
C H A P T E R  II

B A C K G R O U N D  IN F O R M A T IO N

T he ce re be llu m , a long  w ith  the  m id b ra in , and the 

co rtico sp in a l trac ts , is one o f several com ponents o f the cen tra l 

nervous system s (CNS) th a t regulates m uscle sp ind le  a c tiv ities  

(Lechtenberg, 1993). E le c trica l s tim u la tio n  o f the  cerebe lla r 

co rtex  was in it ia te d  in  1972 as a m ean o f p ro s th e tic a lly  

m o b iliz in g  the  in h ib ito ry  p o te n tia l o f P u rk in je  cell e fflu x  in  

v a rio u s  n e u ro lo g ic  diseases (Cooper, 1973; Cooper et ah, 1973). 

The deve lopm ent o f th is  concept evolved fro m  the  w e ll- 

docum ented  fa c t th a t the cerebe llum  is in t im a te ly  invo lved in  

com p lex  m e ch an ism s w h ic h  co n tro l som atic  m usc le  le n g th  and 

tone (Cooper et ah, 1976 ; E bner et ah, 1980 ะ S ch u lm a n  et ah,

1987), ga it (H ersh ler et ah, 1989), posture (Sprague and Cham bers, 

1954), and in it ia t io n  co rtica l in p u t and o u tp u t s igna ls  (D oudet et 

al., 1990).

The p r io r  c lass ica l experim ents  b y  Lo w e n tha l and 

H o rs le y  in  1897 de m on stra ted  the fa c t th a t s t im u la tio n  o f 

a n te r io r  c e re b e llu m  in h ib ite d  e x te n s o r h y p e r to n u s  in  

decerebrated cat. o th e r  experim enta l investiga tions have show n 

th a t the s tim u la tio n  in  the same area decrease ep ilep tic  ac tiv ities
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in  cat, m onkey and m an (Cooper et al., 1973 ; B a n tli et al., 1976 ะ 

H e m m y e t a l., 1977). The m e c h a n is m  u n d e r lie d  these  

phenom enon was postu ra ted  by the fac t th a t  cerebe lla r s t im u la tio n  

w o u ld  s tim u la te  a great n u m b e r o f P u rk in je  cell. These cells w ou ld  

in h ib i t  co rtic a l a c tiv ity  th ro u g h  the ascend ing  re t ic u la r  fo rm a tio n  

and the  non-spec ific  th a la m ic  n u c le i (B a n tli et ah, 1976). U p to n  

and C ooper (1976) fou nd  th a t the a n te rio r ce rebe lla r s t im u la tio n  

p layed m a jo r role co n tro llin g  the e x c ita b ility  o f a lp ha  m o to ne uron s  

v ia  th a la m u s  w h ich  re lay to co rtica l m o to r area. The th a la m u s  has 

been d e m o n s tra te d  as v e n tro la te ra l (VL) th a la m ic  p o r t io n  b y  

M ass io n  and R ispa l-P ada l (1972). The s ign a l fro m  P u rk in je  cell 

a fte r  ce re b e lla r s t im u la tio n  w o u ld  m ed ia ted  th ro u g h  th is  re la y  

centre  to the p a rts  o f m o to r areas 4 and 6 w h ic h  co n tro l lim b  and 

ax ia l m uscles (Massion and Rispal-Padal, 1972).

M ore ove r, th e  s tu d ie s  in  m o n k e y s  show ed  th a t  th e  

ip s i la te ra l a n te r io r  lobe and  b ila te ra l in te rm e d ia te  lo b e  o f 

ce re be llu m  co n tro l h in d lim b  m u s c u la r m ovem ent (H arvey et ah, 

1979 ะ B ro d a i, 1981). In  a d d it io n  the  in te rm e d ia te  p a r t  o f 

cerebe lla r cortex has connection  to in te rp o s itu s  n u c le i th a t  co n tro l 

p ro x im a l and d is ta l m uscles o f lim b s  w h ile  the  ve rm is  p a r t  has 

co n n e c tio n  to  fa s tig ia l n u c le u s  th a t c o n tro l p ro x im a l and  a x ia l 

m uscles (M ani et al., 1964 ะ Cham bers and Sprague, 1955).

The effects o f cerebe lla r s t im u la tio n  have been rep o rted  to 

re lie f o f h yp e rto n ia , m ovem ent d iso rders and ep ile p tic  a c tiv itie s  in
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a large n u m b e r o f pa tien ts  (Cooper et al., 1973 ะ 1976 ะ Wood et al., 

1976 ะ D avis et al., 1 9 7 7 /7 8  ; F ishers and Penn, 1978 ะ W h itta ke r, 

1980 ; S ch u lm a n  et a l., 1987 ะ H e rsh le r et a l., 1989). There are 

n u m e ro u s  p rev ious  experim ents  d e m o n s tra tin g  e ffect o f cerebe lla r 

s tim u la tio n  on m u s c u la r ac tiv ités  in  cats (M oruzzi, 1950 ะ Sprague 

and C ham bers, 1954 ะ G ra n it and P h ilip p , 1957 ะ L lina s , 1964), 

m onkeys (H em m y et a l., 1977 ะ E b ne r et a l., 1980 ; 1982) and men 

(Cooper, 1973 ะ C ooper et a l., 1976 ; D av is  e t a l., 1 9 7 7 /7 8  ะ 

M cle llan  et a l., 1978 ะ Penn et a l., 1978 ะ F ish e r and Penn, 1978 ะ 

U pton, 1978 ะ W h itta ke r, 1980, E bner et al., 1980 ; 1982 ะ D avis et 

al., 1987 ; S ch u lm an  et al., 1987 ; H e rsh le r et a l., 1989), as show n 

in  tab le 1.

E b n e r a n d  c o -w o rk e rs  (1980) re p o rte d  th e  

re d u c tio n s  in  to n ic  and re fle x ly  evoked e le c tro m yog ram (E M G ) 

a c tiv ity  o f b iceps and tr ice p s  b ra c h ii m usc les  as w e ll as 

red uction s  in  to rque  a b o u t 50% by  s tim u la tio n  o f cerebe lla r cortex 

in  spastic p rim ates. E xtrem e ly  im p o rta n t is the observa tion  th a t 

cerebe lla r s t im u la tio n  can decrease the  exaggerated m u s c u la r 

tone w h ich  investigated by the  EM G s tu d y  (Ebner et al., 1980 •1 

1982). In  a d d itio n  the effects o f cerebe lla r s t im u la tio n  are

able to m od ify  the  e x c ita b ility  o f segm ental m otoneurone 

pools (F isher and Penn, 1978). These fin d in g s  show  th a t  the 

cerebellum  cou ld  effect the m uscle  tone.
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Since the effects o f cerebellar s tim u la tio n  are complex, 

in v o lv in g  n o t o n ly  p h y s io lo g ic a l b u t  a lso a n a to m ica l 

connection . The u ltim a te  concept is  the  sum m a tio n  o f these 

effects on in te g ra te d  pe rfo rm ance  in  a severely damaged m oto r 

system . P oss ib ly  th a t  ce re b e lla r s t im u la tio n  exerts its  m ost 

s ig n if ic a n t th e ra p e u tic  e ffec t n e ith e r  in  "co rre c tin g " m o to r 

sys tem  a b n o rm a lit ie s  o r in  "p ro d u c in g  a b e tte r ba lance" 

between damaged and re la tive ly  undam aged m oto r subsystem s 

(F isher and Penn, 1978 ะ E bner et al., 1980).

I t  is  in te re s tin g  th a t  the  fu n c tio n  o f the basal ganglia, 

like  the cerebe llum , are d rived on m oto ne uron s  pool v ia  th a la m us, 

m id b ra in  and cerebra l cortex, as w e ll as regu la ted  the  m u scu la r 

tone (Delong, 1990). In  m any stud ies, the basal ganglia diseases 

produced a b n o rm a l m ovem ents and d is tu rb a n ce  o f m u scu la r 

tone (Schultz, 1984 ; W atts  e t al., 1991), by  a m echanism  know n 

as the "release phenom enon" (C husid, 1985).

The m o st com m on o f basa l gang lia  diseases is 

P a rk in s o n is m  o r P a rk in so n 's  disease (PD) th a t p resented to 

expression o f r ig id ity  (D enny - B row n, 1960). P ark inson  r ig id ity  

m ay w ell re s u lt p r im a rily  from  a lack  o f m od u la tio n  o f cortica l 

m o to r o u tp u t due to a d is tu rb e d  in h ib ito ry  feedback fro m  the 

b a sa l ga ng lia  (B u rke  et ah, 1977). These c lin ic a l r ig id ity  are 

reflected in  the  EM G fin d in g s  and in  passive tension  (R ushw orth , 

1960). B u t in  the  re s u ltin g  h yp e rto n ic ity , there appears to be
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no evidence o f p rim a ry  defect in  the  fu s im o to r system  (B u rke  et 

al., 1977).

The classical n o rm a l m uscle te n s io n  is de fined as the  

to n u s  in  the  m uscle w hen i t  is elongated passively. M uscle  

tone can be d ire c tly  m easured by  passive m ovem ent o f lim b  

(Duggan and M ele llan, 1973) and in d ire c tly  m easured by  

EM G  a c tiv itie s  based on the p rin c ip le  th a t  increased m usc le  

co n tra c tio n  is associated w ith  increased e lec trica l a c tiv ity  

u n d e r p h ys io log ica l co n d itio n  (H erm an, 1970). EM G  a c t iv ity  

p ro d u ce d  b y  ske le ta l m uscle  has been fo u n d  u s e fu l in

in v e s tig a tio n  and u n d e rs ta n d in g  o f a v a r ie ty  o f n e u ro lo g ic  

d iso rd e rs  w ith  changes in  m usc le  ton e  (S h a h a n i and

W ierzb icka, 1987). Because the m oto r u n it  re flects  to  the  fin a l 

com m on pa thw ay for a ll nervous im pu lses c o n tro llin g  the  ske le ta l 

m uscle. D isorders o f the CNS shou ld  re s u lt in  a b n o rm a litie s  

o f EM G  (Tsem entzis et a l., 1980). In  g e n e ra lis a tio n , EM G  

te ch n iq u e s  th a t  have been used fo r  th e  s tu d y  o f n o rm a l 

(C lem m esen, 1951) and ab no rm a l m o to r c o n tro l (G un ieben  and 

S c h u lte -M a tte r, 1992), and the tre a tm e n t o f p a tie n ts  w ith  

d iso rd e rs  o f m o to r co n tro l (T h ilm a n n  et a l., 1991). E le c tr ic a l 

silence in  n o rm a l hum an m uscle a t res t is  a basic fa c t o f EM G  

s tu d y  (Stolov, 1966).

The m uscle tone o f r ig id ity  is s ta tic , the  resistance 

to s tre tc h  is present a t a ll speeds o f s tre tc h  (B u rke  et al.,
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1977). T h is  c h a ra c te r is  the  cogwheel phenom enon (Delwaide 

et al., 1986). T h irte e n  o f 16 P a rk in o n ia n  pa tien ts , reported by 

B e ra rd e lli and co -w o rke rs  (1983) show ed th a t an increase o f 

baseline EMG a c tiv itie s  w hen they  were a t res t con ta ined more 

spontaneous m uscle  sp ind le  a c tiv ity  th a n  relaxed n o rm a l subjects. 

These res ting  EM G fin d in g s  were fou nd  in  the ca lf m uscle o f 

r ig id - ra t  (Steg, 1964), in  the  b iceps and tr ice p s  b ra c h ii 

m uscles o f m onkeys w ith  su b s ta n tia  n ig ra  lesioned (Doudet et al., 

1990),and in  the soleus m uscles o f cats th a t were injected 

6 -h yd ro xyd o p a m in e  (6-O HDA) (M em pel and W eiczorek,

1990). The increased m u s c u la r tone a t re s t re flec ts  increased 

a lp h a  m o to n e u ro n a l d rive . H ow ever, T hom as (1961) and 

M arsden (1982) a ttr ib u te d  to exaggera tion o f the  re s tin g  m uscle 

tone th a t re su lte d  in  the  m a jo r e x c ita to ry  d rive  on the 

m otoneurones w h ic h  is tra n s m itte d  n o t over segm enta l s tre tch  

re flex pathw ays b u t by descending from  h ig he r m o to r centers.

The deve lopm ent o f a n im a l m odels became a g rea t help 

in  s tu d y in g  some basic p a tho ph ys io lo g ica l and e lectrophysio -log ica l 

f in d in g s  o f P a rk in so n ism , in c lu d in g  an enhanced m uscle  tone 

th a t  ca lled r ig id ity (S c h u ltz , 1984 ะ O hye, 1987 ะ R ivest et al., 

1991). A n im a ls  w ith  the  les ion  o f the  s u b s ta n tia  n ig ra  as a 

re su lte d  o f 6 -O H D A  caused a fa ll in  the  dopam ine level o f 

s tr ia tu m  (Iversen, 1973 ะ U n gers ted t et a l., 1973). T h is  reduction  

co rre la te s  w ith  th a t  seen in  P a rk in s o n 's  disease w here  c lin ic a l 

sym ptom s appear o n ly  a fte r a dopam ine re d u c tio n  o f ab ou t 60 - 80 

% (S cherm an et al., 1989). In  m onkeys p ro fo u n d  n ig ro s tr ia ta l
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damage re su lt in  bradykinesia  w ith  an enhanced m uscle  tone, 

to rtico lis , c irc lin g  around the body axis and p o s tu ra l asym m etry  

(Sam brook et al., 1979).

D A  was proposed to  m o d ify  basa l g a n g lia  c ir c u it  by 

in h ib it in g  cho linerg ic s tria ta l (caudate nu c leus and putam en) 

in te rn e u ro n s  w h ich  n o rm a lly  excite s tr ia ta l p ro je c t neurons  

(Racagni et al., 1978), as illu s tra te d  in  figure  1. C onsequently , 

the a c tiv ity  o f the SN can th u s  m odula te  the basa l ganglia 

c irc u it  e ith e r a t the level o f the s tr ia tu m  or in  the th a la m u s . 

In  add ition , substan tia  n ig ra  lesion have been th o u g h t to  have a 

re le as ing  o f a c tiv ity  in  the  c o rtic o s p in a l tra c t,  w h ic h  th e n  

produced fa c ilita tin g  effect on the in te m e u ro n a l m echan ism s o f 

the  s p in a l cord and lead to excessive im p u ls e - f ir in g  to  the  

m uscle  (Thomas, 1961). The cortex is m odu la ted  by  the  th a la m u s , 

w h ic h  in  tu rn  receives in p u t from  the  basal gang lia , sensory 

system s and the cerebellum . And the cortex can m od u la te  these 

s tru c tu re s  and sends descending tra c ts  to  b ra in s te m  m o to r 

n u c le i and to m otoneurons (Albin et al., 1989).

I t  seems th a t in  the operative tre a tm e n t o f r ig id ity , the 

p rocedure  o f choice is the in te r ru p t io n  o f the  p a llid o -th a la m o - 

co rtic a l system  before i t  reaches the  cortex, fro m  w h ic h  p o in t i t  

w o u ld  p ro je c t v ia  e fferent p y ra m id a l and e x tra p y ra m id a l 

c o n n e c tio n  to  the  a n te r io r  h o rn  ce lls , c a u s in g  excessive 

d ischarges. The in te r ru p t io n  o f th is  p a th w a y  a b o lish e s  the
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F igure 1. S c h e m a tic  d ia g ra m  o f the  basa l g a n g lia  p a th w a y s . 

A rrow he ad s in d ic a te  the d ire c tio n  o f im p luse  flow. (B la ck  a rro w s 

re p re se n t in h ib ito ry  pa thw ays ะ w h ite  arrow s re p re se n t e x c ita to ry  

p ro je c tio n s .) (F rom  K andel et ah, P rinc ip les  o f N e u ra l Science. 

1991. p.653.)



fa s c ilita to ry  in fluences on the  in te rn e u ro n a l-a n te r io r  h o rn  cell 

m echan ism , re s u ltin g  in  suppression  o f the  enhanced m yo ta tic  

reflexes 1 and i t  also suppresses descend ing  im p u lse s  

generating re s tin g  r ig id ity  (Thomas, 1961).

1 2

F rom  the  previous s tud ies  w h ic h  w as re p o rte d  th a t  the 

e le c tr ic a l s t im u la t io n  o f th e  c e re b e lla r  c o r te x  ca u se d  th e  

m o b iliz in g  the in h ib ito ry  po ten tia l o f P u rk in je  cell e fflu x  in  va rio u s  

ne uro log ic  syndrom es, such  as sp a s tic ity , th a t  ap pe ar to  be a 

re s u lt o f d is in h ib it io n  o f m o to r o r behaviora l a c tiv ity . There fore, 

the p resen t s tu d y  was designed to  observe the  effect o f e lec trica l 

s tim u la tio n  o f the  anterior-lobe o f cerebellar surface in  s u b s ta n tia  

n ig ra  le s io n e d  a n im a l m ode l fro m  tr ic e p s  s u ra e  b y  EM G  

investigation. The hypothesis was based on ana tom ica l and 

e lectrophysio log ica l stud ies o f cerebe llocortica l loop in  cats and 

prim ates. I f  the  cerebellar s tim u la tio n  changed the e x c ita b ility  o f 

cerebe lla r n u c le i p ro je c tin g  to  the  th a la m u s  th a t  co u ld  re s u lt  in  

chang ing  o f co rtica l e x c ita b ility  in  tu rn  w h ic h  m ig h t m o d ify  o r 

suppress the  descending im p luse s  ge ne ra ting  re s tin g  r ig id ity . 

F u rthe rm o re , th is  w o rk  defined the  op tim a l s t im u lu s  param ete rs  

(i.e., frequency, d u ra tio n  and c u rre n t in te n s ity ) and areas o f the 

a n te rio r cerebellar s tim u la tio n  w h ich  cou ld suppress the  ab n o rm a l 

EMG p a tte rn  o f triceps surae at res t in  tree shrew s w ith  s u b s ta n tia  

n ig ra  lesioned.



T a b l e  1 S u m m a r y  o f  e x p e r i m e n t a l  o f  c e r e b e l l a r  s t i m u l a t i o n

Year R e fe rence  S ub jects  S tim u lu s  E ffects o f ce rebe lla r s t im u la tio n

p a ra m e te rs

1950  M o ru zz i

1954  Sprague and 

Cham bers

cats 5 0 ,10 0  and 300 Hz 

1 m S 

> 6 vo lts

ะ in h ib ite d  h yp e rto n ia  and m yo ta tic  

reflexes o f decebrate cats

cats 50 Hz ะ rec ip roca l p o s tu ra l m usc le  tone

0.1 mS 

1-13 days

1957 G ra n it and P h illip p  cats 100 Hz 

5.5 mS 

< 1 vo lt

excited P u rk in je  cells due to 

in h ib it io n  o f decerebrated 

r ig id ity  (used the  s tra in -gauge  

m yo g ra p h )

1964 cats ะ in h ib ite d  decerebra ted r ig id ityLlinas



Y e a r

1 9 7 3

1 9 7 3

R e f e r e n c e  S u b j e c t s  S t i m u l u s
p a r a m e t e r s

C o o p e r

C oo p er , e t  a l

m a n  ะ 2 0 0  H z
1 0  V o lts  

ะ 10  HZ  
1 0  v o lts

m a n  ะ 1 0 0 - 2 0 0  H z
1 m S  

1 4  v o lts  
2 - 4  h o u r s  

ะ 1 0  H z

c a t s  1 0 0 - 2 0 0  H z
0 .1  m S

1 9 7 6 B a n tli, e t  a l

E f f e c t s  o f  c e r e b e l l a r  s t i m u l a t i o n

ะ d e c r e a s e d  ip s ila te r a l r ig id ity  a n d  
s p a s t ic i ty

ะ a m e lio r a te d  c o n v u ls io n

: in h ib ite d  m u s c u la r  h y p e r to n u s

ะ in h ib ite d  th e  s e iz u r e s

ะ in f lu e n c e d  p r o c e s s in g  o f  a s c e n d in g  
s e n s o r y  in fo r m a tio n
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Y e a r  R e f e r e n c e  S u b j e c t s  S t i m u l u s  E f f e c t s  o f  c e r e b e l l a r  s t i m u l a t i o n
p a r a m e t e r s

1 9 7 6 C op p er, e t  a l cere b ra l p a ls y 2 0 0  H z  
1 .5  m A  

1 0  m in s

ะ im p ro v ed  in  s p a s t ic i ty  a s  w e ll a s  
a th e t o s is ,  s p e e c h , g a it , d ee p  te n d o n  
re flex , A D L , a n d  im p ro v ed  in  

p s y c h o m e tr ic  t e s t  s c o r e s

1 9 7 7 W ood, e t  al m a n 2 0 0  H z  
1 m S  

3 - 1 2  m A

ะ in c r e a s e d  in  C S F  n o r e p in e p h r in e

1 9 7 7 H em m y , e t  al m o n k e y s 1 0 0  H z 
0 .2 5  m S  

1 0  m A  
6  m in s

ะ r e d u c e d  s p a s t ic i ty  a n d  c o r tic a l  
n e u r o n a l  r e s p o n s iv e n e s s

1 9 7 8 M cle lla n , e t  al m a n 2 0 0  H z  
0 .5  m S  

1 2 - 1 4  m A

ะ im p ro v ed  s p a s t ic i ty

cn



Y e a r  R e f e r e n c e  S u b j e c t s  S t i m u l u s
p a r a m e t e r s

1 9 7 8 R a tu sn ik , e t  al c e re b ra l p a ls y n o  d a ta

1 9 7 8 F ish e r  a n d  P en n m a n 1 0 0  H z
0 .5  m S

2 0 - 3 0  H z a n d  
2 0 0  H z  
0 .5  m S  

6 - 2 0  m A

1 9 7 8 P en n , e t  a l cere b ra l p a ls y

E f f e c t s  o f  c e r e b e l l a r  s t i m u l a t i o n

ะ im p o v e d  s p e e c h  c h a r a c te r is t ic s

ะ d e c r e a s e d  in  m o to n e u r o n e  p o o l 
e x c ita b il ity  or n o r m a lis a t io n  o f  th e  

r e la t io n s h ip  b e tw e e n  f le x o r  a n d  
e x te n s o r  m o to r  n e u r o n e  p o o ls  th a t  
c o u ld  a ffe c te d  to n e

ะ r e d u c e d  r ig id ity  a n d  c o a c t iv a t io n  o f  
m u s c le s  (m e a su r e d  c o m p lia n c e  a n d  
EM G  o f  a n te r io r  t ib ia l a n d  
g a s t r o s o le u s  m u s c le s )



Y e a r  R e f e r e n c e  S u b j e c t s  S t i m u l u s
p a r a m e t e r s

1 9 7 7 / 7 8  D a v is , e t al c e re b ra l p a ls y  1 5 0 - 2 0 0  H z
0 .5  m S  

0 .3 -1  m A

1 9 7 8  U p to n  m a n  2 0 0 - 3 0 0  H z
0 .5  m S  
2  v o lts

1 0 0  H z  
2 5 0  m S  

6 - 8  v o lts

1 9 8 0 พ h ilta k e r m a n

E f f e c t s  o f  c e r e b e l l a r  s t i m u l a t i o n

ะ c o n tr o lle d  s p a s t ic i ty  a n d  in v o lu n ta r y  
m o v e m e n ts  ; im p ro v ed  v o lu n ta r y  
m o v e m e n ts  a s s o c ia te d  w ith  fe e d in g ,  
d r e s s in g  a n d  a m b u la t io n  w ith  
w a lk e r

ะ r e lie v e d  s p a s t ic i ty

ะ d id  n o  h a rm



Y e a r  R e f e r e n c e  S u b j e c t s  S t i m u l u s
p a r a m e t e r s

1 9 8 0  E b n er , e t  a l

1 9 8 2  E b n er , e t  a l

m o n k e y s  2 0 0  H z
0 .2  m S  

3 .6  m C /c m ^  
1 0 - 3 0  m in s

m o n k e y s  1 0 0 - 3 0 0  H z
0 .2  m S  

2 - 3  m A  
1 0 - 3 0  m in s

E f f e c t s  o f  c e r e b e l l a r  s t i m u l a t i o n

ะ d e c r e a s e d  or r e v e r se d  a b n o r m a l  
r e f le x  p a t te r n s  (EMG) w ith  
d e c r e a s e d  to r q u e  th a t  r e q u ired  to  
d is p la c e  th e  lim b

ะ m o d ified  th e  o r g a n iz a tio n  o f  th e  
s e g m e n ta l  r e f le x e s  

ะ p r o d u c e d  n o r m a l r e c ip r o c a l  
r e la t io n s h ip  o f  th e  EM G  a c t iv ity  
o f  th e  tr ic e p s  a n d  b ic e p s  m u s c le



Y ear R e f e r e n c e S u b je c t s S t im u lu s
p a r a m e te r s

E ffe c ts  o f  c e r e b e lla r  s t im u la t io n

1 9 8 7 D a v is , e t al m a n n o  d a ta ะ 6 6  % im p ro v ed  m o to r  p e r fo r m a n c e  
t e s t in g  a n d  15  % im p r o v e d  m o o d  
s t a t e s  (te n s io n , d e p r e s s io n , a n g e r ,  

fa t ig u e , c o n fu s io n )

1 9 8 7 S c h u lm a n , e t  a l cere b ra l p a ls y 1 5 0  H z  
0 .5  m S  
1 .4  m A  
4  m in s

ะ im p ro v ed  in  r a n g e  o f  m o tio n  o f  
j o in t s  a n d  in  m o to r  a b ility  (D o u b le  
b lin d  stu d y )

1 9 8 9 H ersh ler , e t  al cere b ra l p a lsy  
(a d u lt)

2 0 0  H z  
1 6 - 4 0  v o lt s  

2 5  m in s

ะ im p ro v ed  g a it  a n d  s p e e c h

CO
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