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The purpose of t h i s  study was t o  obtain  background information on the  
neural innervation of accommodation of the  eye. This was obtained by e l e c t r i -  
cal ly  stimulating the  c i l i a r y  ganglion i n  c a t s  with biphasic pulses of varying 
voltage and frequency Pram a Grass stimulator, and measuring the  re f rac t ive  
s t a t e  of the  eye with an eye refractaneter  (Rodenstock). Varying the e lectro-  
motive force (EMF) of the  stimulus produces a graded response, presumably by 
the  number of f i b e r s  made act ive  ( spa t i a l  summation). Varying the  frequency 
of the  s t i m l u s  (temporal summation) produced a threshold response a t  about 
4 cycles per second and a l inear ly  graded response from 20 t o  35 cycles,  
depending upon the  EMF, a f t e r  which it  remained constant. The slope of the 
l i nea r  frequency response (frequency sens i t i v i t y )  increases with the  EMF. 
Within a ce r t a in  centra l  range of frequency and EMF, e i the r  of the parameters 
may be substi tuted f o r  the  other  t o  provide a given level  of a c c m o d a t i v e  
response. A f i f t e e n  year old cat  a l so  was studied and the  accommodative response 
t o  e l ec t r i ca l  etimulation of the  c i l i a r y  ganglion was measured and graphed. 
The accomnodative amplitude of the  aged ca t  was found t o  be lower than t h e  
mean amplitude of a group of young ca t s ,  but not s ignif icant ly  so. The ca t  
was estimated t o  have an age equivalent t o  a man of 75-70 years. Since man 
shows l i t t l e  o r  no accommodative amplitude (absolute presbyopia) a t  t h i s  age, 
it i s  apparent tha t  no s imilar  phenomenon occurred i n  t he  aged cat. 

Svidence is offered t o  support the Hess theory of a physiological reserve 
of acccmmodative amplitude. 

The significance of the findings i n  re la t ion  t o  the r a t i o  between accommo- 
dat ive  convergence and accommodation (AC/A) i s  discussed. 
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SECTION I 

ACCOMMODATIVE RESPONSE OF THE EYE TO ELECTRICAL 
STIMULATION OF THE CILIARP GANGLION I N  CATS 

Lt . Colonel Elwin Marg, USA. 
1st Lieutenant Johnie L. Reeves, USAF (VC) 

Captain Wallace E. Wendt, USAF (VC) 

The peripheral  parasympathetic pathway f o r  the  cont ro l  of a c c o m d a t i o n  
is well  k n m .  The ?reganglionic f i b e r s  appear t o  originate i n  the  Edinger- 
Testphal nucleus of the  I I I r d  nerve center.  These f i b e r s  help form the  
oculomotor t runk ard go t o  the c i l i a r y  ganglion i n  the orb i t .  After  a c e l l  
s ta t ion ,  the  medullated postganglionic f i b e r s  emerge from the  ganglion i n  
numerous short  c i l i a r y  nerves which pierce the sc l e ra  i n  a r i n g  around the  
op t i c  nerve. Losing t h e i r  medullary sheath, t he  f i b e r s  course through the  
sc l e ra  t o  t h e  c i l i a r y  plexus, thence t o  the  c i l i a r y  muscle. 

The smooth c i U a r y  muscle contracts  i n  sphincter-fashion ard, through 
the  zonule f i b e r s  releases the  tension on the  capsule of the c rys t a l l ine  
lens. I n  response t o  the contract ion of the capsule, the lens  takes on a 
higher curvature, thus increasing the  ref rac t ive  power of the  eye. 

Up t o  the  present time s tud ies  of the  nervous pathways control l ing 
accommodation, reviewed by Morgan ( ~ e f .  I ) ,  have been concerned not with the  
mechanism of accommodative gradation but with the pathways f o r  parasympathe- 
t i c  and sympathetic cont ro l  of accommodation and t h e i r  r e l a t i v e  roles .  
These f indings indica te  tbt in general only the  parasympathetic should be 
considered of p r a c t i c a l  s ignif icance since the sympathetic, through the long 
c i l i a r y  nerves t o  the eye, controls  only about 1/10 of the  t o t a l  d iop t r i c  
range, and this i n  a negative direct ion.  

The genera l  purpose of this study i s  t o  invest igate the  peripheral  para- 
sympathetic mec b n i s m  f o r  the  graded con t ro l  of accommodation. Specif ical ly,  
this paper is concerned with the  accommodative response of the c a t ' s  eye t o  
e l e c t r i c a l  s t imulat ion of the  c i l i a r y  ganglion. This is, perhaps, a f i r s t  
s t e p  i n  the study of the  neural  mechanism corrtrolUng accommdation. 

HOW i s  accommodation control led by parasympathetic impulses? It i s  
generally believed t h a t  the  gradation of maintained m t o r  funct ion depends on 
two cha rac te r i s t i c s  of nerve propagation: 

1. The number (and perhaps d i s t r ibu t ion )  of f i b e r s  ac t ive  i n  the nerve 
bundle. 

2. The frequency of discharge of these ac t ive  f ibers .  

These cha rac te r i s t i c s  of motor gradation have been studied i n  voluntary motor 
systems ( ~ e f .  2 )  and i n  autonomic e f fec to r s  ( ~ e f .  3) such a s  the  sympatheti- 
c a l l y  control led n i c t i t a t i n g  membrane of the c a t  and the parasympathetic 
M ~ U S  cont ro l  of the  heart.  I n  so f a r  as we have been able  t o  determine, no 
one has invest igated these cont ro l  cha rac te r i s t i c s  i n  the  parasympathetic 
accommodation of the  eye. 



A Grass Stimulator (Male1 3 ~ )  provided the e l ec t r i ca l  stimulus. This 
o sc i l l a to r  generates monophasic o r  biphasic wave forms with variable voltage, 
frequency and pulse duration. The stimulus was applied t o  the  c i l i a r y  gang- 
l ion  by two polyethylene-inmlated solid s i l v e r  wires (No. 24) held together 
by a l a rger  polyethylene tube. The electrodes were bared a t  the  t i p  fo r  
about 2 rrnn and separated by about 1 m. The electrodes were e i t he r  hooked 
around the c i l i a r y  ganglion or placed as t r ide  it. Generally, biphasic pulses 
were used. (Two stimulus pulses, one posi t ive  and one negative, were presented 
i n  each cycle. These were spaced only one msec. apart  and therefore were con- 
sidered t o  be a s ingle  stimulus pulse. The biphasic wave forms were used t o  
minimize polarization.) These were obtained by d i f fe ren t ia t ivn  of rectangular 
waves so tha t  zero potent ia l  was reached just a t  t he  end of each rectangle. 
The pulse duration of the  recte.ngular waves frnm which the  biphasic pulses 
were derived was fixed a t  one msec. Exploratory data  with pulse duration a s  
a variable indicated tha t  1 msec gave an optimum response. Calibration of t he  
stimulator with a cathode-ray oscilloscope against standard laboratory 
o sc i l l a to r s  and the  60 cycle power mains indicated that  the  st imulator scale  
readings were 20% high f o r  peak voltage (without a load),  5% high f o r  frequency 
and 18% high for  the pulse duration used. These e r ro r s  a r e  not considered 
serious and are  not corrected i n  the following data and graphs. 

The c i l i a r y  ganglion was exposed following t h e  procedure of Shen and 
Cannon (Ref. 4). Nembutal was generally used, but i n  sane instances decerebration 
provided the  anesthesia. A portion of the  zygomatic process and o rb i t a l  wall 
w a s  cut  away and the  i n f e r io r  oblique muscle exposed. The nerve innervating 
t h i s  muscle was followed back t o  the  c i l i a r y  ganglion which was found between 
the l a t e r a l  rectus  and the  op t ic  nerve. After the  electrode was fixed on the  
ganglion, the wound was closed with metal Michel suture c l i p s  which a l so  held 
the  electrode i n  place. In  order t o  avoid eye movements upon s t iuu le t ion ,  
two o r  more of the extraocular muscles usually were severed. 

C i r c u l ~ t i o n  t o  the  eye usually was not seriously disturbed. Only a few 
of the anter ior  c i l i a r y  a r t e r i e s  and veins which accompany the  r e c t i  muscles 
were severed. Generally only two muscles were cu t  so that  even these vessels 
were not a l l  disrupted. The c i l i a r y  body was stil l  served by i ts  usual p r i -  
mry supply, the long posterior c i l i a r y  a r t e r i e s  and the venous re turn  through 
the vortex veins. 

A Rodenstock Eye Refractmeter  provided an objective measure of the  s t a t e  
of refract ion of the  eye. The spectacle plane refract ion i n  diopters  was 

read d i r ec t l y  f r a  the  instrument d i a l  a f t e r  the  ta rge t  on the  fundus was 
opt ical ly  focused. A few drops of 1-1/2% sodiun bicarbonate solution were 
dropped on the  cornea a f t e r  each th ree  measurements. This maintained i ts 
good opt ica l  quali ty and prevented i t  f r a  drying. 



Young, fu l ly  grown c a t s  were pa r t i a l l y  iridectomized from several weeks 
t o  several months before they were used f o r  measurements. This surgery was 
necessary since stimulation of the c i l i a r y  ganglion would c lose  the  normal 
slit pupil,  making op t ica l  measurement impossible. It was convenient t o  
have a piece of in tac t  ir is which by a s l igh t  contraction following stimula- 
t i on  provided a check on adequate placement of the  electrode on the c i l i a r y  
ganglion. There was no need t o  employ an a r t i f i c i a l  pupil a s  would be 
necessary i n  a skiascopic determination of the  re f rac t ive  s t a t e  since t he  
entrance pupil of t he  eye-refractmeter  was sna l le r  than the exit pupil of the  
We. Thus no d i f f i c u l t y  was experienced because of the increase of op t ica l  
aberrations a r i s i ng  from the  la rge  pupil of the  pa r t i a l l y  iridectomized eye. 

The stimulus was applied f o r  about two seconds, just long enough t o  obtain 
a measuranent of the refraction.  This was read and recorded, again taking about 
two seconds during which time no stimulation was applied t o  the  c i l i a r y  ganglion, 
h c h  stimulus value was used three times and the corresponding re f rac t ions  
averaged. Stimulus values were applied i n  ascending order. 

Ngure 1 shows the  r e l a t i on  between the  stimulus e l ec t rmo t ive  force (EMF) 
i n  vo l t s  applied t o  the electrodes a t  the c i l i a r y  ganglion and the  re f rac t ive  
s t a t e  of the eye a s  measured a t  the  spectacle plane i n  diopters. A graded 
response of accamnodation a s  seen i n  Curve A i s  produced by varying the  voltage 
of t he  stimulus. Grading is probably effected by the  increasing number of 
neural elements brought in to  act ion by the  increasing voltage. (We have no 
way of determining i n  t h i s  experbent  the  e f fec t  of EMF, nor of frequency on 
the  individual s t ructures  responding t o  the  stimulus o r  i n  tu rn  on the indivi-  
dual nerve f i be r s  and motor units .  Such data  could be obtained by microelectrode 
recording techniques and i s  l e f t  f o r  future  research. A s  a f i r s t  assumption 
t h e  following two points seem reasonable: (1 )  The frequency threshold of the  
individual s t ruc tures  responding t o  the  stwmulus i s  generally of the  same order ;  
and gradation is effected by the  frequency response of the  individual effectors  
pa r i  Dassu with t ha t  of the  stimulus; (2) The ZMF threshold var ies  over the  
f u l l  range of voltage sens i t iv i ty  and the number of s t ruc tures  activated 
provides gradation. This is  necessary t o  remain within t he  framework of the  
all-or-none law. However, no such l imita t ion is  required fo r  the  frequency 
mechanism where it is reasonable t ha t  the individual s t ructures  responding t o  
the  stimulus w i l l  follow the  stimulus pulses up t o  t h e i r  maximum response 
frequency which i s  cer ta in ly  not reached i n  t h i s  experiment ,) Curve B, shows 
substant ia l ly  the  same r e su l t  f o r  another eye. It is worth noting tha t  t he  ac- 
commodative amplitude appears t o  be about 2 diopters  (D,). One in te res t ing  
difference i n  Figure 1 is the apparent i n i t i a l  dip i n  Curve B before the 
r i s e ,  Although the  d i p  i n  t h i s  curve is based on only one point, i t  may be 
s ignif icant  a s  it occurred frequently i n  s imilar  curves f o r  a large number of 
cats.  However, it must, f o r  the  time being, be considered an a r t i f a c t  s ince 
there  appears t o  be no l i ke ly  explanation i n  terms of present accepted knowledge 
of the physiology of the eye. (For exemple, one could hypothesize tha t  there  
a r e  srme sympathetic f i b e r s  i n  t he  c a t ' s  c i l i a r y  ganglion f r m  the  th i rd  nerve 
which have a lower e l ec t r i ca l  threshold than the parasympathetic f i b e r s  and 
a r e  therefore stimulated f i r s t  . tbwever t h i s  hypothesis would be pure speculation. ) 



~ o t  infrequently the gradation portion of the EPiF response curve tended to  be 
l i n e a r  as  seen i n  Figure 1 ,  Curve A ,  but generally t h i s  function was curved. 

Figure 2 i l l u s t r a t e s  t h e  effect  on acccll~pnodation of varying the  frequency 
of the  stimulus t o  the  c i l i a r y  ganglion. The open c i r c l e s  represent the  da t a  
frm one eye of one ca t  and the  closed c i r c l e s  from one eye of another ca t .  
The ordinates were adjusted t o  provide superposition of the curves a s  may be 
seen frau the  two scales,  one on the  l e f t  and the  other on the  r ight .  The 
stimulus frequency threshold appears t o  be a t  about 4 cycles per second and 
fran other curves not shown here it may vary be twea  2 and 6 cycles. After 
t he  threshold, there  appears t o  be a l i nea r  re la t ionship between frequency of 
stimulation and accommodation i n  diopters.  A t  about 21 cycles (with a 5 vol t  
stimulus) accd~~~~loda t ion  appears t o  reach i ts  maximum and increasing the  frequency 
does not appear t o  have fur ther  effect .  The e f fec t  of frequency on accommodation 
can be expressed a s  the  slope of the  ac t ive  l i nea r  portion of t he  curve which, 
i n  these instances a t  5 vo l t s  is 0.10 d iop te r  per cycle. It may be noted tha t  
the amplitude of accommodation f o r  both curves i n  Figure 2 is the same a s  f o r  
both curves i n  Figure 1, about 2 D o  Each of these four curves was obtained 
f r m  d i f fe ren t  eyes. 

In  order t o  determine the  importance of the  anesthesia used i n  t he  present 
experiment, the  curve i n  Figure 2 corresponding t o  the  ordinate scale  on the  
l e f t  (closed c i r c l e s )  was taken a f t e r  the animal had been decerebrated under 
e ther  anesthesia. The other  curve (open c i r c l e s )  was taken under nernbutal 
anesthesia. It does not appear t ha t  nembutal anesthesia i n t e r f e r e s  with the  
experiment and was therefore used generally. The 2.50 Dm difference i n  the  
ordinates  is  due t o  the  basic re f rac t ive  s t a t e  of these two eyes,not t o  t h e  
anesthesia. 

The in te r re la t ionsh ip  of frequency and EMF on the  re f rac t ive  s t a t e  of the  
eye is demonstrated i n  Figure 3 by a family of frequency curves taken a t  d i f -  
ferent  voltages. The lower th ree  curves (1, 1-1/2, and 2 vo l t s ) ,  a r e  measured 
f r m  one eye and the  upper three  curves (3*5* and 10 vo l t s )  a r e  measured frm 
the  other eye of the  same cat .  Bach curve has been a r b i t r a r i l y  ra ised 0.50 D. 
more on t he  ordinate than the  curve d i r ec t l y  below i t ,  with t he  exception of 
the  3 vo l t  curve where t h e  step i s  1.00 D. I n  other  words, the  1 vol t  curve 
i s  a s  measured; the  1-1/2 vo l t  curve is  shif ted 0.50 D o  upward on the ordinate ; 
the  2 vo l t  curve, 1.00 D. ; the  3 vo l t  curves, 2.00 D. ; the  5 vol t  curve 2.50 D. ; 
and f i n a l l y  the  10 vo l t  curve 3.00 D o  This separation was made for  c l a r i t y  of 
presentation by avoiding in te r lac ing  of the  d i s t r ibu t ion .  

It seems c l ea r  tha t  the  frequency threshold, independent of voltage, i s  
4 cycles per second. It a l so  appears t ha t  the  s ens i t i v i t y  of the frequency 
gradation mechanism increases with increasing voltage. This  is  seen i n  the  
slopes of the  l i n e a r  cen t ra l  portion of the  curves. A s  t he  EMF increases 
through 1, 1-1/2, 3, 5, and 10 vo l t s ,  the  frequency sens i t i v i t y  increases 
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t h m g h  0.02, 0.04, 0.06, 0.08, 0.10, and 0.12 diopters  per cycle respectively. 
The maximum aocammodative response, regardless of frequency, appears t o  be 2 D. 
However, t h i e  maximum, a s  already suggested by Figure 1 is  not reached u n t i l  
the EMF is  raised t o  between 3 and 5 volts .  Within a ce r t a in  cen t ra l  range of 
frequency and voltage, these two parameters may be subst i tu ted f o r  each other  
t o  provide a given leve l  of accamodative response. 

DISCUSSION 

Bozler (Ref. 5). i n  h i s  c l a s s i f i ca t i on  of muscle, c a l l s  smooth muscle 
nmultiunita when it is motor nerve controlled and has many u n i t s  (not syncyt ia l )  
and hence a c t s  somewhat l i k e  ske le ta l  muscle. The n i c t i t a t i n g  membrane and 
blood vessel  musculature a re  included i n  t h i s  c lass ,  Allen (Ref. 6 ) .  has provi- 
ded fur ther  evidence, baaed on the  l a t e n t  period o f ,  and temporal sumnation i n  
the  c i l i a r y  muscle of an enucleated eye, which puts t h e  c i l i a r y  muscle i n  t h i s  
group. Further, a s  Allen points out ,  the  a b i l i t y  t o  grade accomnodation i s  
addit ional evidence tha t  accdmmodation i s  effected by multiunit  smooth muscle. 
The f ine  mechanism of accommodative gradation has been quanti tat ively invest i -  
gated i n  the  present paper. 

The gradation of function of an effector ,  a s  already mentioned, is  con- 
t ro l led  by changing e i t h e r  the  number of ac t ive  un i t s  o r  t h e i r  frequency of 
discharge, Lindsley (Ref. 2). i n  an investigation of t he  e l ec t r i ca l  a c t i v i t y  
of human motor u n i t s  during voluntary contraction, found tha t  changes i n  both 
t h e  number and frequency of u n i t s  operate together throughout the  range of con- 
t rac t ion  i n t ens i t i e s ,  He concluded t h a t  change i n  frequency i s  probably the  
more de l i ca t e  grading mechanism and change i n  number the more effect ive ,  The 
lowest regular frequency of response tha t  he found i n  s t r i a t e d  muscle was 3 
cycles per second, and the  highest 50 cycles per second. 

The r e s u l t s  i l l u s t r a t ed  i n  Figure 3, showing a stimulus frequency grada- 
t i on  s ens i t i v i t y  frcon 4 t o  a t  l e a s t  37 (33 corrected) cycles per second make 
it appear t ha t  smooth c i l i a r y  muscle has a frequency innervational pat tern  
s imilar  t o  tha t  of s t r i a t e d  muscle. (However, it should be noted that  ske le ta l  
m s c l e  w i l l  respond t o  frequences of l e s s  than 4 cycles per second although the  

response may not be tetanic.)  It seems, fu r ther ,  tha t  e i t h e r  t he  number of 
f ibers ,  o r  t he  frequency of discharge can control  the  s t a t e  of accoarmodation 
anywhere within i t s  f u l l  amplitude provided a cer ta in  minimum frequency (about 
20 cycles per second) or  a ce r t a in  minimum number of u n i t s  (corresponding t o  
about 3 vo l t s )  is maintained. 

Unfortunately, there  is no simple way t o  determine the  quant i ta t ive  re la-  
t ionship between the  EMF and the  r e l a t i ve  number of ac t ive  f i be r s  i n  the  path- 
way between the c i l i a r y  ganglion and the  c i l i a r y  muscle. However, i t  i s  c l e a r  
tha t  with a constant EMF (i.e. with a given number of u n i t s  ac t ive)  t he  s t a t e  
of accoamodation i n  diopters  is d i r ec t l y  proportional t o  the  frequency of 
s t b u l a t i o n .  One might use the  term nneurodiop te i  t o  express t ha t  un i t  of 
neural innervation which changes accannnodation 1 diopter ,  a term s imilar  t o  
the  myodiopter of Flieringa and van der Hoeve (Ref. 7). Assuming tha t  the  
frequency of s t i m l a t  ion may be considered t he  degree of neural innervat ion, 



Figure 3 shows t h a t  t h e  neurodiopter is  a l i n e a r  u n i t  when frequency i s  t h e  
gradation mechanism i n  c y c l e s  per  second ( t h e  rec iprocal  of t h e  s e n s i t i v i t y ) a n d  
becomes a smaller  u n i t  as t h e  EMF (1.e. number of a c t i v e  f i b e r s )  increases  
and Figure 3 shows a decrease of neurodiopters  from 52 c y c l e s  t o  8 cycles ,  
I n  o the r  words, t h e  s e n s i t i v i t y  of t h e  frequency mechanism ( t h e  rec iprocal  
of t h e  neurodioptr ic  va lue)  is a funct ion  of t h e  st imulus Dll? ( o r  t h e  number 

of a c t i v e  f i b e r s ) ,  Contrariwise,  it appears t h a t  the  s e n s i t i v i t y  of grada- 
t i o n  regulated by varying t h e  number of a c t i v e  f i b e r s  i s  a funct ion  of t h e  
frequency. 

Are t h e  frequency and number mechanisms independent of each o ther?  Th i s  
appears t o  be t r u e  at the  low frequency threshold where t h e  value is 4 cyc les  
regardless  of t h e  EMF, However, t h e r e  is a s i g n i f i c a n t  dev ia t ion  f r a n  inde- 
pendence a t  t h e  high frequencies where t h e  maximum frequency which inc reases  
t h e  response appears t o  decrzase a s  t h e  number of f i b e r s  increases,  

Figure 4 is a redrawing of t h e  curves  of Figure 3 with the  base l i n e  of 
each curve put at the  same l e v e l  on t h e  ordinate.  The s o l i d  l i n e s  show the  
ac tua l  curves,  which a t  t h e  3 ,  5, and 10 v o l t  l e v e l  appear t o  be prevented 
from reaching t h e i r  f u l l  he ight ,  i .e , ,  amplitude of accommodation. The bro- 
ken l i n e s  i n  Figure 4 a r e  obtained by ext rapola t ion  based on the  d i s t a n c e  be- 
tween t h e  curves and t h e  s h i f t  of t h e  i n f l e c t i o n  point of each curve, They 
ind ica te  a s  Hess and o t h e r s  (Ref, 8,9,10)believe, that  t h e  neuromuscular phase 
of  accollpnodation (physiological  accommodation)is g r e a t e r  than t h a t  l imi ted  
by t h e  suppleness of t h e  c r y s t a l l i n e  l e n s  (physical  accommodation). I n  Figure 
4, t h e  physical accommodation i s  2 D,, and the  physiological  accommodation 
i s  presumably about 3 D. Th i s  could a l s o  be checked by using hamatropine a s  
a p a r t i a l  cycloplegic a s  did F l i e r inga  and van der  Hoeve but using the  length  
of the  slope a s  an i n d i c a t i o n  of the  f u l l  e l i c i t a t i o n  of the  frequency me- 
chanism. I n  o the r  words, the  lower voltage curves appear t o  show t h e  f u l l  
funct ion  o r  amplitude of the  frequency mechanism, I f  t h i s  f u l l  frequency 
amplitude could be shown with the  higher voltages with homatropinization 
of the  eye f u r t h e r  j u s t i f i c a t i o n  would be provided f o r  the  ext rapola t ion  of 
the  curves i n  Figure 4. 

A s  mentioned e a r l i e r ,  t h e r e  has been considerable study of t h e  frequency 
response of autonomic e f fec to r s .  A summary of these  inves t iga t ions  has been 
pu b l i  shed by Rosenblueth ( ~ e f  . 3 ) . Generally, autonomic frequency -response 
curves measured i n  degrees by t h e  angle of movement of pilomotor ac t ion  i n  
a c a t ' s  t a i l  o r  the  isometric  o r  i so ton ic  cont rac t ion  of t h e  n i c t i t a t i n g  mem- 
brane of  a c a t ' s  eye a r e  rec tangular  hyperbolas, The frequency gradat ion  
mechanism of a c c m o d a t i o n ,  however, becmes  l i n e a r  when measured i n  d i o p t e r s  
a f t e r  being transformed i n t o  the  sphincter - l ike  ac t ion  of the  c i l i a r y  muscle 
and then i n t o  d i o p t r i c  power by changes i n  t h e  physical  conf igura t ion  of t h e  
c r y s t a l l i n e  lens.  (This  function i s  hyperbolic when accommodation i s  measured 
i n  l i n e a r  u n i t s ,  i.e. meters.) This is indeed a wonder. It br ings  t o  mind 
another i n t e r e s t i n g  l i n e a r i t y ,  the  r e l a t i o n s h i p  between accommodative-con- 
vergence expressed i n  angular rneasure such a s  degrees o r  cent rads  and accommo- 
da t ion  expressed i n  d i o p t e r s  (Ref. 11, 12).  This  r e l a t ionsh ip  i s  abbreviated 



A If, a s  has been demonstrated here, the re la t ionship between the f r e -  
quency of eecamm%etfra & i m l u s  and accanmodation is l inear ,  and i f  the  
AC/A is l inear ,  then it can be concluded t h a t  the  re la t ionship between con- 
vergence and the frequency of convergence innervation is  l inear .  This could 
be conf iriped d i r ec t ly  by a similar experiment s t i nu l a t  ing the extraocular 
muscles. 

The f ac t  tha t  t he  perf pheral mechanism of accornmndation appears t o  have 
a l i n e a r  gredation system would seem t o  imply tha t  the whole AC/A neuro- 
ntusmlar innervational chain is composed of l i n e a r  l inks.  For i f  one l i n k  
i n  an innervational chain is l inea r  and the  system a s  a whole is l i nea r ,  then 
it seems l ike ly  t ha t  each separate section of the system is a l so  l inear.  
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Figure 3. Family of frequency stimulus-response curves taken a t  different  voltages 
a s  noted by numbers at  the extreme right.  Each curve has been arb i t ra r i ly  
raised 0.50 D. on the ordinate above the curve below it, except for  the 3 
volt  curve which has been raised 1.00 D o  The s h i f t s  were made fo r  c lar i ty  
of presentation. For f u l l e r  explanation, see text .  

Figure 4. Solid l ines  are  the curves fromthe previous figure with all  base l ines  
se t  together on the ordinate. Broken l ines  are  extrapolations. For 
interpretation, see tex t .  
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SECTION I1 

ACCOMMODATIW RESPONSE OF THE EYE OF AN AGED CAT 
TO ELECTRICAL STIMULATION OF THE CILIARY GANGLION 

Lt Colonel Elwin Marg, USAF 
1st Lieutenant Johnie L. Reeves, USAF (VC) 

INTRODUCTION 

It is well known that man's power of accommodation is progressively and con- 
tinuously reduced throughout most of his life. He is born with almost 18 diopters 
(D.) of potential accommodative amplitude. At 10 years of age the amplitude is 
about 15 D.; and it is generally believed that it reaches a minimum of 1 D. or less 
at about 60 years. 

What is known about accommodative amplitude and age in animals other than man? 
Although the ability to accommodate is well established in various mammals from 
stimulation experiments, there is no experimental evidence available as yet to show 
that mammals other than the primates actually accommodate in the course of their 
normal activity. Although reference to presbyopic animals, indicating a reduction 
of accommodation with age, may be found in the literature, it appears to be based 
on anthropomorphism rather than experimentation. We have been able to find no 
evidence that animals other than man exhibit a reduction of accommodation with age. 

We were fortunate in obtaining for experimental use a cat unquestionably known 
to be 15 years old. This animal was used in an experiment similar to those of the 
previous study on a group of young cats (Section I) . The question was, does the 
accommodative amplitude in the aged cat differ significantly from that in young 
cats? If the aged cat's amplitude is significantly lower, then perhaps the process 
which reduces accommodative amplitude is similar to that in man. If the amplitude 
is not significantly reduced, it might be of interest to future investigators of 
presbyopia in man to determine why cats do not suffer a similar affliction. 

PROCEDURE 

The subject was a 15 year old neutered domestic short-haired cat which had been 
in excellent health except for several infected teeth extracted soms months previ- 
ously. The eyes were partially iridectomised; and the experimentation was done 
after the animal had completely recovered from this surgery. Under nembutal anes- 
thesia the ciliary ganglion was exposed. The inferior rectus and inferior oblique 
were severed to prevent eye movement upon stimulation. The silver bipolar electrode 
was placed across the ganglion and the wound was clamped shut. Stimulation was 
provided by a Qrass Stimulator set at 1 msec pulse duration with biphasic waves. 
This is essentially a differentiated rectangular wave with the discharge timed so 
that the zero potential is reached at the time the negative phase or latter half of 
the cycle begins. m e  pulse duration is the duration of an original square wave. 

RESULTS 

Figure 5 shows the relation between stimulus voltage at 25 cycles per second 
and the refractive state of the eye in diopters referred to the spectacle plane. It 
appears to be essentially linear over its gradation length of 2 4 2  volts and then 
levels off. The accommodative amplitude is about 1.3 D. 
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Figure 6 shows the r e su l t s  of varying stimulus frequency a t  10 vol ts .  With 
the exception of one s t ray  point a t  6 cycles, the relationship i s  essent ial ly  
l inear  over its gradation range from 4 t o  30 cycles. The amplitude of accommo- 
dation i s  1.5 D. 

DISCUSSION 

The stimulus voltage curve (Fig. 5) of the aged ca t  has no obvious charac- 
t e r i s t i c s  tha t  distinguish it from similar curves of younger cats .  Although the 
maximum gradation voltage of 2 4 2  i s  low compared t o  tha t  of 5 vol t s  f o r  the 
young ca ts  (Fig. l ) ,  the value appears t o  be within the range of normal variation, 
since some young ca t s  alao showed higher voltage sensi t ivi ty .  Furthermore, the 
voltage sens i t iv i ty  m y  be dependent, in part, on the placement of electrodes and 
the short-circuiting ef fec t  of surrounding t i ssue  and f luids ,  so tha t  it cannot 
be depended upon a s  a re l iab le  absolute measure between two different  preparations. 
The accommodative amplitude i s  low compared with the approximate 2 D. values from 
young ca ts  seen in figures 1 and 3. Hence there may be a reduced amplitude of 
accommodation i n  the aged ca t  indicated by this curve. This topic w i l l  be dis- 
cussed i n  d e t a i l  l a t e r .  

The stimulus frequency c w e  (Fig. 6)  of the old ca t  has no obvious charac- 
t e r i s t i c s  tha t  distinguish it from similar curves of younger cats .  The lower 
frequency threshold a t  4 cycles per second does not appear t o  d i f f e r  in the two 
se t s  of data; and the upper frequency threshold, considering the possible un- 
r e l i a b i l i t y  of comparing absolute voltages from one preparation t o  another seema 
t o  be within normal l imi ts  fo r  young cats.  The amplitude of accommodation i s  
1.5 D., which i s  low when compared t o  tha t  shown in the curves f o r  young ca ts  i n  
figures 1 and 3. 

The only important feature of the data from the old ca t  compared t o  tha t  of 
young ca ts  appears t o  be a reduction i n  the amplitude of accommodation. 'Ihe next 
and obvious question i s  how significant i s  t h i s  apparent reduction? In other 
words, i s  it l ike ly  tha t  the difference i n  accommodation i n  the two experiments 
i s  due t o  experimental variation rather  than being a rea l ,  significant difference? 

Significance of the A~rwrentlv Reduced Amrditude 

The or iginal  raw data from young ca t s  were studied with a view t o  determining 
the limits of the amplitude of accommodation. Where different  curves obtained 
from the same eye did not agree a s  t o  amplitude, the highest value was chosen on 
the assumption tha t  it was probably closer t o  the r ea l  amplitude. This seems 
reasonable since poor electrode placement, injury from the surgery or the stimula- 
t ion, or fatigue, may cause a decrease i n  the apparent amplitude. Seventeen s e t s  
of data showed a mean accommodative amplitude of 1.9 D. with a standard deviation 
of 2 0.4 D. The range was from 1.2 t o  2.6 D. Using the same c r i t e r ion  fo r  the 
amplitude on the curves of the aged ca t ,  the 1.5 D. value would be used for  com- 
parison. T h i s  value i s  only one standard deviation from the mean amplitude f o r  
young cats ;  and therefore cannot be considered s ignif icant ly low. 

Commrison of Amlitude in Cats and Man 

It i s  generally believed tha t  the average man's amplitude of accommodation 



i s  reduced t o  1 D. or l e s s  by the age of 60 and does not change a f t e r  that*. This 
is l e s s  than one-tenth the amplitude of youth. If  a para l le l  phenomenon took place 
in  cats,  one would expect t o  f ind 0.2 D. o r  l e s s  of amplitude i n  a ca t  which had 
the equivalent age of a 60 year old human being. What i s  then the equivalent age 
of a 15 year old cat?  There appears t o  be. no experimental evidence tha t  would in- 
dicate t h i s  relationship. Veterinary c l in i ca l  experience indicates tha t  one year 
of a ca t ' s  l i f e  i s  equal t o  f ive  or  s i x  years of a manls l i f e  (Ref. 13). On t h i s  
basis our aged ca t  would have an age equivalent t o  a man 75 t o  90 years! Hence 
l i t t l e ,  i f  any, accommodation would be expected i f  the course of man's amplitude 
were paralleled by tha t  of the cat.  

SUMMARY AND CONCLUSIONS 

The accommodative response of the eye of a 15 year old c a t  t o  e l ec t r i ca l  
stimulation of the c i l i a r y  ganglion was measured. The data were compared with 
those of a previous similar study on young cats .  The accommodative amplitude of 
the aged ca t  was lower than tha t  of the average young ca t ,  but not s ignif icant ly 
so. When compared with the decrease of accommodative amplitude with age i n  man 
(which gives r i s e  t o  presbyopia) it is clear  tha t  the aged ca t  exhibited no similar 
phenomenon. 

* These data are obtained by using stimulus values (subjective blur)  ra ther  than 
response values (as obtained by stigmatoscopy) which are  more valid. Unpublished 
preliminary r e su l t s  of Marg, E. and Ong, J. indicate t h a t  the accommodative amp- 
l i tude  i s  generally zero a f t e r  the age of 52. 
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