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a
acoustofluidics 218–219
action potentials 7, 8, 252, 265
active targeting 331
adenyl cyclase (AC) 9
American Society for Testing and

Materials (ASTM) 181
amino yne–click reaction 186
artificial muscles 258, 265
azobenzene derivatives 153
azopyridine derivatives 153

b
beta-tricalcium phosphate/collagen

scaffolds 157
biocompatible polysaccharides 48
bioeffects induced by US

differentiation 215–217
migration 217
proliferation 217

biological activity-mediated degradation
183–186

biomedical microelectromechanical
systems (BioMEMS) 38

biomimetic bone piezomaterials
229–231

bone tissue regeneration
bioeffects induced by US 215–217
magnetic forces 221–227
ultrasound in regenerative medicine

214–215

US-stimulated biomaterials
acoustofluidics 218–219
piezoelectric biomaterials 220
ultrasound-assisted synthesis

220–221
US-triggered drug release 219

bone tissue, SMPs scaffolds 110–111
boron neutron capture therapy (BNCT)

344–345
brain injury 287–289

c
calcium influx 8, 284
cancer therapy

chemotherapy 330–331
diagnosis of 329
enzyme-responsive materials 334–337
external stimuli 332
internal stimuli 331
magnetic fields and magnetic materials

344, 345
multi-responsive systems 346
neutron beams and specific-responsive

materials 344–345
PDT 337
photothermal therapy 339
redox stimuli 334, 335
stimuli based on pH 332–334
thermo-responsive polymers 339–342
treatment of 330
ultrasound waves 342–344
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capsule-based delivery systems 317
carbon nanotubes (CNTs) 281
carcinoma 330
cardiac muscle tissue

components of 253–254
definition 252

cardiomyocytes 5, 111, 252–254, 257,
261–263, 265, 267

cardiovascular tissue 111–112, 260
cartilage tissue 112, 120, 157, 195
central nervous system (CNS) 112, 277,

278, 288–290, 307
chemical degradation 186–189
chemotherapy 150, 330–331, 339, 342,

344
chronic wounds 308, 310, 314, 315
cloud point temperature (TCP) 341
coaxial electrospinning 45, 47
conductive materials 10–12, 127,

280–282
conductive polymers 11, 58, 260,

279–280, 286, 287
corneocytes 304
crystallization 21, 73, 97

d
degradation, definition of 181
dental pulp stem cells (DPSCs) 220
dermis 303, 306–310
direct and converse effect 37
doxorubicin (DOX) 184, 189, 191, 193,

334
dynamic light scattering 193

e
electrical signals

in cell processes 7–10
in the human body 4–6

electrification 39
electroactive materials

conductive materials 10–12
magnetoelectric materials 14–15
piezoelectric materials 12–14
thermoelectric materials 15–17

electroactive scaffold-based strategies
285

electroactive smart polymers
challenges and future research

direction 290
definition 279
electrically conductive materials

280–282
ionic conductive polymers 283–285
piezoelectric polymers 282–283
regenerative approach, neural

regeneration in vivo
brain injury 287–289
spinal cord injury 285–287

types 279
electroactive tissues 5, 111
electrospinning, types of 45
electrospun fibers 19–20, 45, 46, 49, 103
endogenous triggers

mechanical stress 316–317
pH 314–315
redox potential 315–316
temperature 315

environmentally sensitive 248
enzymatic activation of SME 103
enzyme-responsive materials 184,

334–337
epidermal injuries 308
epidermis 303–308
exogenous triggers

light 317
magnetic fields 318–319
ultrasound 317–318

extracellular matrix (ECM) 17, 35,
43–45, 51, 110, 151, 183, 217,
229–231, 278, 308, 332, 334

f
films, tissue engineering 17–19
full-thickness injuries 308

g
gel permeation chromatography (GPC)

192, 195, 197
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glutathione (GSH)-mediated disulfide
bond cleavage 185

graphene-based materials 11, 281,
286

h
hemidesmosomes 305, 306
hemostasis 309
homopolymers and copolymers 113–121
host guest interaction 98, 99
hyaluronic acid-based hydrogels 157
hydrogel-based matrices 21
hydrolytic degradation process 186
hydrophilic polymer networks 95
hydrophobic interactions 98, 99
hypodermis 303, 307

i
in-cell degradation 184
indocyanine green (ICG) 164, 317, 339
intercellular matrix 35
internal stimuli 331
International Classification of Diseases

for Oncology 330
International Union of Pure and Applied

Chemistry (IUPAC) 181
intracellular and extracellular signaling

molecules 306
in vitro and in vivo electrical stimulation

effects 6
in vitro degradation

characterization 191–194
cytotoxicity evaluation 197–198
identification and quantification

196–197
in vivo degradation

characterization 194–196
local effects after implantation

199–200
toxicokinetic studies 198–199

ionic conductive polymers 279, 283–285

k
keratins 305

l
lactic acidosis 265
lamellar bodies 305, 306
langerhans cells 304–305
leukemia 330
light-responsive biomaterials 151, 154
light responsive materials 150, 151, 190,

257–258
light stimulus 150
LIPUS-based bone regeneration 216, 221
lower critical solution temperature (LCST)

164, 166, 167, 256, 315, 340, 341
low-intensity pulsed ultrasound (LIPUS)

215–217, 221, 261, 262
lymphoma 330

m
magnetic-based treatments for bone

cancer 226–227
magnetic fields, bone formation 222
magnetic forces

harnessing magnetic biomaterials
bone fractures healing 226
magnetic-based treatments for bone

cancer 226–227
magnetic therapy for osteoporosis

226
magnetically induced effects

MNPs 224–225
targeted release of growth factors or

drugs 225–226
magnetic hyperthermia 224
magnetism and electricity correlation

on bone healing 223–224
production activation 223
in regenerative medicine

biosafety 222–223
magnetic fields 222
nanoparticles 222

magnetic-responsive materials 190,
227

magnetic stimuli responsive materials
262–264

magnetite 42, 164, 344
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magnetoactive materials
tissue engineering 69, 71–74
working mechanism 42, 43

magnetoelectric materials 14–15
magnetoelectric response 73, 318
material degradation 181, 182, 194
matrix metalloproteinases (MMPs) 183
melanocytes 303, 304
melanosomes 304
membrane potentials (Vm),

definition 4
metal-ligand coordination interactions

99
mitogen-activated protein kinase (MAPK)

9, 10
monoaxial electrospinning 45, 47, 58
myofibrils 249–252
myosin heavy chain (MHC) 250, 262

n
natural-based materials 157, 158
neural tissue, SMPs scaffolds 112–113
N-(2-hydroxypropyl)methacrylamide-

cysteine 184
N-(2-hydroxypropyl)

methacrylamide-ethylthioglycolate
succinic acid 184

nitrobenzyl (NB)-linked hydrogels 194
non-encapsulated sensory receptors 307
Norrish type I reactions 189, 190
Norrish type II reactions 190

o
osteogenic differentiation 49, 53, 73,

119, 120, 124, 128, 216, 220, 224,
230, 231

osteoporosis, magnetic therapy for 226

p
passive targeting systems 331
PCL-TCP scaffolds 289
peripheral nervous system (PNS) 112,

277

photocleavable materials 158–163
photocuring 154
photodynamic therapy (PDT) 150, 332,

337–339
photoisomerizable materials 151–154
photopolymerizable materials 154–158
photo-responsive materials

photothermal materials 163–167
photosensitizers 337, 338
photothermal agents (PTAs) 163
photothermally active materials 163
photothermia therapy (PPT) 150
photo-triggered SMPs 101–102
pH-responsive materials 187, 265,

267–268
physical stimuli 4, 10, 22, 42, 181, 183,

189, 214, 222, 247, 283
pickering emulsion 185
piezoelectric biomaterials 220
piezoelectric coefficient 13, 14, 37, 57,

58, 316
piezoelectric material 12–14

biomimetic bone 229–231
bone 227–228
collagen fibrils and the role in bone

228–229
tissue engineering 45–60
working principle 36–38

piezoelectric polymers 14, 15, 38, 46, 48,
55, 56, 113, 230, 260, 263, 282–283,
318

PNIPAAm 166, 167, 257, 315, 340–342
poly(α–hydroxy esters) 112, 155, 156
poly (L-lactic) acid 53
poly(propylene fumarates)-based

biomaterials 156
polyelectrolyte polymers 99
polylactic acid (PLA) degradation 186
polyvinylidene fluoride (PVDF)

films 49
PPy-polylactic acid (PLLA) fiber films

280
pure polymers 59
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r
reactive oxygen species (ROS) 9, 188,

265, 308, 337, 344
redox-responsive degradable

galactomannan hydrogel 188
redox responsive materials 188,

264–265, 334
redox stimuli 334
reduction oxidation (redox)-responsive

materials 188
regenerative medicine

biosafety 222–223
magnetic fields 222
magnetic materials 222

relaxation time (TN) 344

s
sarcomere 249, 250, 252
scaffolds, SMPs

biocompatibility 105
biodegradability 106–107
mechanical properties 105–106
motion requirement 109–110
porosity 107–108
sterilization 108–109

shape memory hydrogels (SMHs)
129–133

shape memory polymer composites
(SMPCs) 121

shape memory polymers (SMPs)
definition 91
early stages of 92
history of 91
homopolymers and copolymers

113–121
hydrogels 129–133
mechanism and molecular structure

dynamic interactions 99–100
phase-transitions 97–98
supramolecular interactions

98–99
in polymers 93–95
SMPCs 121–129

temperature
photo-triggered 101–102
solvent 102–103

tissue formation
bone tissue 110–111
cardiovascular tissue 111
cartilage tissue 112
neural tissue 112–113

skeletal muscle tissue
anatomic structure and organization

249
anatomy of vasculature 250–251
nerve supply 251–252

skeletal tissue 231–232
skin tissue regeneration

biomaterials
biocompatibility 311
biodegradability 312
functionalization with bioactive

molecules 313
mechanical properties 313–314
porosity 313
scaffold architecture 311–312
surface wettability, water uptake and

vapor transmission 314
physiology of wound healing 308–309

hemostasis 309
inflammatory phase 309–310
phases of 309
proliferation phase 310
wound remodeling and contraction

310–311
structural organization 303–308

sonodynamic methods 342, 344
spinal cord injury 277, 285–287
spiropyran 152–154, 257
stilbene molecule 153
stimuli activated response 91
stimuli responsive materials 248

biological activity-mediated
degradation 183–186

cancer therapy 329
chemical degradation 186–189
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definition 182
degradation measurement techniques

in vitro degradation 191–194
in vivo techniques 194–196

endogenous triggers
mechanical stress 316–317
pH 314–315
redox potential 315–316
temperature 315

exogenous triggers
light 317
magnetic fields 318
ultrasound 317–318

for muscle tissue engineering
electro-responsive materials 258,

260–261
light responsive materials 257–258
magnetic stimuli responsive

materials 262–264
reasons 255
temperature responsive materials

256–257
ultrasound stimuli responsive

materials 261–262
for muscle tissue regeneration

pH responsive materials 265,
267–268

redox responsive materials 264–265
physical degradation 189–191

stratum lucidum, 304
superficial partial-thickness wounds 308
synthetic polymers 13, 45, 53, 56, 67, 68,

112, 113, 248, 267, 334

t
temperature responsive materials

256–257
thermoelectric materials 15–17
Thomson effect 16
3D graphene foams 281
3D porous scaffolds 20–21
tissue engineering (TE) 44

definition of 3
3D porous scaffolds 20–21

electrical signals
in cell processes 7–10
in the human body 4–6

electroactive materials
conductive materials 10–12
magnetoelectric materials 14–15
piezoelectric materials 12–14
thermoelectric materials 15–17

electrospun fibers 19–20
films 17–19
hydrogels 21
magnetoactive materials 69, 71–74
photoisomerizable materials 151–154
piezoelectric materials 45–60
triboelectric materials 60, 64–69

tissue engineering and regenerative
medicine (TERM) 75, 188, 213,
223, 278

tissue formation, SMPs
bone tissue 110–111
cardiovascular tissue 111
cartilage tissue 112
neural tissue 112–113

tissue regeneration see bone tissue
regeneration; skin tissue
regeneration

trans-epithelial potential difference
(TEPD) 306

transition temperature (T-trans) 97, 102,
186, 257, 315, 341

triboelectric materials
tissue engineering 60, 64–69
working modes 39, 40

triboelectric nanogenerators (TENG)
39–41, 60, 64–69

triboelectrification 39, 40, 60, 66, 68
two-dimensional photopolymerized

materials 155

u
ultrasound-assisted synthesis 220–221
ultrasound in regenerative medicine

214–215
unintended degradation 182
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upper critical solution temperature
(UCST) 164, 256, 315, 340, 341

US-driven bone regeneration 221
US-stimulated biomaterials

acoustofluidics 218–219

drug release 219
piezoelectric biomaterials 220
ultrasound-assisted synthesis 220–221

US-triggered drug release 219
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