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Nanomaterial based PVA nanocomposite hydrogels for biomedical sensing: /55
Advances toward designing the ideal flexible /wearable nanoprobes
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ARTICLE INFQ ABETRACT

In today's world, the progress of wearable tols has gained Increasing momentum. Notably, the demand for

i streqchable srain sensors bas considerably increased owing to various pocential and emverging applications e
:_”"'l"'"‘i" ’ human motion menitoring, soft roboties, prosthetics, and electronic skin. Hydrogels possess exeellent biocom-
Fleeilie ¥ - patibdlicy, flexibility, and sreschability that render them ideal candidares for flexible/weaable ashsrates.
r— Amaong them, enormows efforts were foozsed oo the progress of palyvingl alechol (FYA) hydrogels 1o realize

mulrifancticnal wearable sensing through using additves,/nano fillers,functional groups to modify the hydrogel
nenwork. Heeln, this review offers an wp-to-date and comprehensive summary of the research progress of FVA
bydrogel based wearsble sensors in view of thelr properties, straln sensory efficiency, and potential applications,
followed by specifically highlighting their probes using metallic/non-metallic, liguid meecal (LM), 20 materials,
bio-pancmaterials, and polymer nancfillers. Indeed, flexible electrodes and strain/pressure sensing performance
of designed PYA hydrogels for their effective sensing are described. The repressntative cases are carefolly
selectied and discussed regarding the constnaction, mesits and demerits, respectively. Finally, the necessity and
mequirenzents for futare advances of conductive and sireichable hydrogels engaged in the wearable strain sensors
are also presented, followed by oppormmnities and challenges.

1. Introduction

Mowadays, highly flexilde soft elecmnics nanoprobes that can
memitor health motions and condidons have attracted  considerabies
attention for potential applications in soft robotics and wearable tools
due o their comfort and convenient wtilization [1,2]. Indeed, these
sensors have capable of comverting external stimuli like presure and
tensile to electrical signals such as voltage, capacitance, current, and
resistance [3,4]. Skin-like wearable sensors are nsally assembled from
elastomers and conductive nemomaterials such & inorganic conduoctive
particles, metal nanowires (WWs), carbon nanotubes (CNTs), and gra
phene, however, uniformly dispersion of fillers in the slastomer is
prablematic. &5 well, friction coald ocour between the conductive filler
and the elastomer bringing on sress concentration, which significantly
damages the mechanical property of the probe [5]. Thersfore, tro-
ducing  intrinsically condoctive and  Aexible  polymer-conduoctive

nanomaterials with stability, Mocompatibility, and saperh mechanical
properties has attracted people’s attention [6,7]. In this regard,
hydrogel-based flexibie/wearable nanoprobes different from the rigid
elastomer-based probes exhibit great potential in the sensory feld by
eazsily tuning the mechanical properties, netwark strsctare, and chem
istry of the water-containing hydrogels to match those of bio-tissees,
Laying the foundation of designing of sman skins and implintable de
wices [E,5]. In addition, hydrogels are also one of the most reliable
materials for other applications e.g wound dressing, tssee engineering,
drog delivery, water treatment [10,11], separation flter [12] rather
than sensing [13] due to abundant bydrophilic intermolecelar space for
the entrance of other materiaks [14].

FVA hydrogel is a synthetic polymer that has sparked great interest
in biomedical felds regarding its advantages sach as biocompatibility,
nontoadcity, bodegradability, hydrophilicity, and chemical stability.
Significantly, the myriad of OH groups on PYA could result in the
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stick to the skin in the detection process but also promate the reception
af the ion carrent generated in the cells throwgh the hydrating csticle of
the skin epidermis. At this state, Wang and coworkers [175] fabricated a
flexible condnctive electrode nsing PVA-based PEDOT: PSS/ celiubose
hydmgel to monitor the BCG signuals. Por that, PEDOT: PSS was formed
in the process of oxidative polymerization of PYVA and cellulose sub-
strates. The fibers with micon-level and linear at the beginning of
dissalation had a uniform thidmess and was orderly armnged. Also, the
change in gel film from white to black during the coddation process over
time has been observed. By controlling the PEDOT content, it has been
revealed that the condoctivity of the composite hydrogel conld b=
accurately optimired. Ako, no kin irritation was detected duaring the
signal messurement. This sttegy could promisingly explore the
application of FEDOT: P85 /cellulose/FYA Blm in constructing eoo-
friendly condwctive elecirodes for ECG monitoring due 1o admirabie
features af stability, comfortable contact with skin, kow skin contact

impedance, and fexibility.
3. Conchwions and ontlonk

Recently, the progress of nanccompasdite hydrogel as an efective
nano-platforms for monitoring buman motion and electronic skin bas
witnessed excessive advancement. Herein, we aim to offer a compre-
hensive review discusing concepts and current progress in the devel-
apment of FVA nanocomposite hydrogel-based sensors, imvalving design
strategies, preparation approaches, and their applications. PVA nano-
compasite hydrogels are emerging newfangled ialsthat p the
properties of both soft matter gel and fals. Hence, a ber af
stindies comprising synthesis and physicochemical were parsued. The
microporous and bydrophilic building of the PYA hydrogels appears to
e an incredible host for KPs. In this context, the recent trends in
incorparating inonganic NPy, ke carbon-besed, [Ms, 20 materials,
metal/M0, and polymer-based nanomaterials, inte 3D polymeric net-
vn:r'ks as nxmnunpndbe asz with 'H‘“F"“! functionalities for

i, We specially cut-
]h:drhmeP‘VM'hIPs prol Mn—e pable of dentification in
complex media or those nsing novel constructions approaches. As more
materials are advanced toward realizing particular characteristics and
lamildings, PVA/MNEPs bawed hydrogel would afract forther inbensive
notice as functional nanoprobes. PYA-based nemoprobes with high me-
chanical characteristios have facilitated the constrocton of (biosensors,
Al ] e devices, and bi dicine Belds, which in tumn their
performance nﬂﬂmldmlﬂymlbeq'prmd:m!mt of the NP
Farticularly, the high conductive featare of this nanostnecare permits
them to use in (bio)sensors, achuators, supercapacitors, electme-skin, and
drug delivers. Althouagh various inspiring resulis wers recently described
for FVA/NPs based hydroged to realize high condoctivity and stretch-
ability, their use often imvolves the phenomenon of agglomeration,
which requires more studies for precise control and development as a
comprehensive technique. In addition, the relatively poor interfacial
interactions between the NPs and polymers considerably induced the
low structural stability and mechanical features of the hydrogels. 5o,
exploring the NPs surface modification remains an impertive method to
improve their interfadial interaction with polymer via well-designed
bonding and stracture. Additionally, the industrial-scale fabrication of
the numocomposite is still challenging.

Nnmd:j:.pmh:pmhlglwm:dlﬂ for example, micro-
Fhuidic r Dy de cross-linking spin-
mmm:mm“m.mmmqm large-scike
FYWA/NPs based hydrogel with designed configurations. In this
perspective, PYA/NPS based hydrogel can be incorporated with 3D
printing as a molding fabricating strategy that can facilitate their
fabidcation and effective implementations in different device applica-
tions. However, oo dgnificnt progres: has yet been made on the

inting of PVA dte hydrogels, The main reasom & that 30

printing technologies have a high demand for material pedormamce,

n

Advenae in Colivad and Inferfiace Soiace S05 (2003) 102705

such as the visoosity/melting point of the material, the photocurable
material features, and their capability 1o maintain the shape after
extrusion. T sam ap, we believe that with the continmed improvemsnt
ufpmmdnruﬁunrheddpmpudndhndwmhmdhydru-
gel, nowel kinds of thess hyd with wed buaildings, new re-
spomses to stimali, mdbrﬂl.hﬂmedmﬂald::mdﬂkiummm:
trae in the near fufare for wse i the felds of (bioksensors, adoators,
biomedicine, and biomimetic materiaks.
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