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DESCRIPTION
Conventional sperm preparation techniques in assisted
reproductive technologies rely on centrifugation-based
separation methods such as density gradient centrifugation and
swim-up procedures. While these approaches are widely used,
they may expose spermatozoa to mechanical stress, oxidative
damage, and selection biases that do not fully replicate
physiological conditions within the female reproductive tract. In
recent years, microfluidic sperm selection platforms have
emerged as an alternative strategy designed to mimic natural
sperm navigation mechanisms, particularly rheotaxis, the
directed movement of sperm against fluid flow.

Rheotaxis is a behavioral property of motile sperm that allows
them to orient and swim against fluid currents. Within the
female reproductive tract, this mechanism assists sperm
migration through the cervical mucus and uterine cavity toward
the oviduct. Microfluidic devices are engineered to recreate
controlled fluid dynamics that replicate these physiological
conditions, enabling selection of sperm populations with
enhanced motility and functional competence.

Microfluidic platforms typically consist of microchannels
designed to simulate narrow physiological environments. Sperm
samples are introduced into these channels, where controlled
fluid flow is applied. Motile sperm capable of sustained forward
progression against the flow are separated from immotile or
morphologically abnormal sperm. This process reduces exposure
to centrifugal forces and chemical stressors commonly associated
with traditional preparation techniques.

One of the key advantages of microfluidic sperm selection is the
enrichment of sperm populations with intact Deoxyribonucleic
Acid (DNA) integrity. Studies have shown that sperm selected
through rheotactic migration exhibit lower levels of DNA
fragmentation compared with those processed using
conventional centrifugation. Reduced DNA damage is associated
with improved fertilization potential and enhanced embryo
developmental outcomes in assisted reproductive cycles.

Reactive oxygen species generation is also minimized in 
microfluidic systems. Traditional centrifugation procedures can 
induce oxidative stress due to abrupt mechanical forces, leading 
to lipid peroxidation and DNA damage in sperm cells. In 
contrast, microfluidic selection is a gentler process that 
maintains physiological conditions and reduces oxidative injury, 
thereby preserving sperm membrane integrity and functional 
capacity.

Sperm motility characteristics are significantly influenced by 
microfluidic selection. Rheotaxis-based systems preferentially 
isolate sperm with progressive motility patterns and higher 
velocity parameters. These functional attributes are closely 
linked to capacitation efficiency and acrosome reaction 
potential, both of which are essential for successful fertilization 
in assisted reproductive procedures.

Sperm morphology also benefits from microfluidic selection. 
Although morphological assessment alone does not fully predict 
fertilization success, sperm with normal head shape, midpiece 
structure, and tail configuration are more likely to exhibit 
optimal motility and DNA integrity. Microfluidic systems 
indirectly enrich these populations by selecting sperm based on 
functional behavior rather than visual appearance alone. 
Capacitation status of sperm may be influenced by the 
microenvironment within microfluidic channels. Gradual 
exposure to fluid shear stress and ionic gradients may initiate 
signaling pathways associated with capacitation, including 
calcium influx and protein phosphorylation events. These 
physiological stimuli more closely resemble in vivo conditions 
compared with abrupt laboratory processing techniques. Clinical 
studies evaluating microfluidic sperm selection have reported 
improved embryo quality parameters, including higher rates of 
top-grade embryos and increased blastocyst formation. However, 
outcomes vary depending on patient population, underlying 
infertility etiology, and laboratory protocols. While some studies 
demonstrate improved pregnancy rates, others report more 
modest differences compared with conventional methods.

Integration of microfluidic systems with intracytoplasmic sperm 
injection procedures is becoming increasingly common. Selected 
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that rheotaxis-based microfluidic sperm selection represents a 
physiologically relevant approach to isolating high-quality sperm 
subpopulations in assisted reproductive techniques. By 
mimicking natural sperm navigation and reducing laboratory-
induced stress, these systems may improve fertilization efficiency 
and embryo developmental outcomes. Continued integration of 
bioengineering, reproductive medicine, and clinical embryology 
may further refine sperm selection strategies and enhance 
assisted conception success rates.
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sperm are directly used for injection into oocytes, potentially 
improving fertilization efficiency and embryo quality outcomes. 
However, standardization of device design and processing 
protocols remains a challenge for widespread clinical adoption. 
Technological advancements in microfluidic engineering have 
enabled the development of multi-layered channel systems, 
gradient-based selection environments, and real-time imaging 
integration. These innovations allow more precise control over 
sperm selection parameters and facilitate detailed analysis 
of sperm behavior during migration. Current evidence suggests
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