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One of the least extens ively  studied chapters of the physiology of the sense organs is the physiology of the 
sensory structures of the sacs of the vest ibule and of the ampul lae  of the semicircular  canals of the membranous 
labyrinth.  The clQse ana tomica l  association between the semicircular  canals and the divisions of the vest ibule 
constitutes an almost insuperable obstacle to a separate study of the sensory structures of the non-audi tory  portion 
of the labyrinth.  Views on the function of the macu lae  and cristae of the labyrinth are often based on features of 
their ana tomica l  structure. However such views cannot be considered re l iab le  unless they are confirmed experi-  
men ta l ly  by comple te  e l imina t ion  of function of one or other structure. Thus the ana tomica l  resemblance in struc- 

ture of the macu lae  of both utr ic le  and saccule in vertebrates has led many investigators to consider the saccule 

and utr icle  together as organs of equil ibr ium [7]. However the first experiments  on warm blooded animals,  in which 
the saccule was successfully isolated,  led to the a l together  unexpected conclusion that the saccule exerted no in- 
f luence on proprioceptive reflexes [1, 5, 9]. Because of the close ana tomica l  association between the ampul lae  and 
the utr icle,  destruction of the macu la  utr icul i  and preservation of the ampul lae  could not be rea l ized .  Such at tempts 
led to damage  of the to ta l  endolymphat ic  region, affected the ampul lary  apparatus, and led to general  destruction 
of the labyrinth. 

Subject ing the an ima l  to centr i fugat ion was not a re l i ab le  method of de termining  the effect  of isolated de-  
struction of the otoli th apparatus of the utricle.  Firstly, after the otol i th apparatus had been torn away the sensitive 
epi the l ium of the macula  retained its function and gave information concerning l inear accelera t ions  [6]; secondly 
as a rule centr ifugat ion damaged  the cristae of the semicircular  canals,  and caused edema  in them [5]. 

SuccessfuI e l imina t ion  of function from the otol i th apparatus was not achieved by Hasegawa [3, 4] who used 
intravenous inject ion of sodium bicarbonate  to "dissolve the otoli ths".  After crystals of aragonite from rabbit  oto- 
iiths have been washed, not only do the sensory elements  of the acoustic macu lae  remain  undamaged (as is also the 
case when the otoliths are torn off during centrifugation),  but there remain  also small  spheres of the gummy sub- 
stance of the otoli th,  which may  take on the function of the otoli th.  This c i rcumstance probably explains the fact  
that besides finding no response to shaking, Hasegawa found no differences from normal  in the animats '  behavior 
or movements  as far as ab i l i ty  to mainta in  equil ibrium was concerned. 

Careful ly  avoiding doing anything which might damage the endotymphat ic  space of the utricle or the ampul-  
lae of the semicircular  canals,  Versteegh [9] tried to d ivide  the utricular nerve in the membrane  separating the 

upper and lower parts of the labyrinth.  However he was unable to divide the whole of the nerve, because its proxi- 
m a l  part supplying the proximat  part of the macula  utr icul i  was submerged in the bone. The method proposed by 
the Japanese authors [8] of dividing the utricular nerve of the rabbit  at its exi t  from the bony labyrinth also fails to 
satisfy the condit ion of e l imina t iong  utr icular  function alone,  because in this case not only is the utricular nerve 
damaged  but so also is the nerve supplying the ampul la  of the horizontal  semicircular  canal .  

We have a t tempted  to damage  the function of the otoliths alone by means of applicators giving sof t /3-radia-  
tion, for example  with a radioisotope of promethium-147 (Pm147). This substance gives off low-energy /3-particles 
(0.22 keV); the energy is so low that at a distance of 250 tl from the surface of the source (a distance equal  to the 
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Fig. 1. His tological  sections of the tempora l  bones; applicators intro- 
duced into the vestibule,  a) Plate of polyethylene sulfate; b) sphere 
of ion-exchange resin. Magnif icat ion 3.5 x 7. 

width of the sensitive layer of the macula)  the dose decreases to about 1/250 of the in i t ia l  amount. If the radio- 
ac t ive  appl icator  is fixed in the immed ia t e  neighborhood of the sensitive maculae  utriculi ,  it  causes their damage 

or destruction, but at the same t ime the arnpullary apparatus remains comple te ly  functional.  

The main  diff icul ty is to introduce the appl icator  onto the utricular macula .  Not only must a means of f ixa-  
tion of the appl icator  be devised, but its size, shape, and the ma te r i a l  of which it is made must be  appropr ia te ly  
chosen. The size and shape must ensure its close contact  with the sensory macu lae  utriculi .  The appl icator  should 

be made of ma te r i a l  which on the one hand wil l  absorb the radioac t ive  isotope, and on the other wil l  not cause dif-  
f iculties in his tological  t rea tment  of the tempora l  bone. The  most suitable substances in these respects is a plate 
of polyethylene sulfate measuring I x 2 ram, and a sphere of ion-exchange  resin KY-2 1 mm in d iameter .  

The operation of introducing the plate onto the macula  of the utricle is carried out under a binocular  loupe. 

The  rabbit is fixed on the bel ly ,  and the head is turned through a right angle to one side. The approach to the mid-  
dle  ear is through the externa l  auditory meatus. The midd l e - ea r  cavi ty  is opened sufficiently to allow access to 
the oval  window and to the promontory jutting out into the cavi ty  of the midd le -ea r .  The  promontory and the first 
turn of the cochlea  are removed by means of a denta l  dril l ,  and then a spherical  recess is made;  under the binocular 
loupe of the med ia l  wall  whitish cords can be seen which are the otol i th  of the sacculus. They are careful ly  re- 
moved,  or destroyed by a fine, long, and sl ightly bent hook. The  appl icator  is pIaced above this point, at the base 

of  the utricle.  For this purpose the plate is placed on a sharp slightly bent hook, and by this means is introduced 
into the vestibule by the thin end. The hook is removed, and the plate  pushed in and careful ly introduced into the 

base of the utr icle beneath its macula .  

By this means the appl icator  comes d i rec t ly  in contact  with the sensitive macular  utriculi ,  which has an area 
of about 1 mm 2. The macu la  saccul i  is destroyed in the course of the operat ion (Fig. la ) .  Despite the advantage 

of the operat ion just described,  which is carried out under d i rec t  visual controI, it has the disadvantage that the 
cav i ty  of the inner ear  is widely opened. Even when the operation is carried out under str ict ly steri le conditions, 
quite frequently it leads to infection of the inner ear,  i .e. ,  to uni la tera l  labyrintheetomy.  

We have also worked out another method of fixing the appl icator  in the utr icle:  a smal l  sphere of  ion-ex-  
change resin is introduced through the oval  window without damage  to the bony walls of the inner ear.. The  first 

part of the operation and access to the m i d d l e - e a r  have been described already.  After the midd l e - ea r  cavi ty  has 
been exposed, the mal leus  and incus are removed,  and the stapes is detached from the oval  window by means of a 
sharp bent hook whose end is inserted into the loop formed by the anterior and posterior legs of the stapes. Then 
the oval  window is freed from the primary membrane,  it d iameter  is somewhat enlarged by appl ica t ion  of a den ta l  
dr i l l  to the outer edges of the hole. A smal l  glass sphere is then introduced into the midd le - ea r  and inserted through 
the oval  window into the per i lymphat ic  space of the vestibule.  Here is occupies a position in which it is in contact  
with both the maeula  utr icl i  and the maeula  saccul i  (Fig. lb) .  

Radioact ive appiicators for soft E- rad ia t ion  from isotope Pm 147 are prepared as follows. Smal l  plates or 
spheres are kept  for 3 days in 5~ hydrochloric acid,  and then placed for 24 h in a solution of Pm m7 ni trate  at 
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Fig. 2. His to logica l  section of labyrinth with spherical  rad ioac t ive  
appl icator  in vestibule.  Magnif icat ion 3.5 x 7. The small  pictures 
are parts of the macu la  of the ntr icle  of the exper imenta l  an ima l  
(above) and of a hea l thy  an imal  (below) at high magnif icat ion.  

pH 4.0-6.0.  The  radioac t ive  plates or spheres are dried after they have been removed from the solution and are 
washed in dist i l led water; they are then immersed two or three t imes in an a lcohol ic  solution of BF-2 glue, and so 
covered with a thin layer of it. 

The  point at which the applicators are fixed in the vestibule and a l l  the morphologica l  changes in the tissues 
and organs of the labyrinth of the operated animals  in whose vestibule the radioac t ive  source has been placed are 
determined subsequently on h is to logica l  preparations of the tempora l  bone treated by the usual methods (f ixation 
in Vi tmak ' s  fluid, deca lc i f ica t ion ,  dehydrat ion in alcohols, and staining in hematoxyl in-eos in) .  

As an example  i l lustrating how an isolated destroyed otoli th apparatus may  be obtained by introduction of a 

rad ioac t ive  appl icator  into the vest ibule we show a photograph of a h is to logica l  section of a rabbit  labyrinth after 
a spher ical  rad ioac t ive  source had been introduced into the per i iymphat ic  space of the vest ibule (Pig. 2). The con- 
tinuous effect  of the radiat ion produced a loca l  destruction of the sensory otoli th areas in the vest ibule.  The  degree 
of tissue damage  may be es t imated by a comparison of the irradiated and control otoli th organs shown at high mag-  
nif icat ion.  Both the sensory cei ls  and the nerve fibers of the macu lae  utr icul i  and saccul i  have comple te ly  dis- 
integrated and have been replaced by edematous connect ive tissue. 

At  the same t ime  no morphologica l  changes of the ampul lary  apparatus can be seen. The  only except ion is 
that  there is some d i la ta t ion  of the blood vessels of the cristae.  In general  a l l  the tissues of the irradiated labyrinth 
show an increased vascular izat ion.  

Our method of f ixat ion of a rad ioac t ive  applicators producing soft g - r ad i a t i on  into the vest ibule enables  a 
s tr ict ly loca l ized  radiat ion of the tissues of the peripheral  end of the vestibular analyzer  to be produced; isolated 
damage  of the otoli th organ of equi l ibr ium may be infl icted while the ampul la ry  apparatus of the semicircular  
canals is preserved. 
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