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Exper imen t s  to v i sua l i ze  the u l t r a son ic  f ield during pas sage  of focused u l t rasound  through 
p a r t  of the skull  in an imals  and man demons t ra t ed  that the local  t r e a t m e n t  of b r a i n  s t r u c -  
tu res  by u l t rasound  without opening the skul l  is  a poss ib i l i t y .  

Seve ra l  w o r k e r s  [3, 4, 6] have es tab l i shed  the poss ib i l i t y  and developed techniques for the c rea t ion  
of local  loci  of des t ruc t ion  and t e m p o r a r y  functional changes in s t r u c t u r e s  of the cen t ra l  nervous  s y s t e m  
by means of focused u l t rasound.  This is  a more  p r o m i s i n g  p rocedure  than others  of a s i m i l a r  nature  
( l a s e r s ,  focused in f r a r ed  rad ia t ion ,  proton b e a m s ,  etc.) and p o s s e s s e s  many advantages .  

An impor tan t  defect  of methods so far  developed for c l in ica l  or  expe r imen ta l  n e u r o s u r g e r y  us ing u l -  
t rasound,  prevent ing the extens ive  use  of this p romis ing  method, is  the need to have a la rge  t rephine  hole 
(up to 10 cm in d iamete r ) ,  which leads to cons ide rab le  d i sp lacement  of the b ra in ,  t he reby  compl ica t ing  the 
locat ion of i ts  ana tomica l  s t r u c t u r e s  by exis t ing  methods.  

The objec t  of the p r e s e n t  inves t igat ion was to study the pos s ib i l i t y  of t r ea t ing  local  b r a i n  s t r u c t u r e s  
through the c losed  skull  in an imals  and man with focused u l t rasound.  

Inves t iga t ions  [3,5] have shown that the r e s i s t a n c e  of the b ra in  and skul l  in the l iving and dead s t a tes  
to acous t ic  waves d i f fers  only v e r y  s l ight ly:  the geome t ry  of the focal  spot  r ema ins  constant  dur ing the 
sp read  of u l t rasound in the b ra in ,  wa t e r ,  o r  phys io log ica l  sa l ine  [5]. By taking advantage of this fact ,  the 
p rob lem has been solved in pa r t s  of the skul l  of human and animal  cadave r s  p laced  in d i s t i l l ed  wa te r .  
P i eces  of skul l  were  taken f rom an ima l s  (not l a te r  than 2-3 h a f t e r  death) and man (not l a t e r  than 10-12 h 
a f te r  death).  The skull  was opened under  water  to p reven t  a i r  f rom en te r ing  the cancel lous  l aye r  of the 
bone. 

Visua l iza t ion  of the u l t r a son ic  field was based  on the use  of T S p l e r ' s  opt ical  effect .  A photograph of 
the u l t r a son ic  field {without the c r an i a l  bones) obtained by this method is shown in Fig .  1. 

Radiat ion with a f requency of 1 MHz was used in the expe r imen t s ,  and the angles of opening of the 
focusing s y s t e m  ranged f rom 30 to 70 ~ . 

The focal  spot was sp ind le - shaped ,  4 m m  in d i a m e t e r  and 18 mm long for  an opening angle of 30 ~ 
and 3 and 15 m m  r e s p e c t i v e l y  for  an angle  of 70 ~ By means of this  method 200 a r e a s  of 90 human skul ls  
f rom pe r sons  aged 18-19 y e a r s ,  10 a r e a s  f rom 4 dogs '  Skulls ,  and 5 a r e a s  f r o m 3  c a t s '  s k u l l s w e r e  examined.  

During pa s sage  of the focused u l t rasound through the a n i m a l s '  (cat,  dog) skul l ,  some d i s to r t ion  of the 
geomet ry  of the u l t r a son ic  f ield was observed  as the r e su l t  of va r i a t ions  in th ickness  of the c r a n i a l  bone 
and in the rad i i  of cu rva tu re  in the region of i r r a d i a t i on ,  caus ing  d i sp l acemen t  of the focal  spot  f rom the 
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Fig .  1. P h o t o g r a p h  of  u l t r a s o n i c  f i e ld  
ob t a ined  by  m e a n s  of T S p l e r ' s  op t i c a l  
e f f ec t .  

F ig .  2. R e f l e c t i o n  of  f ocused  u l -  
t r a s o n i c  b e a m s  when the angle  of  
i n c i d e n c e  e x c e e d s  the  l i m i t i n g  
v a l u e .  

F ig .  3.  P a s s a g e  of  f ocused  u l t r a s o u n d  th rough  p a r t  of  the 
h u m a n  sku l l  f r o m  a p e r s o n  aged (a) 23 y e a r s  and  (b) 71 
y e a r s .  

t h e o r e t i c a l  d i s t a n c e ,  an i n c r e a s e  in the s i z e  of  the  foca l  spo t ,  and s o m e t i m e s  the e x i s t e n c e  of  s e v e r a l  foci .  
H o w e v e r ,  the h u m a n  s k u l l  shows l e s s  s e v e r e  v a r i a t i o n s  in t h i c k n e s s  and c u r v a t u r e  of  the  i nd iv idua l  a r e a s ,  
so tha t  a r e a s  of i r r a d i a t i o n  wi th  an  a p p r o x i m a t e l y  c o n s t a n t  r a d i u s  of  c u r v a t u r e  and t h i c k n e s s  cou ld  be  
c h o s e n .  When  i r r a d i a t i o n  was  g iven  th rough  t h e s e  a r e a s ,  no d i s t o r t i o n  of the  f i e ld  g e o m e t r y  was  o b s e r v e d .  

The  l i m i t i n g  angle  of i n c i d e n c e ,  amoun t ing  to 26 ~ , any e x c e s s  o v e r  which  led  to t o t a l  r e f l e c t i o n  (F ig .  
2), was  c a l c u l a t e d  t h e o r e t i c a l l y  and c o n f i r m e d  e x p e r i m e n t a l l y  (F ig .  2).* 

The essential fact was that the field geometry was unchanged if a layer of brain 40-50 mm thick was 

placed in the path of the ultrasonic beam. With an increase in the angle of opening, focusing of the ultra- 

sound through the part of the skull was improved. 

Ultrasound was shown to pass more readily through the cranial bones from younger subjects evidently 

because of the wider cancellous layer in them (Fig. 3a), whereas in the older skull (Fig. 3b) the compact 

layer, in which the water content is smaller, is of considerable thickness [2]. 

In the older skull there were areas with a reduction in thickness of the bone to 1.5-2 ram. During 

irradiation through these areas, passage of the focused ultrasound was improved (passage of ultrasound 
was not observed through museum specimens of bone, kept in the air for a long time, even after prolonged 

soaking in water). Analysis of the experimental results showed that, in principle, local treatment of the 
human brain through the skull by focused ultrasound is possible, in principle. 

The degree of distortion of the geometry of the focal spot, and also of displacement of the focal zone 
from the calculated values during passage of ultrasound through parts of the human skull lay within ac- 

ceptable limits for the neurosurgical and neurophysiological use of this method. 
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*The  v e l o c i t y  of  s p r e a d  of  u l t r a s o u n d  in w a t e r  was  t aken  as  1500 m / s e c ,  and in bone  a s  3350 m / s e c .  
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