
were purchased from Sigma-Aldrich (St Louis, MO, USA). 

After the embryonic stem cells were cultured and 
grown up to 70% confluence, whereupon monolayers 
were rinsed twice with PBS solution. After draining well, 
2 ml of 0.05% trypsin-1 mM EDTA was added (for 60 
mm plates) for 2 min until the cells detached. 
Trypsinization was stopped by adding 2 ml of complete 
medium and gently used a 5 ml pipette to triturate the 
mixture until the cells were in suspension. The cells were 
transferred to a 15 ml conical tube. After that, cell 
suspension was centrifuge at 1000 rpm for 5 minutes. 
Then, the supernatant was discarded and washed pellet 
with 1 ml differentiation medium (Embryoid Body 
medium or EB medium like ES medium except FBS and 
without LIF, FBS defined from Hyclone, GE Healthcare 
Life Sciences, USA). The cells suspension was 
resuspended again in 2 ml of EB medium. The cells were 
count using a hemocytometer and adjusted the 
concentration to 2.5 x 104 cells/ml (500 cells in 20 
μl/drop). 

The 5 ml of PBS solution was placed into the bottom 
of 100 mm bacterial dish. This was act as a hydration 
chamber. The lid of the bacterial dish was inverted then 
the 20 μl of prepared cell suspension was dropped on the 
lid with sufficiently apart so as to not touch each other. It 
was possible to place at least 100 drops per dish. After that, 
the lid was closed onto the PBS-filled bottom chamber 
and incubated at 37°C/5% CO2/95% humidity. The 
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drops were monitored daily and incubated for embryoid 
body formation (approximately one day). The inverted 
light microscope was used to investigate during the 
embryoid body formation as an example in Fig. 10a. The 
diameter of cell spheroids was in the range between 150 
and 200 μm.  

Then, the experiments to entrap the cell spheroids 
were started using the identical procedure in the 
experiments with polystyrene beads, and the images of 
entrapped cell spheroids in the equilateral triangular 
microwell are shown in Fig. 10 b. We found that most cell 
spheroids attached to the others and remained in the 
microwells even increasing the flow rate from 500 to 700 

ml/hr. The single spheroid trapping was hardly occurred. 
It implied that the cell properties such as membrane 
adhesiveness play an important role to the achievement of 
the proposed approach as well as the possibility for single 
spheroid entrapment. The higher flow rate to drag cell 
spheroids was also tried. At the flow rate of 900 ml/hr, 
more cell spheroids oscillated due to the strong flow 
perturbation. However, some cells started to detach from 
the broken cell spheroids due to the shear stresses of the 
freestream flow. Similar issues occurred in the 
experiments with gelatin beads as they well adsorbed to 
the PDMS surface, and it was difficult to drag them out 
from the microwell. 

 

 

 
 

Fig. 10. Captured images from the experiments with cell spheroids showing (a) the formation of cell spheroid for three 
days using a hanging-drop technique, and (b) entrapped cell spheroids in the equilateral triangular microwells. 
 
 

4. Conclusions 
 

This study proposed the filling and dragging 
technique that could lead to high trapping efficacy of 
particles in a microwell. Using extremely low flow rate at 
the beginning, it allowed particles to be fully entrapped in 
the microwell. Then, the significant increasing of the flow 
rate to drag some entrapped particles out was 
consecutively conducted. This could lead to a reduction of 
the number of entrapped particles in the microwell. In this 
study, three different shapes of the triangular microwells; 
obtuse, equilateral and acute triangle, were examined for 
their influence on the trapping efficacy. All microwells had 

a length of 520 µm and a depth of 300 µm. The obtuse, 
equilateral and acute triangular microwell had a 
hypotenuse length of 800, 600 and 400 µm, respectively. 
The flow simulation suggested that the microwell shape 
should have different effects on the flow characteristics. 
For example, strong interaction between the flow 
structures and the flow structure-entrapped particles could 
be found in the obtuse triangular microwell while that of 
the acute triangular microwell was weak. In the 
experiments, 150 µm polystyrene beads were employed at 
two flow rates such as 10 and 500 ml/hr for the filling and 
dragging, respectively. Comparing between three cases, 
the polystyrene beads in the acute triangular microwells 
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were rarely and slowly dragged out, while that in the 
obtuse ones was very quick comparing to the other cases. 
The experimental results with polystyrene beads suggested 
that the equilateral triangular microwell was the most 
appropriate among three different shapes as the flow 
perturbation was adequate, and the trapping manner was 
fairly controllable. It was found that the trapping of a 
single bead could reach 80%. Lastly, the identical 
procedures were introduced to the cell spheroids with the 
comparable diameter. The rearrangement of the cell 
spheroids in the microwells was rarely observed as the 
cells attached to each other and adsorbed to the 
microwells. Instead, the cells started detach from the 
spheroid when the flow rate was increased beyond 900 
ml/hr. At present, this proposed technique has already 
shown its suitability for plastic or metal particle trapping; 
however, the further investigation for the trapping of 
biomaterial particle is needed. 
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