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Afferent fibres (see also Muscle spindles,
Tendon organs)
defined as Ia or Ib, 49, 103
defined by Lloyd’s groups, 49
Alpha fusimotor neurons
alpha and beta fibres of, 44, 72, 95-99
axon conduction velocities of, 98
dynamic properties of, 43, 93, 99, 270
evidence for, 95-99
Alpha-gamma linkage
automatism in, 197, 200, 253, 261, 262,
268, 271, 275
cortical, 201, 210, 212, 218
destroyed, 170-172, 245-247
in amphibians, 26, 36, 271
in brain stem stimulation, 164, 223,
225,227, 229,235
in cerebellar activity, 243-247
in jaw muscles, 168
in kittens, 172
in limb muscles, 165, 167-170, 183,
185, 229, 239, 261, 262
in respiratory muscles, 168, 185, 188—
192, 199-200
in stepping, 260-262
in vestibular paths, 229, 239
in voluntary contractions, 167-170,
175, 186, 201, 210, 211
Arousal, 227, 230-232, 235, 236, 265
Autogenetic, term defined, 103

Baboon’s hand muscles, 207-210
Back-response, 72, 95, 117
Beta fibres (see Alpha fusimotor neurons,
Motor endings, fusimotor)
Brain stem sites
activating alphas, 228-230
activating gammas, 79,
226-229, 236-238

164, 165,
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olivary nucleus, 238, 241
red nucleus, 228, 236-238
reticular formation, 226-229, 231
Bulbar pyramids, 228
Bulbo-spinal correlation system, 230

C

Caudate nucleus, 231
Cerebellar rigidity, 170, 171, 181, 182,
245-247
Cerebellum (see also Rigidity, Tracts),
140, 170, 171, 236, 238-247
dynamic and static fibres from, 244-—

247

inhibition from, 150, 170, 180, 181,
240-242

projections of afferents onto, (see
Tracts)

Purkinje cells in, 140, 171, 240-242
spindles fired from, 79, 170, 171, 181,
193, 194, 243—247
Chlorpromazine, 171
Clasp-knife effect, 180
Cocainization (see Motor axons, gamma)
Crayfish stretch receptor, 125, 126
Curarization
of extrafusal muscle, 95, 97, 98, 105-
108, 190, 260, 272
of intrafusal muscle, 37, 43, 97, 98,
105-108

D
Decerebration
anaemic, 129, 170, 171
cryoscopic technique of, 246
precollicular, 266
Decerebrate rigidity (see also Rigidity)
decerebrate and spinal state compared,
234, 235
discussion of factors in, 165-167, 170,
171, 179-184, 234, 235
inter- and precollicular compared, 266
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Diaphragm
innervation ratios of, 10
muscle fibres of, 18, 198
sense organs in, 197, 198
Dis-facilitation, 114, 118, 128, 130, 164
Dis-inhibition, 130, 159
Displacement v. force, 202, 203, 214-
215
DOPA, 229, 235
Dorsal root section (see also Rigidity,
alpha type of),
its effect on motor control, 165, 191,
192, 217

E

Electroencephalograms, 230-234
Ephaptic discharges (see also
response), 95
Extrafusal muscles (see also Motor units)
active state in, 25
amphibian, 5-9, 21
contraction times of, 14-16, 18-21,
116, 209, 252
crossing nerves of, 14, 21, 22
Felderstruktur v. Fibrillenstruktur of, 9
force-velocity relations of, 24, 25, 185
histochemistry of, 2-6, 10, 11, 18, 19,
21
innervation ratios of, 10, 11
length-tension relations in, 23, 24,
177-180
pale, 1-5, 7, 13, 20
phasic, 1, 10, 13
red, 1-3, 7, 11, 13, 18
stiffness in, 92, 272
tonus bundles of, 7-9, 36, 43, 80, 93,
252
twitch fibres of, 5-9, 80, 252
vascularization of], 2
viscosity of (see Viscosity)
Extrapyramidal routes, 211, 214
Eye movements
nystagmus, 254, 255
position sense, 254
role of spindles in, 250, 253-259
stabilized images and, 254
Eye muscles, extrinsic
gamma fibres to, 251
innervation of, 248-251

Back-
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muscle types of, 8, 9, 249, 252, 257

neck receptors and, 254, 255, 257-259

spindle-like organs in, 248-250

spindle discharges from, 251-253, 255,
257

spindle functions interpreted, 249,
250-259

tendon organs in, 248, 250, 255, 256

tension measurements in, 255, 256

F

Feedback (see Servo-theoretical notions)
Firing index, 102
Flaxedil (see Curarization)
Flexor reflex afferents (FRA), 110, 213
Force-velocity problems considered
in relation to motoneurons, 141, 142,
185, 209, 212,215, 752, 257
in relation to muscles, 24, 25, 235, 271,
273-275
in relation to muscle spindles, 185, 225,
251, 267, 271-276
Fusimotor, term defined, 42 (se¢ Alpha
fusimotor . . . Gamma . . .)
Fusimotor descending paths
monosynaptic on motoneurons, 227-
230
polysynaptic on motoneurons, 227-229
reticulo-spinal, 228-230
rubro-spinal, 237-238
vestibulo-spinal, 229-230

G

Gain (se¢e Motoneurons, alpha and
Stretch reflexes, gain across)
Gamma fusimotor neurons
Motor axons, gamma)
afterhyperpolarization in, 153
contributing to ‘‘arousal”, 227, 230-
233, 236
dynamic, defined, 81-83
functions of, 92, 95, 164-177 (see also
Servo-theoretical . . .)
learning influencing, 216
monosynaptic activation of, 227-230
recurrent inhibition on, 156
reflexes on
from neck, 165, 168, 170, 194, 258
from proprioceptors, 168

(see also
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from skin, 168, 188, 194, 235, 236
respiratory (see Respiration)
spontaneous tonic activity of, 175, 188,
193, 195, 251
static, defined, 81-83
volitional activation of, 168-170, 175,
186, 201, 210, 211, 276
Gamma loop (se¢ also Alpha-gamma
linkage, Stretch reflexes)
activity filling-out silent period, 116-
118
in stepping, 259, 260
stimulation across, 105-109
supraspinal activation of, 164-166,
168, 190, 191 and Chap. X
Generator potential, 63, 125
Globus pallidus, 231

H

Hippocampus, 130, 131, 140
H-reflex, 174, 233

Inactivation, 139-141, 150, 241, 242
Inhibition
altering gain, 149, 150
autogenetic, 105-108, 110-116
cerebellar, 150, 170, 180, 181, 240-242
cortical, 210, 212, 213, 214
dis-facilitatory (see Dis-facilitation)
linearizing role of, 150
presynaptic, 112-113, 126, 159-162
recurrent (see Recurrent inhibition)
remote, 126, 128, 129
Schiff-Sherrington type of, 150, 181
tonic, 150, 180, 181
Interneurons, 104, 105, 115, 154, 204,
216, 220, 227, 236, 237, 265
Intrafusal muscles
amphibian, 26, 28, 32, 36
anatomy of, 26-35
bag and chain fibres of, 26-30
“bifurcation” of, 31
distribution of types of, 29-31
effects of denervation on, 31
elastic tissue in, 33-35, 64, 67, 74, 91, 92
histochemistry of, 33
mechanical properties of their isolated
fibres, 33, 35, 81
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number of, 31

polyneuronal innervation of, 41, 83,
84, 88, 89, 163, 164

stiffness in, 92, 272

stimulus frequency influencing, 36, 37,
80-83, 108

viscosity of, 33, 36, 63, 64, 74, 91, 92,
94, 272

J

Jerks (see Stretch reflexes)
Joint receptors, 202, 203, 258

L

Learning motor skills, 216

Lengthening reaction, 171, 177-179

Limitation of firing rate (see Stabilization
of . « )

Load compensation (see Servo-theoreti-
cal . ..)

Lobster cardiac ganglion, 137

M

Mauthner cell, 130
Miniature potentials, 128-130, 133, 134,
i
Monosynaptic testing, 101, 102, 134, 174
Motoneurons, alpha (se¢ also Motor
axons, alpha)
accommodation in, 122, 123
activation noise of, 128-130
adaptation of, 138-140, 151, 267, 270
afterhyperpolarization in, 12, 115, 135,
136, 140, 141, 146, 151-153, 156,
197, 198, 212, 252. 272
cortical monosynaptic projections on,
205, 207-211
crossed reflexes on, 120, 121
delayed depolarization of, 135, 136
dendrite-soma problems considered,
122-126, 128-135, 272
depolarizing pressure of, 130
effects of primaries on, 102-109, 114—
117, 209, 210 and Chap. XII
effects of secondaries on, 109, 110,
117-119, 180, 255, 265, 266, 276
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effects of tendon organs on, 106-108,
110-115, 117, 120, 175, 177, 198,
200, 255, 256, 261, 262

firing zone of, 122, 135, 146

frequency maxima of, 150, 252

gain of, 146, 147, 150, 176, 178, 225,
252, 267, 270, 271

inactivation of (see Inactivation)

intercostal, 188-193, 196, 197

intracellular stimulation of, 102, 103,
117, 135-142, 144-152

maintenance function of, 136, 272

membrane resistance of, 12, 13, 21,
147, 150

models of, 124-126, 130-134, 146,
150

monosynaptic activation of (see above,
effects of primaries on)

natural firing rates of, 100, 101, 141,
178, 197, 252

order of recruitment of (se¢ Recruit-
ment)

phasic, 12, 20-22, 157, 178

phrenic, 153, 198

size of, 12, 13, 20, 147, 157

size and gain related for, 147, 156, 178

strategic localization of synapses on,
126, 128, 134, 162

tonic, 12-14, 21, 22, 143, 147, 151,
153, 156-158, 176, 178, 181, 184,
198, 264, 270

Motoneurons, gamma (se¢ Gamma fusi-
motor neurons)
Motor area (se¢e Sensory-motor cortex,

Pyramidal tract)

Motor axons, alpha

conduction velocities of, 12-17, 20-22,
151-153, 197, 198

intercostal, 197

oculomotor, 257

phrenic, 153, 178

to slow and fast muscles, 12-17, 151-
153

transport of material in, 14, 21, 22

Motor axons, gamma (for Beta fibres,
see Alpha fusimotor neurons)

conduction velocities of, 40, 41, 84

conduction blocked by alcohol, 166,
167
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conduction blocked by cocainization
of, 166, 175, 178, 181-190, 199,
239

dynamic and static (see Gamma fusi-
motor neurons)

Motor endings, alpha, 7, 8, 10, 42, 43
Motor endings, fusimotor

alpha fusimotor plates of, 39-41, 43,
44, 93, 94, 99

cholinergic, 41

compared with alpha motor endings,
39

de-efferentation of, 39, 41

gamma plates characterizing, 42, 44,
80, 89, 93, 94

gamma trails characterizing, 42-44,
80, 89, 93, 94

problems of distribution of, 39, 42, 44

sprouting in, 44

Motor units

defined, 10

fast (phasic), 14-16, 18-21, 178, 217,
229; 255, 252

in eye muscles, 249, 252

in hand muscles, 183

intercostal, 196, 197

isolation of, 14-16

mechanical properties of, 15, 16, 18-
21, 180

slow (tonic), 14-16, 18-21, 178, 217,
229, 235

tension and firing rate of, 141, 142

types in man, 178

Muscle (see Extrafusal muscles, Intra-

fusal muscles)

Muscle spindles (see also Gamma fusi-

motor neurons, Intrafusal muscles)

acceleration response of, 75

afferents from, 45, 46, 65, 103, 104,
109, 110

amphibian, 28, 32, 36, 63, 64, 97

anatomy of, 26-33, 45-49, 60

annulo-spiral endings of, 45, 48-50

““arousal’”’ function of, 227, 230-232,
235, 236, 265

capsule of, 28, 32

classification of Ruffini for, 45, 46, 49

density of, 53-55

distribution of, 49, 50-55

“driving” of, 89, 90
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dry friction (stiction) in, 75

dynamic-static behaviour of, 63, 81-85

“early discharge” from, 71, 72, 95-97,
117

effects on alpha motoneurons (see
Motoneurons, alpha)

electron micrographs of, 31, 32, 44

flower-spray endings of, 45, 48-50

frequency-extension curves of, 73, 74,
87, 88, 251, 257, 267

generator potential in, 63, 79

in sleep and wakefulness, 230-234

in slow and fast muscles, 51

intermediate type of, 78, 94, 196

in voluntary contractions, 168-170,
175, 186, 201, 210, 211

isolation of, 33-38, 79

mechanical theory of response of, 63,
64, 92

myotube (endings) of, 26, 31, 45, 67,
180, 184

nuclear bag fibres of, 28-32, 36-38, 80,
81, 92-94

nuclear chain fibres of, 28-32, 36-38,
80, 81, 92-94

pause in discharge of, 60, 61, 70-73,
79, 115-118, 198, 249

position sensitivity of, 62, 74-78, 87—
89, 196, 270

primary endings of, described, 45,
48-50, 60-61

projections on cortex of, 218, 219

projections on cerebellum of, 242, 243

secondary endings of, described, 45,
48-50, 65-68

spontaneous activity in, 230-235

theoretical questions pertaining to,
92-95, 99, 183-187, 193, 255-259
and Chap. XII

thresholds to stretch of, 65, 68

transfer function of, 74

velocity sensitivity of, 62, 74-78, 83-87,
195, 196, 271

vibratory sensitivity of (see Vibratory
sensitivity)

viscosity effects on (see Viscosity)

volitional activation of, 168-170, 175,
186, 201, 210, 211

Myanesin, 171, 172
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N

Neck receptors
in ligaments, 258
muscle spindles as, 54, 168, 170, 200,
257, 258
reflexes from, 165, 168, 170, 174, 257,
258
role in orientation, 257, 258
Non-specific afferents, 130, 221

O
Occlusion, 101

P

Pinna reflex, 235, 236
Postural reflexes (see Tone, Stretch
reflexes)
Primary afferent depolarization (see
Inhibitions, presynaptic)
Pseudoreflex, 177, 181, 182, 185, 270
Pyramidal tract
anatomy of, 153, 204, 205, 209-218
alpha fibres of, 204, 205, 207, 209
antidromic stimulation of, 204
conduction velocities within, 204, 207,
209
gamma fibres in, 201, 202
monosynaptic fibres of, 205, 207-209
section of, 211, 214, 217
tonic and phasic fibres of, 212, 213

R

Recruitment, 100, 156, 177, 178, 235
order of, 178, 181, 182, 185, 270
Recurrent facilitation, 153, 159, 206
Recurrent inhibition, 115, 140, 145,
153-159
algebraical additivity in, 143, 145,
155, 206
cortical, 145, 155, 205, 206
facultative, 154
gamma neurons influenced by, 156
oculomotor, 252
phrenic, 154, 198
tonic motoneurons subject to, 156, 158,
270
Reflexes (see also Stretch reflexes, Moto-
neurons)
crossed, 120, 121
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extensor-flexor problems pertaining to,
109, 110, 118-120, 261-263

Magnus-de Kleijn type of, 165, 174

reciprocal, 103, 119, 190, 196, 215,
262

small-fibre proprioceptors producing,

121

Respiration

cerebellar effects on, 194

central drive potentials in, 196

diaphragmatic, 197-200

fusimotor activity in, 188-196, 199,
200

obstruction of, 187, 188, 190-193

vagal reflexes in, 188, 189, 197

Rigidity (see also Cerebellar rigidity,

Stretch reflexes)

alcohol removing, 166, 167

alpha type of, 170, 171, 179-182, 184,
245, 246

cocaine removing, 166, 171, 179

gamma type of, 165, 166, 171, 179-
182, 234-236, 240, 266, 268

Schiff-Sherrington type of, 150, 181

S

Sensori-motor cortex (see also Pyramidal
tract)

afterhyperpolarization in cells of, 212

antidromic identification of, 204

cells of, responding in volitional acts,
214-216

colony concept applied to, 204, 206—
211, 221

colony concept interpreted, 207, 209,
211, 221

extensor-flexor problems pertaining to,
213, 214

inhibitions from, 210, 213, 220, 221

internuncial spinal effects from, 220

mapping of, 203, 204, 207-209, 216-

220
monosynaptic projections from (see
above, colony concept . . .)

motor area within, 201, 203-205, 209,
211, 214, 215, 217

motor points in, 204, 205

organization of output from, 212-216
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phasic cells of, 209, 212
polymodal sensory representation in,
217-220
“pyramidal” animals and, 213
reciprocal action from, 215
recurrent facilitation in, 206, 212
recurrent inhibition in, 145, 155, 205,
206, 212
selective stimulation of, 207
size of pyramidal cells of, 206, 212
spindles activated from, 201, 211, 218,
219
spindles projecting onto, 218, 219
tonic cells of, 211, 212
Servo-theoretical notions (see also Alpha-
gamma linkage)
alpha control, 73, 271
applications in general of, 184-186,
193, 209, 225, 260, 264, 265,
267-273
criticism of, 270
damping and viscosity, 271, 272
feedback, 114, 115, 120, 156-159, 167,
170, 206, 219, 256, 266, 269, 271
follow-up-length servo, 184, 193, 269,
271
gain of servo, 270
length setting maintained, 73, 87, 193,
257, 266-268
load compensation, 185, 191, 193, 199,
209, 257, 262, 273 _
misalinement detectors, 193, 257
tonus control, 165, 212, 213, 264, 265
transport lag, 246, 271, 272
servo-assisted movements, 271, 275
velocity control, 85, 246, 271-275
Silent period
autogenetic inhibition in, 113, 115
effect of spindle pause, 115, 116
filling-out of, 117, 118
Spasticity, 166, 167, 177
Spinal animal, 235
spindles in, 234, 235
Stabilization of firing rate, 153-159, 200,
221-225, 270, 271
Stepping, 120, 259-263
alpha-gamma linkage in, 259, 260
tendon organs in, 261, 262
treadmill walking, 259, 260
yielding in, 261, 262
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Stretch reflexes (see also Rigidity)
alcohol removing, 166, 167
alpha-gamma linkage in (se¢ Alpha-
gamma linkage)

cocaine removing, 166, 171, 175, 179

compared with vibratory reflex, 175,
176, 265

decerebrate v. passive, 62, 165-167,
268, 269

depolarized motoneurons required for,
167, 184, 265

firing rates in, 100, 101, 176 and Figs
85-87

gain across, 175, 178, 270

gamma contribution to, 164-170, 179,
180, 184, 269, 270

general comments on, 104, 105, 165,
179, 183-186, 234, 235, 264, 269

in single motoneurons, 126-130 and
Figs 71, 85-87

jerks as, 164, 174, 233, 269

monosynaptic component of, 104, 105,
115, 184

polysynaptic organization in, 104, 105,
176

primaries in, 101, 103

recruitment in (see Recruitment)

secondaries in, 109, 110, 118, 176, 265

tension control and, 177-183

theoretical problems related to, 167,
183-186, 234, 235, 264-270
Subliminal fringe, 102, 178, 183
Succinylcholine
differentiating primaries from secon-
daries, 61, 94

differentiating spindles from tendon
organs, 198

differentiating intrafusal fibre types, 61

Supraspinal effects (see specific sites such
as Brain stem, Sensori-motor cortex,
etc.)

Surplus excitation, 100, 158, 159

T

Tandem spindles, 28, 50, 51, 71
Tendon jerks (see Stretch reflexes, jerks
as)
Tendon organs
afferents from, 49, 58, 103, 104
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anatomy of, 56-59
diaphragmatic, 198, 200
distribution of, 50
effects of, on motoneurons (se¢ Moto-
neurons, alpha)
in eye muscles, 248, 249, 255, 257
role of, in stepping, 120, 261, 262
rubro-spinal control of, 237
stimulation of, 60, 61, 106-108, 110-
115, 119, 120
tension control by, 177, 180, 255, 256
thresholds of] 65, 111
transfer function of, 112
vibratory sensitivity of, 173
Thalamus, 231
Tone (see also Extrafusal muscles, Servo-
theoretical notions, Stretch reflexes),
164, 165, 173, 176, 180-182, 231, 264,
265, 272
Tracts (see also Pyramidal tract)
cuneo-cerebellar, 242
dorsal spino-cerebellar, 139, 145, 242
reticulo-spinal, 228-230
rubro-spinal, 236, 237
ventral spino-cerebellar, 209, 242
vestibulo-spinal, 98, 229, 230, 239,
258
Tremor, 248, 253, 272

Vv

Velocity and force problems (see Force-
velocity relations)

Vestibular nuclei (see also Tracts)
alpha-gamma linkage and, 229, 239
Deiters’, 98, 117, 229, 238, 239, 241
“early discharge’ and, 97, 98
eye movements and, 248, 254, 255,

257
Vestibular organs, 239, 248, 254, 255,
258
alpha-gamma linkage and, 229, 239
neck muscles and, 248, 255, 257-259
nystagmus and, 254, 257

Vibratory reflex, 168, 169, 172-177
barbiturates suppressing, 174
cocaine removing, 175
compared with stretch reflexes, 175,

176, 265, 266
mobilizing tone, 172, 173
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polysynaptic organization of, 173, 174,
176
suppressing jerks, 174
voluntary facilitation of, 170, 174
Vibratory sensitivity
of primaries, 33, 68-70, 91, 92, 173,
174, 195
of secondaries, 68-70, 91, 195
of tendon organs, 173
Viscosity (see also Muscle spindles)
general muscular, 25
interacting ~with elasticity (see Intra-
fusal muscles)
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spindle properties ascribed to, 33, 36,
63, 64, 67, 74, 91, 92, 94, 272
Voluntary movements, 210-212, 214-—
216
co-activation of alpha and gamma
neurons in, 168-170, 175, 186,
201, 210, 211
deficits of, after root section, 216, 217
phasic-tonic problems with regard to,

212, 213, 221-224

w
Walking (see Stepping)





