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Infertility is an increasingly prevalent global issue, affecting approximately %15 of couples, with male factors
accounting for half of these cases. The most severe form of male infertility is non-obstructive azoospermia (NOA), in
which sperm production is drastically reduced. Sperm retrieval from testicular tissue samples in these patients is a time-
consuming process that relies heavily on the operator’s expertise. The presence of background cells and tissue debris
further complicates the identification of sperm. In this study, a two-stage passive microfluidic system was designed and
simulated, integrating an inertial spiral module with a deterministic lateral displacement (DLD) module. In the first
stage, the spiral module utilizes inertial and Dean vortex forces to remove larger particles from the main flow, thereby
preventing channel blockage in the second stage. In the subsequent stage, the high-resolution DLD module removes
the remaining background cells, completing the sperm separation process. Simulation results demonstrate that particles
smaller than 4.7 um in diameter, corresponding to sperm cells and residual red blood cells, are efficiently separated
from larger background cells, effectively preventing clogging in downstream microfluidic channels. Given the DLD
module’s high resolution, the system can isolate sperm cells from residual red blood cells with more than %95
efficiency.
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= follows the fluid flow.

. Larger than the critical size
= follows the array.

A confined red blood cell larger than the
critical size.
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Fig. 2 Performance of the DLD microfluidic device in cell separation. A)
Cells with a diameter larger than the critical diameter migrate diagonally
and follow the array path, whereas cells smaller than the critical diameter

deviate from this path and are separated. B) A confined red blood cell with
a diameter larger than the critical diameter.
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Fig. 1 Particle migration in a spiral channel.
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Table 1 Specifications of the designed microfluidic device.
Spiral channel specifications

Cross-section Rectangular
Initial radius (mm) 3.5
Final radius (mm) 5
Channel width (um) 150
Channel height (um) 50
Number of turns 5
Reynolds number 95
Flow rate (mL/min) 0.975
Minimum length (mm) 116
Expansion channel
Length (um) Width (pm) Expansion angle (o) Height (um)
800 800 30° 50
DLD JUiS
Post " .
Height (um)  diameter Gap (pm) & Crltlca(l dla;meter
(wm) i
315 40 16.743 1/25 5
Outlet channels
. Hydraulic
Channel number lewgih - Uikl Height (um) resistance
(nm) (nm) (Pa-s/m*)
1 6067 1569.75 35 1.08E+15
2 3750 650 3.5 1.08E+15
3 1425227 60 50 1.08E+15
A

650

. (1m)

(pm)

3 (um)

Fluid
flow

——
16.743

(um)
b JUB (@l osds 2lhb JlwgSiuo wilizo slocond & JS&
.DLD JU (& bluil 4

Fig. 5 Different parts of the designed microfluidic device. A) Spiral and
expansion channel, B) DLD channel.
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Fig. 4 Schematic view of the process of extracting the cell suspension from
testicular tissue, injecting it into the designed microfluidic device, the
operation of this system in separating sperm cells, and finally, the injection
of sperm into the oocyte cytoplasm.
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Table 2 Values used in Equations 1 to 8.

Channel height h Flow velocity Ur
Fluid viscosity n Lateral particle velocity U,
Channel length L Displacement length Lu
Dynamic viscosity u Fluid density P
Depth E Maximum fluid velocity Un

Gap G Particle diameter ap

Post diameter Dc Dynamic viscosity u

Row shift fraction & Hydraulic diameter Di
Velocity ug v Channel width w

Stokes drag force Fp Pressure p
Particle mass m, Particle velocity response time Tp
Velocity u Wall correction factor M

Particle diameter dp Particle density P
Distance between channel walls D Particle radius 7
Normalized wall distance G Normalized wall distance G

function function

Normal vector of the wall at the
Identity matrix (dimensionless) I closest point to the reference wall n
(dimensionless)

Particle velocity up Fluid velocity u
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Triangular mesh:
Maximum element size: 0.01
Minimum element size: 0.005

Triangular mesh:
Maximum element size: 0.01

Minimum element size: 0,005

ol 035 (e (. JgunlS 1531 035 53 ouid 035 Lo Jlawwg Ko £ JSU

DLD JlawwgySn (5l 03 035 (sio (2 -gle JUB sl
Fig. 6 Meshed microfluidic device in COMSOL software. A) Meshing of
the spiral channel, B) Meshing of the DLD microfluidic device.
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microchannels. A) Variations of the fluid velocity field in a cross-section
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Particle trajectories

A
P o
i 3
¥ 3{[ sperm.
] 1 [wecs, &
*1| ReGs
i
i
;
— ] i normal
. sperm &
RBCs
0.15 0.2 /s
Sperm, B
aira g [ Ssesssessses IO
mis
RBCS 0.1 0.2 0.3 0.4 0.5

d51s sde J9alS 5 508 JoulS <ol (sladsbe Sy pane A S
e U (5399 51 JUlg S0
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inside the microchannel from the inlet to the outlet.
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Fig. 7 Fluid pressure distribution in the designed microfluidic device. A)

Pressure distribution generated by the fluid in the spiral channel, B)
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