
Index

A-bands, 228
abdominal aorta aneurism (AAA), 265
acceleration; vector, 18, 100, 103
accuracy of the solution, 117
acetylcholine, 230
actin; filament, 228–229, 334
action of surfactant, 218–219
action potential, 230, 289
activation; function, 237, 281, 291, 305, 341,

342, 347
activation threshold, 242
adductor canal, 279
adherent cell, 333, 346
ADP, 229
advancements in bioengineering, 174
advancements in computer

modeling, 177
advection–diffusion equation,

413, 415
adventia, 255
agonist; transport, 302, 303
airway epithelium, 350
airway remodeling, 352
albumin, 297
albumin concentration, 300
albumin transport, 299, 301
Almansi strain, 43
alpha motoneurons, 230
alveolar tissue, 202, 203
amplitude vector, 104
analytical solution, 57, 63, 168
angular frequency, 103
annulus, 315, 328

aorta arch, 262
apparent (equivalent) viscosity, 256
apparent density, 185, 186
apparent diffusion coefficient, 412
arbitrary Lagrangian–Eulerian (ALE)

formulation, 135, 136
area ratio, 207, 213, 218
arterial system, 252
arterial wall, 256, 278, 280
arterioles, 252
artery; bifurcation, 38, 296
arthritis, 315
articular cartilage, 313
assemblage of finite elements, 77
asthma, 350, 352
asthmatic airway, 352
atherosclerosis, 273, 295
ATP, 228
atrium, 288
attachment, 346
attractive force, 309, 310
autocrine ligand concentration, 376
autocrine loop, 351, 352, 361
average velocity, 409
axial extension, 343
axial force, 110, 190
axial stress, 33, 34, 282
axial stretch, 222
axial symmetry, 28
axial velocity, 139, 275
axisymmetric conditions, 400
axisymmetric element, 87, 89, 139, 291,

299, 304
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balance equation of diffusion, 354
balance of linear momentum, 18, 58, 163,

319, 340
balance of mass, 56, 163, 304
bar; structure, 73, 110
barrier to diffusion, 375
basal boundary, 363
base vectors, 166, 208
basis size, 166
bead; indentation, 344
bending; of cantilever, 85, 118
bending stiffness, 190
biaxial curve, 204, 210, 211
biaxial loading, 204
biaxial model, 203, 209, 218, 219
biaxial stress–strain state, 204
biaxial test, 203, 204
biconcave RBC, 344
biconcave shape, 343, 344
binding force, 308
binding sites, 229
bioengineering models, 175
bioinformatics, 175
bioinstrumentation, 175
biological barriers, 178
biological fluids, 58
biological membrane, 46, 203, 207, 209, 220
biological pathway, 376
biological soft tissue, 201
biomaterials, 175
biomechanics, 175, 176
biomedical applications, 412
bionics, 176
Biot number, 381, 390, 392, 395, 400
biphasic FE model, 343
biphasic finite element, 343
biphasic medium, 345
biphasic model, 339, 342
bisection method, 386
bladder, 201
blood, 251, 253
blood density, 263, 300
blood flow, 254
blood pressure, 38, 251, 279
blood velocity; field, 258, 305
blood vessel, 222, 255
blood vessel deformation, 260
blood viscosity, 253
blood volume, 251
body force, 18, 64
Boltzmann constant, 153

bolus, 409
bone: lamellar; fiborous; cortical; trabecular;

tubular; woven, 182, 183, 185
bone density, 184, 185
bone fracture, 187
bone mechanical properties, 185
bone structure, 181
bone tissue, 181, 185, 190
bounce-back reflections boundary

conditions, 153
boundary conditions, 37, 79, 159, 418
boundary conditions in DPD, 153
bovine pericardium, 204
bridging scale (BS) method, 155
bronchoconstriction, 352
B-spline function, 163
bulk modulus, 29, 65, 342, 346
bulk modulus of solid; of fluid, 317, 325, 340
bulk modulus of solid skeleton, 340
Burger’s viscous equation, 63

cable, 336, 338
calcium ions, 228
cancellous bone, 315, 328
cancer cells, 178
cancer nanotechnology, 407
cantilever, 118
capillary; straight circular, 257, 409, 414, 422
capillary radius, 412
capillary system, 252
capillary wall, 421
carbohydrate, 228
cardiac cycle, 263
cardiovascular system, 250
carotid artery bifurcation, 272, 273
carotid artery model, 272
Cartesian coordinate system, 6, 14
cartilage; hyaline, 314, 315
cartilage deformation, 320
cartilage model, 318, 320
cartilage permeability, 315
cartilage stiffness, 322
cartilage structure, 314, 315
cartilaginous end plate, 329
Casson fluid; relation; law, 255, 412, 413, 419
cat mesentery, 204
Cauchy formula, 17, 259
Cauchy stress; true stress, 17, 45, 114, 216
Cauchy–Green deformation tensor; left; right;

modified, 42, 43, 118, 209, 216, 233
cavity flow, 160
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cell adhesion, 332
cell crawling, 345
cell cytoplasm, 345
cell cytoskeleton, 341
cell mechanics, 331
cell membrane, 342
centerline velocity, 419, 420, 426
channel section, 118, 119
characteristic equation, 48, 104
characteristic length, 381
chemical energy, 228
circular frequency, 324
circular pipe, 410, 420
circular stress, 33
circulatory system, 249, 266
circumferential strain, 89
clamped plate, 96
closed cylinder, 219
coarse-scale; velocity, 155, 156
coarse graining, 151
coefficient of chemical contraction, 317
coefficient of convection, 52
coefficients in EFG, 166
collagen, 182, 186, 202, 306, 308, 310
collagen fiber; bundles, 202
collagen wall, 306
collapse of tube, 142
column; settlement, 66, 67
comminuted fracture, 190
common boundary, 159
common carotid artery, 263
common coordinate system, 118
compliance matrix, 29
component form, 11
compressibility modulus, 66
compression therapy, 282, 285
compressive stress, 350, 352, 353, 355, 369, 372
computed hysteresis, 206
computer models, 356
concentrated solution, 56
concentration at node, 365
concentration average; mean; initial, 57, 373,

413, 417
concentration dimennsional; dimensionless;

nondimensional, 415, 423, 424
concentration distribution, 57, 135
concentration gradient, 410
concentration local, 411, 415, 416, 424,

425, 426
concentration of mass total, 400
concentration of polymer, 382

concentration of protein, 400
concentration of solvent, 382
concentration profile; profiles, 359, 362, 366,

370, 371, 395, 398, 410, 422, 423, 426
concentration strain, 317
conductivity matrix, 125
configuration initial; current; deformed;

reference; stress-free, 41, 45, 47, 64, 114,
118, 119, 212, 223

conjugate stress, 45
connective tissue; biological, 181, 202, 205,

227, 235
conservation of mass, 364
conservative force, 310
consistent mass matrix, 100
consistent tangent constitutive matrix, 117, 261
constitutive coefficient, 215
constitutive curve; uniaxial; biaxial, 46, 218
constitutive equation, 35, 60
constitutive law; uniaxial, 233, 345
constitutive matrix, 114, 186, 211, 212, 216, 217
constitutive relation; relations; relationships;

tensor, 26, 59, 65, 114, 116, 185
contact traction, 206
continuity equation, 58, 59, 65, 131, 143,

319, 340
continuity of mass, 393, 421
continuous load, 428
continuum model, 296, 306
continuum-based method; methods, 258, 302
contour plot, 422
contractile element, 235
contractile unit, 228
control volume, 58
convection, 60, 413
convection and shedding vector, 365
convection external, 390
convection flux, 52, 125
convection matrix, 299
convection resistance, 390
convection–diffusion equation, 63, 134,

299, 424
convection–diffusion–reaction equations, 303
convective derivative, 11
convective mass transfer coefficient, 381, 390
convective transport, 412
convergence check, 211
convergence criteria, 141
convergence rate, 112, 117
conversion rate, 304
coordinate transformations, 18
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coronary artery, 264
cortical bone, 182, 185, 186, 315, 329
conservative (repulsive) force, 152
Coulomb friction coefficient, 206
coupling DPD-FE, 155
coupling EFG and FE, 168
creep; deformation; response, 38, 64, 145,

201, 324
cross-bridges, 229, 234
CSK prestress, 334
curl of vector field, 9
current area, 384
current density, 318, 319, 324
cycle period, 272
cyclic displacement; internal pressure;loading;

stretching, 217, 219, 221
cycling rate, 229
cylindrical biological membrane, 219
cylindrical coordinate system, 13, 14, 19, 20
cytoplasm, 334
cytoskeletal mechanics; actin; prestress;

stiffness, 332, 335, 336
cytoskeleton (CSK), 228, 332, 334
cytosol, 342

damping; coefficient; matrix, 35, 100, 101, 260
Darcy’s law; velocity, 64, 66, 318, 319, 339,

421
daughter branches, 38
decomposition of deformation; of kinetic

energy, 44, 157
deflection, 118
deformable body, 232
deformable wall, 266, 275
deformation gradient; modified, 41, 47, 118,

209, 215
deformed shape, 96
Delfino tissue model, 216
density of material; of substance; of solid; of

mixture; total, 55, 56, 64, 65, 66, 100, 145,
322, 342; 384

depletion; effects, 417, 420
detachment, 345, 346
deviatoric stress; strains, 18, 29
dextran molecules, 368
diastole, 287
diastolic; flow; pressure, 251, 273, 275
discretized domain, 168
differential equation; of motion, 99, 121,

157, 321
differential operator; ‘nabla’, 9, 13, 64

diffusion; and convection; axially symmetric,
51, 55, 127, 362, 363, 392

diffusion Brownian, 409
diffusion coefficient, 56, 57, 302, 351, 361, 363,

368, 369, 371, 374, 375, 410
diffusion coefficient constant; variable, 388
diffusion coefficient of water, 380, 398, 40
diffusion convective, 411
diffusion equation; equations, 60, 127, 365
diffusion internal; lateral ; with convection, 60,

380, 392, 410
diffusion resistance, 390
diffusion–transport equation, 298
diffusive regime; -convective, 370
diluted species; solution; mixture, 56, 60, 304
discrete particle method, 147
discrete system, 113
discretization; of fluid, 72, 156, 165
dispersion; longitudinal, 411, 414, 423
displacement field, 23
displacement increment, 109, 110, 112, 114, 115
displacement of solid; of fluid; of mixture, 64,

320, 328
displacement vector, 72, 77, 113
dissipative force, 152, 308
dissipative particle dynamics (DPD), 151
distortion of material, 20
distribution function, 418
divergence of vector field; of tensor field; of

velocity, 9, 59
divergence theorem, 10
domain of influence; in DPD, 152, 165, 166
DPD method; equations; particle, 158, 296,

308, 310
drug delivery, 429
dummy index, 5, 53
duration of collapse, 361
dyadic notation; multiplication; product, 5, 9, 12
dynamic analysis, 99
dynamic diffusion; equation, 356, 357, 362
dynamic equations of motion, 18
dynamic hip; device; implant, 194, 195,

197, 199
dynamic response, 106, 328
dynamic stiffness, 322, 323
dynamic viscosity, 59, 259, 300, 420

effective diffusion; coefficient; diffusivity, 304,
305, 414, 419, 422, 427

effective longitudinal diffusion, 410
effective spring constant, 308
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effective stress, 65, 191, 196, 345
EFG cell; point, 168
EGF receptor, 351, 352
eigenvalue analysis, 104
eigenvalues; eigenvector, 8, 12, 104
Einstein summation convention, 5
ejection phase, 289
elastic constitutive matrix, 26, 317, 340
elastic matrix, 27, 39, 215
elastic modulus, 27, 186, 324, 332, 397
elastin; bundles; fiber, 202
electrical conductivity, 318
electrical potential, 318, 320, 325
electrical-to-mechanical transduction, 324
electrokinetic coupling, 316, 318, 319, 320,

327, 328
electrokinetic coupling coefficient, 318
electrokinetic transduction, 322
element balance equation for diffusion, 127
element forces, 78
element geometry interpolation, 81
element resistance force, 76
element stiffness matrix; mass matrix, 76, 88,

100, 101
element surface flux, 128
element-free Galerkin (EFG) method, 164
element-free points, 165
elongational flow, 379, 389, 390, 396, 398
embolization, 270
endocardium, 201
endomysium, 227
endoplasmic reticulum, 228
endoprosthesis, 277
endurance, 240
energy loss within cycle, 219
energy source, 228
engineering shear strains, 20
epimysium, 227
equation of balance for heat conduction, 124
equation of motion, 61, 186, 260
equilibrium equation; of finite element, 18, 64,

77, 78, 232, 338
equilibrium iteration, 117, 258
error function, 385
Euclidean norm, 7
Eulerian description, 55, 60
evaporation; experiment, 380, 381, 391
exchange coefficient, 417
excitation, 230
expanding pipe, 138
expansion in plane, 23

extended Hill’s model, 243
extensible protein, 202
extension force, 206, 343
external fixator, 188
external force; body force; force increment;

loading, 38, 73, 101, 109, 110, 113, 143,
157, 231

external nodal force, 186, 260, 261
external pressure, 89
external skeletal fixation, 188
external virtual work, 38, 76, 113
extracellular fibrous proteins, 202
extracellular matrix, 314, 332, 408
extracellular mechanism, 376
extracellular mechanotransduction, 351, 368,

374, 376
extravasation, 408

Fähraeus–Lindquist effect, 254
fast-twitch, 231, 242
fatigue curve; factor; rate, 240, 241
FE equations of balance, 320, 359
FE equilibrium equations, 392
FE matrices, 383, 392
FE model of diffusion and convection, 362
FE model of dynamic diffusion, 357
FE model of pan experiment, 382
FE volume, 393
femoral artery, 276
femoral neck, 195
femur; comminuted fracture, 189, 190, 192
FES, 240
fiber diameter, 395
fiber direction; unit vector, 214, 340
fiber spinning, 379, 388, 389, 392, 394, 397,

402, 404
fiber strain; stretch, 233, 339
fiber–fiber kinetics model, 206
fibrocartilagenous cartilage, 314
fibrous bone, 182
Fick’s law, 55, 56, 317, 363, 382, 410
fictitious elastic configuration, 118
field problems, 121
filaments overlap, 230
filtration velocity, 300
fine scale, 157
Finger deformation tensor, 43
finite element; 3D, 71, 278, 342
finite element description, 41
finite element equations, 340
finite element node, 72
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finite element stiffness matrix, 78, 88
fitness function; level, 240
flat bone, 183, 184
flow resistance, 254
flow through porous deformable

media, 143
fluid compressibility, 317
fluid density, 58, 164
fluid domain, 140
fluid flow; with heat transfer; with mass

transfer, 51, 129, 132
fluid polygon, 428
fluid pressure, 64, 318, 326, 339
fluid–structure interaction, 263, 268
fold-mean concentration, 372, 374
force development, 230
force function, 36
force generation, 229
force–displacement loop, 222
Fourier’s law, 52, 56
four-node shell elements, 118
fracture treatment, 188
free point, 165, 166, 167
free-diffusion, 373
free-swelling, 325
frequency, 324
friction coefficient, 152
frictional force, 206
full Newton iteration, 112
Fung tissue model, 217

Galerkin method; procedure, 121, 136, 143,
258, 320, 357, 383

Gauss quadrature, 167
Gauss’ theorem, 10, 123, 143, 320, 358
Gauss–Ostrogradskii theorem, 10
generalized Darcy’s law, 64
generalized dispersion model, 414, 427
geometric nonlinearity, 40, 116
geometrically nonlinear only, 40, 116
geometrically nonlinear stiffness

matrix, 208
global coordinate system, 78, 209
global domain, 159
gluteal muscles, 195
glycocalyx, 351, 354, 355, 357, 360, 368
Gordon curve, 234
gradient of function; of vector field, 9
gradient to mid-surface, 92
Green–Lagrange strain, 43, 45, 114, 204,

216, 217

hardening behavior, 203
Haversian canal, 182
HB-EGF, 353, 360, 368, 371, 373, 375
heart chambers, 286
heart cycle, 279
heart model, 286
heat and mass transfer, 129
heat conduction, 51, 124
heat conduction coefficient, 53, 54, 127
heat conduction governing equation, 127
heat conduction matrix, 53
heat flux; through surface, 52, 125
heat source, 52
heat transfer, 51, 60
hematocrit, 251, 253, 255
Hencky (logarithmic) strain, 118
Hill’s muscle model, 234, 235
hindered diffusion; HB-EGF, 371, 373, 374
hip fracture, 194, 195
homogenous deformation, 23
Hooke’s law, 26, 32, 39
hoop strain, 34
hoop stress, 39, 90, 280
human aorta, 262, 263
human bronchial epithelial cells, 351, 356,

367, 368
hydraulic permeability, 318
hyperelastic models, 45
hysteresis; of ring; resulting, 202, 203, 206,

219, 220
hysteretic action of surfactant, 222
hysteretic behavior; character; characteristic,

203, 205, 212, 215
hysteretic curve; constitutive, 205, 219
hysteretic model, 205

I-bands, 228
identity matrix, 5
imaging agents, 178
impermeable; wall, 358, 412, 416, 418
implant, 194
implicit method, 103
in vitro, 350, 352, 353, 362, 363, 370, 371
in vivo, 355, 363, 370, 371
incompressibility, 60, 364, 394
incompressible fluid; flow, 56, 59, 257, 421
incremental: analysis; equations; form; solution,

109, 116, 124, 359
incremental-iterative equations, 124, 261, 298,

383, 365
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incremental-iterative procedure; scheme;
solution, 113, 208, 232

inelastic large strain, 118
inertial force, 99, 100, 117
initial conditions, 416, 417
in-plane stresses, 28
integral theorems, 8
integrated bioengineering science, 174
integration of differential equations, 101
integration of DPD equations, 154
integration parameter, 102
interaction force, 148, 151, 152, 156, 308
intermediate filament, 332, 333
internal energy, 52
internal excitation, 231
internal finite element forces, 158
internal fixation, 189
internal force, 15, 110, 111, 157, 208
internal nodal force, 76, 116, 158
internal pressure, 33, 89, 222
internal rim, 220
internal virtual work, 38, 76, 113, 114
interphase mass transfer, 412
interpolation by EFG, 165
interpolation function, 71, 74, 75, 82, 94, 123,

129, 155, 167, 357, 383
interpolation functions for pressure; for

velocity, 301
interpolation matrix, 75, 82, 143, 320
interpolation of displacement field, 81
interstitial: fluid; fluid pressure, 408, 414, 421
intervertebral disc, 314, 328
intima, 255, 256
intracapsular fracture, 195, 197
intracellular substance, 181
intramedullary nail, 189, 190, 192, 193
intraventricular pressure, 290
invariants of deformation tensors, 216
inverse deformation gradient, 42, 233
inverse matrix, 5
ion concentration, 317, 322, 325
ionic diffusion; coefficient, 325, 326
Irving–Kirkwood model, 158
isochoric deformation, 215
isometric contraction, 229, 234
isoparametric element (3D), 117
isoparametric finite element, 190
isoparametric formulation, 75, 357
isoparametric function, 74
isotonic contraction, 229
isotropic: material, medium, 26, 53

isotropic membrane, 204
isotropy, 30
isovolumetric contraction, 287
iteration counter, 383
iteration loop on cycles, 215
iteration scheme; procedure, 112, 385
iterations, 140
iterative scheme, 131, 215

Jacobian matrix, 95
Jacobian of transformation, 75, 83, 212

Kelvin model; Kelvin-Voigt model, 29, 35
kernel approximation, 161
kernel support domain, 162
kinematic viscosity, 164, 391
kinematically admissible, 39
kinematics of deformation, 19, 20
kinetic energy, 157
kinetics of geometric changes, 375
Kronecker symbols, 5

Lagrangian description, 15, 58
laminar flow, 410, 411, 420
Laplacian of: scalar field; vector field, 9
Laplacian operator, 9
large blood vessel, 250, 253
large displacements, 118, 231
large strain deformation, 41
large strains, 47, 231
lateral heat conduction, 53
lateral intercellular space, 349, 362, 363
LDL concentration, 298, 301
LDL transport, 295, 298, 300, 301
leapfrog method, 150
Lees–Edwards method, 153
left basis, 43, 47, 48, 118, 216
length of finite element, 365
Lennard-Jones (LJ) potential, 148
leukocyte, 252
ligaments, 202
ligand, 178
ligand accumulation, 375
ligand concentration; concentration profile, 349,

350, 358, 365, 371, 375
ligand diffusivity, 363
ligand–receptor affinities, 374
ligand–receptor specific interactions, 408
line integrals, 384
linear base, 166, 168
linear collapse, 370
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linear elastic; constitutive law; model, 26,
185, 223

linear finite element, 82, 86
linear interpolation, 210
linear stiffness matrices, 208
linear strain–displacement matrix, 115, 144, 208
linear stress–strain relationship, 202
linear viscoelasticity, 29
linearization, 137
linearized form of virtual work, 114
LIS collapse, 354, 359, 369, 375
LIS concentration; dynamics, 360
LIS domain, 363, 364
LIS model; finite element model, 355, 358, 364
LIS width, 354, 359, 363, 364, 366, 369,

371, 375
living cell, 331
loading; curve; part; regime, 203, 215, 219
local buckling, 118, 119
local coordinate system, 77
local derivative, 11, 59
local domain, 159
local membrane coordinate system, 209, 211
local shell plane, 93
logarithmic strain, 43, 117, 209, 316
long bone, 183, 187
long column, 53, 125
longitudinal diffusion; coefficient, 413, 421
loop direction, 222
loose coupling; method, 139, 140, 261, 428
low density lipoprotein (LDL), 295
lumped mass matrix, 100
lung tissue, 46

macromolecule, 412
macromolecule concentration, 297
magnetic twisting cytometry, 344
main artery, 38
margination, 429
marrow core, 184
mass concentration, 55
mass curves, 388
mass density; initial; current, 18, 45, 52, 54, 127
mass flux, 58, 383, 393, 410
mass matrix, 117, 186, 260, 299
mass transport, 297
material body, 15
material coordinates, 41
material derivative; of volume integral, 10, 59,

60, 136
material description, 58

material element, 19, 47, 92, 203
material ellipsoid;sphere; line; plane, 25, 26
material model with hysteresis, 219
material models, 26
material nonlinearity, 40, 116
material particle, 10
material point, 15, 165, 166, 167
material rotation, 43
material volume, 52
materially nonlinear only (MNO), 116
materials with memory, 29
mathematical model, 414
matrix; two-dimensional; square; diagonal,

3, 4, 13
matrix algebra; addition; multiplication;

subtraction; summation, 4, 5
matrix determinant; cofactor; inverse, 5, 11
maximum force, 229
maximum rate of ligand accumulation, 371
maximum shear strain rate, 302
maximum shear stresses, 17
Maxwell model, 29, 35
Maxwellian reflection method, 153
MD algorithm, 149
MD limitation, 149, 151
MD particle, 148, 152
mean LIS concentration; molar, 360, 373
mean strain, 29
mean stress, 18
mean velocity, 279, 284, 300, 420
mean wall shear stress, 259
mechanical model, 175
mechanical power, 45
mechanical properties, 379, 389, 394, 395,

397, 398
mechanical response, 231
mechanically superior fiber, 404
mechanical-to-electrical transduction, 322, 323
mechanobiology, 176
membrane conditions, 224
membrane covered with surfactant, 212
membrane stress, 215
membrane tangential plane, 209
membrane with a hole, 220
mesh fixed in space, 129
mesh-referential time derivative, 136, 137
mesoscale particle, 151, 156
mesoscopic bridging scale method (MBS), 155
microchannel, 308, 428, 430
microtubules, 334, 335
microvelocity, 316
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microvessel, 254
mid-surface, 92, 94
Mindlin’s plate theory, 92
mineral salt, 182
mitochondria, 228
mixture formulation, 339
modal shape, 99, 103, 104, 105
modeling field problems, 121
modified Newton iteration, 112
Mohr circle, 17, 21
molar concentration, 373
molecular diffusion, 410
molecular diffusivity, 410, 415
molecular dynamics (MD), 147
molecular size; small, 373; 407
molecular weight, 355, 360, 367, 368, 373, 391
monoclonal antibody, 407
motor unit, 230
mucous membranes, 201
multi-fiber model, 243
multi-file flow, 254
multilinear curve, 385
multiphasic material, 313
multiscale biomechanics, 177
multiscale MBS method, 160
multiscale method, 308
multiscale modeling, 155
multistage nanodevice, 178
multi-targeted therapy, 408
muscle; skeletal; striated, 227; 228, 231
muscle activation, 237, 279
muscle cell, 203, 228
muscle contraction; shortening; extension, 228,

234, 279, 282
muscle fatigue, 239
muscle fiber; bundle, 227, 242, 278
muscle material; tissue; structure, 227, 231, 279
muscle model, 290
muscle modeling, 231, 234
muscle physiology, 227
muscle recovery; relaxation, 239; 285
muscle stress; tension; force, 230, 232, 234,

235, 239
muscle tone, 231
myofibrils, 228
myosin; crossbridge, 229, 333

nanoparticle, 408, 412, 414
nanoparticle delivery, 178
nanovector concentration, 409

natural coordinates; coordinate space, 41, 82,
83, 86, 156

natural frequencies, 104, 105
Navier–Stokes equations; for a finite element,

60, 131, 135, 159
nebulin, 228
neighbor-list method, 154
Nephila clavipes spider, 379, 389, 397–398
Nephila spinning: canal, process, 402
neurotransmitter, 230
neutralization plate, 189, 190, 191–194
Newmark method, 99, 101, 103, 321
Newtonian fluid, 263, 290, 299, 409, 414428
Newton’s method, 237
Nitinol; stent, 277, 280
nodal acceleration vector, 100–101, 117, 186
nodal blood pressure; velocity, 258
nodal concentration, 128
nodal coordinate vector, 82
nodal displacement; vector, 73, 74, 82, 94, 103,

144, 186
nodal flux, 128
nodal force; vector, 74, 84, 101, 130,

141, 429
nodal force due to surfactant, 209
nodal point, 72
nodal pressure vector, 129
nodal relative velocity vector, 143
nodal rotation vector, 94
nodal surface flux vector, 123
nodal temperatures, 125
nodal velocity vector, 117, 129, 156, 158
nodal volume flux vector, 125
node numbering, 80
nonlamellar bone, 182
nonlinear constitutive law; constitutive relations,

45, 116, 201, 233
nonlinear continuum mechanics, 40
nonlinear elastic material model, 45, 215
nonlinear finite element analysis, 109
nonlinear incremental analysis, 113
nonlinear strain–displacement matrix, 115,

117, 144
nonlinear strains, 114
non-Newtonian, 258, 412
normal stress; components, 17
no-slip boundary condition, 153
nucleus, 315, 328, 345, 346
number density of particles, 158
numerical tolerance, 393
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one-dimensional diffusion, 57, 129
one-dimensional matrix, 18
one-dimensional model, 327
one-dimensional relationship, 30
optical tweezers, 342
orthogonal; bases; matrix, 5, 12, 13
orthogonality; condition; property; relation, 12,

13, 33, 48, 155
orthonormal, 13
orthotropic medium, 53
oscillatory shear index, 259
osteoporosis; assessment, 184, 185, 315
outlet pressure, 289
out-of-balance vector, 365
oxygen transport, 297

PAK; PAK-T, 107, 386
pan experiment, 382, 399
parabolic finite element, 86
parallel elastic element, 235
parallel screws, 194, 195
parameter space, 356, 359, 363, 366
partial density, 55, 382
particle circular; elliptical, 428, 429
particle in SPH, 162
particle mass, 158
particle motion, 428
particle surface, 428
particulate formulation, 407
partition coefficient, 381
passive state, 231
Peclet number, 371, 415
penalty method; parameter, 131
perfusing velocity, 421
perfussion chamber, 309
pericardium, 201
perimysium, 227
periodic boundary conditions, 149, 154
permeability, 325, 342, 346, 411, 414, 420, 421,

423, 426
permeability coefficient, 66, 298
permeability matrix, 64
permeability parameter, 414, 422, 424
permeable, 412, 414
permutation symbol, 5, 93
persistence length, 332
phase, 103
phosphorylation, 352, 353, 355
physical quantity, 11
physical space, 82, 86
Piola–Kirchhoff stress, 45, 204, 216

plane strain; element, 27, 28, 87
plane stress conditions; element, 30, 31, 88, 211
plaque; rupture, 295
plasma, 251, 252
plaster cast, 188
plate with hole, 89, 168
platelet accumulation; rate, 295, 303, 304, 305
platelet; activated; resting; deposited, 252, 295,

303, 307, 310
platelet activation; adhesion; aggregation, 296,

302, 306, 310
platelet concentration; deposition, 304, 306, 310
platelet flux, 303, 305
platelet mediated thrombosis, 303
plates and screws fixation, 189
plug radius, 412
Poiseuille flow, 61, 150, 154, 409, 412, 415
Poiseuille parabolic distribution, 420
Poisson’s ratio; coefficient, 27, 39, 96, 325
polar decomposition theorem, 43
pole of the Mohr circle, 21, 22
polymer solution, 380, 381, 384, 389, 392
pore fluid pressure, 64
poroelastic material, 66
porosity, 64, 66, 145, 316, 321, 325, 346
porous deformable media, 51, 63
position vector, 92, 93
post-collapse steady-state solution, 366
potential function, 148
pre-collapse solution, 367
prescribed displacement, 118
prescribed temperature, 52
pressure; dimensional, 59, 420
pressure distribution, 142, 269, 421
pressure drop, 254
pressure field, 133
pressure inlet; outlet, 421
pressure parameter, 414, 422, 424
pressure profile, 269
pressure total, 317, 319, 326
pre-strain, 341
prestress; cytoskeletal, 334
prestressed structure, 334, 336
principal basis; vectors; right, 8, 12, 43, 47,

48, 118
principal direction; directions, 8, 21, 47, 49,

209, 211, 316
principal plane; planes, 17, 22
principal strain directions, 217
principal stresses, 17, 21, 118, 209, 217
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principal stretch; stretches, 43, 47, 49, 118, 208,
209, 211, 316

principal value; values, 8, 48
principle of virtual work; for continuum, 37, 76,

113, 114, 143
profile of the spinning canal, 400
projection operator, 155, 157
protrusion, 345
proximal femur, 195, 197
pulmonary circulation, 249
pulsatile flow, 259, 268
pure shear; in plane, 23, 47
pure stretch, 43
pure-diffusion model, 362

quadratic base, 166
quadratic convergence rate, 112
quasi-static problem, 208
quintic spline, 163

radial displacement, 106, 218, 219
radial domain, 363, 364
radial stress, 90
radiation flux, 125
random force, 152
rate of change, 10
rate of deformation tensor, 49
rate of LIS collapse, 373
rate of shedding, 354
rate sensitivity, 368
ratio of the stresses, 204
receptor; receptors, 230, 408
receptor activation; trafficking, 376
recovery curve, 242
recovery factor, 240
recruitment, 230
red blood cell (RBC) or erythrocyte,

251, 342
relative viscosity; apparent, 254, 255
relative fluid velocity, 143, 328
relaxation; function, 29, 203, 346
renal arteries, 262
resistance force, 117, 319
resistance matrix, 117
resonant regime, 104
retrograde flow, 283
Reynolds number, 300, 390
rheological parameter, 412
rigid body displacement, 79
rigid strut, 338
rigid walls, 273, 283

rings, 219, 220
rotated coordinate system, 30
rotation displacement, 92
rotation tensor, 7, 11, 12, 43, 48
rupture risk, 266

sarcolemma, 227
sarcomere, 242
sarcoplasm, 228
sarcoplasmic reticulum, 228
scalar, 3
scaling procedure, 213
scope of bioengineering, 173
second invariant of the strain rate, 253
second moment of inertia, 190
second Piola–Kirchhoff stress, 114
semi-infinite medium, 54
semipermeable wall, 301
serial elastic element, 235
settlement, 145
shape function, 427
shear modulus, 29, 190
shear rate, 253, 305, 306, 310
shear strain, 20
shear stress, 17, 259, 263, 275
shear-augmented dispersion, 409
shedding, 357
shedding rate, 349, 356, 359, 363, 366, 367,

369, 373, 374, 37
shell conditions, 30, 31
shell constitutive matrix, 28, 32, 95
shell finite element, 91, 263, 268, 278
shell in-plane terms, 211
shell surface, 212
shell tangential plane, 92–93, 208
Sherwood number, 298, 390
short bone, 183, 184
signaling properties, 374
single file flow, 254
singular stiffness matrix, 79
six-strut tensegrity model; structure, 336,

337, 341
skew-symmetric, 21
slow-twitch, 231, 242
smooth muscle tissue, 205
smoothed particle hydrodynamics (SPH), 161
smoothing kernel function, 161
solid matrix, 314, 316
solid skeleton, 340
solid tumor, 408
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solid–fluid interaction; algorithm, 139, 140,
141, 339

solid–fluid mixture, 64, 316, 346
solute, 412
solute-absorption parameter, 413
solvability condition, 417, 418
solvent, 56, 414, 42
solvent concentration; distribution; mean, 379,

380, 384, 387, 388, 391, 393, 395
solvent diffusion coefficient, 379, 380, 381,

384, 387, 390, 391
solvent removal, 379, 380, 388, 389, 390,

392, 397
solvent removal modeling, 388, 397
source term, 357
space cell, 165
space membrane, 28
space volume, 10
spatial description, 58
spatial field, 11, 58
spatial gradient, 56
spatial point, 58
species concentration, 56
specific heat, 52, 127
specific interactions, 408
spectral decomposition, 13
specular boundary conditions, 153
SPH interpolation, 162
SPH method, 308
spherical biological membrane, 217, 218
spider spinning process, 398
spin line, 390, 392, 393, 394, 395, 397
spin tensor, 21, 49
spinal cord, 315
spinal motion segment (SMS), 66, 145, 315,

327, 328
spine anatomy, 315
spinning canal, 379, 389, 397, 398, 399, 400,

402, 403
spinning dope, 389, 397
spring constant, 35
squared membrane, 221
static condensation, 27, 32
steady flow, 60
steady heat conduction, 125
steady state solution, 53, 150, 354, 355
steady-state, 357, 363, 370, 414
stenosis, 270, 300, 304, 305, 308
stent, 276, 278, 280, 281
step pressure, 106
stiffness matrix, 73, 84, 103, 113, 186, 260

straight aorta, 268
strain; small (linear), 19, 20, 114
strain energy function, 45, 201, 215
strain field, 20
strain measures, 43
strain rate, 19, 21, 30, 59, 186, 187
strains; strain tensor, 20, 95
strain-displacement matrix, 83
strains-axial components; circumferential, 21
streaming potential, 322, 323
streamline contours, 305
stress; tensor; vector; components, 15, 16,

17, 208
stress active; passive, 339, 346
stress concentration, 90, 196
stress distribution, 168, 270
stress effective; total, 316, 344
stress fiber, 332
stress in the solid phase, 64
stress increment, 211
stress integration, 116, 117, 235
stress matrix, 117
stress measures, 45
stress ratio, 210
stress recovery; relaxation, 203
stress–strain curves; relationship, 202, 397
stress–strain hysteretic loops, 206
stress–stretch curves; relations; relationships,

46, 205, 209, 210
stress–stretch loop, 214
stretch, 118, 210, 233
stretch ratio, 234
stretch tensor left; right, 43, 48
stretched biaxially, 220
strong coupling method, 139
structural axial strain, 341
structural stiffness, 79, 110, 342
structure of biological tissue, 201
strut, 338, 340
subdomain, 167
surface flux; heat, 54, 123, 358
surface integral, 10
surface tension, 207, 2012, 213, 218
surface traction vector, 259
surfactant; with hysteresis, 201, 207, 211,

218, 219
surfactant area, 207
surrounding material, 214
surrounding temperature, 52
swelling of column, 325
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swelling pressure, 316, 317, 318, 321, 322, 326,
327, 334

symmetric AAA, 268
symmetric matrix; tensor, 4, 12
symmetry conditions, 224, 416
symmetry of structure, 80
synthetic fiber, 379, 388, 389, 394, 397
system configuration, 113
system frequencies, 99, 103
system matrix, 365
system stiffness matrix, 79, 110
systemic circulation, 250, 252
systole, 287
systolic; flow; phase; pressure, 269, 266, 276,

292

tangent constitutive matrix, 208, 211, 232, 238
tangent modulus, 210, 211
tangential stress; components, 16
tangential velocity, 259
Taylor series, 110
Taylor’s approximation, 410
temperature distribution; field, 53, 126
temperature gradient, 51
temperature profile, 54
tendon, 202, 227
tensile stiffness, 186
tensegrity architecture, 334, 341
tensegrity model, 334, 337, 343
tensile element, 334
tensile force, 332
tension–length relationship, 235
tension–stretch relationship, 234
tension–velocity relation, 234
tensor, 6
tensor - cross product; dot product; scalar

product, 7
tensorial shear strains, 20
tensorial transformation, 6, 17
tetanic contraction, 230, 234
tetanic stress, 237
tetanized condition; state, 234, 240
TGF-alpha, 372, 373, 374, 375
therapeutic antibody, 408
thermal diffusivity, 302, 305
thick filaments, 227
thick-walled cylinder, 89
thin filaments, 227
three-dimensional (3D) finite element, 81, 126,

127, 327
thrombosis, 295

tight junction, 365
time integration, 359
time step, 124
tissue; soft, 201
tissue density, 186
tissue histeresis, 205
titin, 229
torsional force, 187
total derivative, 59
total mass of polymer solution, 384
total strain; stress, 65
total water content, 325
traction normal; tangential, 345
trajectory, 429, 430
transformation matrix, 6, 12, 32, 209
transformation of constitutive: matrix; relations,

30, 95
transformation of stiffness matrix, 75
transformation of : strains; stresses, 18, 31, 32
transformation rule, 13
transitional domain, 363, 364
transport equation, 363, 411
transposed matrix, 4
transverse concentration, 413
transverse diffusion, 413
traveling cross section, 403
tropomyosin, 228
troponin, 230
truss finite element, 73, 74
T-tubules, 230
tumor, 408
tumor cell, 178, 408
tumor vasculature, 408
twitch, 230
two-dimensional finite element, 85
two-dimensional steady flow, 133

unbalanced force, 112
undeformed configuration, 212
uniaxial curve, 204, 210, 211
uniaxial deformation; extension, 23, 343
uniaxial loading; load, 203, 204, 343
uniaxial model, 203
uniaxial tension, 89, 168
uniaxial test, 203
uniqueness theorem, 37
unit normal, 92
unit step force, 36
unit vectors, 13
unloading, 205, 221
unloading curve, 205
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unloading regime, 214
unsteady diffusion, 57, 128, 129
unsteady fluid flow, 62, 134,

138, 164
unsteady heat conduction, 54, 126, 127
urinary bladder, 208, 223
uterus, 201

valve aortic, 287
valvular plane, 289
valvular pressure, 289
vascular hydraulic conductivity, 414, 421
vector; components, 3, 6
vein; deformable, 285, 286
vein valve, 283
velocity deviation, 409
velocity distribution, 134, 422
velocity field, 269, 290, 300, 420
velocity fluctuation, 155
velocity gradient, 259
velocity of contraction, 234
velocity profile, 61, 133, 155, 161, 164, 269,

284, 285, 301, 309, 403, 410, 412
velocity vector; field, 61, 103
velocity–load relationship, 229
velocity–pressure interpolation, 129
venous system, 282
ventricle left; right, 287, 289
ventricle valve, 287
ventricular pressure, 290
venula, 250
Verlet algorithm, 154
vertebrae, 315
vessel wall, 271
virtual displacements, 37
virtual strain, 37, 38, 40, 76
virtual vascular surgery, 177
virtual work, 37
viscoelastic; constitutive law, 29, 186, 313
viscoelastic materials, 29
viscoelastic models, 206
viscoelastic response, 36

viscoelasticity, 29, 201, 339
viscosity, 259
viscosity (viscous) coefficient, 35, 59
viscous constitutive law, 30
viscous friction coefficients, 206
viscous nodal force, 159
viscous resistance, 260
viscous stress, 30, 59, 130, 158, 254, 259
virtual displacement, 76
Voigt model, 35
volume flow rate, 421
volume integral, 10, 123
volumetric concentration, 55, 128
volumetric deformation, 215
volumetric force; nodal, 60, 84
volumetric fraction, 215
volumetric source, 383
volumetric strain; strain rate, 29, 30
von Mises stress, 118, 119, 270, 274, 328
Voronoi cell, 151

wall permeability, 422
wall reactions, 34
water concentration ratio, 404
water content, 321, 325
water diffusion coefficient, 398, 399
water diffusion internal, 400
water diffusion modeling, 400
wave equation, 62
waveform, 268
weak form, 122, 131, 357
weighted (weight, weighting) function, 122,

152, 165, 166, 167, 357, 415, 417
weighted quadratic form, 166
weighting method, 122

Young’s modulus, 27, 39, 66, 202, 325,
338, 346

zero traction stress, 300
Z-line, 228














