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AbstractMicrogels, hydrogels fabricated in microscale via various methods, can be jammed, and the jammed state
can be influenced by some factors such as volume fraction (), pressure and temperature. Compared to bulk hydro-
gels, jammed microgels have distinct characteristics. Structures of jammed microgels, stable through a balance of effec-
tive forces applied to them, can be changed by application of forces or pressure, implying shear-thinnning properties.
Additionally, the ability to maintain structures under a static condition and porous internal structures of them has been
extensively exploited in researches. Additional materials can be involved in jammed microgels for additional features
(e.g., conductivity), and overall mechanical properties can be also controlled. These characteristics have been used in
diverse biological studies by developing them as injectable scaffolds, drug delivery vehicles and inks and support bath
in 3D printing processes. In this review, jamming processes, characteristics of jammed microgels, fabrication methods
of microgels and applications of jammed microgels are discussed to provide a comprehensive understanding of jammed
microgels and promote their use in diverse researches.
Keywords: Jamming, Microgels, Shear-thinning

INTRODUCTION

Hydrogels are made of hydrophilic polymer networks contain-
ing a large amount of water and have been used in diverse research
fields, exploiting their characteristics such as hydrophilicity, possi-
bility of chemical modification and intrinsic features of polymers
[1-3]. Recently, various attempts have been made to expand their
applications, and a newly developed method is to use jammed mi-
crogels for biological studies [4-6].

Microgels are hydrogels produced at micro size [7] via various
methods such as microfluidic, micro-droplet, batch emulsion and
fragmentation methods (Fig. 1(a)) and have been already used for
numerous applications. For example, microgels were involved in
hydrogels to change their physical properties [8], and microgels with
pH reactivity were used as drug-releasing particles [9]. Microgels
with pores were also used as adsorbents to remove Cu(II) compo-
nents [10]. The survival rate of lactic acid bacteria of food prod-
uct can be increased by adding lactic acid bacteria to the microgel
[11].

Unlike the researches using microgels in normal conditions, there
have been efforts to study properties of jammed microgels [12-15].
Interestingly, microgels can maintain a densely compressed state
under appropriate conditions, and the compressed microgels, also

called jammed microgels, display macroscopically distinct properties
from general bulk hydrogels (Fig. 1(b)) [12,16]. In particular, jammed
microgels exhibit shear thinning properties, implying decreasing
viscosity upon increasing shear rate. Thus, jammed microgels can
be injected through needles, transformed by application of forces
and structurally stabilized upon removal of the applied forces,
enabling them to be used for 3D printing inks [17-19], support bath
for 3D printing processes [20,21], injectable scaffolds [22-24] and
drug carriers (Fig. 1(c)) [25,26].

Previously, macroporous hydrogels [27,28], shear-thinning hy-
drogels [29-31] and in situ gelling hydrogels [32-34] were developed
(Table 1) and used as injectable hydrogels in various applications.
Macroporous hydrogels formed via diverse materials can recover
their original shape after injection and might not be useful as 3D
printing inks because 3D-printed shapes can be deformed by a shape
recovery feature. Shear-thinning hydrogels that maintain injected
shapes after injection have been involved in various drug delivery
[35,36] and 3D printing researches [30,31]. Precise control of gela-
tion is required for application of in situ gelling hydrogels, and proper
gelation might not be easily obtained when they are used as 3D
printing inks. Compared to these conventional injectable hydrogels,
jammed microgels can be formed via various materials [17,18,37]
and involve porosity useful for cell culture [22,24,38]. Specifically,
the viability of cells encapsulated in microgels printed and annealed
was higher than that of cells in bulk hydrogels when they were com-
pared on day 3 of cell culture [24]. As a limitation, the shape and
size of microgels can influence resolution of 3D printing processes
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Fig. 1. Schematic illustration of jammed microgel preparations, injection and applications. (a) Microgel fabrication methods (Microfluidic,
micro-droplet, batch emulsion, and fragmentation methods) and jamming processes. A scale bar indicates 200m. Reproduced from
[18] with permission. Copyright 2018, John Wiley and Sons. Distributed under the Creative Commons Attribution 4.0 International
License (CCBY4.0, http://creativecommons.org/licenses/by/4.0/). (b) Injection of jammed microgels. Reproduced from [17] with per-
mission. Copyright 2018, John Wiley and Sons. Distributed under the Creative Commons Attribution 4.0 International License
(CCBY4.0, http://creativecommons.org/licenses/by/4.0/). (c) Applications of jammed microgels. (i) 3D printing inks. Reproduced from
[17] with permission. Copyright 2018, John Wiley and Sons. Distributed under the Creative Commons Attribution 4.0 International
License (CCBY4.0, http://creativecommons.org/licenses/by/4.0/). (ii) Support bath. From [70]. Reprinted with permission from AAAS.
(iii) Cell scaffolds. Reproduced from [38] with permission. Copyright 2019, John Wiley and Sons. Distributed under the Creative
Commons Attribution 4.0 International License (CCBY4.0, http://creativecommons.org/licenses/by/4.0/). (iv) Drug carriers. Repro-
duced from [25] with permission. Copyright 2019, John Wiley and Sons. Distributed under the Creative Commons Attribution 4.0
International License (CCBY4.0, http://creativecommons.org/licenses/by/4.0/).

Table 1. Characteristics of conventional injectable hydrogels (Macroporous hydrogel, shear-thinning hydrogel, in vivo gelling hydrogel) and
jammed microgels

Type Material Porosity Injected shape Parameters affecting
rheology

Macroporous hydrogel Any hydrogels [27,28] Formed Original shape Ratio of porous and
non-porous region

Shear-thinning
hydrogel

Shear-thinning hydrogels
(e.g., Alginate [29], pluronic F-127 [30],

guest-host hydrogel [31])

Not
formed Free Degree of

shear-thinning properties

In situ gelling hydrogel Hydrogels crosslinked on a target
(e.g., N-isopropylacrylamide [32])

Not
formed Relatively free Gelling speed

Jammed microgels Any hydrogels [17,18] Formed Free Microgel size,
jamming degree
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[39], although jammed microgels are useful as 3D printing inks or
support bath.

To properly utilize the jammed microgels and expand their appli-
cations, it is important to understand the overall jamming process
and characteristics of jammed microgels. In this review, therefore,
microgel jamming conditions, diverse characteristics of jammed
microgels, microgel fabrication methods with their features and cur-
rent applications of jammed microgels in biological studies are dis-
cussed to provide insights of jammed microgels to future researches.

JAMMING CONDITIONS AND RHEOLOGICAL 
PROPERTIES OF JAMMED MICROGELS

Jammed microgels, densely compressed microscale hydrogel par-
ticles, display distinct properties, compared to bulk hydrogels larger
than a millimeter, due to variation of effective forces applied to them.
Typically, effects of forces on hydrogels can be altered by variation
of hydrogel size and volume fraction (), implying packing density
of hydrogel particles. As the size of hydrogels decreases, the effect
of thermodynamic forces, unlike that of gravity, increases on hydro-
gels [40]. Additionally, friction and van der Waals force become effec-
tive via contact of hydrogel particles and greatly act on the particles
at critical volume fraction (c), where all the particles in a designated
area are connected to each other (Fig. 2(a)). For microgels com-
pressed beyond the critical volume fraction, frictional force affects

more than van der Waals forces, although gravity is still more effec-
tive than thermodynamic energy. In this state, overall compressed
microgels can be structurally stabilized via balance of these forces
[41,42], which refers to jamming of microgels [15,42]. Thereby, forces
will be transmitted throughout the jammed microgels, as indicated
as positive (blue line) and negative (red line) contact forces, if a pres-
sure is applied to a point of the jammed microgels (Fig. 2(b)) [43].

For jamming of microgels, various factors that can affect the forces
effective on microgels, besides particle size, can be considered. As
stated, friction can be effective via compression of microgels beyond
the critical volume fraction, useful for jamming (Fig. 2(c)) [44].
Typically, values of volume fraction, 0.58, 0.64 and 0.74, indicate
random loose packing, random closed packing and hexagonal closed
packing, respectively [45]. On the other hand, a pressure exceed-
ing friction at interfaces of microgels might break jammed micro-
gels if applied to them [46]. Thus, pressures or loads enough to
dominate friction at the interfaces should be avoided for the jam-
ming process. Additionally, temperature needs to be controlled for
the jamming state because relatively high thermodynamic energy
can disperse jammed microgels (Fig. 2(c)) [14,44,46]. Other than
these factors, aspect ratio of particles [47], activity of networks (ther-
mal reactivity) [48,49], charge of polymer [20] can affect jamming
state of microgels.

To understand properties of jammed microgels, useful for diverse
applications, their rheological behavior was analyzed. Specifically,

Fig. 2. Jamming conditions and rheological properties of jammed microgels. (a) An illustration of volume fraction (). Critical volume frac-
tion (c) indicates a state that all particles in the area are connected. (b) Transmission of a force from one point to all jammed micro-
gels. Blue and red lines indicate positive and negative contact force change, respectively. Reprinted figure with permission from [43].
Copyright 2006 by the American Physical Society. (c) A graph describing influence of volume fraction (1/density), temperature (Tcl:
effective temperature of the classical system) and stress to a jamming state. Reprinted figure with permission from [46]. Copyright
(2013) by the American Physical Society. (d) Rheological properties of jammed microgels. (i) Viscosity decreased in response to increas-
ing shear rate, indicating shear thinning property. (ii) Repeated switches of elastic and viscous states under repeated switches of low
and high (shaded) strains, indicating shear-thinning and self-healing properties. Reproduced from [17] with permission. Copyright
2018, John Wiley and Sons. Distributed under the Creative Commons Attribution 4.0 International License (CCBY4.0, http://creative-
commons.org/licenses/by/4.0/).



270 D. Moon et al.

February, 2023

viscosity of jammed microgels decreased when shear rates of them
increased (Fig. 2(d)-(i)). Additionally, jammed microgels were elas-
tic and viscous under low (unshaded) and high (shaded) strains,
respectively, and those states were repeatedly switched with strain
changes (Fig. 2(d)-(ii)). These together verified shear-thinning and
self-healing properties, implying that jammed microgels are deform-
able via pressure and become stable with removal of the applied
pressure. These rheological properties are similar to those of other
types of injectable hydrogels such as poly(acrylamide)-based jammed
microgels [18], hyaluronic acid-based guest-host hydrogels [31]
and hybrid hydrogels consisting of polyvinyl alcohol and -carra-

geenan [50].

CHARACTERISTICS OF JAMMED MICROGELS IN 
APPLICATIONS

In addition to rheological properties, jammed microgels used in
previous applications showed diverse characteristics that can be fur-
ther developed in the future. For example, jammed microgels were
injected or sprayed through a nozzle, and the extruded jammed
microgels maintained their shapes, allowing fabrication of user-
defined hydrogel structures, such as a hollow cylinder and a rat-

Fig. 3. Characteristics of jammed microgels used in previous researches. (a) Jammed microgels maintained 3D-printed structures. Images
indicate (i) a photo of a cylinder-shape, (ii) a fluorescent image of a cylinder-shape and (iii) a photo of a rat-size thigh bone-shape.
Reproduced from [51] with permission. Copyright 2019, John Wiley and Sons. Distributed under the Creative Commons Attribution
4.0 International License (CCBY4.0, http://creativecommons.org/licenses/by/4.0/). (b) Jammed microgels containing pores were used
as a porous and injectable scaffolds. Reproduced from [38] with permission. Copyright 2019, John Wiley and Sons. Distributed under
the Creative Commons Attribution 4.0 International License (CCBY4.0, http://creativecommons.org/licenses/by/4.0/). (c) Jammed
microgels involving silver nanoparticles at interfaces of microgels showed conductivity. Reproduced from [54] with permission. Copy-
right 2019, John Wiley and Sons. Distributed under the Creative Commons Attribution 4.0 International License (CCBY4.0, http://
creativecommons.org/licenses/by/4.0/). (d) A hollow cylinder structure composed of jammed microgels and stabilized by double poly-
mer networks recovered its original shape after compression. Reproduced from [55] with permission. Copyright 2020, John Wiley and
Sons. Distributed under the Creative Commons Attribution 4.0 International License (CCBY4.0, http://creativecommons.org/licenses/
by/4.0/).
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sized thigh bone (Fig. 3(a)) [51,52]. Additionally, overall structures
were permanently stabilized through annealing to avoid unexpected
pressure-induced structure deformation. Other than use as 3D print-
ing inks, porous structures of annealed jammed microgels, formed
via gaps between microgels, could permit them to be used as scaf-
folds. The jammed microgel-based scaffolds could be delivered via
injection and colonized by cell infiltration through the gaps (Fig.
3(b)) [22,53]. A feature could be added by involving new materi-
als in jammed microgels. Previously, it was reported that metal
nanoparticles were involved at interfaces of microgels, introducing
conductivity to overall jammed microgels (Fig. 3(c)) [54]. Conduc-
tivity of the jammed microgels involving metal nanoparticles at
interfaces of microgels was statistically greater than that of bulk
hydrogels containing metal nanoparticles inside, due to large sur-
face area of microgel interfaces. Mechanical properties of overall
microgel-based structures could also be increased by introducing
double networks (Fig. 3(d)) [55]. For instance, a cylinder-shaped
object fabricated with jammed poly(2-acrylamido-2-methylpropane
sulfonic acid) (PAMP) microgels containing acrylamide (AM)
monomers was stabilized and further strengthened by polymeriz-
ing AM monomers.

MICROGEL FABRICATION METHODS AND 
APPLICATIONS OF JAMMED MICROGELS

1. Microfluidics method
Various microfluidic channels generating emulsion with immis-

cible fluids have been used to fabricate diverse microgels (Fig. 4(a))
[56]. Specifically, when hydrogel precursors and fluids immiscible
to the precursors, separately injected through microfluidic chan-
nels via syringe pumps, meet at intersection of the channels, con-
tinuous flow of the hydrogel precursors is cut off, creating hydrogel
precursor emulsions dispersed in the other fluid [57]. Then, stim-
ulation such as ultraviolet (UV) [17] or temperature variation [58],
varied by components of precursors, is applied to polymerize the
emulsions, followed by washing steps to remove the other fluid.

In this way, size and shape of microgels can be precisely controlled
because manipulation of flow rates through microfluidic channels
and modification of channel geometry/size are available. Upon the
changes of flow rates and microfluidic channel geometry/size, micro-
gels ranging from 2 to 1,000m [59] and microgels in complex
shapes such as microgels containing microgels inside [60] were
fabricated. Although general microgel production rates are relatively

Fig. 4. Microfluidic methods to fabricate microgels and applications of the jammed microgels. (a) Illustration of microfluidic methods. Hydro-
gel precursors and immiscible fluids are flowed into microchannels to form precursor emulsion, and the emulsion is cured. (b) Jammed
microgels containing pores were used to culture cells. (i) Microgels produced in uniform size and shape. (ii) Jammed microgels in
diverse shapes formed by molding. (iii) Visualization of pores formed at interfaces of jammed microgels. (iv) Images of live/dead
NIH/3T3 cells grown within jammed microgels. Scale bars indicate 200m. Reproduced from [58] with permission. Copyright 2020,
John Wiley and Sons. Distributed under the Creative Commons Attribution 4.0 International License (CCBY4.0, http://creativecom-
mons.org/licenses/by/4.0/). (c) Jammed microgels were used to deliver cellular metabolism-affecting drugs to ischemia-reperfusion
injury. (i) Jammed microgels developed as drug carriers. Cross-sectional images of the injury treated with jammed microgels contain-
ing (ii) phosphate buffered saline (PBS) only and (iii) Forskolin and Repsox drugs. Reproduced from [25] with permission. Copyright
2019, John Wiley and Sons. Distributed under the Creative Commons Attribution 4.0 International License (CCBY4.0, http://creative-
commons.org/licenses/by/4.0/).
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low, due to low flow rates through microfluidic channels, they could
be improved by development of parallel production strategies [38,61].

The microgels produced with microfluidic channels exhibited
nice uniformity in size and shape (Fig. 4(b)-(i)), which permitted
good shape fidelity when they were jammed and shaped by mold-
ing (Fig. 4(b)-(ii)) [17]. Additionally, jammed microgels included
microscale gaps formed at interfaces of microgels (Fig. 4(b)-(iii)),
and NIH/3T3 cells within the gaps showed high viability, possibly
due to supply of nutrients and oxygen via diffusion (Fig. 4(b)-(iv))
[5,58]. Similarly, microgels containing cellular metabolism-affect-
ing drugs such as Forskolin and Repsox were jammed and injected
to ischemia-reperfusion injury in female Sprague-Dawley rats to use
them as drug-releasing scaffolds. (Fig. 4(c)-(i)) [25]. As a result, the
size of the wound was reduced rapidly and rate of remodeling
increased.
2. Micro-droplet Method

A small amount of liquid falling in the air forms a droplet, due
to its surface tension. Likewise, various microgels can be fabricated
by curing microscale droplets formed by dropping hydrogel pre-
cursors in the air although there can be variations in production
methods (Fig. 5(a)) [62]. For instance, alginate microgels were formed
when droplets of alginate precursor that could be crosslinked with
Ca2+ ions were immersed in Ca2+ bath [63]. Similarly, polyethylene
glycol microgels were collected by curing the hydrogel precursor
droplets dispersed in a non-hydrophilic fluid by electro spraying
[64].

Size of microgels could be adjusted in micro-droplet methods by

controlling strength of air flow where monomer solutions drip down
[65] and adjusting voltage applied on electrospray [52], although
there exists low uniformity in microgel size in some methods [64].
Speed of microgel production is also relatively low, due to a feature
of sequential droplet forming processes, which could be improved
via methods exploiting centrifugal forces [66].

In a previous research, alginate microgels containing human
mesenchymal stem cells were obtained by dropping alginate pre-
cursors with cells into Ca2+ bath, a relatively fast fabrication pro-
cess increasing survival rates of encapsulated cells (Fig. 5(b)-(i)).
The microgels involving cells were then jammed and printed into
a star-shape within a gelatin slurry bath, followed by UV light expo-
sure for annealing of microgels (Fig. 5(b)-(ii)) [67]. The cell-contain-
ing hydrogel in a star shape maintained its structure well. Addi-
tionally, the process showed possibility of preserving cell-contain-
ing microgels for a long time because cells in microgels, cryopre-
served for 1 month, showed high viability (Fig. 5(b)-(iii)) [37].
3. Batch Emulsion Method

Microgels could be obtained by curing hydrogel precursor
emersions dispersed within a hydrophobic liquid via a flow gener-
ated through rotating forces (Fig. 5(c)) [68]. Although the microgels
were not uniformly generated in size (Fig. 5(d)-(i)), a large amount
of them could be generated rapidly via this method. Additionally,
high density particles (e.g., graphene oxide) that could sink within
precursor immersions could be involved in microgels with relatively
even distribution because they could be dispersed in the emulsions
through continuously supplied energy [26]. Similar to other meth-

Fig. 5. Micro-droplet and batch emulsion methods to fabricate microgels and applications of the jammed microgels. (a) Illustration of micro-
droplet methods. Hydrogel precursors were dropped as microscale droplets, and those droplets were cured. (b) Jammed microgels
containing cells were used for 3D printing processes. (i) Alginate microgels involving human mesenchymal stem cells were formed. (ii)
The jammed microgels were 3D-printed in a gelatin slurry bath to form a star-shape, and the shape was stabilized by UV-mediated
annealing processes. (iii) After using cryopreserved microgels for 3D printing processes, cells showed high viability. A black and a
white scale bar indicate 1 cm and 100m, respectively. Reprinted from [37]. Copyright 2019, with permission from Elsevier. (c) Illus-
tration of batch emulsion methods. Emulsions of hydrogel precursors, dispersed within hydrophobic liquid, were cured. (d) Gelatin
microgels were used as a support bath during 3D printing processes. (i) Gelatin microgels were formed. (ii) An acidic collagen ink was
3D-printed within a support bath composed of jammed microgels, and the deposited ink was stabilized by pH neutralization. (iii) A
ventricle model was obtained by 3D printing of a collagen ink and a cell ink within jammed microgels. From [70]. Reprinted with per-
mission from AAAS.
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ods, the curing system of hydrogel precursors could vary such as
temperature [69]- or UV [55]-mediated crosslinking.

In a previous research, gelatin microgels fabricated via the batch
emulsion method were jammed and used as support bath for 3D
printing of complex collagen structures (Fig. 5(d)-(i)) [70]. Specifi-
cally, an acidic collagen ink was 3D-printed within the jammed gela-
tin microgels, forming complex structures and stabilized by pH
neutralization (Fig. 5(d)-(ii)). In this way, a ventricle model consist-
ing of internal and external collagen shells and a cell layer in be-
tween those shells was 3D-printed with a collagen ink and a cell
ink (Fig. 5(d)-(iii)). Human embryonic stem cell-derived cardio-
myocytes (hESC-CMs) and cardiac fibroblasts were used for the
cell ink, and the bottom of the model was 3D-printed only with the
collagen ink.

In other researches, this method was also used to fabricate micro-
gels containing dispersed graphene oxide for poly(N-Isopropylacryl-
amide) photothermal reactions [26] and polydimethylsiloxane par-
ticles that required relatively large amount of time for curing [71].
4. Fragmentation Method

Microgels can also be obtained by grinding bulk hydrogels with
a blender or fragmenting them with sieves containing microscale
pores (Fig. 6(a)) [72]. These fragmentation methods require only
little equipment and allow mass production of microgels via rela-
tively simple processes. On the other hand, microgels fabricated
through them are generally not uniform in size and shape, which
might lead to 3D printing of structures with rough outlines and

eventually hinder 3D printing of small features comparable to micro-
gels in size. Thus, it can be very useful for 3D printing of relatively
large structures that are less influenced by 3D printing resolutions
and requires large amount of microgels as 3D printing inks.

For example, gelatin microgels were fabricated by crosslinking
gelatin with transglutaminase (TG) and blending the gelatin hydro-
gel (Fig. 6(b)-(i)) [73]. Although those microgels were in relatively
irregular size and shape, jammed microgels displayed shear-thin-
ning behavior useful as a bioink in extrusion-based 3D printing
systems. Thus, jammed microgels were extruded as a filament and
printed into multiple connected lines (Fig. 6(b)-(ii)). Additionally,
a cup-shape in millimeter scale was 3D-printed with the jammed
microgels as an example of complex structures and further stabi-
lized with TG-mediated post-crosslinking (Fig. 6(b)-(iii)). Resolution
of the 3D printing process could be improved by filtering micro-
gels with a sieve [74]. Ground microgels were also used as support
bath that actually preserved 3D-printed structures of other materials
via shear-thinning properties (Fig. 6(c)-(i)) [75]. Specifically, gelatin
slurry prepared by grinding gelatin bulk hydrogels was filled in sup-
port bath and an ink was extruded within the slurry supporting
printed structure. Eventually, the printed structure stabilized by post-
crosslinking could be obtained by releasing the slurry with increased
temperature. Although the particles in gelatin slurry were in irreg-
ular shape and size (Fig. 6(c)-(ii)), alginate was 3D-printed within
gelatin slurry bath to form complex and hollow blood vessel struc-
ture (Fig. 6(c)-(iii)).

Fig. 6. Fragmentation methods to fabricate microgels and applications of the jammed microgels. (a) Illustration of fragmentation methods.
Bulk hydrogels were fragmented into microgels. (b) Jammed gelatin microgels were used as 3D printing inks. (i) Gelatin microgels
obtained by blending gelatin hydrogels. (ii) Jammed microgels were 3D-printed as a line and multiple connected lines. (iii) A cup-shape
was obtained by 3D printing of jammed microgels. Reprinted figure with permission from [73]. Copyright 2020, American Chemical
Society. (c) Gelatin slurry were used as support bath during 3D printing processes. (i) An ink was 3D-printed in support bath, and the
printed structure was stabilized. By increasing temperature, the structure was obtained from the support bath. (ii) Gelatin slurry
formed by grinding bulk hydrogels. A scale bar indicates 1 mm. (iii) An alginate ink was 3D-printed in support bath to form blood
vessel structures. Both scale bars indicate 2.5 mm. Reproduced from [75] with permission. Copyright 2015. Distributed under the
Creative Commons Attribution 4.0 International License (CCBY4.0, http://creativecommons.org/licenses/by/4.0/).
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CONCLUSION

Microgels are hydrogels fabricated at micron scale via various
methods and can be jammed under proper conditions. Jammed
microgels exhibiting some interesting characteristics have been used
for diverse biological studies. The shear-thinning property of jammed
microgels allows their transformation via application of forces that
exceed friction between microgels, while structures of bulk hydro-
gels generally cannot be changed by application of force. In addi-
tion, the jammed microgels maintain their shape under a static
condition and involve numerous pores formed at interfaces of micro-
gels. Additional features can be added by involving additional materi-
als within jammed microgels, and their mechanical properties can
also be modulated. These microgels can be fabricated by microflu-
idics, micro-droplet, batch emulsion and fragmentation, and the
size, shape and production rate of microgels can be influenced by
the fabrication methods. To date, jammed microgels prepared with
these methods have been used as injectable scaffolds, drug carriers
and inks/support bath for 3D printing processes. In the future, the
application of jammed microgels can be expanded via understand-
ing of jamming processes and characteristics of jammed microgels.
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