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THE FIELD OF MICROFLUIDICS 
deals with the manipulation of liquids at 
the microscale, where fluid flow is laminar 
and thus predictable and easily controlla
ble. Microfluidic devices are typically made 
of a system of microconducts designed 
based on application. However, the current 
state of the art of microfluidics is con 
tinuous  ly evolving toward new technological 
advances that may exclude conventional 
microchannels, such as in the areas of digi
tal microfluidics, microfluidic probes, and 
threadbased microfluidics. Another strong 
devotion is focused toward integrating 
microfluidics with other technologies such as 
electronics, photonics, and magnetics. The 
dedication of these technological advances 
and integrative efforts is geared toward accu
rate fluid manipulation, precision biological 
handling, and efficient process automation. 
This opens new horizons for innovation in 
numerous applications such as bioassays, cell 
sorting, tissue engineering, and biosensing as 
featured in the April 2020 issue of IEEE 
Nanotechnology Magazine.

In this special issue, the authors of 
three articles were invited to report on 
recent technological and integrative 
advances in microfluidic automation 
and manipulations. In the first article, 
Mohamed Abdelgawad discusses the field 
of digital microfluidics, where precise 
manipulation of liquid droplets on open 
channelless surfaces is accomplished using 
electrical actuation. The technology sim
plifies liquid manipulation and allows for 
powerful automation of sample processing. 
Using the technology, droplets of chemi

cals or biological samples can be easily 
transported, split, and mixed in a high
throughput mode, allowing for integrative 
sample processing steps, including dispens
ing, purification, and extraction. There
fore, digital microfluidics opens the door 
toward miniaturizing bioassays while utiliz
ing minutesize samples. 
In his comprehensive 
review, Abdelgawad over
views fundamental and 
technical aspects of the 
technology, including 
nanotechnology contribu
tions such as the involve
ment of nanoparticles and 
nanotubes, and recent 
applications, including 
biochips for DNA se 
quencing and diagnostic 
tools for detecting viruses. 
The article concludes by 
discussing current chal
lenges and limitations, the 
future outlook, and com
mercialization aspects of 
the technology. 

In the next article, Fadi Alnaimat, 
Sherif Karam, Betty Mathew, and Bobby 
Mathew confer the great potential of in 
tegrating magnetophoresis and micro 
fluidics for the precision manipulation of 
biological samples, with minimal sample 
preparation steps and the promise of easy 
automation. Magnetophoresis refers to the 
motion of micro and nanoparticles when 
exposed to a nonuniform magnetic field. 
The authors introduce fundamentals of 
magnetophoresis and discuss integration 
possibilities with microfluidics. The article 
provides an overview of automation using 

various possible sources of mag
netic fields, the different micro
fabrication procedures involved 
in the integration, and the in 
volvement of nanotechnology 
in terms of utilizing magnetic 
nanoparticles and antigen–anti
body interactions. The authors 
highlight details of the power
ful technology in bioparticle 
manipulation, separation, and 
concentration for different uses, 
including cell and DNAbased diagnostic 
tools. The article concludes with discus
sions on the technology strengths and 
future potential. 

In the final article, Sanjairaj Vijayaven
kataraman, Anna GarciaSabaté, and 
 Jeremy CM Teo elaborate on an emerg
ing field where microfluidic extruders are 
developed for tissue engineering appli
cations. The article discusses different 

approaches used in the 
general field of tissue 
engineering and focuses 
on the great potential of 
developing microfluidic
based chips for bioprint
ing 3D cellladen fibers 
and matrices. The coaxi
al hydrodynamic focus
ing within microfluidic 
printheads allows for the 
controllable extrusion of 
multimaterial hydrogel 
fibers, encapsulating dif
ferent cell types, for engi
neering specialized soft 
tissues in vitro. The au  thors 
conclude their fo  cused 
showcased microfluidic 
extruders’ technology by 

discussing its current challenges and possi
ble future advances.

This issue reviews recent progresses 
and trending fields in microfluidic auto
mation and manipulation and provides a 
review of the state of the art as well as a 
future outlook of the field. As several 
technical advances in microfluidic auto
mation and manipulation continue to 
develop and evolve worldwide, we expect 
to see more integrative efforts in the near 
future that may utilize different nano
technology advances.
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