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Interna l  Directiona l  Referenc e Frame s fo r 
Moto r  Coordinatio n 

C.C.  Boyll s 

Rehabilitative Engineering 
Researc h an d Developmen t  Cente r 

Palo Alto Veterans Administration Medical Center 
Pal o Alto ,  Californi a 9430 4 

Severa l  decade s ago ,  Graha m Brow n (11 )  foun d tha t  the 
spontaneou s walkin g o f  a  high-decerebrate  ca t  ca n b e 
continuousl y transforme d fro m rectilinea r  locomotio n 
int o eithe r  circlin g o r  uphill/downhil l  progressio n b y 
appropriat e change s o f  hea d position .  Th e cat' s 
performanc e thu s carrie s wit h i t  a n attribut e o f 
"spatia l  directionality "  whic h ca n b e independentl y 
regulate d b y the  CNS;  an d th e metho d o f  regulatio n 
relies .  I n thi s instance ,  upo n postura l  biase s create d 
by toni c nec k an d labyrinthin e reflexes . 
Recently, experiments using decerebrate cats similar 
t o Graha m Brown' s hav e indicate d tha t  activit y withi n 
the  olivocerebella r  syste m o f  th e brainste m I s 
associate d wit h postura l  alteration s resemblin g thos e 
elicite d fro m nec k an d labyrinth s (4,5) .  These ,  too , 
bia s th e locomoto r  musculatur e s o a s t o influenc e the 
overal l  directionalit y o f  walkin g i n a  wid e variet y o f 
ways .  However ,  ther e i s on e are a i n whic h the 
directiona l  contro l  exerte d b y th e olivocerebella r 
syste m differ s considerabl y fro m tha t  see n b y Graha m 
Brown :  I t  ha s "mefflory" ,  i n tha t  a  postur e adopte d b y 
an anima l  a s a  functio n o f  olivocerebella r  activit y i s 
retaine d fo r  man y ten s o f  second s afte r  tha t  activit y 
ceases .  B y contrast ,  the  posture s o f  Graha m Brown' s 
animal s reflec t  onl y th e curren t  positio n o f  th e head , 
withou t  an y apparen t  recollectio n o f  previou s 
positions .  Th e directiona l  skew s associate d wit h hea d 
movement  ca n thu s b e change d i n "rea l  time "  fro m ste p 
t o step ,  whil e olivocerebella r  skew s establis h a n 
endurin g postura l  contex t  withi n whic h man y step s (o r 
othe r  activities )  may occur .  I t  thu s i s temptin g t o 
hypothesiz e tha t  the  olivocerebella r  syste m exist s i n 
the  CNS t o regulate ,  vi a postura l  mechanisms ,  a n 
interna l  directiona l  referenc e fram e withi n whic h 
moto r  action s ar e elaborate d and ,  perhaps ,  evaluated . 
But  then ,  wh y shoul d suc h a  facult y exist ? 
The idea of an internal directional reference for 
movement  wa s firs t  derive d theoreticall y fro m 
consideratio n o f  CNS mechanism s t o simplif y th e 
controllabl e degree s o f  freedo m i n th e skeletomoto r 
syste m (2,8 ;  P.H .  Greene ,  thi s volume) .  Th e techniqu e 
fo r  doin g thi s i s t o creat e functiona l  dependencie s 
(e.g. ,  fixe d ratios )  amongs t  movemen t  parameter s 
affectin g differen t  joints ,  a s i s frequentl y 
encountere d experimentall y  (10,9) .  One  particula r 
for m o f  functiona l  dependenc e employ s so-calle d 
"muscl e linkages "  (3 )  o f  synergist s a t  differen t 
joints ,  th e activitie s o f  whic h covar y i n som e 
prescribe d manne r  (cf. ,  ref .  1 2 fo r  experimenta l 
examples) .  Action s carrie d ou t  wit h suc h a  linkag e 
ar e characterize d b y a  distinc t  directiona l  ske w tha t 
becomes quit e apparen t  a s th e covaryin g parameter s o f 
th e linkag e ar e altered .  Graphi c illustration s o f 
suc h a  proces s may b e see n In ,  fo r  instance ,  Graha m 
Brown-lik e change s i n th e coactivatio n o f  huma n le g 
musculatur e (elicite d wit h galvani c labyrinthin e 
stimulation )  a s a  continuou s functio n o f  nec k positio n 
(13) .  Consequently ,  on e migh t  wel l  se e olivocerebella r 
directiona l  biasin g a s jus t  anothe r  wa y t o 
parameteriz e muscl e linkage s an d simplif y th e moto r 
contro l  process .  Bu t  thi s woul d provid e n o facil e 
explanatio n fo r  th e extende d time-cours e o f  suc h 22 

biasing ,  no r  woul d i t  defin e th e condition s tha t 
presumabl y spu r  th e olivocerebella r  syste m int o 
establishin g a  particula r  directiona l  referenc e frame . 

A speculative approach to the last question is 
suggeste d b y neurophysiologica l  studie s o f  th e 
olivocerebella r  syste m an d it s rol e i n regulatin g ey e 
movement  (ref .  1  fo r  review) .  I n brief ,  activatio n o f 
th e appropriat e (anatomically )  par t  o f  th e syste m 
Institute s a  seconds-lon g nystagmu s o f  th e eye s 
seemingl y equivalen t  t o th e olivocerebella r  postura l 
biasin g o f  th e skeleta l  muscle s describe d above .  Thi s 
nystagmu s als o resemble s th e phenomeno n o f  optokineti c 
after-nystagmu s (OKAN )  tha t  occur s i n human s an d 
animal s followin g exposur e t o whole-fiel d motio n o f 
the  visua l  world .  I t  may com e a s n o surprise , 
therefore ,  tha t  th e olivocerebella r  syste m ha s prove d 
t o receiv e retina l  image-motio n cue s whic h are  nearl y 
optima l  fo r  optokineti c ey e movements .  What  I s mor e 
interestin g i s that ,  i n stationar y huma n subjects ,  th e 
developmen t  o f  OKAN i s associate d wit h illusor y 
sensation s o f  self-motio n o r  "vection" ,  which ,  i n 
darknes s followin g exposur e t o th e movin g visua l 
stimulus ,  persis t  fo r  prolonge d period s o f  tim e (7) . 
The rational e fo r  thi s persistence ,  o r  "memory" ,  woul d 
appea r  t o involv e a n appreciatio n fo r  momentum:  Th e 
subjec t  feel s accelerate d t o som e velocit y b y th e 
movin g visua l  world ,  an d ha s n o reaso n t o fee l 
decelerate d whe n tha t  worl d i s n o longe r  visible . 
Whil e appropriat e studie s see m no t  t o hav e bee n done , 
i t  seem s reasonabl e t o suppos e tha t  human s an d animal s 
experiencin g vectio n wil l  alte r  thei r  moto r  behavio r 
as a  functio n o f  thi s sensation .  Jus t  a s the y woul d 
wer e the y experiencin g actua l  self-motion .  Becaus e o f 
th e lon g time-cours e associate d wit h vection ,  suc h 
moto r  adjustment s wil l  likel y tak e th e for m o f 
"static "  postura l  biasin g alterin g th e directionalit y 
of  movement .  Migh t  thi s b e th e sor t  o f  directiona l 
skewin g produce d b y th e olivocerebella r  system ? Migh t 
the  perceptio n o f  self-motio n alon g particula r 
trajectorie s b e associate d wit h th e creatio n o f 
olivocerebella r  directiona l  referenc e frame s fo r 
movement? 

The arguments above have been helped somewhat by the 
demonstratio n tha t  vectio n sensation s (an d 
accompanyin g "OKAN" )  ca n b e release d b y proprioceptiv e 
cue s fro m th e limb s ( 6 ) — which ,  beside s providin g a 
rol e fo r  th e massiv e somatosensor y inpu t  t o th e 
olivocerebella r  apparatus .  Indicate s tha t  self-motio n 
cue s deriv e fro m multisensor y processing .  Thos e cue s 
probabl y als o ow e themselve s t o knowledg e o f  efferen t 
command signals ,  sinc e th e qualit y o f  self-motio n 
illusion s depen d upo n a  subject' s assumption s abou t 
movement  h e o r  sh e i s producin g voluntarily . 
Fortunately ,  i t  appear s possibl e t o g o bac k t o Graha m 
Brown' s ca t  an d it s olivocerebella r  syste m t o se e 
whethe r  th e directiona l  skewin g i t  participate s i n ca n 
be triggere d b y thos e condition s leadin g t o vectio n i n 
humans.  Wor1 (  i s no w underwa y towar d tha t  end . 
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