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The discovery of motor control by brain centers
operating the gamma-spindle-loop

by
Ragnar Granit

How did Birger Kaada and 1 come ogethes? | had been mmvined o Oslo o
be Facully opponent for the public exammation of Kasda s theses LIVELE
This deall with movements elicited by elecincal stimulation of
“rhinencephalic” centers in the brains of pnmates, dogs and cats. Obliged
o be critical 1 also raised the guestion of whether the motor anpulses
from these sies went siraightaway o the large ventral hom cebls or did so
across {what later became known as) the pamma-spimdle Toosn? e
gquestion postulaied the exisience of an unknown x, the supposinon that
the brain could handle the gamma-spindie loop.

My thinking in this mualies proceeded along such tines brcause af
Lcksell's Thesis (1945) from our laboratory in Stiockhodm. The luee Sar
Bryan Manhews (1933) had shown that strong motor nerve stunuiation
comracted spindles but Leksell went funber and proved up 1o the hili thus
stimulus strength capable of elicitine an actica petennal-wavelet i
ventral rool of gamma conduction velocny raised a discharge in muscular
afferents. Since only muscle spindles had a moior supply Leksell

concluded that slowly conducting gamma fibres were the motor fibres for
the spudle’s so-cailed intrafusal muscles

1 thought that Kaada paled a linde at this exiravagant hypothess -
mdireci conisol of o muscular sensor from the bram! So | wvited hus on
ihe spot to come over 0 Stockhobn e Dad ous Dy experomentan
whether or nol my question had any background of fucis. Kaada had De
meie eapenence than 1 of siereoiacne stimuolaiion i the beaue 1L oa o
side, Tad sev up the complete rechascal arrungeomerss for the cvpe oo s
required 10 answer this and other guestions pertammg to the role o
mwiscle spimdles in motor conrol. So, when Kaada armised carls s e
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New Year 1952, we could stan straighiaway.

We began and continued the experimenis in an atmosphere of
greal excitement because success was immediate. Silent spindle afferents
fired and spontaneously active ones increased heir discharge rate in
response 10 stimulation of known motor sites in ithe brain and this cficct
was seen al a very much lower threshoeld than that necded for contracting
the muscle harboing the isolated spindle-Nibre recorded in the dorsal root.
A myograph sensiivity of a mum excussion for one gram was normally

used but in the end similar experimems were conducted by recording
directly from isolited gamma fibres.

[ quote from the summary of our 1952 paper (Kaada ne. 20):
“muscle spindles could be accelerated or decelerated by stimulation of
various centrzl structures known 1o influence motor aciivity”. An
example: "A highly efficient facilitatory mechanism for the muscle
spindles was found in the brain stem and diencephatic reticular system.”
Deceleration of spindle aclivily down 1o complete inhibition was obuained
from the bulbo-miicular inhibitory sysiem and from the anicrior lobe of
the cerebellum. { vividly semember how excited we were when the
ioudspeaker recording from an afferent soot filament or from an efferemt

gamma fibre became dead silent wpon weak stimulation of the anterior
lobe.

Struck by the strong clfects on the gamma-spindle loop we
nevertheless did "not propose the hypothesis that all tonic changes of the
muscies consist m changes of a spindle activity that indirectly. over the
poswural reflexes, determine the level of excitability of the spinal cord and
other centers. But our resulls make it necessary 1o ascribe to this
panicular mechanism a most impostant rok... All concepts involving

motor activity will have 0 be experimentally revised from this point of
view", wt wrole,

Thete isno powi s pursuing the further development of these

ideas. It is well known that our results stimulated much research in

78



scveral places. Our laborarory was filled wah young people trom many
countries, all of them eager 10 siudy brain control of movemeni in relation
o0 muscular sensory endings. in particular the spindle endings. The tenn
“motor control” got some substance to its bones and [ used it 1 naniang

the First Nobel Symposium in Stockholm "Muscular Afferems and Moior
Control”™ (19635).
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