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Ia afferents, 11, 72, 298

motor axons, 8, 11

activity-dependent hyperpolarisation, motoneurones
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paired H reflex technique, 144, 147, 161

PSTH, discharge-related stimulation, 30–31,
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internal vs. external, 482, 485

role in

cortical reciprocal inhibition, 493

corticospinal neurone excitability, 486

propriospinal (C3-C4) transmission, 422–425

quiet standing, multi-sensory, 516–517

SICI, 495

voluntary contraction

deafferentation, 128, 451

multi-sensory, 453–454

afferent feedback (spindle) in

clonus, 129

concentric contraction, 127

kinaesthetic sensations, role in, 128

lengthening contraction, 127

motor learning, role in, 128

quiet standing, 519

reciprocal Ia inhibition, 458–459

steady contraction, 125, 128, 450–451

tremor, Parkinson’s disease, 130

unloaded concentric contraction, antagonists, 127

unstable stance, 520

walking, 82, 128, 274–276, 279, 527–528

alternative pathways in

FRA (short-latency) responses, walking, 362

FRA pathways (cat), 338

muscle synergies, 470–471

amputation, corticospinal plasticity, 555–556

amyotrophic lateral sclerosis (ALS), changes in

presynaptic inhibition of Ia terminals, 322

recurrent inhibition, 170

anastomosis, peripheral nerve, corticospinal plasticity, 556

ankle strategy, standing, pitch perturbations, 522–523

anticipatory responses

efference copy, possible role of, 482

postural LLSRs, 477–478

arm cycling, modulation of

corticospinal neurone excitability, 490

cutaneomuscular responses (deltoid), 374–376

presynaptic inhibition of Ia terminals, 316

attention-demanding task, changes in

gamma (γ) activity, 124–125

non-reciprocal group I inhibition (wrist), 464

autonomic dysreflexia, SCI, 552, 573

Babinski response

methodology, 341

upper motoneurone lesions, 381

balance, quiet standing, role of

afferent feedback, TA, 519

feedforward control, 518–520

visco-elastic stiffness, ankle, 517

balance, standing

perturbations, role of

cutaneous reflexes, 376

feedback reflexes, 520–522

functional stretch reflex, 521–522

group II excitation (MLSR), 271–273, 521

Ia excitation (SLSR), 521

long-latency responses, antagonist, 522

presynaptic inhibition of Ia terminals, 319

reciprocal Ia inhibition, 202–204

transcortical Ia excitation (LLSR), 521

plasticity

childhood, 547

elderly, 524–525, 548–549

restoration after

pitch perturbations, 520–523

pitch–roll perturbations, 523–524

training, changes in

corticospinal excitability, 555

feedback reflexes, 548–549

presynaptic inhibition of Ia terminals, 550

transcortical Ia excitation, 524

balance, walking

perturbations, changes in

group II excitation (MLSR), 276–277, 530

Ia excitation (SLSR), 82, 529–530

transcortical cutaneous excitation, 377–379, 531

transcortical Ia excitation (LLSR), 530

restoration after

slipping, 532

stepping down, 532

stumbling, 277, 531–532

ballistic contraction

corticospinal involvement, 466, 492, 493

motoneurones, orderly recruitment, 448

preparatory period, presynaptic inhibition of Ia terminals, 453

quiet standing, predictive ballistic burts, 518–519

recurrent inhibition, 160, 161

reticulospinal involvement, initiation, 492

triphasic EMG pattern, 466

beta (β) motoneurones, 113

contraction agonist, 113, 127

bicycling, modulation of

corticospinal neurone excitability, 490

group II excitation (MLSR), 277

presynaptic inhibition of Ia terminals, 321
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biomechanics, elements of, in

multijoint movements, 447–448

posture, pitch–roll perturbations, 524

quiet standing, 517

walking, 525–526

C3-C4 propriospinal neurones. See propriospinal relay

caveats and limitations in studies of

corticospinal neurone excitability, 486, 491

cutaneous reflexes, 343–344

gamma (γ) drive, 114–115, 117–118

group II excitation, 260–261

Ia excitation (monosynaptic), 69, 71

Ib inhibition, 224–225

presynaptic inhibition of Ia terminals, 295–298, 299–300, 302,

321–322

propriospinal excitation (C3-C4), 398–400

propriospinal excitation (lumbar), 432

reciprocal Ia inhibition, 185–187

recurrent inhibition, 140–141, 146–147, 152

SICI, 38, 45, 494

withdrawal reflexes, 343–344

caveats and limitations in techniques

coherence analyses, 51

F wave, 22–23

H reflex, 8–17

microneurography, 117–118

motor cortex stimulation, 38–39

ongoing EMG modulation, 27

paired H reflex technique, 146–147

PSF, 35

PSTH, 33–34

spatial facilitation, 50

thixotropy, 118

unitary H reflex, 36

central fatigue. See muscular fatigue

central latency, assessment of, changes in

H reflex, 8–9

on-going EMG modulation, 26

on-going EMG vs. H reflex, 26

PSTH, 32

cerebellum

internal models, putative role in, 484

withdrawal reflexes, responses evoked by, 383

cerebral palsy

changes in

group II excitation, 573

Hmax/Mmax, 572

homosynaptic depression, 573

reciprocal Ia inhibition, 206, 573

recurrent inhibition, 170

contracture, 567

motor impairment, spasticity, 567

reciprocal Ia excitation, 547

Charcot-Marie-Tooth disease type 1A, 82, 271, 279

childhood, plasticity

short–long thumb abductor synchrony, 556

standing, walking, 547

clasp-knife phenomenon, 566

clenching

changes in

corticospinal neurone excitability, 487

non-reciprocal group I inhibition (wrist), 464

presynaptic inhibition of Ia terminals, 464

synergy ECR–finger flexors, 463

clonidine, group II excitation, SCI, 280

clonus

prevention, movement, low gain SLSR

homosynaptic depression, 450

presynaptic inhibition of Ia terminals,

450, 475

recurrent inhibition, 165, 475

spasticity

afferent feedback (spindle), 129

recurrent stretch reflex activity, 566

CMEP, cervicomedullary MEP, 40, 43

coherence analyses

evidence for

cortical control, co-contraction of antagonists, 475

corticospinal plasticity, childhood, 556

parallel bilateral control, quiet standing, 519

motor system investigations, use in, 51

collision in motor axons, paired H reflex technique,

142–144

concentric contraction, changes in

H reflex, MEP, 456–457

presynaptic inhibition of Ia terminals, 312

spindle inflow, 127, 453–454

contraction remote muscle (Jendrassik manoeuvre)

α motoneurones, excitation, 124

elderly, 548

gamma (γ) activity, 123–124

presynaptic inhibition of Ia terminals

lower limb, 316

wrist, 317

reciprocal Ia inhibition, 202

contracture, in spasticity

disuse, role of, 566
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motor impairment, role in, 566–567

muscle stiffness, contribution to, 566

convergence on interneurones mediating

C3-C4 propriospinal excitation, 403, 408, 411

feedback (C3-C4 propriospinal) inhibition, 405, 408

group II excitation, 265–270

Ib inhibition, 227–234

lumbar propriospinal excitation, 50, 433, 434

non-reciprocal group I inhibition (wrist), 192–193, 462

reciprocal Ia inhibition, 184, 188–190

recurrent inhibition, 157–158

withdrawal reflexes, 335, 352, 380

cooling

afferent fibres, conduction velocity, 257

spinal group II excitation, 257

transcortical Ia excitation, 93

corollary discharge. See efference copy

cortical map, changes in

amputation, 555–556

badminton players, 555

Braille readers, 555

hemispherectomy, 556

peripheral nerve anastomosis, 556

peripheral stimulation, 554

string players, 555

cortical reciprocal inhibition

evidence for, 493

plasticity, elderly, 493, 556

cortical silent period, following

contralateral subthreshold TMS

LLSR and long-latency cutaneomuscular reflex, differential

effect on, 372

timing, 45

transcortical Ia excitation, evidence for, 98

contralateral suprathreshold TMS

spinal fatigue, evidence for, 497

timing, 45

ipsilateral TMS

interhemispheric inhibition, 46

transcortical Ia excitation, evidence for, 94

triphasic pattern, evidence for corticospinal involvement,

466

cortical stimulation. See motor cortex stimulation

corticospinal control of

CPG, 471

feedback inhibitory interneurones (C3-C4 propriospinal

system), 407–408

gamma (γ) motoneurones, 123

Ia inhibitory interneurones, 190, 474, 492

Ib interneurones, 232

lumbar propriospinal neurones, 434

non-reciprocal group I inhibitory interneurones (wrist), 462

PAD interneurones, 304–307

propriospinal neurones (C3-C4), 402–405

Renshaw cells, 157

corticospinal neurone excitability, assessment

descending corticospinal volleys, 488

MEP vs. H reflex/ongoing EMG, 491–492

TMS- vs. TES-induced MEP/CMEP, 43, 487

TMS-induced H reflex facilitation, 487–488

corticospinal neurone excitability, modulation with

agonist contraction

initiation, 491–492

phasic, 488–490

relaxation, 490–491

tonic, 487–488

antagonist contraction

ballistic, 493

initiation, 492–493

tonic, 492

arm cycling, 490

bicycling, 490

co-contraction of antagonists (hinge joint), 474–475

disuse, 555

inactivity, 486–487

lengthening contraction, 491

motor cortex stimulation

PAS (paired associative stimulation), 553–554

rTMS (repetitive TMS), 47, 554

TBS (theta burst stimulation), 47, 554

tDCS (transcranial direct current stimulation), 47

motor resonance, 490

peripheral stimulation, 554

skilled tasks, 493–494

corticospinal peak, PSTH, 41, 94, 298, 369–371, 402–407, 488

corticospinal plasticity

age-related

childhood

short–long thumb abductor synchrony, 556

string players, 556

elderly,

cortical reciprocal inhibition, 493, 556

cortical use-dependent plasticity, 556

long-term

amputation, 555–556

badminton players, cortical map, 555

Braille readers, cortical map, 555

hemispherectomy, 556
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corticospinal plasticity (cont.)

motor learning, 555

motor skill, 555

peripheral nerve anastomosis, 556

string players, cortical map, fMRI, 555

stroke, 556–557

stimulation-induced,

PAS, 553–554

peripheral stimulation, 554

rTMS, 47, 554

TBS, 47, 554

tDCS, 47

TMS, 553

training-induced

balance, 555

co-contraction, 555

disuse, 555

skill vs. strength, 555

use-dependent plasticity, 553

CPG (central pattern generator), locomotion

cortical control, 471

evidence for, 526

half-centre organisation, 526

long-latency FRA pathways, 339, 526

muscle synergies, role in, 471

rhythmic arm movements, 526

cremasteric reflexes, 380

CUSUM

EMG, 26

PSTH, 31–32

cutaneomuscular reflexes

E1 (early excitation), 363

E2 (long-latency excitation), 363

I1 (inhibition), 363

maturation, 363, 369

methodology

electrical stimulation, 340

on-going EMG modulation, 343

spike-triggered averaging, 341, 363, 367

mirror movements, 369

plasticity

elderly, E1, 363

habituation, 363

newborn, E2 vs. E1, 369, 546

upper motoneurone lesions, 369, 382

cutaneous afferents (tactile)

activation in

cutaneomuscular reflexes, 363

LLSRs, 95–96

movement, 334

RII reflex, 362–363

spinal cutaneous effects, 365–368

transcortical cutaneous responses, 368–372

motoneurone recruitment order, reversal, 372–374

projection to

C3-C4 propriospinal neurones, 402

feedback inhibitory interneurones (C3-C4 propriospinal

system), 405, 414–417, 423–424, 454

gamma (γ) motoneurones, 121–122

Ia inhibitory interneurones, 188–190

Ib interneurones, 227–230, 454

interneurones mediating withdrawal reflexes, 352

PAD interneurones, 304

suppression of

C3-C4 propriospinal transmission, 414–417, 423

early withdrawal reflexes, 359

Ib inhibition, 227–229

cutaneous reflexes

background from animal experiments, 335–337

methodology

caveats and limitations, 343–344

cutaneomuscular reflexes, 340, 363

monosynaptic reflexes, modulation of, 363–365

on-going EMG modulation, 343

PSTH, 343

responses at rest, 341–343

stimulation, 340–341

organisation

afferent pathway, Aβ afferents, 365

cutaneomuscular reflexes, 363

interlimb responses, 377

motoneurone recruitment order, 372–374

RII reflex, 362–363

pathway

spinal early responses, 365–368

transcortical late responses, 368–372

physiological tasks

grip, manipulation, 374, 451, 454

standing, unstable stance, 376

walking

muscle activation, 374

perturbations, swing phase, 377–379, 531

presynaptic inhibition of Ia terminals, changes

in, 368

cutaneous silent period (CSP)

central pathway, upper limb, 347

organisation, 353

protective function, 353
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D wave. See descending corticospinal volleys

D1, D2 inhibition, H reflex, 298–300

deafferented patients, evidence for

afferent feedback control, contraction, 128, 451

central plan in triphasic pattern, 466

recurrent inhibition, antidromic volleys, 141, 152

decerebrate rigidity vs. spasticity, 566

descending command, transmission through C3-C4

propriospinal relay

evidence for, 414–416

group I-induced facilitation, 422, 453

possible function

control of force, 423, 452

focussing action, 419, 423, 452

grip, 420

grip–lift task, 422

multi-joint movements, 419, 471–472

muscle synergies, 419, 471–472

muscular fatigue, compensation for, 417–418

reaching, 420–422, 472, 485–486

termination movement, 423–424, 454

quantitative part, 416–417

descending corticospinal volleys (D and I waves), 41–43

cervicomedullary stimulation, 43

TES, 41

TMS, 41–43

disfacilitation vs. inhibition, on-going EMG, 24

disfacilitation, suppression of

C3-C4 propriospinal transmission, 365, 400, 405–407, 414–

416, 423–424

group II excitation, 266, 267–270

lumbar propriospinal transmission, 267–270, 434

distal movements

afferent feedback delay, deleterious effects, 128

feedforward control, 128

gamma (γ)-driven spindle inflow, 128

kinaesthetic sensations, stretched antagonists, 128

monosynaptic corticospinal excitation, 465

monosynaptic Ia excitation, 465

propriospinal excitation, absence of, 402

recurrent inhibition, absence of, 153

transcortical Ia excitation, 96

disuse, changes in

corticospinal neurone excitability, 555

Hmax/Mmax ratio, 549

homosynaptic depression, 89, 90, 549

presynaptic inhibition of Ia terminals,

313, 549

reciprocal Ia inhibition, 198, 549

disuse, role in spasticity

contracture, 566

transmission in spinal pathways, changes in,

90, 570

DOPA

group II excitation, spinal cord injury, 280

long-latency FRA pathways, cat, 337, 339

Parkinson’s disease, 241, 282, 324, 382, 430–431, 575

dynamics (limb’s intersegmental), 447–448, 479–480, 483

dystonia, changes in

C3-C4 propriospinal excitation, 431

group II excitation, 284

non-reciprocal group I inhibition (wrist), 324

presynaptic inhibition of Ia terminals, 324

dystonia, unaffected side, 324

E1, early cutaneomuscular excitation, 363

E2, long-latency cutaneomuscular excitation, 363

eccentric contraction. See lengthening contraction

efference copy

evidence for, 482–484

generation

C3-C4 propriospinal relay, 485

upstream primary motor cortex, 484

possible function

afferent feedback delays, compensation for, 482

distinction external–internal feedback, 482

length signal vs. gamma (γ) drive, 482

motor learning, 482

reaching, corrective movements, 483–484

elderly

balance, deficit, 524–525, 548–549

changes in

cortical reciprocal inhibition, 493, 556

cutaneomuscular reflexes, 363

Ia excitation, monosynaptic reflexes, 548

reciprocal Ia inhibition, 188, 548

use-dependent corticospinal plasticity, 556

presynaptic inhibition of Ia terminals, methodology, 321–322,

548

recurrent inhibition, 153, 548

walking, 548

EMG. See ongoing EMG modulation

external feedback vs. reafference, 482, 485

F wave, 21

caveats and limitations, 21–24

motoneurones involved, 21–22

studies in patients, 24
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fatigue. See muscular fatigue

feedback inhibition. See propriospinal relay (C3-C4),

organisation

feedback inhibitory interneurones (C3-C4 propriospinal

system)

organisation

corticospinal control, 407–408

cutaneous input, 405, 423, 454

group I input, 405

possible function

control of force, 423, 452

focussing action, 423, 452

termination movement, 423–424

feedforward control

distal movements, 128, 465

propriospinal relay (C3-C4), feed forward inhibition, 396–

397, 410, 412, 423, 425

quiet standing, 518–519

flexor spasms (SCI), PICs in motoneurones, 381

fMRI (functional magnetic resonance imaging)

corticospinal plasticity, string players, 555

dynamic cortical changes, stroke recovery, 557

efference copy

generation upstream M1, evidence for, 484

possible role of, evidence for, 482–483

plantar responses, cortical control of, 381

propriospinal relay (C3-C4), evidence for, 410

FRA (flexion reflex afferent) pathways, background from animal

experiments, 337–339

long-latency FRA pathways, 339

short-latency FRA pathways, 338–339

FRA hypothesis, 338

group II excitation, 274, 451, 470

FRA pathways

long-latency, SCI patients

contralateral inhibition, 357

half-centre organisation, 526

inhibition from short-latency FRA, 355, 380

long-latency FRA responses, 355, 380

presynaptic inhibition of Ia terminals, 355–357

short-latency

functional organisation, 349–353

modulation during

standing, 362

voluntary contraction, 361–362

walking, alternative FRA pathways, 362

functional stretch reflex, standing, perturbations, 98,

521–522

fusimotor. See gamma (γ)

gain hypothesis

recurrent inhibition, possible function

control of force, 162–163

power vs. skill, 162–163, 452–453

gait. See walking

gamma (γ) activity

efference copy, requirement of, 482

kinaesthetic sensations, 128

relaxed muscles, 118–119

gamma (γ) drive

evidence for

microneurography, 115–117

thixotropy, 117

methodology, 114–118

caveats and limitations, 117–118

microneurography, 115–117

nerve blocks, 115

tendon jerk vs. H reflex, 114–115

thixotropy, 117

motor tasks, involvement in

agonist contraction, 113–114, 125–127

attention-demanding task, 124–125

co-contraction of antagonists, 127

motor imagery, 124

motor learning, 128–129

motor preparation, 124

muscular fatigue, 497

muscular fatigue, compensation for (not involved), 125

remote contraction (Jendrassik manoeuvre),

123–124

servo-assistance, 110, 450–451

standing, task-dependence, 127–128

steady contraction, unloading reflex, 125, 128

studies in patients

Parkinson’s disease, 130

spasticity, 129–130, 568

spinal cord injury, 130

stroke, 129

gamma (γ) motoneurones, 112

corticospinal control, 123

cutaneous control, task-dependence, 121–123

dynamic (γd) motoneurones, 112, 127, 129

static (γs) motoneurones, 112, 127, 129

vestibular control, 123

Golgi tendon organs (GTO), 214

prolonged vibration, selective electrical stimulation of Ib

afferents, 193, 215

vibration, sensitivity to, 120, 214

grasp reflex, 382
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grip, role of

cutaneomuscular reflexes, 374, 451, 454

feedback inhibition (C3-C4 propriospinal system),

suppression of, 420

heteronymous Ia excitation, hand to proximalmuscles, 84, 469

grip–lift task, role of

feedback inhibition (C3-C4 propriospinal system),

suppression of, 422

grip–load force coupling, efference copy, possible role of, 483

group II afferents (spindle)

activation in

concentric contraction, 127, 453–454

lengthening contraction, 127, 453–454

MLSR, 257–260

steady contraction, γ-driven discharge, 125–127, 453

conduction velocity, 261–262

electrical threshold, 262

identification, microneurography, 115–116

origin from spindle secondaries, 111–112

projection to lumbar propriospinal neurones, 264, 433

group II excitation

background from animal experiments

extensor motoneurones, inhibition of, 251

lumbar propriospinal neurones, 249–251

homosynaptic depression, absence of, 252

input, 251–252

output, 251

monoaminergic gating, 252

presynaptic gating, 252

evidence for

cooling, 257

late high-threshold response, 254–257

MLSR, 252–254

spindle afferents (not cutaneous/joint), 260

tizanidine, 260

vibration, 257–260

methodology

caveats and limitations, 260–261, 270

H reflex, 254

ongoing EMG modulation, 254–257

PSTH, 254

stretch, reclining, 254

stretch, standing, 252

organisation

central delay, 262–263

convergence, Ia afferents, 265–266

corticospinal facilitation of

feedback inhibitory interneurones, 267–270

lumbar propriospinal neurones, 267

crossed responses, 264

feedback inhibition, 266

heteronymous, pattern

lower limb, 264

upper limb, 264–265

homonymous responses, 252–254, 264

propriospinal neurones, rostral location of, 263–264

physiological tasks

bicycling, 277

standing, 271–273, 520, 521

voluntary contraction, 270–271

walking, 274–279, 528

possible function

standing, balance, MLSR, 271, 521

unstable standing, muscle activation, 273–274,

470, 520

voluntary contraction

FRA hypothesis, 451, 470

muscle synergies, 470

servo-assistance, 451

walking

muscle activation, 274–276, 470, 528

perturbations, 276–277, 530

studies in patients

cerebral palsy, 573

dystonia, 284

Parkinson’s disease, 282, 574–575

peripheral neuropathies, 279

spasticity, 279–282, 569

spinal cord injury, 280

stroke, 279–280

group II inhibition, absence of evidence for,

266–267

group III-IV muscle afferents, 157–158, 451, 566

H reflex

assessing motoneurone pool excitability, 1–21

basic methodology, 4–9

caveats and limitations, 8–9, 11–13, 15–17

gating of monosynaptic Ia EPSP through

activity-dependent hyperpolarisation, 11

curtailment by disynaptic Ib IPSP, 12–13, 270, 432

homosynaptic depression, 12, 87, 297–298, 322

presynaptic inhibition, 11–12, 295–297, 307–308

H and M recruitment curve, 7–8

motoneurones, orderly recruitment of, 3

normalisation, 6, 7, 15

PICs in motoneurones, unchanged with, 20

pool problems
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H reflex (cont.)

non-linearity, size-related sensitivity, 15–16

recruitment gain, 16–17, 302, 374

quantitative data, 20–21

recovery cycle, 9–11

spatial facilitation technique, 50

studies in patients

Parkinson’s disease, 574

peripheral neuropathies, nerve lesions, 21, 84

spasticity, 21, 85, 567

threshold tracking, 11, 87

time resolution, 8–9

half-centres, locomotion

CPG, 526

long-latency FRA pathways, 339, 526

handedness-related asymmetry

H reflex, 21

homosynaptic depression, 21

MEP threshold, 40–41

propriospinal relay (C3-C4), voluntary contraction, group I

facilitation of, 419–420

withdrawal reflexes (early), 353

heteronymous connections

group II excitation

muscle synergies, 470

pattern, 264–265

Ia (monosynaptic) excitation

muscle synergies, 469

pattern, 77–80

recurrent inhibition

pattern, 153–155

possible function in

flexible muscle synergies, 83–84, 165–167, 470

standing, 167

walking, 169

heteronymous Ia facilitation, H reflex

change in recruitment gain, 16–17, 302, 374

presynaptic inhibition of Ia terminals, 300–302

hip strategy, standing, pitch perturbations, 523

Hmax/Mmax ratio

balance training, 550

ballet dancers, 551

cerebral palsy, 572

disuse, 549

elderly, 548

endurance training, 549, 551–552

healthy subjects, symmetrical, 20

multiple sclerosis, 573

newborn, 547

Parkinson’s disease, 574

power training, 549, 551–552

spasticity, 567

spinal cord injury (SCI), 573

standing, 318

stroke, affected side, 572

homosynaptic depression (Ia–motoneurone synapse)

background from animal experiments, 85

evidence for

H reflex, stimulus rate, 12, 87

passive stretch, 85

threshold tracking, 87

motoneurones of different type, sensitivity of, 87

plasticity

disuse, 89, 549

functional significance, 89–90

skill training, 89, 550

prolonged homonymous vibration, activated by, 297, 322

studies in patients

cerebral palsy, 573

multiple sclerosis, 90, 573

Parkinson’s disease, 90, 575

spasticity, 90, 568

spinal cord injury, 90, 573

stroke, 90, 572

voluntary contraction, attenuation during, 88, 450–451

homosynaptic depression, absence of, on

lumbar propriospinal neurones, 85, 88, 217, 252, 270

non-reciprocal group I interneurones (wrist), 193, 462

homosynaptic depression, Ia fibre–Ia interneurone synapse,

193, 197, 459

hopping, role of

cutaneous reflexes, 379

heteronymous Ia excitation, 83–84

Ia excitation, SLSR, 81

Huntington’s disease, transcortical Ia excitation, absence

of, 94

hyperekplexia

Ib inhibition, 241

reciprocal Ia inhibition, 206

recurrent inhibition, 170

I waves. See descending corticospinal volleys

I1, cutaneomuscular inhibition, 363

Ia afferents

activation in

concentric contraction, 127, 453–454

H reflex, tendon jerk, 3

lengthening contraction, 127, 453–454
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LLSR, 91, 95–96

monosynaptic reflex, 3–4

SLSR, 80

steady contraction, γ-driven discharge, 125–127, 450

activity-dependent hyperpolarisation, 72, 298

conduction velocity, 75–76

conduction velocity, assessment of, 33

discharge rates, 118–119

electrical threshold, 69, 72

identification, microneurography, 115–116

origin from spindle primaries, 111

projection to

C3-C4 propriospinal neurones, 401–402

feedback inhibitory interneurones (C3-C4 propriospinal

system), 405

group II interneurones, 265–266

Ia inhibitory interneurones, 181–184

Ib interneurones, 227

lumbar propriospinal neurones, 432–433

non-reciprocal group I interneurones (wrist), 192–193

PAD interneurones, 304

Ia excitation (monosynaptic)

background from animal experiments, 65–66

evidence for

Ia afferents, 67–69, 72

mononosynaptic linkage

bidirectional connections, 71–72

heteronymous connections, 69–72

homonymous connections, 67

initial part PSTH, 12–13, 67, 302

methodology

caveats and limitations, 69, 71

heteronymous connections, 69–74

homonymous connections, 67–69

organisation

flawed connections, tendon tap, 80

heteronymous, pattern

lower limb, 77–78

upper limb, 78–80

homonymous, 76–77

motoneurone recruitment order, 3, 76–77

phylogenetic evolution, 78, 79

reciprocal Ia excitation, newborn, 80, 547

physiological tasks

hopping, landing, running, standing, walking, 80–84

manipulatory movements, support to hand

muscles, 84

voluntary contraction, 450–451

possible function

manipulatory movements (hand to proximal muscles),

84, 469

muscle activation, hopping, landing, running, standing,

walking, 80–82, 532

muscle synergies, 83, 469

voluntary contraction

muscle synergies, 469

servo-assistance, 450–451, 452

walking

muscle activation, 82, 527–528

perturbations, SLSR, 82, 529–530

studies in patients

Parkinson’s disease, Hmax/Mmax, 574

peripheral neuropathies, nerve lesions, 84

spasticity, Hmax/Mmax, 85, 567

Ia excitation (monosynaptic), plasticity

elderly, monosynaptic reflexes, 548

newborn

monosynaptic reflexes, 547

reciprocal Ia excitation, 80, 547

PTP (post-tetanic potentiation), 542

Ib afferents

activation in

LLSR (possibly), 96

voluntary contraction, 234, 454

conduction velocity, 214

electrical threshold, 214–215, 218–221

identification, microneurography, 115–116

origin from Golgi tendon organs, 214

projection to

C3-C4 propriospinal neurones, 402

feedback inhibitory interneurones (C3-C4 propriospinal

system), 405

group II interneurones, 251, 265–266

Ib interneurones, 225

lumbar propriospinal neurones, 432–433

non-reciprocal group I interneurones (wrist), 192–193

PAD interneurones, 304

Ib excitation

evidence for, 224

organisation, 226

spasticity, 242, 570

Ib inhibition,

background from animal experiments. See Ib pathways,

214–217

evidence for

disynaptic linkage, 221–223

Ib afferents, 218–221

recurrent inhibition, absence of, 223
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Ib inhibition (cont.)

short duration, 223–224

methodology

caveats and limitations, 224–225, 241

H reflex, 218

PSTH, 218

tendon stimulation, 224–225

organisation

convergence of

corticospinal input, 232

cutaneous afferents, 227–230

Ia afferents, 227

Ib afferents, different muscles, 226

joint afferents, 230

multiple inputs, on the same interneurones, 232–234

nociceptive afferents, 230

vestibulo-spinal input, 232

heteronymous, pattern, 225

homonymous, strength, 225

subsets, organised with respect to target motoneurones, 226

physiological tasks

agonist contraction, 234–238, 451–454

underlying mechanisms, 234–236

antagonist contraction, 238

inactive synergists, 238

lengthening contraction, 457–458

see also Ib pathways, walking, 238–240

possible function

agonist contraction, 237

antagonist contraction, 238, 460

control of force, 234, 451–453

curtailment movement, convergence cutaneous and joint

afferents, 237–238, 454

dynamic sensitivity, convergence Ia afferents, 238

focussing action, 238–240, 452, 528, 528, 238–240

Ib inhibition, studies in patients

hyperekplexia, 241

Parkinson’s disease, 241, 575

restless leg syndrome, 241

spasticity, 241, 569–570

spinal cord injury, 241

stroke, 241

supranuclear palsy, 241

Ib pathways

background from animal experiments

Ib interneurones, 215

input, 216–217

mutual inhibition, 216

output, 215–216

presynaptic gating, 217

reversal, locomotion, 217

methodology, 217–225

walking, 238–240, 528

immobility See disuse

inactivity, corticospinal neurone excitability, changes in,

486–487

initial part, Ia excitation, PSTH

monosynaptic excitation, evidence for, 32, 67, 302

presynaptic inhibition of Ia terminals, 224, 302, 303, 304

interlimb connections

cutaneomuscular responses, 377

presynaptic inhibition of Ia terminals, 316

walking, cutaneomuscular responses, 377, 531

internal models

optimal feedback control, 485

possible function

afferent feedback delays, compensation for, 485

distinction external–internal feedback, 484–485

motor learning, 485

quiet standing, 518

stepping down, 532

putative neural network(s)

C3-C4 propriospinal relay, 485

cerebellum, 484

interneuronally mediated effect, initial sparing of

corticospinal peak, PSTH, 404, 405–407

Ia excitation, PSTH, 12–13, 224, 230, 232–234, 407

intracortical excitability

IHI (interhemispheric inhibition), 46

LAI (long-latency afferent inhibition), 46–47

LICF (long-interval intracortical facilitation), 46

LICI (long-interval intracortical inhibition), 45

PAS (paired associative stimulation), 47

SAI (short-latency afferent inhibition), 46–47

SICF (short-interval intracortical facilitation), 45–46

SICI (short-interval intracortical inhibition), 44–45

inverted pendulum, body at the ankle joint

pitch perturbations, ankle strategy, 522–523

quiet standing, 515–516

ipsilateral motor cortex, recovery from

hemispherectomy, 556

stroke, 556

ipsilateral premotor cortex, recovery from stroke, 557

IPSP, motoneurones

decay phase, ongoing EMG vs. H reflex, 26–27

ongoing EMG, reciprocal Ia inhibition, 181

ischaemic blockade, evidence for

efference copy, role of, 483
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Ia afferents, 69, 80, 82, 85, 89, 123, 194, 196, 204, 266, 274, 276,

277, 313, 316

Ib afferents, 221

Jendrassik manoeuvre. See contraction remote muscle

joint afferents

activation, extremes of movement, 237–238, 454

excitation quadriceps motoneurones, 230

late withdrawal reflexes (SCI), contribution to, 380

possible function, curtailment movement, 237–238, 454

projection to

Ib interneurones, 230, 237–238, 241, 454

Renshaw cells, 158

joint inflammation, Ib inhibition, 241

kinaesthetic sensations

active vs. passive movements, 482

afferent feedback (spindle), stretched antagonists, 127

efference copy, possible role of, 483

γ-driven spindle inflow, 128

L-acetylcarnitine (L-Ac), See recurrent inhibition, evidence for

landing, role of

heteronymous Ia excitation, 83–84

Ia excitation, SLSR

lower limb, 81

upper limb, 81–82

lengthening contraction

changes in

corticospinal excitability, 491

EMG activity, 454–455

H reflex, 312, 456

Ia–Ib-induced non-reciprocal group I inhibition, 457–458

MEP, CMEP, 456–457

motoneurone recruitment order, reversal, 456

presynaptic inhibition of Ia terminals, 312, 456–457

spindle inflow, 127, 453–454

walking, occurrence in, 128, 527

LICF (long-interval intracortical facilitation), 46

LICI (long-interval intracortical inhibition), 45

LLSR (transcortical stretch reflex)

evidence for

lower limb, 96–98

upper limb, 91–94

function in

flexible muscle synergies, 471, 476–478, 481

postural responses, 476–478

servo-assistance, 96

standing, pitch perturbations, 521

stumbling, 531–532

upper limb movements, 96, 476–481

voluntary movement, coordination, 476–481

walking, perturbations, 98, 530, 532

Parkinson’s disease, changes in, 574

sensory pathway, 95–96

standing, balance training, changes with, 524

local sign in

cutaneous facilitation of

Ib inhibition, 237, 454

PAD interneurones, lower limb, 304

cutaneous responses, gait, 377

cutaneous suppression, C3-C4 propriospinal transmission,

423, 454

early withdrawal reflexes, 349, 353, 361

local sign, loss of, in

cutaneous reflexes, upper motoneurone lesions, 380

withdrawal reflexes

spinal cord injury, 380

upper motoneurone lesions, 381

locomotion

CPG (central pattern generator), 471, 526

long-latency FRA pathways, 339, 526

muscle activation, afferent feedback, 527–529

perturbations, responses to, 529–532

long-loop reflex

long-latency cutaneous facilitation, 368

presynaptic inhibition of Ia terminals, median to soleus, 316–

317

LRN (lateral reticular nucleus), 396

lumbar propriospinal excitation

group I excitation, methodology, 431–432, 249–291

lumbar propriospinal neurones

background from animal experiments

binary system, 431

group I–group II effects, transmission of, 249–251

corticospinal input

disfacilitation, 267–270, 434

excitation, 267, 434

homosynaptic depression, absence of, 85, 88, 217, 270

peripheral input

disfacilitation

group I afferents, 433

group II afferents, 266

excitation

DPN–quadriceps connection, 433

group I afferents, different muscles, 265–266, 432–433

group II afferents, 264, 433

rostral location, 432–432
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M wave, Mmax, 7–8

manipulatory movements, possible role of

cutaneomuscular reflexes, 374, 451, 454

heteronymous Ia excitation, hand to proximal muscles,

84, 469

Ib inhibition, convergence Ia afferents, dynamic sensitivity, 238

transcortical Ia excitation, 96

medium-latency group I inhibition from foot muscles

GS and quadriceps, projection to, 433

walking, muscle activation, role in, 436, 528

medium-latency reciprocal inhibition

evidence for, 194–196, 433

voluntary antagonist contraction, 459, 460

MEP (motor evoked potential)

motoneurones, orderly recruitment, 44, 448

motor cortex stimulation, 40–44

microneurography

afferent fibres, identification, 115–116

caveats and limitations, 117–118

methodology, 115–118

minimal intervention hypothesis

evidence for, 468

optimal feedback control, 485

mirror movements, patients with, evidence for

transcortical cutaneous excitation, 369

transcortical Ia excitation, 93, 94

MLSR (medium-latency stretch response)

evidence for

group I contribution, 265–266

group II (spindle) excitation, 257–260

function in

standing perturbations, 271, 521

stumbling, 530, 532

walking perturbations, 276–279, 530

studies in patients

Parkinson’s disease, 282, 574, 575

stroke, 280, 569

monosynaptic reflex

method, principles, 3–4

motoneurones, orderly recruitment of, 3

pathway, 3

see also H reflex; tendon jerk

motoneurone excitability, assessment, pool

F wave, 21–24

H reflex, 1–21

ongoing EMG modulation, 24–28

tendon jerk, 8

motoneurone excitability, assessment, single units

paired motor unit techniques, 19

PSF, 34–35

PSTH, 28–34

unitary H reflex, 35–36

motoneurones, recruitment order

orderly

ballistic contraction, 448, 465–466

H reflex, 3

monosynaptic reflex, 3

TMS-induced MEP, 44, 448

voluntary contraction, 448

reversal with

cutaneous stimulation, 372–374

Ia excitation (monosynaptic), distal muscles, 77

lengthening contraction, 456

presynaptic inhibition of Ia terminals, 302–303

propriospinally mediated corticospinal excitation, 412

motor axon excitability, changes in

multiple sclerosis, spinal cord injury, stroke, 542

spasticity, 568

motor cortex excitability. See corticospinal neurone excitability;

intracortical excitability

motor cortex stimulation

caveats and limitations, 38–39, 43–44, 486, 491

cervicomedullary junction, 40, 43

conditioning spinal neurones, 43

C3-C4 propriospinal neurones, 402–405

feedback inhibitory interneurones (C3-C4 propriospinal

system), 407–408

feedback inhibitory interneurones (lumbar propriospinal

system), 267–270, 434

gamma (γ) motoneurones, 123

Ia inhibitory interneurones, 190

Ib interneurones, 232

lumbar propriospinal neurones, 434

non-reciprocal group I interneurones, 462

PAD interneurones, 304–307

Renshaw cells, 157

corticospinal neurone excitability assessment

descending corticospinal volleys, 488

MEP vs. H reflex/ongoing EMG, 491–492

TMS- vs. TES-induced MEP/CMEP, 43, 487

TMS-induced H reflex facilitation, 487–488

descending corticospinal volleys (D and I waves), 41–43

electrical (TES), methodology, 39

magnetic (TMS), methodology, 39–40

MEP vs. H reflex, evidence for

presynaptic inhibition of Ia terminals, 43, 295–297

propriospinal (C3-C4) corticospinal transmission, 43,

414–416
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motor evoked potential (MEP), 40–41

motor evoked potential, cervicomedullary junction

(CMEP), 40, 43

PSTH, corticospinal peak, 41

motor cortex stimulation, combined peripheral and cortical

stimulation

paired associative stimulation (PAS) protocol. See PAS

paired pulse protocol, 46–47

motor cortex stimulation, paired-pulse

IHI (interhemispheric inhibition), 46

LICF (long-interval intracortical facilitation), 46

LICI (long-interval intracortical inhibition), 45

SICF (short-interval intracortical facilitation). See SICF

SICI (short-interval intracortical inhibition). See SICI

motor cortex stimulation, prolonged

repetitive TMS (rTMS), 47

theta burst stimulation (TBS), 47

transcranial direct current stimulation (tDCS), 47

motor imagery

centrally programmed SICI, evidence for, 495

gamma (γ) activity, 124

motor learning

co-contractions of antagonists

production of, 472

long-term plasticity

activity-dependent, 541

corticospinal, 555

spinal, 550–552

possible contribution of

afferent feedback (spindle), 128

efference copy, 482

gamma (γ) activity, 128–129

internal models, 485

presynaptic inhibition of Ia terminals, 313, 550

propriospinal relay (C3-C4), 485

PTP (post-tetanic potentiation), 542

role in

muscle synergy selection, 469

quiet standing (childhood), 520

withdrawal reflexes organisation (newborn), 546

motor preparation

gamma (γ) activity, 124

presynaptic inhibition of Ia terminals, changes in, 453

motor resonance, changes in

corticospinal neurone excitability, 490

motoneurone excitability, 490

motor skill

changes in

corticospinal neurone excitability, 493–494

homosynaptic depression, 89–90, 550

non-reciprocal group I inhibition (wrist), 464

presynaptic inhibition of Ia terminals, 313

SICI, 494

long-term corticospinal plasticity, 555

possible role of

gamma (γ) activity, 128–129

transcortical cutaneous excitation, 369

transcortical Ia excitation, 96

tDCS-induced, 554

movement

distal vs. proximal movements, 465

FRA hypothesis, 338, 451, 470

multijoint movements, biomechanics, 447–448

multiple sclerosis

changes in

homosynaptic depression, 90, 573

Ib excitation, 242

presynaptic inhibition of Ia terminals, 322

reciprocal Ia inhibition, 205–206

Hmax/Mmax, 573

motor impairment, spasticity, 567

muscle spindles, 110, 112–113

muscle synergies

alternative pathways, 470–471

arguments for and against, 467–468

clenching/grasping, ECR–finger flexor synergy, 463

flexibility through

heteronymous recurrent inhibition, 83–84, 165–167, 470

presynaptic inhibition of Ia terminals, 83–84, 314, 470

transcortical Ia excitation, 476–478, 481

hierachical control schema, 469

motor learning, formation during, 469

spinal implementation

CPG (central pattern generator), 471

cutaneomuscular responses, 470

heteronymous group II connections, 470

heteronymous Ia connections, 469

propriospinal relay (C3-C4), 471–472

withdrawal reflexes, 470

transcortical pathways, 476–481

muscle tone, abnormal. See stiffness

muscular fatigue

central fatigue, 496–497

disfacilitation, γ-driven spindle inflow, 497

spinal fatigue, 497

supraspinal fatigue, 496

compensation for

gamma (γ) drive, motor tasks (not involved), 125
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muscular fatigue (cont.)

propriospinal relay (C3-C4), 417–418

recurrent inhibition, 158, 162

evidence for, twitch interpolation, 496

peripheral fatigue, 496

reciprocal Ia inhibition, changes in, 198

newborn

cutaneomuscular reflexes, 363

Ia excitation, monosynaptic reflexes, 547

plantar response, 353, 546

reciprocal Ia excitation, 80, 547

recurrent inhibition, 153

nociceptive afferents

activation in

RIII reflex, 344–347

withdrawal reflexes, 344–347

modulation of withdrawal reflexes (early), 358–359

projection to

Ib interneurones, 230

PAD interneurones, 304

Renshaw cells, 157–158

non-reciprocal group I inhibition (hinge joints). See Ib inhibition

running, suppression in, 321

non-reciprocal group I inhibition (wrist)

changes in

agonist contraction, 462–463

antagonist contraction, 463

attention-demanding task, 464

clenching, 464

co-contraction antagonists, 473, 475–476

organisation, 190–193, 460–462

corticospinal control, 462

homosynaptic depression, absence of, 193

multi-excitatory convergence group I, 192–193

mutual inhibition, ‘opposite’ interneurones, 193

recurrent inhibition, absence of, 185, 192

studies in patients

dystonia, 324

Parkinson’s disease, voluntary contraction, 575

stroke, 572

oligosynaptic group I excitation

DPN–quadriceps connection. See lumbar propriospinal

neurones

See Ib excitation, 224, 226, 242

ongoing EMG modulation, 24–28

basic methodology, 24–26

caveats and limitations, 27

central delay, estimate, 26

CUSUM, 26

inhibition vs. disfacilitation, 414–416

inhibition, IPSP, decay phase, 26–27

latency, changes in EMG vs. H reflex, 26

silent period, motoneurone discharge-related, 27

operant conditioning, H reflex, humans

cortical plasticity, 544–546

spinal plasticity, 544–546

operant conditioning, H reflex, rat

cortical plasticity, 543–544

spinal plasticity, 543–544

optimal feedback control, 485

PAD (primary afferent depolarisation) interneurones. See

presynaptic inhibition of Ia terminals

paired H reflex technique, 141–147

AHP vs. recurrent inhibition, 144

caveats and limitations, 146–147

collision in motor axons, 142

evidence for recurrent inhibition, 142–146

reference H reflex, 147

validation

animal experiments, 146

L-acetylcarnitine, 146

paired motor unit techniques

evidence for PICs in motoneurones, 19

Parkinson’s disease

changes in

C3-C4 propriospinal excitation, 430–431

gamma (γ) drive, 130, 574

group II excitation, 282, 575

Hmax/Mmax, 574

homosynaptic depression, 90, 575

Ib inhibition, 241, 575

presynaptic inhibition of Ia terminals, 323–324, 575

reciprocal Ia inhibition, 206, 575

recurrent inhibition, 170, 575

transcortical cutaneous inhibition, 382, 575

withdrawal reflexes, 382, 575

motor tasks

MLSR, standing, postural set, 282, 575

non-reciprocal group I inhibition (wrist), 575

reciprocal Ia inhibition, 206, 575

rigidity

group II excitation, 574

LLSR, 574

muscle stiffness, 573–574

tremor
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afferent feedback, 130

F wave, 574

PAS (paired associative stimulation), changes in

corticospinal neurone excitability, 553–554

presynaptic inhibition of Ia terminals, 306, 553–554

SICI, 553–554

peripheral neuropathies, nerve lesions, changes in

cutaneous reflexes, walking, 383

F wave, 24

H reflex, 21, 84

MLSR (group II excitation), 279

SLSR (Ia excitation), 279

PICs (persistent inwards currents) in motoneurones

amplification

reciprocal Ia inhibition, 179

recurrent inhibition, 138

synaptic input, 17–19

background from animal experiments, 17

evidence for

paired motor unit techniques, 19

PICs vs. changes in AHP, 19

prolonged Ia fibre stimulation

electrical, 20, 542

vibration, TVR, 20

H reflex, input–output relationship, 20

possible role in voluntary contraction

relaxation, 453

steady, 450

studies in patients

flexor spasms, 381

spasticity, 568

spinal cord injury, 568

stroke, 568

placing reaction, RII reflex, 376

plantar responses

pattern, 351–352

plasticity, newborn, 353, 546

upper motoneurone lesions, 381

plasticity. See corticospinal plasticity; spinal plasticity

plateau potentials. See PICs

post-activation depression. See homosynaptic depression

postural set, influence on

MLSR, 271, 521

MLSR, Parkinson’s disease, 282, 575

SLSR, 271, 521

posture, perturbations

pitch perturbations

ankle strategy, 522–523

changes in support strategies, 523

hip strategy, 523

pitch vs. pitch–roll control, 524

pitch–roll perturbations

biomechanics, 524

strategy, 523

presynaptic inhibition of Ia terminals

background from animal experiments

PAD interneurones, 292–293

input, 293–294

output, 294

primary afferent depolarisation (PAD), 292

evidence for

GABAA potentiation, 300–301

H reflex

H vs. MEP, 295–297

Ia vs. corticospinal facilitation, 300

opposite changes in Ia facilitation vs. D1 inhibition, 302

PSTH

Ia peak, initial part, 302

Ia vs. corticospinal peak, 298

methodology

ageing, 321–322

caveats and limitations, 295–298, 299–300, 302, 321–322

flawed technique, prolonged homonymous vibration, 297–

298, 322

H reflex

D1, D2 inhibition, 298–300

H reflex vs. ongoing EMG/MEP/F wave, 295–297

heteronymous Ia facilitation, 300–302

heteronymous vibration/tendon tap, 298

PSTH, initial part, 302

organisation

corticospinal control

lower limb, 304–306, 307

upper limb, 306, 307

long-loop reflex, 316–317

motoneurone recruitment order, reversal, 302–303

peripheral input

cutaneous (tactile) afferents, 304

group I afferents, 304

nociceptive afferents, 304

sensitivity of

H reflex, SLSR, tendon jerk, 307–308

stretch-induced Ia volleys, 307–308

subsets (target motoneurones), 303–304

tonic level, 307

vestibular control, 307

physiological tasks

agonist contraction
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presynaptic inhibition of Ia terminals (cont.)

concentric, 312

lengthening, 312, 456–457

lower limb, 308–313

termination, 312

tonic, 310

underlying mechanisms, 312–313

wrist, 317

antagonist contraction

lower limb, 314, 459

wrist, 317, 464

arm cycling, 316

bicycling, 321

co-contraction of antagonists, ankle, 314–316, 473

co-contraction of antagonists, wrist, 473

inactive synergists, 313–314

remote contraction

Jendrassik manoeuvre, 316

wrist, contralateral arm, 317

running, 320–321

standing, 317–319

walking, 319–320

possible function

agonist contraction, 313

antagonist contraction, 316, 460

bicycling, 321

co-contraction of antagonists, hinge joint, 316, 475

control of force, 310

focusing action, 314, 452

motor learning, 313, 550

running, 321

standing

quadriceps, 319

soleus, 319, 521

termination contraction, suppression Ia burst, 312

walking, 320, 527–528

studies in patients

amyotrophic lateral sclerosis (ALS), 322

dystonia, 324

multiple sclerosis, 322

Parkinson’s disease, 323–324, 575

spasticity, 322–323, 569

spasticity, motor tasks, 323, 571–572

spinal cord injury, late FRA-induced changes, 355–357

spinal cord lesions, 322

stroke, 322–323

presynaptic inhibition of Ia terminals, plasticity

disuse, 313, 549

motor cortex stimulation

PAS (paired associative stimulation), 306

rTMS (repetitive TMS), 306

training

arm cycling, 316

balance training, 550

ballet dancers, 551

hopping training, 550

locomotor training, 550

skill training, 313, 550

presynaptic inhibition of Ib terminals

voluntary contraction of agonist, 236

primary ending, 111

primary spindle ending

sensitivity to stretch, 112

sensitivity to vibration, 112, 119

progressive spastic paraparesis

motor impairment, spasticity, 567

reciprocal Ia inhibition, 205

recurrent inhibition, 169–170

withdrawal reflexes, walking, 382

propriospinal relay (C3-C4)

background from animal experiments

cat, 395–397

monkey, 397–398

conflicting conclusions

humans, 401, 410–411

monkey, 397–398

segmental interneurones, evidence against, 408–410

evidence for

BOLD fMRI, cervical spinal cord, 410

corticospinal excitation, disclosure of, 411

disfacilitation of

corticospinal/peripheral excitation, by increasing

excitatory input, 405–408

MEP/EMG vs. H reflex, by cutaneous afferents, 414–416

initial sparing of

corticospinal peak PSTH, with peripheral group I

disfacilitation, 408

facilitation, 404

MEP, with cutaneous disfacilitation, 416

lesion at C6-C7 spinal level, 425–427

long-latency of

cutaneous suppression, descending command, 400

group I excitation, 398

rostral location (with respect to motoneurones), 400–401,

405, 407, 408

methodology

caveats and limitations, 398–400

ongoing EMG modulation, 400
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PSTH, 398

TMS-induced MEP, 398

organisation

afferent input, 401–402

corticospinal input, 402–405

cutaneous inhibition, pattern, 423

diffuse distribution, 401–402

divergent projections, 411–412, 419

efference copy, possibility of, 485

feedback inhibition

afferent input, 405–407

convergence on inhibitory interneurones, 405, 408

corticospinal input, 407–408

group I inhibition, pattern, 405

hand muscles, absence of projections to, 402

inhibitory propriospinal neurones, 409

interaction excitatory vs. inhibitory inputs, 408

internal models, possibility of, 485

motoneurone recruitment order, 412

multi-excitatory convergence, 403, 408, 411

rostral location, 400–401, 405, 407, 408

subsets, organised with respect to muscle afferent input, 411,

419, 423

physiological tasks

agonist contraction

muscular fatigue, 417–418

offset, 423–424, 454

onset, 418–419

tonic, 414–417, 418–419

grip, 420

grip–lift task, 422

reaching, 420–422

possible function

co-contraction of antagonists, 474

control of force, 423

descending command

group I facilitation, 422, 453

modulation, 422

transmission, 414–425

focussing action, 419, 423, 452

grip, feedback inhibition, suppression of, 420

grip–lift task, feedback inhibition, suppression of, 422

locomotion (arm movements), 425

motor learning, 485

multi-joint movements, 419, 422–423

muscular fatigue, compensation for, 417–418

reaching, descending command, transmission of, 420–422,

472, 485–486

servo-assistance, complex movements, 422–423

synergies, multi-joint movements, 471–472

termination movement, 423–424, 454

studies in patients

dystonia, 431

lesion at C6-C7 spinal level, 425–427

Parkinson’s disease, 430–431

stroke, recovery, 427–430

synkinetic movements, 430, 572

propriospinally mediated reciprocal inhibition. See medium-

latency reciprocal inhibition

PSF (post-stimulus frequencygram)

caveats and limitations, 35

methodology, 34–35

multiple peaks, PSTH, 34–35

silent period, motoneurone discharge-related, 35

PSTH (post-stimulus time histogram)

caveats and limitations, 33–34

CUSUM, 31–32

firing probability, motoneurone, 28–30

latency, assessment of, 31–32

methodology, 30–31

monosynaptic excitation, initial part, 12, 32, 67, 230, 232, 302,

303, 304, 404, 405–407

multiple peaks, 34

normalisation, 32

recurrent inhibition vs. AHP, 151

silent period, motoneurone discharge-related, 33

spatial facilitation technique, 48–50

stimulation, random vs. discharge-related, 30–31

PTP (post-tetanic potentiation)

Ia fibre–motoneurone synapse, 542

motor learning, 542

quadriceps

group II excitation, MLSR, walking, 277

H reflex, truncation of (disynaptic Ib IPSP), 12–13

heteronymous

group II excitation (from TA)

standing (leaning backwards), 273–274

walking, muscle activation, 276

Ia excitation, pattern, 78

recurrent inhibition, changes in

standing (from TA), 165–167

voluntary contraction (from GS), 161–162

walking (to GS), 167–169

recurrent inhibition, pattern, 153–154

Ib inhibition

convergence of

cutaneous afferents, 227–230
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quadriceps (cont.)

Ib afferents, quadriceps and GS, 226

joint afferents, 230

inactive synergist contraction, 238

lumbar propriospinal excitation, 433

presynaptic inhibition of Ia terminals

agonist contraction, 310

inactive synergist contraction, 313–314

standing, 317–319

quiet standing

evidence against a role of

GS spring-like properties, 517

short-latency stretch reflex (SLSR), 517–518

simple feedback system, 519

evidence for

paradoxical GS movements, 518

predictive controller, 518

feedforward control, 518–519

inverted pendulum, body at the ankle joint, 515–516

motor learning, requirement in childhood, 520

multi-sensory afferent feedback, 516–517

parallel bilateral control, 519

role of

afferent feedback, TA, 519

internal model, 518

predictive ballistic GS contractions, 518–519

visco-elastic stiffness, ankle, 517

reaching

cat, monkey, 396–398

propriospinal relay (C3-C4), role in

coordinated synergies, 472

efference copy, 483–484

fast corrections, 485–486

transmission descending command, 420–422

reafference vs. external feedback, distinction, 482, 485

reciprocal Ia excitation

cerebral palsy, 547

newborn, 80, 547

reciprocal Ia inhibition

background from animal experiments

Ia inhibitory interneurones, 178–179

inhibition, ‘opposite’ interneurones, 179

input, 179

output, 179

presynaptic gating, 179–180

evidence for

disynaptic linkage, 184–185

Ia afferents, 181–184

recurrent suppression, 155–157, 185

methodology

caveats and limitations, 185–187

H reflex, 180–181

ongoing EMG modulation, 181

PSTH, 181

tendon jerk, 181

organisation

ankle level, 187–188

corticospinal control, 190

cutaneous control, 188–190

elbow level, 188

knee level, 188

vestibular control, 190

physiological tasks

‘natural’ reciprocal Ia inhibition, 194

agonist contraction, 199–200

antagonist contraction, 194–198, 458–460

dynamic, 196

homosynaptic depression (Ia interneurone level), 196–

197

tonic, 194–196

underlying mechanisms, 197

co-contraction of antagonists, 200–202, 472

co-contraction of antagonists, underlying mechanisms,

202, 473–475

initiation stepping, 202–204

remote contraction (Jendrassik manoeuvre), 202

standing, unstable, 202

walking, 204, 528

possible function

agonist contraction, 200

antagonist contraction, 198, 460

walking, 204, 528

studies in patients

cerebral palsy, 206, 573

hyperekplexia, 206

multiple sclerosis, 205–206

Parkinson’s disease, 206, 575

progressive spastic paraparesis, 205

spasticity, 205–206, 570

spinal cord injury, 205

stroke, 205

studies in patients, motor tasks

Parkinson’s disease, 206, 575

spasticity, 206, 571

reciprocal Ia inhibition, plasticity

daily training, 198, 551

elderly, 188
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explosive training, 198, 549–550

patterned stimulation, 199

spasticity, external stimulator, 199, 551

reciprocal inhibition between antagonists

ankle, medium-latency reciprocal inhibition, 433, 460

ankle/elbow/knee, reciprocal la inhibition, 458–460

cortical reciprocal inhibition, 473

wrist, non-reciprocal group I inhibition, 190–193, 460–464

recovery cycle, H reflex, 9–11

recruitment curve, H reflex, 7

recruitment gain, H reflex

cutaneous stimuli, effect of, 374

heteronymous Ia facilitation, effect on, 16–17, 302

recruitment order motoneurones. See motoneurones

recurrent inhibition

background from animal experiments

Renshaw cells, 138–140

input, 139

output, 139–140

evidence for

heteronymous

antidromic motor volley, 151–152

orthodromic motor discharge, 148, 151

homonymous, paired H reflex technique, 142–146

L-acetylcarnitine, 141, 146, 152, 185

methodology

AHP vs. recurrent inhibition, 144, 151, 161

antidromic motor stimulation, deafferented patients, 141,

152

arguable techniques, 140–141

caveats and limitations, 146–147, 152

heteronymous, H reflex/MEP/PSTH/ongoing EMG

modulation, 147–152

homonymous, paired H reflex technique, 141–147

organisation

corticospinal control, 157

heteronymous, pattern

lower limb, 153–154

upper limb, 154–155

homonymous, pattern

distal muscles, 153

proximal muscles, 153

Ia inhibitory interneurones, projection to, 155–157, 185

peripheral control

joint afferents, 158

nociceptive afferents, 157–158

tonic descending drive, 157

physiological tasks

agonist contraction, 158–163, 451

agonist contraction, underlying mechanisms, 160–161

antagonist contraction, 163, 464–465

co-contraction of antagonists

ball joint, 464–465

hinge joint, 163–165, 472–473

standing

heteronymous, 165–167

homonymous, 165

walking, 167–169, 528

possible function

agonist contraction, 162–163, 452–453

antagonist contraction, 163, 460

co-contraction of antagonists

ball joint, 475–476

hinge joint, 165, 472–473

control of force, 162–163

gain hypothesis, power vs. skill, 162–163

muscular fatigue, compensation for, 162

standing

heteronymous, 167

homonymous, 165

walking, 169, 528

studies in patients

cerebral palsy, 170

hyperekplexia, 170

Parkinson’s disease, 170

spasticity

motor tasks, 170

progressive spastic paraparesis, ALS, 169–170

spinal cord injury, stroke, 169

recurrent inhibition, plasticity, endurance training, 162

reference H reflex, paired H reflex technique, 147

rehabilitation

cortical plasticity, 553

spinal cord injury, locomotion, 552–553

spinal plasticity, 552–553

stroke, corticospinal plasticity, peripheral-induced, 554

Renshaw cells. See recurrent inhibition

restless leg syndrome, changes in

Ib inhibition, 241

withdrawal reflexes (cutaneous silent period, EDB), 382

rigidity, Parkinson’s disease, changes in

group II excitation, 574

LLSR, 574

muscle stiffness, 573–574

RII reflex, 341–343, 362–363, 365, 376

RIII reflex, 341, 344–347

rTMS (repetitive TMS), changes in

corticospinal neurone excitability, 47, 94, 98, 299, 554
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rTMS (repetitive TMS), changes in (cont.)

presynaptic inhibition of Ia terminals, 306, 554

SICI (short-interval intracortical inhibition), 554

running, role of

cutaneous reflexes, 379

heteronymous Ia excitation, 83–84

Ia excitation, SLSR, 80–81

non-reciprocal group I inhibition, suppression of, 321

presynaptic inhibition of Ia terminals, 320–321

SCI. See spinal cord injury

secondary spindle ending, 111–112

sensitivity to stretch, 112

sensitivity to vibration, 112, 119–120

servo-assistance, through

gamma (γ)-driven group II excitation, 451

gamma (γ)-driven Ia excitation, 450–451, 452

propriospinal (C3-C4) relay, 422–423

reciprocal Ia inhibition, 460

transcortical Ia excitation, 96

shortening contraction. See concentric contraction

SICF (short-interval intracortical facilitation)

evidence for, 45

methodology, caveats and limitations, 38

stroke, recovery, 556

threshold tracking, 40

SICI (short-interval intracortical inhibition)

changes with

contralateral suprathreshold cortical silent period, 45

cutaneous stimulation, 372

initiation contraction, 495

LICI (long-interval intracortical inhibition), 45

motor imagery, 495

movement prevention, 495

PAS (paired associative stimulation), 47, 553–554

termination of contraction, 495

TMS (repetitive TMS), 554

vibration-induced Ia discharge, 495

voluntary contraction, focussing action, 45, 494–495

characteristics, 44

diagnostic significance, 45

methodology

caveats and limitations, 38, 45, 494

normalisation, 44–45

threshold tracking, 40

underlying mechanism, binary process, 45

silent period, ongoing EMG

contraction onset, cause of delay in, 491

cortical silent period, 45, 46

cutaneous silent period (CSP), 347, 353

initiation of stepping, reciprocal Ia inhibition, 202–204

motoneurone discharge-related, 27

unloading, 125

single motor units, recording of

PSF, 34–35

PSTH, 28–34

unitary H reflex, 35–36

skeleto-fusimotor. See beta (β)

slipping, restoration of balance, 532

SLSR (short-latency stretch reflex)

function in

hopping, 81

landing, 81

running, 80–81

standing, pitch perturbations, 82, 271, 521

stumbling, 529, 532

walking, perturbations, 82, 529–530

gain during

co-contraction of antagonists

hinge joint, 475

wrist, 476

quiet standing, 517–518

presynaptic inhibition of Ia fibres, sensivity to, 307–308

spasticity, exaggerated SLSR, 565–566

spasticity, pathophysiology

clinical features

clasp-knife phenomenon, 566

clonus, 566

contracture, 566

stretch reflex (SLSR), exaggeration, 565–566

decerebrate rigidity, differences with, 566

definition, 565–566

underlying mechanisms

abnormal descending control, 570

disuse, 90, 570

plastic changes, 570

spinal fixation, 552, 570

sprouting, 570

spasticity, spinal pathways

changes in

F wave, 567

gamma (γ) drive, 129–130, 568

group II excitation, 279–282, 569

Hmax/Mmax, 85, 567

homosynaptic depression, 90, 568

Ib excitation, 242, 570

Ib inhibition, 241, 569–570

motoneurone excitability, PICs, 568
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motor axon excitability, 542, 568

presynaptic inhibition of Ia terminals, 322, 569

spinal cord lesions, 322

stroke, 322–323

reciprocal Ia inhibition

soleus, 205–206, 570

TA, 205

recurrent inhibition

progressive spastic paraparesis, ALS, 169–170

stroke, SCI, 169, 570

mechanisms underlying changes in

group II excitation, 280

homosynaptic depression, 90

Ib excitation, 242

Ib inhibition, 241

non-monosynaptic group I excitation, 280

presynaptic inhibition of Ia terminals, 323

reciprocal Ia inhibition, 206

recurrent inhibition, 169, 170

motor tasks, changes in

presynaptic inhibition of Ia terminals, 323, 571–572

reciprocal Ia inhibition, 206, 571

recurrent inhibition, 170

spatial facilitation technique

assessment with

H reflex, 50

PSTH, 48–50

background from animal experiments, 48

caveats and limitations, 50, 51

convergence on interneurones, 48, 184, 192–193, 230, 232,

267, 304, 403, 434

spinal cord injury (SCI)

autonomic dysreflexia, 552, 573

changes in

gamma (γ) drive, 130

group II excitation, 280

Hmax/Mmax, 573

homosynaptic depression, 90

Ib excitation, 242

Ib inhibition, 241

PICs, 568

presynaptic inhibition of Ia terminals, 322

reciprocal Ia inhibition, 205

recurrent inhibition, 169, 570

flexor spasms, 381

interlimb connections, 380, 552

late withdrawal reflexes, 355–357, 380

early reflexes, replacement of, 355, 380

inhibition from short-latency FRA, 355

local sign, loss of, 380

multi-afferent, 380

presynaptic inhibition of Ia terminals, late FRA-induced

changes, 355–357

rehabilitation, locomotion, 552–553

spinal fixation, 552

spinal fixation, 543

spinal cord injury, 552

stroke, 552

spinal plasticity

H reflex, operant conditioning

humans, 544–546

rat, 543–544

training and disuse, 543

spinal plasticity, age-related

childhood

standing, feedback reflexes, 547

walking, 547

elderly

cutaneomuscular reflexes, 363

Ia excitation, monosynaptic reflexes, 548

Jendrassik manoeuvre, 548

reciprocal Ia inhibition, 188, 548

recurrent inhibition, 153

newborn

cutaneomuscular reflexes, 363, 369

Ia excitation, monosynaptic reflexes, 547

plantar response, 353, 546

reciprocal Ia excitation, 80, 547

spinal plasticity, CNS lesions

interlimb connections, 380, 552

motor axon excitability, 542

spinal plasticity, TMS-related, presynaptic inhibition of Ia

terminals

PAS, 306

rTMS, 306

spinal plasticity, training-related

homosynaptic depression

disuse, 89, 549

skill training, 89–90, 550

Ia excitation (monosynaptic)

power vs. endurance training, 549, 551–552

presynaptic inhibition of Ia terminals

arm cycling, 316

balance training, 550

ballet dancers, 551

disuse, 313, 549

hopping training, 550

locomotor training, 550
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spinal plasticity, training-related (cont.)

skill training, 313, 550

reciprocal Ia inhibition

daily training, 198, 551

explosive training, 198, 549–550

patterned stimulation, 199

spasticity, external stimulator, 199, 551

recurrent inhibition

endurance training, 162, 552

sprouting, spinal cord injury

autonomic dysreflexia, 552

interlimb connections, 552

recovery, 552

stair climbing, cutaneous reflexes, role of, 379

standing

corrective function of

cutaneomuscular reflexes, 376–377

group II excitation (MLSR), 271, 521

Ia excitation (SLSR), 82, 271, 521

presynaptic inhibition of Ia terminals, 319, 521

transcortical Ia excitation (LLSR), 521

transcortical Ia excitation, training, 524

responses to pitch perturbations

ankle strategy, 522–523

changes in support strategies, 523

conflicting results, 523

cutaneous reflexes, contribution of, 522

functional stretch reflex, ankle muscles, 521–522

hip strategy, 523

LLSR, ankle muscles, 521

long-latency responses, antagonist, 522

MLSR, ankle muscles, 521

SLSR and MLSR, flexor digitorum brevis, 522

SLSR, ankle muscles, 521

responses to pitch–roll perturbations

neural pathways, 524

strategy, 523–524

standing, role of

gamma (γ) activity, 127–128

presynaptic inhibition of Ia terminals

quadriceps, 319

soleus, 319

withdrawal reflexes (early), modulation, 362

standing, unstable, muscle activation, role of

heteronymous

group II excitation, 273–274, 470, 520

Ia excitation, 82–83, 469–520

recurrent inhibition, 165–167

homonymous recurrent inhibition, 165

reciprocal Ia inhibition, 202

steady contraction

changes in

afferent feedback, 125, 128, 451, 452

H reflex, MEP, CMEP, 456–457

presynaptic inhibition of Ia terminals, 310

spinal pathways contributing to

control of speed and force, 452–453

maintenance, 450–452

selectivity, 452–453

timing, 453

stepping down, restoration of balance

braking reaction, 532

internal model, possible role of, 532

stiffness

co-contraction of antagonists

ball joint, 475–476

hinge joint, 475

muscle tone, abnormal

fusimotor drive, role of, 129

Parkinson’s disease, 573–574

spasticity, contracture, 566

spasticity, stretch reflex, 565–566

visco-elastic, ankle, quiet standing, 517

stretch reflex, long-latency (LLSR). See LLSR

stretch reflex, medium-latency (MLSR). See MLSR

stretch reflex, short-latency. See SLSR

stroke, motor impairment, role of

contracture, 566–567

gamma (γ) drive, 129

spasticity, 566–567

synkinetic movements, 430, 572

stroke, recovery, role of

bilateral cortical overactivation, 557

C3-C4 propriospinal excitation, 427–430

contralateral

corticospinal tract, 557

intracortical disinhibition, 557

dynamic cortical changes, fMRI, 557

ipsilateral

motor cortex, 556

premotor cortex, 557

SICF, 556

stroke, spasticity

changes due to spinal fixation, 552

changes in

Hmax/Mmax, 572

PICs, 568

changes in spinal pathways
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gamma (γ) drive, 129

group II excitation, 279–280

homosynaptic depression, 90

Ib excitation, 242

Ib inhibition, 241

presynaptic inhibition of Ia terminals, 322–323

reciprocal Ia inhibition, 205

recurrent inhibition, 169, 570

withdrawal reflexes, walking, 382

stroke, unaffected side, changes in

C3-C4 propriospinal excitation, 429, 572

group II excitation, 280

presynaptic inhibition of Ia terminals, 572

reciprocal Ia inhibition, 205, 572

stretch responses, 572

stumbling, corrective responses, involvement of

compensatory arm responses, 531

diffuse SLSR, 529, 532

LLSR, 531–532

MLSR, 530

subsets of interneurones, organised with respect to

muscle afferent input, C3-C4 propriospinal neurones, 411,

419, 423

target motoneurones

Ia inhibitory interneurones, 179

Ib interneurones, 226

PAD interneurons, 303–304

supranuclear palsy, Ib inhibition, 241

synkinetic movements, C3-C4 propriospinal relay, 430, 467, 572

task-related changes in

corticospinal neurone excitability, 487–494

cutaneous reflexes, 374–379

gamma (γ) drive, 125–129

group II excitation, 270–279

Ib inhibition, 234–240

non-reciprocal group I inhibition (wrist), 462–464

presynaptic inhibition of Ia terminals, 308–321

propriospinal (C3-C4) transmission, 420–422, 465

reciprocal Ia inhibition, 193–204

recurrent inhibition, 158–169

transcortical stretch reflexes (LLSRs), 476–478

withdrawal reflexes, 361–362

TBS (theta burst stimulation)

corticospinal neurone excitability, changes in, 47, 554

efference copy, lack of effect on, 484

tDCS (transcranial direct current stimulation)

changes in

corticospinal neurone excitability, 47, 474

transmission in spinal pathways, 47, 474

motor skill, effect on, 554

tendon jerk

assessing motoneurone pool excitability, 8

comparison with H reflex, flawed technique for γ drive

assessment, 114–115

difference with H reflex in

afferent volleys, 114

EPSPs in motoneurones, 114–115

sensitivity to presynaptic inhibition of Ia terminals,

307–308

pathway, 65

tendon tap

evidence for Ia afferents, 67, 72, 184

evidence for Ib afferents, absence of effect, 221

termination of movement, via

Ib inhibition, convergence cutaneous and joint afferents,

activation through, 237–238, 454

propriospinal transmission, cutaneous suppression of,

423–425, 454

SICI, activation of, 495

TES (transcranial electrical stimulation). See motor cortex

stimulation

thixotropy, gamma (γ) drive

caveats and limitations, 118

methodology, 117

threshold tracking, assessment of

H reflex, 11

homosynaptic depression, 87

MEP (SICI, SICF), 40

unitary H reflex, 35–36

tizanidine, group II excitation

evidence for, 260

stroke, 280

TMS (transcranial magnetic stimulation). See motor cortex

stimulation

tonic level of

Ib inhibition, contraction of agonist, 236–237

presynaptic inhibition of Ia terminals, 307

reciprocal Ia inhibition, 179, 206

recurrent inhibition, 157

training, changes in, with

balance training

corticospinal neurone excitability, 555

feedback reflexes, 548–549

presynaptic inhibition of Ia terminals, 550

transcortical Ia excitation, 524

ballet dancer training

presynaptic inhibition of Ia terminals, 551
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training, changes in, with (cont.)

co-contraction training

corticospinal neurone excitability, 555

daily physical activity

reciprocal Ia inhibition, 198, 551

endurance training

Ia excitation (monosynaptic), 549, 551–552

recurrent inhibition, 162, 552

explosive training, 549–550

reciprocal Ia inhibition, 198, 549

hopping

presynaptic inhibition of Ia terminals, 550

locomotor training

presynaptic inhibition of Ia terminals, 550

power training

Ia excitation (monosynaptic), 549, 551–552

skill training

corticospinal neurone excitability, 555

homosynaptic depression, 89, 550

presynaptic inhibition of Ia terminals, 313, 550

TMS-coupled training

use-dependent corticospinal plasticity, 553

transcortical cutaneous excitation

contralateral subthreshold TMS, effect of, 372

evidence for

lower limb, 368–371

upper limb, 368–369, 371–372

walking, swing phase perturbations, 377–379, 531, 532

transcortical cutaneous inhibition

mirror movements, evidence for transcortical, 369

Parkinson’s disease, 382

transcortical Ia excitation

flexible muscle synergies, 476–478, 481

lower limb

evidence for, 96–98

standing

balance training, 524

pitch perturbations, function in, 521

walking, function in, 98, 530, 532

sensory pathway, 95–96

task-dependence, 476–478

upper limb

contralateral subthreshold TMS, effect of, 372

evidence for, 93–94

function, 96, 476–481

pattern multijoint, 478–481

proximo-distal pattern, 94

voluntary intent, overlap with, 94, 478

transcortical stretch reflex. See LLSR

transcranial stimulation. See motor cortex stimulation

tremor, Parkinsonian, afferent feedback, 130

triphasic EMG pattern, 466

TVR (tonic vibration reflex)

PICs in motoneurones, 20

unloading-induced decreased spindle discharge, 121

vibration paradox, 297

twitch interpolation, muscular fatigue, 496

unaffected side, changes in spinal pathways

dystonia, 324

stroke, 572

unitary H reflex, 35–36

unloading reflex, 125, 128

upper motoneurone lesions

cutaneous reflexes, changes in

abdominal and cremasteric reflexes, 380

cutaneomuscular reflexes, 382

early withdrawal reflexes, 381

local sign, loss of, 380

nociceptive extensor inhibition, 381–382

plantar responses, Babinski response, 381

transcortical cutaneous excitation, 369

spasticity, 565–573

use-dependent corticospinal plasticity

D-amphetamine, effect of, 553

deafferentation, effect of, 553

elderly, 556

evidence for, 553

motor training, induced by, 553

V1 response, 158

vestibular control of

gamma (γ) motoneurones, 123

Ib inhibition, 232

presynaptic inhibition of Ia terminals, 307

reciprocal Ia inhibition, 190

vibration

activation of

cutaneous mechanoreceptors, 120

Golgi tendon organs (GTO), 120

primary endings, 119

secondary endings, 119–120

evidence for

group II excitation, 257–260

Ia afferent transmission, 72, 184

presynaptic inhibition of Ia terminals, homonymous,

flawed technique, 297–298

production of
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activity-dependent hyperpolarisation, Ia afferents, 72, 298

homosynaptic depression (Ia–motoneurone), 297, 322

SICI (short-interval intracortical inhibition), 495

vibration paradox, 297

voluntary contraction, agonist

changes in (hinge joint)

afferent discharges, 453–454

beta-gamma (β-γ) activation, 125–127

corticospinal neurone excitability, 487–492

group II excitation, 125–127, 270–271, 451, 470

homosynaptic depression (Ia–motoneurone), 88–89

Ia afferent hyperpolarisation, 11

Ia excitation (monosynaptic), 125–127, 450–451, 452, 469

Ib inhibition, 234, 451–452

PICs in motoneurones, 450

presynaptic inhibition of Ia terminals, 308–313

propriospinal transmission, 416–425

reciprocal Ia inhibition, 199–200

recurrent inhibition, 158–163, 451, 452

SICI, 494–495

transcortical Ia excitation, 476–481

withdrawal reflexes (early), 361–362

changes in (wrist)

non-reciprocal group I inhibition, 462–463

presynaptic inhibition of Ia terminals, 317

control of force through

feedback inhibition (C3-C4 propriospinal system), 423

Ib inhibition, 234, 451–452

presynaptic inhibition of Ia terminals, 310, 452

recurrent inhibition, 162–163, 451

focussing action through

feedback inhibition (C3-C4 propriospinal system), 423, 452

Ib inhibition, 238, 452

presynaptic inhibition of Ia terminals, 314, 452

propriospinal (C3-C4) transmission, 419

SICI, 45, 494–495

mechanisms involved in relaxation

PICs in motoneurones, 453

presynaptic inhibition of Ia terminals, 312

SICI, 495

servo-assistance through

group II excitation, 451

Ia excitation (monosynaptic), 450–451, 452

presynaptic inhibition of Ia terminals, 313

propriospinal transmission, 422–423

transcortical Ia excitation, 96

voluntary contraction, antagonist

changes in

cortical reciprocal inhibition, 493

corticospinal neurone excitability, 492–493

changes in (hinge joint)

Ib inhibition, 238, 460

presynaptic inhibition of Ia terminals, 314, 460

reciprocal Ia inhibition, 194–198, 458–459, 460

recurrent inhibition, 163, 459, 460

servo-assistance, reciprocal Ia inhibition, 460

changes in (wrist)

non-reciprocal group I inhibition, 462–464

presynaptic inhibition of Ia terminals, 317, 464

voluntary contraction, co-contraction of antagonists

hinge joint, changes in

gamma (γ) activation, 127

corticospinal neurone excitability, 474–475

presynaptic inhibition of Ia terminals, 314–316, 473

reciprocal Ia inhibition, 200–202, 472

recurrent inhibition, 163–165, 472–473

stretch reflex (SLSR), 475

wrist, changes in

non-reciprocal group I inhibition, 473

presynaptic inhibition of Ia terminals, 473

recurrent inhibition, 464–465, 475–476

stretch reflex (SLSR), 476

voluntary contraction, corticospinal control of

agonist contraction, 487–492

antagonist contraction, 492–493

co-contraction of antagonists (hinge joint),

474–475

skilled tasks, 493–494

voluntary movement, coordination

LLSRs (transcortical stretch reflexes), 476–481

muscle synergies, 466–472

walking

general features

biomechanics, 525–526

gamma (γ)-driven spindle inflow, 128, 527

CPG (central pattern generator), 471, 526

lengthening loaded contractions, 128, 527

muscle activation, pattern of, 527

muscle activation, role of

afferent feedback (spindle), 128

cutaneous feedback, motoneurone recruitment

order, 374

group I inhibition from foot muscles, 436, 528

group II excitation

heteronymous, 276, 528

homonymous, 274–276, 528

Ib pathways, reflex reversal, 238–240, 528
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walking (cont.)

monosynaptic Ia excitation

heteronymous, 83–84

homonymous, 82, 527

presynaptic inhibition of Ia terminals

quadriceps, 320

soleus, 319–320, 527–528

reciprocal Ia inhibition, 204, 528

recurrent inhibition, heteronymous, 167–169, 528

perturbations, role of

alternative FRA pathways, 362, 531

compensatory arm responses, 531

cutaneous reflexes, 379, 531

group II excitation (MLSR)

GS, TA, 277, 530

quadriceps, 277

heteronymous Ia connections, ankle, 83, 528

Ia excitation (SLSR), GS, 82, 529

interlimb cutaneomuscular responses, 377, 531

reciprocal Ia inhibition, 528

transcortical cutaneous responses, 377–379, 532

transcortical Ia excitation, 98, 530, 532

restoration of balance after

slipping, 532

stepping down, 532

stumbling, 531–532

walking, plasticity

childhood, 547

elderly, 548

walking, studies in patients

cutaneous reflexes, 383

presynaptic inhibition of Ia terminals, 323, 572

withdrawal reflexes (early)

background from animal experiments, 335–339

methodology

caveats and limitations, 343–344

motoneurone excitability modulation, 343

responses at rest, 341

stimulation, 340–341

modulation by

descending effects, 359

nociceptive afferents, 358–359

non-nociceptive cutaneous afferents, 359

modulation during

standing, 362

voluntary contraction

antagonist, inhibition of, 361–362

responses, 361

walking, alternative FRA pathways, 362

modulation with motor learning, 546

organisation

hand muscles, cutaneous silent period, 353

handedness-related asymmetry, 353

local sign, 349, 353, 361

lower limb, 351–353

plantar responses, 351–353

protective function, 349, 352–353

RIII reflex, 341, 344–347

trunk skin reflexes, 349–351

upper limb, 353

pathway

Aβ afferents, convergence of, 346–347, 352

Aδ fibres, 346

central delay, 347

central pathway, 347–349

plasticity, newborn, plantar response, 353, 546

withdrawal reflexes (late)

normal subjects, 357–358

spinal cord injury

contralateral inhibition, 357

inhibition from short-latency FRA, 355, 380

long-latency FRA responses, 355, 380

presynaptic inhibition of Ia terminals, 355–357

replacement of early withdrawal reflexes, 355

withdrawal reflexes, studies in patients

cerebellar lesions, 383

Parkinson’s disease, 382, 575

restless leg syndrome, 382

spinal cord injury, 380

upper motoneurone lesions, 381
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