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During determination o~ the lateral  boundary oi the ventrola tera l  nucleus of the thalamus 
during 32 s tereotaxic  operations for  parkinsonism, methods oI recording the motor  r e -  
sponse (EMG andt remorography)  to e lectr ical  stimulation were used. The investigations 
showed that analysis  of the duration of latent periods ot evoked motor  responses  enables 
the capsular  responses  ar r iv ing through loops of current  when the tip of the stimulating 
electrode lies in the ventrola tera l  nucleus to be c lear ly  differentiated from responses  
associated with direct  stimulation of the internal capsule. 

However accura te ly  the coordinates of the electrode tip are  calculated from intracranial  roentgeno-  
logic re fe rence  points during stereotaxic operations,  it is nearly always necessa ry  to introduce an addi- 
tional cor rec t ion  in o rde r  to determine the point of destruct ion more  accurately .  In most  cases  this addi- 
tional cor rec t ion  is based on changes in some physiological indices in response to e lect r ical  stimulation of 
par t i cu la r  subcort ical  s t ruc tures .  

In operations on the thalamus for  var ious types of hyperkinesia,  determination ot the la tera l  bounda- 
r ies  ot the ventrola tera l  nucleus is bound up with the problem of differentiation between motor  responses  
obtained by stimulation oi the vent ro la tera l  nucleus itself and responses  ar is ing f rom stimulation of the 
internal capsule.  To solve this problem, the wri ters  have used severa l  methods of recording motor  r e -  
sponses,  notably e lec t romyography and t r emorography .  

The special  features  of capsular  effects have been descr ibed previously [4-8], and Guiot et al. [4] 
and Skorpil [8] have investigated the t ime and velocity of conduction of excitation along the pyramidal  t ract  
following its direct  e lec t r ica l  stimulation with single pulses 1-2 msec  in duration. 

E X P E R I M E N T A L  M E T H O D  

This paper  analyzes the resul ts  of monopolar  stimulation of the ventrola tera l  nucleus during s te reo-  
taxie operations on 32 patients wLth different types of hyperkinesia.  The operations were performed under 
local anesthesia .  

Stimulation was applied with a stilet e lectrode (diameter 200 #), introduced at right angles for a con- 
t rol lable distance of up to 7 mm. The electrode was moved along a c i rcu la r  path at intervals oI 45 ~ Stimu- 
lation was applied at 3 levels of the ventrola tera l  nucleus, situated 3 mm apart (Fig. 1). 

Square pulses,  from 0.2 to 5 V in amplitude and with a constant frequency of 50 Hz, were used as 
stimuli.  In the f i rs t  stage of the investigation, the effects of stimulation over a wider frequency range 
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c Fig. 1, Scheme of c i r cu la r  e lec t r ica l  
st imulation of ventrola tera l  nucleus of 
the thalamus.  C - t r a j e c t o r y  of s t e reo -  
taxic cannula in thalamus; I, II, III) 
levels of e lec t r ica l  stimulation; V o a -  
an ter ior  ventrola tera l  nucleus; V o p -  
pos te r io r  ventrola tera l  nucleus; V i m -  
intermediate  ventral  nucleus; R t -  
re t icu la r  nucleus of the thalamus; P u -  
pulvinar; Cp.ip. - internal capsule; 
Cma - an te r ior  commissure ;  Zi - zona 
ineerta;  S th - sub tha l amie  nucleus; N i -  
substantia nigra. 
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Fig. 2. Decrease  in latent period as stimulating electrode 
moves c loser  to the internal capsule.  A) Electrode 5 mm 
from internal capsule; latent period exceeds 300 msec;  B) 
electrode at bo rde r  of capsule; latent period not exceeding 
20 msec  (accuracy of measurement  of t ime limited by 
proper t ies  of electromyograph);  1) EMG of extensors  of 
elbow; 2) EMG of flexors ot wrist;  3) EMG of extensors  of 
wrist;  4) t r e m o r o g r a m  of wrist .  Arrows denote beginning 
and end of stimulation. 

(from i to 100 Hz) were studied. These observat ions showed that, with the electrode in the ventrola tera l  
nucleus, application of single pulses was ineffective. It was therefore  decided to st imulate with ser ies  of 
pulses 3 sec in duration, the duration of each single pulse being 1 msec .  

The point of the target  corresponding to the center  of the ventrola tera l  nucleus was determined re l a -  
tive to a system of coordinates consist ing of the in te reommissura l  line and the perpendicular  drawn through 
its center,  using Schaltenbrand's [7] s tereotaxic atlas for  the calculations, and allowing for  the degree of 
hydrocephalus and constitutional pecul iar i t ies  of the skull. This point was located 2 mm pos te r io r  to the 
midpoint of the in te rcommissura l  line, and 4 mm super ior  to it. The c i rcu la r  stimulation began in the 
plane of the target  point (mean level of s t imulat ion,  Fig. 1). 

Objective control  of the muscle  responses  was provided by the e iec t romyogram and t r e m o r o g r a m .  
Elect romyographic  electrodes were placed superficial ly on var ious  muscle  groups in the limbs. The 
t r e m o r o g r a m  was recorded by the method developed and descr ibed previously [1]o 
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F i g .  3. La t en t  p e r i o d s  in m u s c l e  g r o u p s  of u p p e r  and 
l o w e r  l i m b s  d u r i n g  s t i m u l a t i o n  of i n t e r n a l  c a p s u l e .  1) 
EMG of s t r a i g h t  head  of q u a d r i c e p s  f e m o r i s  m u s c l e ;  2) 
EMG of g a s t r o c n e m i u s  m u s c l e ;  3) EMG of f l e x o r s  of w r i s t ;  
4) EMG of e x t e n s o r s  of w r i s t ;  6) t r e m o r o g r a m  of w r i s t ;  
7) ECG; 8) m a r k e r  of s t i m u l a t i o n .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The p h y s i o l o g i c a l  index  u s e d  to  de f ine  the  p o s i t i o n  of the  e l e c t r o d e  t ip  r e l a t i v e  to the  i n t e r n a l  c a p s u l e  
was  t he  l a t en t  p e r i o d  of the  m u s c l e  r e s p o n s e  to s t i m u l a t i o n .  M e a s u r e m e n t  of the  l a t en t  p e r i o d s  of m u s c l e  
r e s p o n s e s  of the  hand d u r i n g  s t e r e o t a x i c  o p e r a t i o n s  fo r  p a r k i n s o n i s m  [8] showed that  du r ing  m o n o p o l a r  
s t i m u l a t i o n  of t he  i n t e r n a l  c a p s u l e  the  l a t en t  p e r i o d  v a r i e d  b e t w e e n  15.5 and 21 m s e c  (13 p a t i e n t s ) ,  and in 
the  c a s e  of b i p o l a r  s t i m u l a t i o n  be tween  17 and 19.5 m s e c  (4 p a t i e n t s ) .  The  la ten t  p e r i o d  f o r  f l e x o r s  of the  
foot  wi th  b i p o l a r  s t i m u l a t i o n  was  25-32 m s e c  (4 p a t i e n t s ) .  Guiot  et a l .  [4], in an e a r l i e r  i n v e s t i g a t i o n ,  d e -  
t e r m i n e d  the  m e a n  l a ten t  p e r i o d  of r e s p o n s e s  of d i f f e r e n t  m u s c l e s  to e l e c t r i c a l  s t i m u l a t i o n  of the  i n t e r n a l  
c a p s u l e :  29 m s e c  fo r  e x t e n s o r s  of the  ank le ,  14.5 m s e c  f o r  the  r e c t u s  a b d o m i n i s  m u s c l e s ,  18 m s e c  fo r  
f l e x o r s  of the  f i n g e r s ,  and 9 m s e c  f o r  the  f a c i a l  m u s c l e s .  

The  l a t en t  p e r i o d  of the  m u s c l e  r e s p o n s e s  to s t i m u l a t i o n  of the  i n t e r n a l  c a p s u l e  thus  does  not e x c e e d  
35 m s e c .  F o r  th i s  r e a s o n ,  when th i s  index was h i g h e r  than  that  u p p e r  l i m i t  of the  c a p s u l a r  r e s p o n s e ,  it  
was  a s s u m e d  that  the  e l e c t r o d e  was  o u t s i d e  the  c a p s u l e .  A c c o r d i n g  to da t a  in the  l i t e r a t u r e  and the  w r i t e r s '  
o b s e r v a t i o n s ,  the  l a t en t  p e r i o d  to s t i m u l a t i o n  of the  v e n t r o l a t e r a l  nuc leus  of the  t h a l a m u s  is  much  h i g h e r  
than  th i s  va lue  [2, 3]. 

P r e v i o u s l y ,  when the  l a t en t  p e r i o d  was  not m e a s u r e d  a c t u a l l y  du r ing  the o p e r a t i o n s ,  the  m a i n  c r i t e r i o n  
u s e d  to a s s e s s  the  p o s i t i o n  of the  e l e c t r o d e  r e l a t i v e  to the  c a p s u l e  was v i s u a l  e s t i m a t i o n  of the  c h a r a c t e r  
of the  m u s c l e  r e s p o n s e s .  The  c a p s u l a r  r e s p o n s e  is  m a n i f e s t e d  by  c l o n i c o - t o n i c  s p a s m s  of m u s c l e s  on the  
o p p o s i t e  s i d e  of the  body  in the  r h y t h m  of s t i m u l a t i o n .  

In s o m e  c a s e s  it was p o s s i b l e  to o b s e r v e  ou tw a rd  m a n i f e s t a t i o n s  of m u s c l e  r e s p o n s e s  which c o r -  
r e s p o n d e d  v i s u a l l y  in c h a r a c t e r  to the  c a p s u l a r  r e s p o n s e  d e s c r i b e d  above .  Howeve r ,  as  the  c a l c u l a t e d  
da t a  showed,  in t h e s e  c a s e s  the  e l e c t r o d e  was at the  point  of the  t a r g e t  c o r r e s p o n d i n g  to the  c e n t e r  of the  
v e n t r o l a t e r a l  n u c l e u s ,  4 - 5  m m  away  f rom the  i n t e r n a l  capsu le~  The  l a ten t  p e r i o d s  h e r e  w e r e  much  g r e a t e r  
than  that  of the  c a p u l s u r  r e s p o n s e s .  T h e s e  r e s p o n s e s ,  r e s e m b l i n g  c a p s u l a r  in c h a r a c t e r ,  w e r e  e v i d e n t l y  
a s s o c i a t e d  with  the  a c t i o n  of loops  of c u r r e n t .  

Changes  in m u s c l e  r e s p o n s e s  d u r i n g  s u c c e s s i v e  m o v e m e n t  of the  e l e c t r o d e  f rom the  c e n t e r  of the  
v e n t r o l a t e r a l  nuc l eus  to the  i n t e r n a l  c a p s u l e  ( d i r e c t i o n  90 ~ w e r e  i n v e s t i g a t e d .  C h a r a c t e r i s t i c a l l y ,  when 
the  e l e c t r o d e  was  l oca t ed  4 m m  away  f r o m  the  i n t e r n a l  c a p s u l e ,  and when it was  a c t u a l l y  on the b o u n d a r y  
of t he  i n t e r n a l  c a p s u l e ,  in s o m e  c a s e s  the  v i s u a l  and e l e c t r o m y o g r a p h i c  p i c t u r e  w e r e  i d e n t i c a l ,  w h e r e a s  

* In this report, motor effects in response to stimulation specific for the ventrolateral nucleus, affecting 
mainly tremor and muscle tone, are not examined. 
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the latent per iods  as a rule  differed shapr ly  f rom each other ,  diminishing as the e lec t rode  moved 
c lo se r  to the capsule  (Fig. 2). 

Anatomical ly ,  the in ternal  capsule  can be subdivided somatotopiea l ly  f rom its an t e r io r  port ions to 
its pos t e r io r .  Guiot [5] showed, using the method of e l ec t r i ca l  s t imulat ion,  the p r ec i s e  segmenta l  d i f fe r -  
entiation of the capsule .  

In these  invest igat ions,  during s te reo tax ic  opera t ions  it was poss ib le  to obse rve  the r e sponses  de-  
sc r ibed  above during record ing  of the t r e m o r o g r a m  and e l e c t r o m y o g r a m  of musc l e s  of the upper  and lower  
l imbs,  in which they developed s imul taneously .  If, however ,  the e lec t rode  at the boundary of the capsule  
was located in the somatotopic  zone of the upper  l imb and the latent per iod cor responded  to the capsu la r  
t ime,  the latent per iod for  the lower l imb was cons iderably  g r e a t e r ,  and f requent ly  this could not be de-  
tected by visual  observat ion .  The reason  for  this was evidently that the capsu la r  somatotopic  zone of the 
lower limb, located some dis tance away, was involved secondar i ly  through loops of cu r ren t ,  and vice v e r s a  
(Fig. 3). 
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