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NOTE TO THE READER 

When information is  presented in a large number of short ,  easy 
steps,  the learning process is  not only more efficient but also more 
pleasant.  Information presented in this form becomes a self-tutoring 
course.  As you read the questions in this manual,  we suggest  that  you 
verify your answers.  In this way the reader will  constantly check his 
knowledge of the material  presented.  

The authors recognize that  many readers studying this outl ine 
will  be familiar with the technical  terms used and that  a definit ion 
of each term is  not necessary.  A large part  of the material  presented 
here may not be new to the reader and some of i t  is  presented in the 
form of a review. 

Some of the concepts of "program instruction" are used. I t  is  
assumed that  the reader is  already familiar with the structure and 
function of the adult  eye and for the sake of brevity certain l ibert ies 
in programing have been taken. The effectiveness of a programed outl ine 
such as this,  is  improved with use and should never be considered a 
f inished product.  

The authors will  appreciate your cri t icism and suggestions.  We 
would l ike for you to call  to our at tention factual and typographical  
errors and the omission of relevant information which should have been 
included in this outl ine.  

Formal courses in embryology are currently offered in some 
colleges and medical  schools.  Few schools,  however,  teach the complete 
developmental  s tory of the eye.  I t  is  our aim to outl ine the basic 
concepts of the developmental  anatomy of the eye and to familiarize the 
reader with the basic vocabulary.  This is  a work manual.  I t  is  not a 
complete text  or source book nor does i t  replace books by authors such 
as Wolff (Last) ,  Mann, and Duke-Elder,  or  standard textbooks of embry
ology. I t  is  an adjunct to them. The objective is:  The reader should 
be able to explain the concepts of eye development in his own words,  
and to relate this knowledge to the normal and the abnormal adult  eye.  
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PREFACE 

The physician should recognize that  there are cri t ical  periods 
during prenatal  l i fe,  at  which t ime developmental  arrests are more 
apt to occur.  During these periods an organ will  be more sensit ive 
to the action of teratogenic agents,  detrimental  environmental  factors 
and errors in metabolism. There is  a definite need for a t ime table 
of development.  The late George L. Streeter made a fundamental  con
tr ibution to the t iming of human embryos in a series of monographs 
enti t led,  "Developmental  Horizons in Human Embryos".  A s ignificant 
question in human biology is  summarized best  in Streeter 's  own words:  

"Do the embryological  parts progress independently 
in unrelated order,  or do they f i t  into a precise 
system, each unit  of which comes into existence in 
an accurately-t imed sequence? If  the lat ter  is  
true,  we should know from the developmental  s tatus 
of one organ, the status of al l  the other organs in 
that  part icular specimen. From the kidney alone,  or 
from the membranous labyrinth,  or from the shaft  of 
the humerus we should be able to reconstruct  the 
whole embryo." 

If  the developmental  t ime table is  interrupted,  what happens? 
Is  development l ike a game of pool where each ball  is  numbered and 
must go into a part icular pocket in an exact sequence? Do the l ines 
of the poet,  Qnar Khayyam, apply to embryology? 

"The moving f inger writes;  and, having writ ,  moves 
on: nor al l  thy piety nor wit  shall  lure i t  back 
to cancel half  a l ine,  nor al l  thy tears wash out 
a word of i t ."  

A few years ago a knowledge of the physiologic,  biochemical 
and genetic basis of normal and abnormal development was considered 
to be largely academic.  Now, repair  or prevention of many congenital  
anomalies is  possible through modern surgery and medicine.  What is  
considered to be academic today may be basic information for the 
physician of tomorrow. 

One of the main problems in teaching is  that  of communication.  
Communication should be l ike a two-way street  on which there is  a free 
exchange of information and ideas between the teacher and the student.  
If  the teacher regards his students as a row of empty bott les which he 
part ly f i l ls  with information during each lecture,  he loses the important 
ingredient of active student part icipation in making a response.  This 
response is  important in reinforcing what the student learns.  I t  has 
been said that  programed instruction is  a modified form of the Socratic 
method. The story is  told that  Socrates on one occasion el ici ted from 
an ignorant slave boy the correct  answer that  a square placed on the 
diagonal of a square is  double the size of the original  square.  Teaching 
at  i ts  best  resembles a conversation between a good tutor and his student.  



T h e  s e c r e t  o f  s u c c e s s f u l  t e a c h i n g  l i e s  i n  t h e  p r o c e d u r e  o f  p r e s e n t i n g  
i n f o r m a t i o n  a n d  i d e a s  i n  s h o r t  e a s y  s t e p s  w h i c h  p e r m i t s  t h e  s t u d e n t  
t o  l e a r n  o n e  o r  a  f e w  n e w  c o n c e p t s  a t  a  t i m e .  E a c h  c o n c e p t  s h o u l d  
r e q u i r e  t h e  s t u d e n t  t o  a c t i v e l y  r e s p o n d .  H e  m u s t  a n s w e r  a  q u e s t i o n ,  
s o l v e  a  p r o b l e m ,  l a b e l  a  d i a g r a m  o r  c a r r y  o u t  s o m e  k i n d  o f  a c t i v i t y .  
A s  s o o n  a s  t h e  s t u d e n t  h a s  g i v e n  t h e  a n s w e r ,  h e  s h o u l d  c h e c k  h i s  r e s p o n s e  
w i t h  t h e  c o r r e c t  a n s w e r .  I n  t h i s  w a y  t h e  c o r r e c t  a n s w e r  i s  r e i n f o r c e d  
i n  h i s  m e m o r y .  A f t e r  l e a r n i n g  a  f e w  n e w  c o n c e p t s  t h e  s t u d e n t  p a s s e s  o n .  
N e w  k n o w l e d g e  i s  a d d e d  t o  t h e  o l d  s o  g r a d u a l l y  t h a t  t h e  s t u d e n t  l e a r n s  
w i t h o u t  s t r a i n  o r  t i r i n g  e f f o r t .  T h e  m a t e r i a l  g r a d u a l l y  b e c o m e s  m o r e  
d i f f i c u l t  a n d  t h e  s t u d e n t  g o e s  f r o m  t h e  s i m p l e  t o  t h e  m o r e  c o m p l e x  
w i t h o u t  a  s t r u g g l e .  H i s  c o n f i d e n c e  i s  b o l s t e r e d  b y  h i s  l e a r n i n g  
e x p e r i e n c e .  T h e  s t u d e n t  c a n  l e a r n  a t  h i s  o w n  s p e e d .  H e  i s  n o t  h e l d  
b a c k  b y  t h e  s l o w  o n e s  o r  i n t i m i d a t e d  b y  t h e  r a p i d  l e a r n e r s .  S l o w n e s s  
i s  n o t  n e c e s s a r i l y  b a d  i n  i t s e l f .  T h e r e  a r e  m a n y  s u c c e s s f u l  p e o p l e  w h o  
d i d  n o t  d i s t i n g u i s h  t h e m s e l v e s  e i t h e r  i n  s c h o o l  o r  c o l l e g e .  P r o p o n e n t s  
o f  s e l f - i n s t r u c t i o n a l  m e t h o d s  c l a i m  t h a t  w i t h  t h i s  t y p e  o f  t e a c h i n g ,  
g o o d  s t u d e n t s  l e a r n  m o r e  r a p i d l y  a n d  t h a t  p o o r e r  s t u d e n t s  r e c e i v e  h i g h e r  
g r a d e s  t h a n  b e f o r e .  W i t h i n  n o r m a l  I Q  l i m i t s ,  s l o w  a n d  f a s t  l e a r n e r s  
o f t e n  a t t a i n  h i g h  l e v e l s  o f  p e r f o r m a n c e .  

O f  a l l  t h e  t e a c h i n g  m a c h i n e s  d e s i g n e d  b y  m a n  n o n e  s e r v e  t h e  s t u d e n t  
m o r e  e f f e c t i v e l y  t h a n  t h e  p r i n t e d  b o o k .  H o w e v e r ,  s o m e  b o o k s  a r e  e x c i t i n g  
a n d  o t h e r s  a r e  d u l l .  W h y ?  S o m e  s t i m u l a t e  t h e  s t u d e n t  w h i l e  o t h e r s  d i s 
c o u r a g e  h i m .  W e  h a v e  o b s e r v e d  t h a t  m a n y  s t u d e n t s  e m p h a s i z e  s e l e c t e d  
w o r d s  a n d  p h r a s e s  b y  o v e r s c o r i n g  o r  " h i - 1 i g h t i n g "  t h e m  w i t h  a  f e l t  p e n  
u s i n g  t r a n s p a r e n t  c o l o r e d  i n k .  H i - l i g h t i n g  i n c r e a s e s  t h e  l e a r n i n g  
p r o c e s s .  C e r t a i n  d r a w i n g s  i n  t h i s  m a n u a l  b e c o m e  m o r e  r e a d i l y  u n d e r s t o o d  
w h e n  s h a d e d  w i t h  c o l o r s .  F o r  t h i s ,  r e d ,  b l u e ,  g r e e n  a n d  y e l l o w  p e n c i l s  
a r e  s u g g e s t e d .  A r t e r i e s  s h o u l d  b e  c o l o r e d  -  r e d ,  a n d  v e i n s  -  b l u e .  
S t r u c t u r e s  d e r i v e d  f r o m  n e u r a l  e c t o d e r m  s h o u l d  b e  c o l o r e d  -  b l u e ,  s u r f a c e  
e c t o d e r m  -  g r e e n ,  m e s o d e r m  -  r e d ,  a n d  e n t o d e r m  -  y e l l o w .  I f  a d d i t i o n a l  
l a b e l s  a r e  n e e d e d  o n  d r a w i n g s ,  t h e  r e a d e r  s h o u l d  a d d  t h e m .  

A C K N O W L E D G E M E N T S  

T h i s  p r o j e c t  h a s  b e e n  s u p p o r t e d  b y  f u n d s  f r o m  t h e  O r e g o n  H e a r t  
A s s o c i a t i o n ,  t h e  U n i v e r s i t y  o f  O r e g o n  M e d i c a l  S c h o o l ,  T h e  C o m m o n w e a l t h  
F u n d ,  a n d  t h e  C o l l i n s  M e d i c a l  T r u s t  F u n d  t h r o u g h  t h e  M e d i c a l  R e s e a r c h  
F o u n d a t i o n  o f  O r e g o n .  

P a r t  I  o f  t h i s  o u t l i n e  w a s  w r i t t e n  a s  a  c o m p a n i o n  t e x t  t o  b e  u s e d  
w i t h  t h e  m o t i o n  p i c t u r e  f i l m ,  " T h e  D e v e l o p m e n t  o f  t h e  E y e " .  T h i s  f i l m  
w a s  p r o d u c e d  b y  S t u r g i s - G r a n t  P r o d u c t i o n s ,  I n c .  f o r  t h e  A m e r i c a n  A c a d e m y  
o f  O p h t h a l m o l o g y  a n d  O t o l a r y n g o l o g y  u n d e r  t h e  t e c h n i c a l  d i r e c t i o n  o f  
G e o r g e  W .  C o r n e r ,  M . D .  a n d  G e o r g e  K .  S m e l s e r ,  P h . D .  

W e  w i s h  t o  t h a n k  D r .  K e n n e t h  C .  S w a n ,  P r o f e s s o r  a n d  C h a i r m a n  o f  t h e  
D e p a r t m e n t  o f  O p h t h a l m o l o g y  o f  t h i s  s c h o o l  a n d  m e m b e r s  o f  h i s  s t a f f  f o r  
t h e i r  h e l p f u l  s u g g e s t i o n s  a n d  c r i t i c i s m .  T h e  a u t h o r  w a s  a s s i s t e d  b y  
S .  R .  E a s t ,  M . D . ,  G .  K .  R o d u n e r ,  M . D . ,  L .  R .  E i d e m i l l e r ,  M . D . ,  
J .  M .  K e a n e ,  M . D . ,  R .  J .  S t u a r t ,  J r . ,  M . D . ,  L .  F .  R i c h ,  M . D .  a n d  
R . W .  S a u t e r ,  B . A .  i n  t h e  p r e p a r a t i o n  o f  e a r l i e r  e d i t i o n s  o f  t h i s  m a n u a l .  

O u r  o b s e r v a t i o n s  a r e  b a s e d  o n  t h e  H u m a n  E m b r y o l o g i c a l  C o l l e c t i o n s  o f  
t h e  C a r n e g i e  I n s t i t u t i o n  a n d  t h e  U n i v e r s i t y  o f  O r e g o n  M e d i c a l  S c h o o l .  
T h e  c o l l e c t i o n  o f  e m b r y o s  a t  t h i s  s c h o o l  h a s  b e e n  s u p p o r t e d  b y  f u n d s  f r o m  
U . S . P . H . S .  A l l  d e v e l o p m e n t a l  a g e s  g i v e n  a r e  a p p r o x i m a t e .  

W e  w i s h  t o  t h a n k  D r .  P a u l  H e n k i n d  o f  t h e  C o m m i t t e e  o n  C o n t i n u i n g  
E d u c a t i o n  i n  O p h t h a l m o l o g y  o f  t h e  A m e r i c a n  A c a d e m y  o f  O p h t h a l m o l o g y  a n d  
O t o l a r y n g o l o g y  f o r  h i s  i n t e r e s t  a n d  e n c o u r a g e m e n t  d u r i n g  t h e  r e v i s i o n  
o f  t h i s  m a n u a l .  



T h e  9 0 - S e c o n d  T r u e  o r  F a l s e  Q u i z  

1 .  T h e  i n n e r  s u r f a c e  o f  t h e  r e t i n a  d e v e l o p s  f r o m  t h a t  l a y e r  o f  t h e  T  F  
e m b r y o  w h i c h  w a s  c o n t i n u o u s  w i t h  t h e  s u r f a c e  e c t o d e r m  ( s k i n ) .  

2 .  W h e n  t h e  i n n e r  n e r v o u s  l a y e r  o f  t h e  r e t i n a  i s  d e t a c h e d ,  i t  i s  T  F  
a l m o s t  t r a n s p a r e n t .  

3 .  T h e  t e r m  " f e t a l  f i s s u r e "  i n  t h e  o p t i c  c u p  i s  m o r e  s u i t a b l e  f o r  T  F  
t h e  " c h o r o i d  f i s s u r e " b e c a u s e  i t  m a y  b e  c o n f u s e d  w i t h  t h e  c h o r o i d  
f i s s u r e  i n  t h e  b r a i n .  

4 .  T h e  c h o r o i d  f i s s u r e  p r o v i d e s  a  s h o r t  c u t  i n t o  t h e  o p t i c  c u p  f o r  T  F  
t h e  h y o i d  v e s s e l s  a n d  o p t i c  n e r v e  f i b e r s .  

5 .  T h e  o p t i c  c u p  d e v e l o p s  a s  a n  i n v a g i n a t i o n  f r o m  t h e  e m b r y o n i c  T  F  
m i d b r a i n .  

6 .  T h e  l e n s  l i k e  t h e  r e t i n a  d e v e l o p s  f r o m  n e u r a l  e c t o d e r m .  T  F  
7 .  T h e  v i t r e o u s  d e v e l o p s  i n  t h e  p o s t e r i o r  c h a m b e r  o f  t h e  e y e .  T  F  
8 .  I f  t h e  c h o r o i d a l  f i s s u r e  s h o u l d  p e r s i s t ,  i t  w o u l d  l e a d  t o  a  T  F  

c o l o b o m a  o f  t h e  i r i s .  
9 .  I n  t h e  e m b r y o  a  c a n a l  d e v e l o p s  i n  t h e  v i t r e o u s  b o d y  a n d  i n  t h e  T  F  

a d u l t  i t  c o n v e y s  t h e  h y a l o i d  a r t e r y  t o  t h e  l e n s .  
1 0 .  T h e  l a c r i m a l  g l a n d  d e v e l o p s  f r o m  e p i t h e l i a l  b u d s  w h i c h  g r o w  f r o m  T  F  

t h e  u p p e r  p a r t  o f  t h e  l a c r i m a l  s a c .  
1 1 .  T h e  c a r u n c l e  d e v e l o p s  a s  a n  i s o l a t e d  p a r t  o f  t h e  u p p e r  l i d .  T  F  
1 2 .  T h e  s e m i l u n a r  f o l d  ( p l i c a  s e m i l u n a r i s )  d e v e l o p s  f r o m  t h e  c o n j u n c 

t i v a  a n d  i t  r e p r e s e n t s  t h e  n i c t i t a t i n g  m e m b r a n e  ( t h i r d  e y e l i d )  i n  
s o m e  a n i m a l s .  

1 3 .  T h e  m a j o r i t y  o f  w h i t e  b a b i e s  a r e  b o r n  w i t h  b r o w n  e y e s .  T  F  
1 4 .  A  t u m o r  i n  t h e  r e g i o n  o f  t h e  f a c i a l  c o l l i c u l u s  m a y  c a u s e  a  l a t e r a l  T  F  

s t r a b i s m u s .  
1 5 .  T h e  t r o c h l e a r  a n g l e  e v e n  i n  e a r l y  d e v e l o p m e n t  i s  a n  a c u t e  a n g l e .  T  F  
1 6 .  T h e  a q u e o u s  h u m o r  i s  p r o d u c e d  i n  t h e  p o s t e r i o r  c h a m b e r  o f  t h e  e y e .  T  F  
1 7 .  I n  e a r l y  d e v e l o p m e n t ,  t h e  c a n a l  o f  S c h l e m m ,  w h i c h  d r a i n s  t h e  T  F  

a q u e o u s  h u m o r ,  w a s  a n  a r t e r i a l  c h a n n e l .  
1 8 .  S e c r e t o r y  p r e g a n g l i o n i c  n e u r o n s  i n  t h e  c a r o t i d  n e r v e  s y n a p s e  i n  T  F  

c i l i a r y  g a n g l i o n .  
1 9 .  A n  i n j u r y  a t  b i r t h  c a u s i n g  a n  i n j u r y  t o  t h e  l o w e r  t r u n k  o f  t h e  T  F  

b r a c h i a l  p l e x u s  m a y  r e s u l t  i n  a  K l u m p k e ' s  p a r a l y s i s  w i t h  a  
H o r n e r ' s  s y n d r o m e .  

2 0 .  T h e  e p i c a n t h u s  d e v e l o p s  a s  a  f o l d  o f  s k i n  w h i c h  p a r t i a l l y  h i d e s  T  F  
t h e  o u t e r  c a n t h u s .  

2 1 .  I f  l i t t l e  p i g m e n t  d e v e l o p s  i n  t h e  i r i s ,  t h e  e y e  i s  b l u e  o r  g r e y .  T  F  
2 2 .  T h e  o p t i c  n e r v e  i s  f o r m e d  b y  n e r v e  f i b e r s  w h i c h  g r o w  f r o m  n e u r o -  T  F  

b l a s t s  l o c a t e d  i n  t h e  o p t i c  c u p  t o  t h e  f o r e b r a i n .  
2 3 .  M e d u l l a t i o n  o f  t h e  f i b e r s  i n  t h e  o p t i c  n e r v e  b e g i n s  i n  t h e  b r a i n  T  F  

a n d  e x t e n d s  d i s t a l l y  t o w a r d  t h e  l a m i n a  c r i b r o s a .  
2 4 .  T h i s  m e d u l l a t i o n  r e a c h e s  t h e  l a m i n a  c r i b r o s a  a t  b i r t h  a n d  g r a d -  T  F  

u a l l y  e x t e n d s  t o  t h e  g a n g l i o n  c e l l s  i n  t h e  r e t i n a .  
2 5 .  A f t e r  s u c c e s s f u l  c a t a r a c t  s u r g e r y ,  t h e  c a t a r a c t  m a y  e v e n t u a l l y  T  F  

r e t u r n .  
2 6 .  A n  i n d i v i d u a l  b o r n  w i t h  c r o s s e d  e y e s  ( e s o t r o p i a )  w i l l  h a v e  t h e  T  F  

s a m e  p r o j e c t i o n  p a t t e r n  o f  t h e  o p t i c  r a d i a t i o n s  i n t o  t h e  
c e r e b r a l  c o r t e x  a s  a  n o r m a l  i n d i v i d u a l .  

2 7 .  I t  i s  n o r m a l  f o r  t h e  e y e l i d s  t o  b e  h e l d  t o g e t h e r  ( c l o s e d )  b y  T  F  
a d h e s i o n s  d u r i n g  p a r t  o f  t h e  i n t r a u t e r i n e  l i f e .  

2 8 .  A s  t h e  c o r n e a  d e v e l o p s  i t s  c o n v e x i t y  b e c o m e s  i d e n t i c a l  w i t h  t h a t  T  F  
o f  t h e  s c l e r a .  



2 9 .  T h e  n e r v e s  w h i c h  i n n e r v a t e  t h e  l e n s  f o l l o w  t h e  h y a l o i d  a r t e r y .  
3 0 .  T h e  c o r n e a  o f  b r o w n  e y e d  i n d i v i d u a l s  c o n t a i n s  a  g r e a t e r  c o n c e n 

t r a t i o n  o f  p i g m e n t  g r a n u l e s  t h a n  i n  b l u e  e y e d  i n d i v i d u a l s .  
3 1 .  S t i m u l a t i o n  f r o m  t h e  l e n s  p l a c o d e  l e a d s  t o  t h e  f o r m a t i o n  o f  t h e  

o p t i c  v e s i c l e .  
3 2 .  T h e  d i f f e r e n t i a t i o n  o f  t h e  f o v e a  c e n t r a l i s  i s  c o m p l e t e  w h e n  t h e  

e y e l i d s  o p e n .  
3 3 .  T h e  a n g l e  o f  t h e  o p t i c  a x e s  i n  t h e  h u m a n  e m b r y o  o f  t w o  m o n t h s  

i s  a p p r o x i m a t e l y  1 8 0 ° .  

H o w  T r u e !  

1 .  T r u e .  T h r o u g h  t h e  i n v a g i n a t i o n  o f  t h e  n e u r a l  e c t o d e r m  a n d  t h e  e v a g i n a t i o n  
o f  t h e  o p t i c  v e s i c l e ,  t h i s  l a y e r  b e c o m e s  t h e  s t i m u l u s - r e c e i v i n g  ( n e r v o u s )  
i n n e r  l a m i n a  o f  t h e  r e t i n a .  

2 .  T r u e .  T h e  p i g m e n t  l a y e r  d e v e l o p s  f r o m  t h e  o u t e r  l a y e r  o f  t h e  o p t i c  c u p .  
3 .  T r u e .  
4 .  T r u e  f o r  l y a l o i d  v e s s e l s .  F a l s e  f o r  o p t i c  n e r v e  f i b e r s .  
5 .  F a l s e .  I t  d e v e l o p s  f r o m  t h e  f o r e b r a i n .  
6 .  F a l s e .  I t  d e v e l o p s  f r o m  s u r f a c e  e c t o d e r m  ( s k i n ) .  
7 .  F a l s e .  I t  d e v e l o p s  i n  t h e  c h a m b e r  p o s t e r i o r  t o  t h e  l e n s .  
8 .  T r u e .  
9 .  T r u e .  A  c a n a l  d e v e l o p s .  F a l s e .  T h e  h y a l o i d  a r t e r y  d i s a p p e a r s .  

1 0 .  F a l s e .  I t  d e v e l o p s  f r o m  b u d s  f r o m  t h e  c o n j u n c t i v a l  s a c .  
1 1 .  F a l s e .  I t  p r o b a b l y  h a s  a n  i n d e p e n d e n t  o r i g i n .  
1 2 .  T r u e .  
1 3 .  F a l s e .  T h e y  a r e  u s u a l l y  b l u e .  
1 4 .  F a l s e .  T h e  n u c l e u s  o f  t h e  V l t h  n e r v e  m a y  b e  i n v o l v e d  l e a d i n g  t o  a  p a r a l y s i s  

o f  t h e  l a t e r a l  r e c t u s  m u s c l e .  
1 5 .  F a l s e .  I n  e a r l y  d e v e l o p m e n t  i t  i s  a n  o b t u s e  a n g l e  a n d  b e c o m e s  a c u t e  l a t e r  

i n  d e v e l o p m e n t .  
1 6 .  T r u e .  
1 7 .  F a l s e .  I t  w a s  a  v e n o u s  c h a n n e l .  
1 8 .  F a l s e .  F i b e r s  i n  t h e  c a r o t i d  n e r v e  a r e  p o s t g a n g l i o n i c  f i b e r s  a n d  t h e y  d o  

n o t  s y n a p s e  i n  t h i s  g a n g l i o n .  
1 9 .  T r u e .  S y m p a t h e t i c  p r e g a n g l i o n i c  n e u r o n s  i n  t h e  f i r s t  t h o r a c i c  n e r v e  m a y  b e  

i n t e r r u p t e d .  
2 0 .  F a l s e .  I t  i s  r e l a t e d  t o  t h e  i n n e r  c a n t h u s .  
2 1 .  T r u e .  T h e  e y e  b e c o m e s  b r o w n  w i t h  t h e  d e v e l o p m e n t  o f  m o r e  p i g m e n t .  
2 2 .  T r u e .  
2 3 .  T r u e .  
2 4 .  F a l s e .  N o r m a l l y  t h e  m e d u l l a t i o n  d o e s  n o t  e x t e n d  i n t o  t h e  r e t i n a .  
2 5 .  F a l s e .  W h e n  t h e  l e n s  i s  r e m o v e d  i t  w i l l  n o t  g r o w  b a c k .  
2 6 .  F a l s e  ( p r o b a b l y ) .  I n  c r o s s - e y e d  c a t s  i t  h a s  b e e n  s h o w n  t h a t  t h e  p r o j e c t i o n  

p a t t e r n  i s  n o t  i d e n t i c a l  w i t h  t h e  n o r m a l .  
2 7 .  T r u e .  
2 8 .  F a l s e .  T h e y  a r e  n o t  t h e  s a m e .  
2 9 .  F a l s e .  T h e  l e n s  h a s  n o  n e r v e  s u p p l y .  
3 0 .  F a l s e .  N o r m a l l y  t h e r e  a r e  n o  p i g m e n t  c e l l s  i n  t h e  c o r n e a .  
3 1 .  F a l s e .  T h e  r e v e r s e  i s  t r u e .  T h e  l e n s  i s  d e p e n d e n t  o n  i n d u c t i o n  f r o m  t h e  

o p t i c  v e s i c l e .  
3 2 .  F a l s e .  T h e  d e v e l o p m e n t  o f  t h e  f o v e a  i s  n o t  c o m p l e t e  u n t i l  a f t e r  b i r t h .  
3 3 .  T r u e .  



PART I  

THE DEVELOPMENT OF THE EYE 

1 
The f i rst  major act iv i ty in the l i fe of the embryo 
is the formation of a nearly f lat  plate of cel ls 
consist ing of three germinal layers: ectoderm, 
mesoderm and entoderm. In the development of  the 
eye, only ectoderm and mesoderm are of importance. 

Q: Of the three germinal layers, only 
and are important in the 
development of  the eye. (See answers at  bottom 
of page.) 

UTERINE WALL (DECIDUA) 

EARLY PLACENTA-^ 

EXTRA-EMBRYONIC 
COELOM 

BODY STALK 

ECTODERM 

MESODERM 

NT ODERM 

YOLK SAC 

ENTODERM 

AMNIOTIC 

CAVITY! 

EMBRYONIC DISC 

UTERINE EPITHELIUM 
16 DAY OLD EMBRYO 
PARASAGITTAL SECTION 

2 
The ectoderm may be divided into two types. The 
port ion which wi l l  form neural structures is 
neural ectoderm, the remainder which wi l l  form 
the epidermal layer of the skin is surface 
ectoderm. 

ECTODERM 

MESODERM 

Q: Ectoderm 
ectoderm 

is divided 
and 

l  nto 
ectoderm. 

Answers: 
1 Ectoderm, Mesoderm 
2 Neural,  Surface 

NEURAL 
ECTODERM 

SURFACE 
TODERM 



3 
I n  t h e  e m b r y o ,  t h e  n e u r a l  e c t o d e r m  o f  t h e  
b r a i n  w a l l  w i l l  c o n t r i b u t e  c e l l s  f o r  t h e  
d e v e l o p m e n t  o f :  

t h e  n e r v o u s  r e t i n a  w h i c h  p r o d u c e s  t h e  o p t i c  
n e r v e  f i b e r s ,  
t h e  n o n - n e r v o u s  r e t i n a  w h i c h  c o v e r s  t h e  
c i l i a r y  b o d y  a n d  i r i s  a n d  p r o d u c e s  t h e  
m u s c l e s  o f  t h e  i r i s .  

Q :  W h a t  m u s c l e s  o f  t h e  e y e  a r e  d e r i v e d  f r o m  
n e u r a l  e c t o d e r m ?  

O R B I T A L  
M U S C L E S '  

O P T I C  
N E R V E  

R E T I N A  

B O D Y  

L I D  

k 
T h e  n e u r a l  e c t o d e r m  o n  e i t h e r  s i d e  o f  t h e  m i d l i n e  
g r o w s  m u c h  f a s t e r  t h a n  t h e  o t h e r  l a y e r s ,  f o r m i n g  
t w o  l o n g i t u d i n a l  f o l d s .  T h e s e  a r e  t h e  n e u r a l  
f o l d s .  B e t w e e n  t h e s e  f o l d s  l i e s  t h e  n e u r a l  
g r o o v e .  

Q :  W h a t  t i s s u e  l a y e r  f o r m s  t h e  n e u r a l  f o l d s ?  

N E U R A L  
F O L D S  

T h e  n e u r a l  f o l d s  b e g i n  t h e  d i f f e r e n t i a t i o n  o f  t h e  c e n t r a l  n e r v o u s  
s y s t e m .  B y  t h e  2 0 t h  d a y ,  t h e  m e s o d e r m  h a s  f o r m e d  s e v e r a l  p a i r s  o f  
p r i m i t i v e  s e g m e n t s  o r  s o m i t e s  w h i c h  a r e  v i s i b l e  i n  s u r f a c e  v i e w s  o f  
i n t a c t  e m b r y o s .  

N E U R A L  F O L D S  
( F O R E B R A I N )  

Q :  T h e  c e n t r a l  n e r v o u s  
s y s t e m  i s  d e r i v e d  
f r o m  f o l d s  o f  

N E U R A L  
F O L D  

S O M I T E  

N E U R A L  
G R O O V E  

>  S O M I T E S  

6 
P o s s i b l y  d u e  t o  t h e  m o r e  r a p i d  e n l a r g e m e n t  o f  t h e  
e x t e r i o r  s u r f a c e s  t h e  f o l d s  b e g i n  t o  l e a n  t o w a r d  
e a c h  o t h e r .  A s  t h e i r  e d g e s  t o u c h ,  t h e y  f u s e ,  a n d  
t h e  g r o o v e  b e t w e e n  t h e m  b e c o m e s  a  t u b e ,  t h e  n e u r a l  
t u b e .  

Q :  T h e  f u s i o n  o f  t h e  n e u r a l  f o l d s  f o r m s  t h e  

A n s w e r s :  
3  I r i s  M u s e  1 e s  

N e u r a l  E c t o d e r m  
5  N e u r a l  E c t o d e r m  
6  N e u r a l  T u b e  

N E U R A L  
F O L D S  

N E U R A L  
T U B E  



F r o m  n o w  o n ,  o u r  i n t e r e s t  w i l l  c e n t e r  o n  t h e  c e p h a l i c  
e n d  o f  t h e  e m b r y o ,  t h e  r e g i o n  o f  b r a i n  f o r m a t i o n .  

T h i s  d r a w i n g  o f  a  c r o s s  s e c t i o n  o f  t h e  n e u r a l  f o l d s ,  
i n  t h e  r e g i o n  o f  t h e  f o r e b r a i n ,  s h o w s  t h i c k e n i n g s ,  
t h e  o p t i c  p r i m o r d i a .  T h e  o p t i c  p r i m o r d i a  a r e  t h e  
f i r s t  s i g n s  o f  t h e  d e v e l o p i n g  e y e s .  

Q :  T h e  f i r s t  s i g n s  o f  t h e  d e v e l o p i n g  e y e s  a r e  t h e  
f o r m a t i o n  o f  t h e  o p t i c  .  

O P T I C  
P R I M O R D I A  

8 
S o o n ,  a  s h a l l o w  d e p r e s s i o n  f o r m s  i n  e a c h  o p t i c  
p r i m o r d i u m .  T h e s e  a r e  t h e  o p t i c  p i t s .  

Q :  T h e  o p t i c  
t h e  o p t i c  p r i m o r d i a  

f o r m  a s  d e p r e s s i o n s  i n  

O P T I C  

T h e  r o s t r a l  e n d  o f  t h e  n e u r a l  t u b e  h a s  c l o s e d  
a s  f a r  a s  t h e  f u t u r e  h i n d b r a i n .  

Q :  T h e  o p t i c  p i t s  d e v e l o p  i n  t h e  

N E U R A L  
F O L D S  

F U T U R E  
H I N D B R A I N  

C L O S E D  
N E U R A L  
T U B E  

1 0  
A s  t h e  n e u r a l  f o l d s  c l o s e ,  t h e  f o r e b r a i n  i n  
t h e  r e g i o n  o f  t h e  o p t i c  p i t s  p u s h e s  a w a y  f r o m  
t h e  m i d p l a n e  t o  l i e  c l o s e  t o  t h e  s u r f a c e  
e c t o d e r m ,  f o r m i n g  t h e  o p t i c  v e s i c l e s .  

Q :  T h e  f u r t h e r  i n v a g i n a t i o n  o f  t h e  o p t i c  p i t s  
f o r m s  t h e  

A n s w e r s :  
7  P r i m o r d i a  
8  P i t s  
9  F o r e b r a i n  ( P r i m i t i v e )  

1 0  O p t i c  V e s i c l e s  

O P T I C  
L E S  

D -
B R A I N  



1 1  

fUM p 
t he  he Id C ™ P a e bC jge C caused  b ^ th f 1 1  S ' d e  ° f  

g row th  o f  t he  op t i c  ves i c l es !  o u twa rd  
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1 2  
The  r eg ion  be tween  
cons t r i c t s  f o rm ing  

Q:  Wha t  s t r uc tu re  
t he  b ra i n?  

I den t i f y  s t r uc tu res  
comp le te l y  l abe led .  

13  
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STALK 



1 5  
T h e  s u r f a c e  e c t o d e r m  a d j a c e n t  t o  t h e  o p t i c  
v e s i c l e  t h i c k e n s  f o r m i n g  t h e  l e n s  p l a c o d e .  

Q :  T h e  n e r v o u s  r e t i n a  d e v e l o p s  i n  c l o s e  
r e l a t i o n  t o  t h e  s u r f a c e  e c t o d e r m  w h i c h  
f o r m s  t h e  

2 6 t h  D A Y  

1 6  
T h e  r e t i n a  b e g i n s  d i f f e r e n t i a t i o n  i n t o  l a y e r s  
b y  t h e  m i g r a t i o n  o f  c e l l s  t o w a r d  t h e  i n n e r  
s u r f a c e .  

Q :  T h e  t h i c k e n e d  a r e a  o f  n e u r a l  e c t o d e r m  
o f  t h e  o p t i c  v e s i c l e  i s  t h e  f u t u r e  

1 7  
T h e  s e n s o r y  a r e a  o f  t h e  o p t i c  v e s i c l e  p u s h e s  i n  
t o w a r d  t h e  p i g m e n t e d  l a y e r  t o  f o r m  t h e  o p t i c  c u p .  
A t  t h e  s a m e  t i m e  t h e  l e n s  p l a c o d e  i n v a g i n a t e s  t o  
f o r m  t h e  l e n s  p i t .  

Q :  T h e  o p t i c  c u p  i s  f o r m e d  b y  a n  i n v a g i n a t i o n  o f  
t h e  a n d  t h e  l e n s  p i t  
i s  f o r m e d  b y  t h e  i n v a g i n a t i o n  o f  t h e  

1 8  
B e t w e e n  t h e  l e n s  p i t  a n d  t h e  o p t i c  c u p ,  a  s p a c e  
e x i s t s ,  t h e  f u t u r e  v i t r e o u s  c a v i t y .  

Q :  T h e  t h i c k e n e d  p l a t e  o f  s u r f a c e  e c t o d e r m  
o v e r l y i n g  t h e  r e t i n a  i s  t h e  

.  I n v a g i n a t i o n  o t  t h e  o p t i c  
v e s i c l e  f o r m s  t h e  

1 5  L e n s  P l a c o d e  1 7  O p t i c  V e s i c l e ,  L e n s  
1 6  N e r v o u s  R e t i n a  1 8  L e n s  P l a c o d e ,  O p t i c  

P 1 a c o d e  
C u p  

F U T U R E  
V I T R E O U S  
C A V I T Y  

L E N S  
P L A C O D E  

F U T U R E  P I G M E N T E D  

R E T I N A  
N U C L E I  

F U T U R E  
E N S O R Y  
L A Y E R  

P I G M E N T E D  
L A Y E R  

L E N S  
P I T  



1 9  
A s  t h e  o p t i c  v e s i c l e  i n v a g i n a t e s  t o  f o r m  t h e  
o p t i c  c u p ,  a  g r o o v e  i s  f o r m e d  w h i c h  i s  c a l l e d  
t h e  c h o r o i d a l  f i s s u r e  ( a l s o  c a l l e d  f e t a l  o r  
e m b r y o n i c  f i s s u r e ) .  I t  d o e s  n o t  r e s e m b l e  t h e  
c h o r o i d  f i s s u r e  i n  t h e  b r a i n .  

Q :  T h e  s p a c e  w h i c h  e x i s t s  b e t w e e n  t h e  
a n d  i s  t h e  

f u t u r e  v i t r e o u s  c a v i t y .  

L E N S  

O P T I C  
C U P  

C H O R O I D A L  
F I S S U R E  

2 0  
A s  t h e  l e n s  p i t  d e e p e n s ,  i t  f o r m s  a  d e e p  c a v i t y  
w h i c h  c l o s e s  o f f  t o  f o r m  t h e  l e n s  v e s i c l e .  

Q :  T h e  c h o r o i d a l  f i s s u r e  o f  t h e  o p t i c  c u p  s h o u l d  
n o t  b e  c o n f u s e d  w i t h  a  f i s s u r e  i n  t h e  

h a v i n g  t h e  s a m e  n a m e .  T h e  t e r m s  
a n d  a r e  a l s o  n a m e s  

f o r  t h i s  f i s s u r e  i n  t h e  d e v e l o p i n g  e y e .  L E N S  
V E S I C L E  

2 1  
A s  t h e  r e t i n a l  s u r f a c e  o f  t h e  o p t i c  c u p  
c o n t i n u e s  t o  i n v a g i  n a t e ,  t h e  s p a c e  b e t w e e n  i t  
a n d  t h e  l e n s  v e s i c l e  i n c r e a s e s .  A t  t h i s t i m e  
a  c a p s u l e  i s  f o r m i n g  a r o u n d  t h e  l e n s  v e s i c l e .  

Q :  T h e  g e r m  l a y e r  f r o m  w h i c h  t h e  l e n s  v e s i c l e  
i  s  f o r m e d  i  s  ^  _  
a n d  i t  c o m e s  t o  1 i e  d e e p  w i t h i n  t h e  

L E N S  L E N S  
| C A P S U L E  

V I T R E O U S  
C A V I T Y  

1 9  L e n s  V e s i c l e ,  O p t i c  C u p  
2 0  B r a i n ,  F e t a l ,  E m b r y o n i c  
2 1  S u r f a c e  E c t o d e r m ,  O p t i c  C u p  

V I T R E O U S  C A V I T Y  



2 2  
T h e  s t r u c t u r e s  f o r m e d  t h u s  f a r  a r e  a s  f o l l o w s :  

P i g m e n t  l a y e r ,  f r o m  n e u r a l  e c t o d e r m  
R e t i n a l  l a y e r ,  f r o m  n e u r a l  e c t o d e r m  
L e n s ,  f r o m  s u r f a c e  e c t o d e r m  
C h o r o i d a l  f i s s u r e ,  a  g r o o v e  i n  t h e  o p t i c  c u p  
V i t r e o u s  c a v i t y .  

Q :  I n  t h e  f i g u r e ,  w h a t  a r e :  
A  ,  B  ,  C  ,  D  ,  E  '  

2 3  
M e s o d e r m  w i l l  c o n t r i b u t e  t o  c e r t a i n  m u s c l e s ,  
c o n n e c t i v e  t i s s u e s  a n d  v a s c u l a r  t i s s u e s .  T h e  
c o r n e a ,  s c l e r a ,  c h o r o i d ,  e n d o t h e l i u m  o f  t h e  
a n t e r i o r  c h a m b e r ,  e x t r a o c u l a r  a n d  c i l i a r y  
m u s c l e s  a r e  e x a m p l e s .  

Q :  W h a t  m u s c l e s  a r e  n o t  d e r i v e d  f r o m  
m e s o d e r m ?  

O R B I T A L  
M U S C L E S "  

OPTIC 
N E R V E  

R E T I N A  

C I L I A R Y '  
B O D Y  

L I D  

2 k  
T h e  m u s c l e s  w h i c h  a r i s e  f r o m  m e s o d e r m  a r e :  
T h e  c i l i a r y  m u s c l e  w h i c h  c o n t r o l s  t h e  s h a p e  
o f  t h e  l e n s ;  t h e  o r b i c u l a r i s  o c u l i  m u s c l e  
w h i c h  c l o s e s  t h e  l i d s ;  t h e  l e v a t o r  p a l p e b r a e  
w h i c h  o p e n s  t h e  l i d s ;  t h e  e x t r a o c u l a r  m u s c l e s  
w h i c h  m o v e  t h e  e y e b a l l .  

Q r  I d e n t i f y  t h e  i n t r i n s i c  m u s c l e s  o f  t h e  e y e .  
F r o m  w h a t  g e r m  l a y e r s  a r e  t h e y  f o r m e d ?  

l / L  ( a )  P i g m e n t  L a y e r ,  ( b )  R e t i n a l  
L a y e r ,  ( c )  L e n s  V e s i c l e ,  
( d )  V i t r e o u s  C a v i t y ,  
( e )  C h o r o i d a l  o r  E m b r y o n i c  
F i  s  s u  r  e  

2 3  I r i s  M u s c l e s  
2 k  C i l i a r y  M u s e  1 e s - - M e s o d e r m ,  

I r i s  M u s c l e s - - E c t o d e r m  
2  5  V i t r e o u s  C a v i t y  

LENS 

O P T I C  
C U P  

:VKCHOROIDAL 
FISSURE 

H Y A L O I D  A R T .  



T h e  e d g e s  o f  t h e  c h o r o i d a l  f i s s u r e  h a v e  b e e n  g r o w i n g  
t o w a r d  e a c h  o t h e r  a n d  n o w  b e g i n  t o  f u s e ;  t h e  r e m a i n 
i n g  c i r c u l a r  o p e n i n g  i n  t h e  o p t i c  c u p  i s  t h e  p u p i l .  
T h e  r i m  o f  t h e  c u p  r e p r e s e n t s  t h e  r e g i o n  o f  t h e  
f u t u r e  i r i s .  

Q :  T h e  r i m  o f  t h e  o p t i c  c u p  f o r m s  t h e  
w h i c h  s u r r o u n d s  a n  o p e n i n g  c a l l e d  t h e  

2 7  
T h e  f u s i o n  o f  t h e  s i d e s  o f  t h e  c h o r o i d a l  f i s s u r e  
b e g i n s  i n  t h e  c e n t r a l  r e g i o n  o f  t h e  f i s s u r e  a n d  
p r o c e e d s  b o t h  t o w a r d  t h e  r i m  o f  t h e  o p t i c  c u p  a n d  
t o w a r d  t h e  b r a i n .  I t  n e v e r  c o m p l e t e l y  c l o s e s ,  
l e a v i n g  a  c a n a l  f o r  t h e  h y a l o i d  a r t e r y  ( c e n t r a l  
a r t e r y  o f  t h e  r e t i n a ) .  

Q :  W h a t  v e s s e l s  e n t e r  t h e  o p t i c  s t a l k  b y  w a y  o f  
t h e  c h o r o i d  ( e m b r y o n i c )  f i s s u r e ?  

iLENS 

O P T I C  
C U P  

CHOROIDAL 
FISSURE 

H Y A L O I D  A R T .  

28 
T h e  s p a c e  s h o w n  i n  t h i s  f i g u r e  b e t w e e n  t h e  
p i g m e n t e d  l a y e r  a n d  t h e  s e n s o r y  l a y e r  o f  t h e  
r e t i n a  i s  o v e r l y  l a r g e  d u e  t o  t i s s u e  s h r i n k a g e .  
T h i s  s p a c e  i s  t h e  i n t r a r e t i n a l  s p a c e  a n d  i s  
c o n t i n u o u s  w i t h  t h e  t h i r d  v e n t r i c l e  o f  t h e  b r a i n .  

Q :  T h e  e m b r y o n i c  f i s s u r e  f u s e s  l a s t  i n  t h e  
r e g i o n s  o f  t h e  r i m  o f  t h e  c u p  
a n d  t h e  •  

2 9  
S h o w n  i n  
e y e  a r e :  

t h i s  s a g i t t a l  s e c t i o n  o f  t h e  d e v e l o p i n g  

I n t r a - r e t i n a l  S p a c e  
s u r f a c e  e c t o d e r m  
p i g m e n t e d  e p i t h e l i u m  
o p t i c  s t a l k  
r e t i n a  p r o p e r  
m e s o d e r m  
v i t r e o u s  b o d y  
l e n s  v e s i c l e  

Q :  I d e n t i f y  t h e  l a b e l s  i n  t h i s  d i a g r a m .  

2 6  I r i s ,  P u p i 1  
2 7  H y a l o i d  A r t e r y  a n d  V e i n  

2 8  O p t i c ,  B r a i n  
2 9  C ,  A ,  B ,  H ,  D ,  F ,  E ,  G  

. O P T I C  C U P  

P U P I L  
L E N S  

L E N S  

R E T I N A L  
S P A C E  



30 
T h e  d i a g r a m s  a b o v e _ r e c a p i  t u 1  a t e  t h e  t r a n s f o r m a t i o n  
f r o m  l e n s  p l a c o d e  i n t o  t h e  l e n s  v e s i c l e  a n d  t h e  o p t i c  
v e s i c l e  i n t o  t h e  o p t i c  c u p .  

T h e a n t e r i o r  o r  m o r e  s u p e r f i c i a l  p a r t  o f  t h e  l e n s  
v e s i c l e  i s  m a d e  u p  o f  c u b o i d a l  c e l l s ,  w h e r e a s  t h e  
d e e p e r ,  p o s t e r i o r  c e l l s ,  w h i c h  a r e  f o r m e d  f r o m  t h e  
c e n t r a l  p a r t  o f  t h e  l e n s  p l a c o d e ,  a r e  c o l u m n a r .  
T h e s e  c o l u m n a r  c e l l s  g r o w  l o n g e r  a n d  form t h e  
p r i m a r y  l e n s  f i b e r s .  

Q :  T h e  l e n s  v e s i c l e  i s  n o w  f o r m e d  b y  
a n d  ( t y p e  o f )  c e l l s  a n d  i s  
s u r r o u n d e d  b y  a  c o n n e c t i v e  t i s s u e  

C O L U M N A R  
C E L L S  

C U B O I D A L  C E L L S  

3 1  
T h e  c o l u m n a r  e p i t h e l i a l  c e l l s  ( f u t u r e  p r i m a r y  l e n s  f i b e r s )  e l o n g a t e  
a n d  c o m p l e t e l y  o b l i t e r a t e  t h e  l u m e n  o f  t h e  l e n s  v e s i c l e .  W i t h  
c o n t i n u e d  g r o w t h  t h e i r  n u c l e i  b e g i n  t o  f a d e .  T h e  l e n s  r e m a i n s  
r o u g h l y  s p h e r i c a l  i n  s h a p e .  T h e  c u b o i d a l  c e l l s  r e m a i n  a s  t h e  " l e n s  
e p i t h e l i u r n " .  

P R I M A R Y  
Q :  T h e  i n t r a - r e t i n a 1  s p a c e  i s  l o c a t e d  

b e t w e e n  t h e  a n d  
l a y e r s  o f  t h e  o p t i c  c u p .  
i s  c o n t i n u o u s  w i t h  t h e  
( a  s p a c e )  o f  t h e  b r a i n .  

L E N S  F I B E R S  

TTTT s  s p a c e  

3 2  C U B O I D A L  C E L L S  F A D  I N G  T ^ U C L E  I  
w e e k  s e c o n d a r y  f i b e r s  b e g i n  t o  p r o l i f e r a t e  S E C O N D A R Y  

i n  b o t h  d i r e c t i o n s  f r o m  t h e  e q u a t o r i a l  r e g i o n  o f  t h e  l e n s .  L E N S  F I B E R S  
T h e s e f i b e r s  o r i g i n a t e  f r o m  t h e  c u b o i d a l  c e l l s  a t  t h e i r  ~  
j u n c t i o n  w i t h  t h e  c o l u m n a r  c e l l s .  T h e  n u c l e i  o f  t h e  
c u b o i d a l  c e l l s  a r e  s h o w n  h e r e  a n d  t h e  s e c o n d a r y  f i b e r s  
a s  t h e y  e x t e n d  f o r w a r d ,  p a s s  b e n e a t h  t h e  c u b o i d a l  c e l l s .  
T h e i r  p o s t e r i o r  e n d s  p a s s  b a c k w a r d s  d e e p  t o  t h e  h y a l i n e "  
c a p s u l e  o f  t h e  l e n s .  

Q :  T h e  c o l u m n a r  c e l l s  o f  t h e  l e n s  v e s i c l e  g i v e  r i s e  t o  
^ ? . T  l e n s  f i b e r s .  T h e s e  f i b e r s  e v e n t u a l l y  
o b l i t e r a t e  t h e  o f  t h e  l e n s  v e s i c l e .  

3 0  C u b o i d a l ,  C o l u m n a r ,  L e n s  C a p s u l e  
3 1  P i g m e n t e d ,  S e n s o r y ,  3 r d  v e n t r i c l e  
3 2  P r i m a r y ,  L u m e n  

C U B O I D A L  
C E L L  

N U C L E I  



S E C O N D A R Y  
3 3  L E N S ^ F I B E R S  
T h e  s e c o n d a r y  l e n s  f i b e r s  a r e  t h i c k  a t  t h e  e q u a t o r  b u t  t a p e r  
a s  t h e i r  e n d s  e x t e n d  t o w a r d  t h e  f r o n t  a n d  b a c k  o f  t h e  
l e n s .  

Q :  T h e  s e c o n d a r y  l e n s  f i b e r s  a r e  a  l a y e r  
( o u t s i d e ,  i n s i d e )  t h e  p r i m a r y  l e n s  f i b e r s .  

3b 
S e c o n d a r y  l e n s  f i b e r s  d o  n o t  b e c o m e  t h i n  
e n o u g h  t o  m e e t  o t h e r  f i b e r  e n d s  a t  a  s i n g l e  
p o i n t  a n d  Y - s h a p e d  s u t u r e s  r e s u l t .  B e c a u s e  
of this arrangement no fiber ever becomes 
l o n g  e n o u g h  t o  r e a c h  c o m p l e t e l y  f r o m  p o l e  t o  
p o l  e .  

Q :  T h e  f a c t  t h a t  t h e  s e c o n d a r y  f i b e r s  n e v e r  
b e c o m e  t h i n  e n o u g h  a t  t h e i r  e n d s  t o  a l l  
m e e t  a t  o n e  p o i n t ,  r e s u l t s  i n  t h e  

S i n c e  t h e  s e c o n d a r y  l e n s  f i b e r s  
a r e  s u c c e s s i v e l y  l a i d  d o w n  o n  
t o p  o f  e a c h  o t h e r ,  w i t h  t h e i r  
t h i c k e s t  p a r t s  a t  t h e  e q u a t o r ,  
t h e  l e n s  b e c o m e s  l e s s  s p h e r i c a l  
N o t e  t h e  p o s t e r i o r  s u t u r e  i n  
t h e  f i g u r e .  

q. -j-|-,e intraretinal space is 
w i t h  t h e  
b r a i n  a n d  i s  f o u n d  b e t w e e n  
a n d  l a y e r s  o f  

3 6  
T h i s  d r a w i n g  s h o w s  t h e  s h a p e  o f  t h e  l e n s  a t  t h e  
5 t h  m o n t h .  N o t e  t h a t  t h e  p a r t  o f  t h e  l e n s  f o r m e d  
b y  p r i m a r y  f i b e r s  r e m a i n s  i n  a  s p h e r i c a l  s h a p e .  
T h e  r e m a i n d e r  o f  t h e  l e n s  i s  f o r m e d  b y  s e c o n d a r y  
f i b e r s  .  

Q :  I n  t h e  l e n s  v e s i c l e  t h e  c u b o i d a l  c e l l s  g i v e  
r i s e  t o  l e n s  f i b e r s ,  w h i l e  t h e  
c o l u m n a r  c e l l s  g i v e  r i s e  t o  t h e  
l e n s  f i b e r s .  

F I B E R S  

3 3  O u t s i d e  
3 k  Y - s h a p e d  S u t u r e  
3 5  3 r d  V e n t r i c l e ,  P i g m e n t e d ,  

S e n s o r y  
36 S e c o n d a r y ,  P r i m a r y  

2 °  L E N S r  I B E  R S  

P O S T E R I O R  
S U T U R E  

• ^ 
A 

c o n t i  n u o u s  
o f  t h e  

t h e  
t h e  r e t i n a .  

P R I M A R Y  
F I B E R S  

S E C O N D A R Y  
F I B E R S  



37 
S h o w n  h e r e  i s  a  d r a w i n g  o f  a  s e c t i o n  t h r o u g h  t h e  
l e n s  s h o w i n g  t h e  p r i m a r y  a n d  s e c o n d a r y  l e n s  f i b e r s  
a s  l a y e r e d  e n t i t i e s .  

Q :  T h e  c h a r a c t e r i s t i c  s h a p e  o f  t h e  a d u l t  l e n s  i s  
m a i n l y  d u e  t o  t h e  l e n s  f i b e r s .  

1  F I B E R S  

2 °  

F I B E R S  

5 t h  M O N T H  

B y  t h e  3 5 t h  d a y ,  t h e  v i t r e o u s  c a v i t y  i s  f i l l e d  
w i t h  m e s o d e r m a l  c e l l s ,  f i b e r s  a n d  s e c r e t i o n s .  P R I M A R Y  
T h e  f i b e r s  a n d  t h e  s e c r e t i o n s  a r e  f o r m e d  b y  t h e  V I T R E O U S  
l e n s  a n d  t h e  r e t i n a .  T h e s e ,  a l o n g  w i t h  t h e  
m e s o d e r m a l  c e l l s ,  m a k e  u p  t h e  p r i m a r y  v i t r e o u s .  

Q :  T h e  p r i m a r y  v i t r e o u s  a r i s e s  f r o m  w h i c h  g e r m  
1 a y e r s ?  

3 5 t h  D A Y  

39 
T h e  m e s o d e r m a l  c e l l s  i n  t h e  v i t r e o u s  c a v i t y  w i l l  l a t e r  f o r m  b l o o d  
v e s s e l s  a n d  t h e i r  a s s o c i a t e d  c o n n e c t i v e  t i s s u e s .  

Q :  T h e  o p t i c  c u p  i s  c o n n e c t e d  t o  t h e  d e v e l o p i n g  b r a i n  b y  t h e  

40 
C e l l s  l y i n g  i n  t h e  r e t i n a  g i v e  r i s e  t o  
v i t r e o u s  f i b r i l s  s o  t h a t  a  s e c o n d a r y  v i t r e o u s  
i s  f o r m e d  a r o u n d  t h e  p r i m a r y  v i t r e o u s .  

Q :  T h e  s e c o n d a r y  v i t r e o u s  i s  f o r m e d  b y  c e l l s  
o f  t h e  

I I  1  V I T R E O U S  

2 °  V I T R E O U S  
F I B R I L S  

G A N G L I O N  
C E L L S  

41 
B y  t h e  3 5 t h  d a y ,  a  f e w  p i g m e n t  g r a n u l e s  a r e  p r e s e n t  i n  
t h e  p i g m e n t e d  l a y e r  o f  t h e  r e t i n a .  

Q :  T h e  p i g m e n t e d  l a y e r  d e v e l o p s  f r o m  w h a t  q e r m  
l a y e r ?  a  

37 S e c o n d a r y  4 0  
38 M e s o d e r m  a n d  E c t o d e r m  4 1  
39 O p t i c  S t a l k  

R e t i n a  
N e u r a l  E c t o d e r m  

' R E T I N A  
P I G M E N T E D  L A Y E R  



T h e  d e v e l o p m e n t  o f  ^ ®  ? ® " ^ t i o n '  a c c o r d !  n g  W ^ u k e - E  1  d e r ! ° U r  

S t 6 P f 1 ?  A  h ^ e a r l y  d i f f e r e n t  i  a t  i o n  i  n t o  z o n e !  w h i c h  t a k e s  p l a c e  i n  
h u m a n  e m b r y o s  d u r i n g  t h e  5 t h  w e e k  ( k  t o  1 0  m m ) .  

( 2 )  The  f o r m a t i o n  o f  t e m p o r a r y  l a y e r s  d u r i n g  t h e  6 t h  t o  1 1 t h  

( 3 ,  C e U  d i f f e r  en t i  a t  i o n  a n d  m i g r a t i o n  b e t w e e n  t h e  1 2 t h  a n d  
2 k t h  w e e k  ( 6 5  t o  2 3 0  m m ) .  h  m o n t h )  .  

( 1 + )  T h e  f i n a l  o r g a n i z a t i o n  o f  l a y e r s  \ / \ .  

.  0 f  t h e  v i t r e o u s  c a v i t y  p r i m a r i l y  g i v e  
Q :  T r ^ p m t o  I n d  t h e i r  a s s o c i a t e d  c o n n e c t i v e  t i s s u e s .  

The f i rst,  stage of ret inal Sine into 
characterized ^  the d^ffere o u t e r m ost in close relat ion 
t w o  z o n e s :  a  p r i m i t i v e  z o n e  K y  a  z Q n e  ( l y i n g  i n n e r m o s t  

"ose ' tS  SS n wSrUS) ! '  Some ce l l s  even tua l l y  m ig ra te  f rom the  
p r im i t i ve  laye r  i n to  the  marg ina l  l aye r .  

,  f  (qe rm laye r ) ,  
Q :  Neurog l i a  o f  t h e  bra in  deve  op  (ge rm l aye r ) .  

w h i l e  mic rog l i a  deve lop  f rom v y  

r k  4-u  . on r i  c taae  o f  re t i na l  deve lopmen t ,  t he  o r i g ina l  zone  o f  
^ ^ w f ^ l f b ^ / d  v i d e d  1 n t o t h e n 1 n n e e r  -d - te r  ̂ eu ro -

Be tween  ihe^ i s  a  nar ro^zone  w i thou t  nuc le i  wh ich  i s  a  t r ans ien t  
f i be r  l aye r  (o f  Ch iev i t z ) .  

0 -  The  f i r s t  s tage  i n  the  deve lopmen t  o f  t he  re t i na  was  cha rac -
Q '  t e r i zed  by  the  fo rma t ion  o f  two  zones ,  wh ich  a re  

and  •  

n n i n g  o f  
A t  t h i s  

l i t t l e  
f h 0  v H  c h a a e  o f  r e t i n a l  d e v e l o p m e n t ,  t h e r e  i s  a  b e g i  

[ n  t h e  3  .  .  •  n  z  n  + - h p  i n n e r  n e u r o b l a s t i c  l a y e r .  
; e l l u l a r  s p e c i a l i z  h i _ Q t i r  i a v e r  u n d e r g o e s  r e l a t i v e l y  l i t t  
t i m e ,  t h ®  ° " ' ? ( Q " e " e ° u  d e v e l o p  f r o m  t h e  d e e p e r  c e l l s  o f  t h e  
i n n e r ' i a y e r )  a n d  m i g r a t e  i n t o  ? h e  m a r g i n a l  z o n e  o f  t h e  n e r v o u s  

re t i na .  
.  • .p  n r im i t i  v e  z o n e  h a v e  s e p a r a t e d  i n t o  

Q :  t w o "  d o H  n i ' t i  v e  1  a y e r  s t  ? h r e s e  l a y e r s  a r e  r e f e r r e d  t o  a s  t h e  
oorl 1 a y ci o • 

i+  2  B lood  Vesse ls  
b3  Ec tode rm,  Mesoderm 

bb 
b5 

The  P r im i t i ve ,  Marg ina l  
I nne r  and  Ou te r  Neuro 
b las t i c  



46 
D u r i n g  t h e  4 t h  s t a g e ,  a l l  t h e  l a y e r s  o f  t h e  a d u l t  r e t i n a  c a n  b e  
r e c o g n i z e d .  T h e  c e l l s  o f  M t i l l e r  a r e  s u p p o r t i n g  e l e m e n t s  w h i c h  
r e s e m b l e  e p e n d y m a l  c e l l s  a n d  h a v e  a  v e r t i c a l  a r r a n g e m e n t .  T h e s e  
c e l l s  e x t e n d  b e t w e e n  t h e  e x t e r n a l  a n d  i n t e r n a l  l i m i t i n g  m e m b r a n e s  
w i t h  w h i c h  t h e y  a r e  c l o s e l y  a s s o c i a t e d .  T h e  i n t e r m e d i a t e  l a y e r  
c o n t a i n s  t h e  b i p o l a r  c e l l s  w h i c h  c o n n e c t  t h e  o u t e r  r e c e p t o r  c e l l s  
w i t h  t h e  d e e p e r  g a n g l i o n  c e l l s .  W e  c a n  o n l y  s p e c u l a t e  a s  t o  h o w  
t h e  r e t i n a  b e c a m e  i n v e r t e d  i n  t h e  o p t i c  c u p  s o  t h a t  l i g h t  h a s  t o  
p a s s  t h r o u g h  m a n y  l a y e r s  b e f o r e  r e a c h i n g  t h e  r e c e p t o r  c e l l s .  

4 7  
T h e  f i r s t  e l e m e n t s  t o  d e v e l o p  i n  t h e  n e r v o u s  r e t i n a  a r e  t h e  g a n g l i o n  
c e l l s  w h i c h  s e n d  t h e i r  f i b e r s  t o  t h e  b r a i n .  T h e  r e c e p t o r  c e l l s  
( r o d s  a n d  c o n e s )  a n d  t h e  b i p o l a r  c e l l s  f o r m  l a t e r .  

Q :  T h e  m a r g i n a l  z o n e  i s  i n v a d e d  b y  f r o m  t h e  
i n n e r  n e u r o b l a s t i c  l a y e r .  

4 8  
E a c h  g a n g l i o n  c e l l  s e n d s  o u t  a  p r o c e s s  w h i c h  r u n s  i n  t h e  o p t i c  s t a l k  
t o w a r d  t h e  b r a i n .  T h e s e  p r o c e s s e s  f o r m  t h e  n e r v e  f i b e r  l a y e r  o f  t h e  
r e t i n a  a n d  t h e  f i b e r s  o f  t h e  o p t i c  n e r v e .  T h i s  i s  t h e  f i r s t  f i b e r  
l a y e r  o f  t h e  r e t i n a  t o  b e  c o m p l e t e l y  e s t a b l i s h e d .  

Q :  T h e  f i r s t  f i b e r  l a y e r  t o  b e  e s t a b l i s h e d  i n  t h e  r e t i n a  i s  f o r m e d  
b y  t h e  p r o c e s s e s  o f  t h e  c e l l s .  

4 9  
T h e  g a n g l i o n  c e l l s  s e n d  o u t  f i b e r s  ( a x o n s )  
w h i c h  g r o w  s l o w l y  t o w a r d  t h e  o p t i c  s t a l k .  
W h e n  t h e y  e n t e r  t h e  o p t i c  s t a l k  a n d  g r o w  
t o w a r d  t h e  b r a i n  t h e y  f o r m  t h e  o p t i c  n e r v e .  

Q :  T h e  l e n s  p i t  i s  f o r m e d  f r o m  
( n e u r a l ,  s u r f a c e )  e c t o d e r m .  

O U T E R  
N E U R O B L A S T I C  
L A Y E R  

I N N E R  
N E U R O B L A S T I C  

i L A Y E R  

T O  O P T I C  
N E R V E  

X O N A L  F I B E R S  

G a n g l i o n  C e l l s  
G a n g  1 i o n  
S u r f a c e  



1° the 45th day the cel ls of the 1 Sh week the'  
become rods and cones are f1 1 t u r e  r od and cone cel ls and a few 
c ine'ceul f reTot^udi ng — poster ior pole of the ret ina. 

Q: During the 3rd stage of ret inal  development eel lular special iza-

1a y e r ^ u n d e rgoes relat i  ve Iy l i t t le change• 

GANGLION 
CELLS 

INNER NEURO
BLAST] 
LAYER 

§0 @a0G®0©c CONE CELLS 

EXTERNAL 
LIMITING 
MEMBRANE 

ROD Sr CONE 
CELLS 

d_CILIA 
IGMENTED 

CELL LAYER 
A5th DAY 10th WEEK 

There has been ^u c hn^rna"1  l imi t i  ng mem-
^anes. r enn is9probab1e that these membranes are the Smit i  ng mem-

^-^u^h^^cir^spoL^i^^na? Sranls Stleh JurPound the 

neural tube. 

The secondary v i t reous is formed by cel ls of the 

Ahout the 12tn week, cone cel ls are present throughout the ret ina 
but rod eel Is are not ful ly di f ferent iated at this t ime. 

Q: Rods and cones develop from the — germinal lay 

The gangl ion cel l  layer of the ret ina now 
thickens in the region of the future 
macula. In the center of the mac u ]a» 
the fovea wi11 soon develop. The fovea 
i s  t h e  r e g i o n  o f  m o s t  d i s t i n c t  v i s i o n  i n  
the adult .  In the adult  rods are absent 
in the foveal region. 
Q.  jhe fovea develops in the center of  

the future 

50 Inner Neuroblast ic,  
Outer Neuroblasts 53 

51 Ret ina 

Neural Ectoderm 
Macu1 a 

FUTURE FOVEAL 
REGION 

GANGLION 
CELL 

LAYER 
6th 

MONTH 



5^ 
D i f f e r e n t i a t i o n  o f  a l l  p a r t s  o f  t h e  r e t i n a  i s  v e r y  r a p i d  d u r i n g  t h e  
f i r s t  3  m o n t h s  o f  f e t a l  l i f e .  A t  t h i s  t i m e ,  t h e  a r e a  w h i c h  w i l l  
b e c o m e  t h e  f u t u r e  m a c u l a  b e g i n s  t o  l a g  b e h i n d  a d j a c e n t  a r e a s  i n  
d e v e l o p m e n t .  D u r i n g  t h e  8 t h  m o n t h  o f  f e t a l  l i f e  d i f f e r e n t i a t i o n  
a g a i n  p r o c e e d s  r a p i d l y ,  h o w e v e r ,  u n l i k e  s u r r o u n d i n g  a r e a s  o f  r e t i n a  
i t  i s  n o t  c o m p l e t e d  u n t i l  3  t o  4  m o n t h s  a f t e r  b i r t h .  

Q :  T h e  g a n g l i o n  c e l l  l a y e r  
t h i c k e n s  i n i t i a l l y ,  b u t  
b y  a  t h i n n i n g .  

i n  t h e  r e g i o n  o f  t h e  
e v e n t u a l l y  t h i s  a r e a  

f u t u r e  
i s  c h a r a c t e r i z e d  

55 
D u r i n g  t h e  7 t h  m o n t h  
i n  t h e  r e g i o n  o f  t h e  
d e p r e s s i o n  t o  a p p e a r ,  
i t  i s  n o t  c o m p l e t e l y  
b i r t h .  R o d s  f a i l  t o  
o f  t h e  f o v e a .  

t h e  g a n g l i o n  c e l l  l a y e r  
f o v e a  t h i n s  c a u s i n g  a  

t h e  f o v e a ;  h o w e v e r ,  
d e v e l o p e d  u n t i l  a f t e r  
d e v e l o p  i n  t h e  r e g i o n  

Q :  I n  t h e  a d u l t ,  t h e  
c e l l s ,  

f o v e a  c o n t a i n s  
b u t  n o t  

G A N G L I O N  
C E L L  

L A Y E R  

e e l  1  

F U T U R E  
F O V E A L  

E G  I O N  

7 t h  M O N T H  

5 6  
R o d s  d i f f e r e n t i a t e  f r o m  t h e  o u t e r  n e u r o 
b l a s t s  l a y e r  d u r i n g  t h e  7 t h  m o n t h ,  
e x c e p t  i n  t h e  r e g i o n  o f  t h e  f o v e a .  
H o r i z o n t a l  c e l l s  a l s o  d i f f e r e n t i a t e  i n  
t h e  o u t e r  n e u r o b l a s t s  l a y e r .  

Q :  T h e  r e g i o n  o f  t h e  f o v e a  d o e s n ' t  
c o m p l e t e  i t s  d e v e l o p m e n t  u n t i l  

B I P O L A R  
C E L L S  

R O D  

C O N E  

E X T .  L I M I T I N G  
M E M B R A N E  

P I G M E N T  E D  
C E L L S  

57 
A l s o  d u r i n g  t h e  7 t h  m o n t h ,  t h e  o u t e r  n e u r o b l a s t s  l a y e r  g i v e s  r i s e  
t o  t h e  b i p o l a r  c e l l s .  T h e  i n n e r  n e u r o b l a s t s  l a y e r  g i v e s  r i s e  t o  
t h e  g a n g l i o n ,  a m a c r i n e ,  a n d  M u l l e r ' s  c e l l s .  
Q :  T h e  o u t e r  n e u r o b l a s t s  l a y e r  g i v e s  r i s e  

a n d  c e l l s .  
t o  

58 
D u r i n g  t h e  7 t h  m o n t h  o f  f e t a l  l i f e  t h e  e y e  i s  s e n s i t i v e  t o  l i g h t .  

5 1 +  M  a c  u  1  a  
5 5  C o n e ,  R o d  

5 6  A f t e r  B i r t h  
57 R e c e p t o r ,  B i p o l a r ,  H o r i z o n t a l  



F o r m  p e r c e p t i o n  i s  a c q u i r e d  d u r i n g  t h e  f i r s t  y e a r  a n d  c o l o r  d i s 
c r i m i n a t i o n  d u r i n g  t h e  s e c o n d  y e a r .  

Q :  M u l l e r ' s  c e l l s  a r i s e  f r o m  t h e  
1 a y e r .  

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

T h e  b i p o l a r  c e l l s  s e r v e  a s  r e l a y s  b e t w e e n  t h e  
r o d s  a n d  c o n e s  a n d  t h e  g a n g l i o n  c e l l s  w h i c h  
s e n d  t h e  i m p u l s e  t o  t h e  b r a i n .  

Q .  7 H E  r e g i o n  o f  t h e  f o v e a  c o m p l e t e s  i t s  
d e v e l o p m e n t  ( b e f o r e  o r  a f t e r )  
b i r t h  .  

G A N G L I O N  
C E L L S  

B I P O L A R  
C E L L S  

R O D S  
-  S C O N E S  

T h o  H i f f p r p n t i a t i o n  o f  t h e  n e r v o u s  e l e m e n t s  o f  t h e  o p t i c  s y s t e m  

£? k-n^ ?iredCe);° oP°arehthPeatgangl i « «1 1 jT 
f i b e r s  t o  t h e  b r a i n .  T h e  l a s t  t o  f o r m  a r e  t h e  r e c e p t o r  c e l l s ,  t h e  
r o d s  a n d  c o n e s .  
n .  T h e  c e l l s  o f  t h e  o p t i c  p a t h w a y  a r e  t h e  f i r s t  t o  

d i f f e r e n t i a t e .  

A t  b i r t h  a l l  l a y e r s  o f  t h e  r e t i n a  a r e  c o m p l e t e  e x c e p t  i n  t h e  r e g i o n  
o f  t h e  f o v e a .  
0 *  T h e  i n n e r  n e u r o b l a s t i c  l a y e r  g i v e s  r i s e  t o  t h e  »  

a n d  c e l l s .  

T h r e e  f a c t o r s  a r e  i n v o l v e d  i n  t h e  d i f f e r e n t i a t i o n  o f  t h e  r e t i n a .  

( 1 )  C e l l s  d i f f e r e n t i a t e  a n d  m i g r a t e  f r o m  s u p e r f i c i a l  t o  d e e p e r  l a y e r s  

( 2 )  T h e  d i f f e r e n t i a t i o n  o f  l a y e r s  p r o c e e d s  f r o m  d e e p  t o  s u p e r f i c i a l .  

( 3 )  D i f f e r e n t i a t i o n  p r o c e e d s  f r o m  t h e  p o s t e r i o r  p o l e  t o  t h e  a n t e r i o r  
p o l  e .  

0 :  D i f f e r e n t i a t i o n  o f  t h e  P ° ' a  ° f  r e t 1 n a  , a 9 s  

b e h i n d  t h a t  o f  t h e  p o l e .  

6 2  G a n g l i o n ,  A m a c r i n e ,  M u l l e r ' s  
1 1  6 3  A n t e r i o r ,  P o s t e r i o r  
6 1  G a n g  1 i o n  



6 k  
T o  r e c a p i t u l a t e  t h e  d e v e l o p m e n t  o f  t h e  r e t i n a  t h e  f o l l o w i n g  p o i n t s  
s h o u l d  b e  r e m e m b e r e d .  D u r i n g  t h e  e a r l y  o p t i c  v e s i c l e  s t a g e  t h e  
n e r v o u s  r e t i n a  i s  l o c a t e d  a t  t h e  a n t e r i o r  p o l e  o f  t h e  v e s i c l e  
a d j a c e n t  t o  t h e  l e n s  p l a c o d e .  T h e  r e t i n a  a t  t h i s  t i m e  i s  r e p r e 
s e n t e d  b y  a  s i n g l e  l a y e r  o f  c o l u m n a r  c e l l s .  I n  t h e  o p t i c  v e s i c l e ,  
f u r t h e r  d e v e l o p m e n t  o f  t h e  n e r v o u s  r e t i n a  r e s u l t s  i n  t h e  f o r m a t i o n  
o f  t w o  z o n e s ,  t h e  m a r g i n a l  z o n e  a n d  t h e  p r i m i t i v e  z o n e .  T h e  
p r i m i t i v e  z o n e ,  w h i c h  l i e s  a d j a c e n t  t o  t h e  c h a m b e r  o f  t h e  o p t i c  
v e s i c l e  a n d  d e e p  t o  t h e  m a r g i n a l  z o n e ,  c o n t a i n s  c e l l s  w h i c h  r a p i d l y  
p r o l i f e r a t e .  

A f t e r  i n v a g i n a t i o n  o f  t h e  o p t i c  v e s i c l e  t o  f o r m  t h e  o p t i c  c u p ,  t h e  
m a r g i n a l  z o n e  l i e s  d e e p  t o  t h e  p r i m i t i v e  z o n e  a n d  b o r d e r s  o n  t h e  
v i t r e o u s  c a v i t y .  T h e  m a r g i n a l  z o n e  i s  d e v o i d  o f  n u c l e i  b u t  w i t h  
f u r t h e r  d e v e l o p m e n t  c e l l s  m i g r a t e  i n t o  i t .  

I n  t h e  s e c o n d  s t a g e  o f  r e t i n a l  d e v e l o p m e n t ,  t h e  p r i m i t i v e  z o n e  
d i v i d e s  i n t o  t h r e e  l a y e r s ;  t h e  i n n e r  n e u r o b l a s t i c  l a y e r ,  a  t r a n s i 
t o r y  l a y e r  a n d  t h e  o u t e r  n e u r o b l a s t i c  l a y e r .  T h e  t r a n s i t o r y  l a y e r  
i s  n a r r o w  a n d  l a c k s  n u c l e i  ;  i t  i s  k n o w n  a s  t h e  t r a n s i t o r y  f i b e r  
l a y e r  o f  c h i e v i t z .  F u r t h e r  d e v e l o p m e n t  s e e s  t h e  i n n e r  n e u r o b l a s t i c  
l a y e r  m i g r a t e  i n t o  t h e  m a r g i n a l  z o n e .  

D u r i n g  t h e  f o u r t h  w e e k  t h e  c e l l s  o f  M u l l e r  b e c o m e  i d e n t i f i a b l e  i n  
t h e  i n n e r  n e u r o b l a s t i c  l a y e r .  B y  t h e  e n d  o f  t h e  t h i r d  m o n t h  t h e s e  
c e l l s  h a v e  e l o n g a t e d  a n d  s p a n  t h e  t h i c k n e s s  o f  t h e  r e t i n a .  

T h e  g a n g l i o n  c e l l s  a l s o  a r i s e  i n  t h e  i n n e r  n e u r o b l a s t i c  l a y e r  a n d  
m i g r a t e  a c r o s s  t h e  m a r g i n a l  z o n e  a n d  c o m e  t o  l i e  n e x t  t o  t h e  v i t r e o u s  
c a v i t y .  T h e  a c e l l u l a r  r e g i o n  b e t w e e n  t h e  i n n e r  n e u r o b l a s t i c  l a y e r  
a n d  g a n g l i o n  c e l l  l a y e r  i s  n o w  t h e  i n n e r  p l e x i f o r m  l a y e r .  T h e  r e 
m a i n i n g  c e l l s  i n  t h e  i n n e r  n e u r o b l a s t i c  l a y e r  w i l l  b e c o m e  t h e  
a m a c r i n e  c e l l s .  

From the outer neuroblastic layer the future horizontal and bipolar 
c e l l s  m i g r a t e  a c r o s s  t h e  t r a n s i e n t  f i b e r  l a y e r  o f  C h i e v i t z  t o  t h e  
i n n e r  n e u r o b l a s t i c  l a y e r  w h i c h  n o w  c o n s t i t u t e s  t h e  i n n e r  n u c l e a r  
l a y e r .  T h e  t r a n s i e n t  f i b e r  l a y e r  o f  C h i e v i t z  i s  o b l i t e r a t e d  b y  t h i s  
m i g r a t i o n .  T h e  r e g i o n  o f  t h e  o u t e r  n e u r o b l a s t i c  l a y e r  f r o m  w h i c h  
t h e  h o r i z o n t a l  a n d  b i p o l a r  c e l l s  h a v e  m i g r a t e d  c o n s t i t u t e s  t h e  o u t e r  
p 1 e x i f o r m  l a y e r .  

T h e  r e m a i n d e r  o f  t h e  o u t e r  n e u r o b l a s t i c  l a y e r  c o n s t i t u t e s  t h e  o u t e r  
n u c l e a r  l a y e r  a n d  i n  t h i s  l a y e r  t h e  r o d s  a n d  c o n e s  w i l l  f o r m .  

N o t e  t o  r e a d e r  

I n  t h e  l a s t  a n a l y s i s  t h e  r e a d e r  i s  t h e  " d o c t o r "  a n d  i t  i s  h i s  
r e s p o n s i b i l i t y  t o  d i s c o v e r  w h a t  p o i n t s  s h o u l d  b e  e m p h a s i z e d  a n d  w h a t  
t e c h n i q u e s  s e r v e  h i s  l e a r n i n g  p r o c e s s e s  b e s t .  C o l o r i n g  t h e  d i a g r a m s  i n  
t h i s  m a n u a l  w i l l  h e l p  t h e  r e a d e r  d i s c o v e r  w h e t h e r  h e  c o m p l e t e l y  u n d e r 
s t a n d s  t h e  m a t e r i a l  p r e s e n t e d .  I f  t h e  r e a d e r  i s  u n c e r t a i n  a s  t o  t h e  
o r i g i n  ( g e r m  l a y e r )  o f  a  c e r t a i n  s t r u c t u r e ,  l e a v e  t h i s  s t r u c t u r e  
u n c o l o r e d  u n t i l  t h e  p o i n t  i n  q u e s t i o n  h a s  b e e n  r e s o l v e d .  I t  m a y  b e  
d e s c r i b e d  l a t e r  i n  t h e  t e x t .  



G 
H 
I 
J 

6 4  ( C o n t i n u e d )  
Q :  A t  b i r t h  t h e  r e t i n a  i s  r e a d y  t o  f u n c t i o n  

T h e  l a y e r s  o f  t h e  c o m p l e t e d  r e t i n a  a r e :  

I n n e r  p l e x i f o r m  l a y e r  

I n n e r  l i m i t i n g  m e m b r a n e  

N e r v e  f i b e r  l a y e r  

G a n g  1 i o n  c e l l  l a y e r  
A M A C R I N  

C E L L  
I n n e r  n u c l e a r  l a y e r  
( B i p o l a r  c e l l  1 a y e r )  

L a y e r  o f  r o d s  a n d  c o n e s  

P i g m e n t e d  c e l l  l a y e r  

O u t e r  p l e x i f o r m  l a y e r  

O u t e r  n u c l e a r  l a y e r  
( R o d  a n d  c o n e  n u c l e i )  

(  )  O u t e r  l i m i t i n g  m e m b r a n e  

M U L L E R 1 S  
C E L L  

H O R I Z O N T A  
C E L L  

R e l a t e  t h e  s t r u c t u r e s  l a b e l e d  i n  t h e  
f i g u r e  t o  t h e  l a y e r s  l i s t e d  i n  t h e  
l e f t - h a n d  c o l u m n .  

6 5  
D u r i n g  t h e  6 t h  w e e k  t h e  n e r v e  f i b e r s  e n t e r  
t h e  o p t i c  s t a l k  a n d  g r o w  t o w a r d  t h e  b r a i n  
r e a c h i n g  i t  b y  t h e  e n d  o f  t h e  7 t h  w e e k .  

Q :  W h i c h  c e l l  l a y e r  o f  t h e  r e t i n a  s e n d s  
f i b e r s  ( a x o n s )  t o  t h e  b r a i n ?  

O P T I C  
S T A L K  

G A N G L I O N  C E L L  L A Y E R  

66 
T h i s  d r a w i n g  s h o w s  t h e  o p t i c  s t a l k  b e f o r e  t h e  
n e r v e  f i b e r s  h a v e  e n t e r e d  i t .  

Q :  T h e  o p t i c  s t a l k  a n d  c u p  a r e  e x t e n s i o n s  o f  
t h e  

6k  D ,  A ,  B ,  C ,  E ,  I ,  J ,  F ,  G ,  H  
6 5  G a n g l i o n  C e l l  L a y e r  
6 6  B r a i n  

O P T I C  S T A L K  



6 7  
A s  t h e  n e r v e  f i b e r s  g r o w  t o w a r d  t h e  
b r a i n ,  t h e  o p t i c  n e r v e  g r o w s  t h i c k e r  
a n d  t h e  i n n e r  c e l l s  v a c u o l a t e  a n d  d i s 
a p p e a r .  T h e  o u t e r  c e l l s  d i f f e r e n t i a t e  
i n t o  t h e  g l i a l  ( s u p p o r t i n g )  c e l l s  o f  
t h e  n e r v e .  

Q :  T h e  c e l l s  t h a t  s u p p o r t  t h e  n e r v e  
cells and fibers are known as 

c e l l s .  

68 
T h i s  d r a w i n g  s h e w s  t h e  o p t i c  s t a l k  a s  i t  N E R V E  
l o o k s  t w o  d a y s  a f t e r  t h e  n e r v e  f i b e r s  h a v e  I B E R S  
b e g u n  t o  e n t e r  i t .  , f  

f t  Q o  ®  °  x 1  

Q :  T h e  o p t i c  s t a l k  n o w  c o n t a i n s  f i b e r s  f ^  ,  \  
( a x o n s )  w h i c h  a r e  c o n t i n u o u s  w i t h  t h e  ( , ; y : £ > *  ®  

l a y e r  o f  t h e  r e t i n a .  < D \  

V A C U O L A T I N G  
C E L L S  

69 
B y  t h e  e n d  o f  t h e  7 t h  w e e k  a  c o n n e c t i v e  t i s s u e  
s h e a t h  i s  f o r m i n g  a r o u n d  t h e  o p t i c  n e r v e .  T h i s  
s h e a t h  ( d u r a  o f  t h e  o p t i c  n e r v e )  i s  c o n t i n u o u s  
w i t h  t h e  s c l e r a  o f  t h e  e y e  a n d  t h e  d u r a  o f  t h e  
b r a i  n .  

Q :  I n  t h e  a d u l t ,  t h e  f o v e a  c o n t a i n s  
c e l l s ,  b u t  n o  e e l  1 s .  

C O N N E C T I V E  T I S S U E  
S H E A T H  

7 0  
I n  t h e  o p t i c  s t a l k  d r o p l e t s  o f  l i p i d  a p p e a r  i n  t h e  p r o t o p l a s m  o f  
t h e  g l i a l  c e l l s  s u r r o u n d i n g  t h e  a x o n s  o f  t h e  n e r v e  f i b e r s .  T h e s e  
d r o p l e t s  c o n d e n s e  t o  f o r m  a  t h i n  m e d u l l a r y  s h e a t h  a r o u n d  e a c h  a x o n .  
T h i s  m e d u l l a t i o n  p r o g r e s s e s  f r o m  t h e  b r a i n  t o  t h e  e y e  a n d  i s n ' t  
c o m p l e t e  u n t i l  t h e  9 t h  m o n t h .  

Q :  T h e  c o n t i n u a t i o n  o f  t h e  d u r a  o f  t h e  o p t i c  s t a l k  o v e r  t h e  s u r f a c e  
o f  t h e  e y e b a l l  i s  t h e  

V A C U O L A T I N G  

G L I A L  
C E L L S  

N E R V E  
F I B E R S  

67 G l i a l  o r  S u p p o r t i n g  6 9  C o n e ,  R o d  
6 8  N e r v e  F i b e r  7 0  S c l e r a  



7 1  
T h e  s c l e r a  i s  f o r m e d  f r o m  m e s e n c h y m e  w h i c h  
c o n d e n s e s  n e a r  t h e  f r o n t  e d g e  o f  t h e  o p t i c  c u p ,  S C L E R A L  
a n d  l a t e r  e n c l o s e s  t h e  e y e .  C O N D E N S A T I O N  

Q :  B e t w e e n  t h e  p i g m e n t e d  e p i t h e l i u m  a n d  t h e  
n e r v o u s  r e t i n a  i n  t h e  d e v e l o p i n g  o p t i c  
c u p  i s  t h e  s p a c e .  

3 7 t h  D A Y  

7 2  
T h e  c o r n e a  i s  a  c o n t i n u a t i o n  o f  t h e  s c l e r a  o v e r  
t h e  s u r f a c e  o f  t h e  e y e  s u p e r f i c i a l  t o  t h e  l e n s .  
T h e  p o s t e r i o r  c o r n e a l  s u r f a c e  i s  f o r m e d  b y  a  
l a y e r  o f  m e s o t h e l i u m  c a l l e d  D e s c e m e t ' s  m e s o t h e -
l i u m .  T h e  s u r f a c e  e p i t h e l i u m  o f  t h e  c o r n e a  i s  
d e r i v e d  f r o m  s u r f a c e  e c t o d e r m .  

Q :  T h e  s c l e r a  i s  f o r m e d  b y  t h e  
g e r m  l a y e r .  

D E S C E M E T ' S  
M E S O T H E L I U M ^  

73 
T h e  s t r o m a  o f  t h e  c o r n e a  i s  l a i d  d o w n  b e t w e e n  
D e s c e m e t ' s  m e s o t h e l i u m  a n d  t h e  s u r f a c e  
e p i t h e  1 i u r n .  

Q :  T h e  p o s t e r i o r  s u r f a c e  o f  t h e  c o r n e a  i s  
f o r m e d  b y  .  

w 
1IS 
M  

D E S C E M E T ' S  
M E S O T H E L I U M  

E A R L Y  C O R N E A L  
S T R O M A  

S U R F A C E  
~  E P I T H E L I U M  

lb  
A n o t h e r  l a y e r  o f  m e s o d e r m  i s  l a i d  d o w n  j u s t  d e e p  t o  D e s c e m e t ' s  
m e s o t h e l i u m .  T h i s  i s  t h e  p u p i l l a r y  m e m b r a n e ,  a n d  i t  l i e s  o v e r  t h e  
l e n s  i n  t h e  a r e a  o f  t h e  p u p i l l a r y  o p e n i n g ,  a s  i t s  n a m e  i m p l i e s .  

Q :  T h e  c o r n e a l  s t r o m a  l i e s  b e t w e e n  t h e  a n d  
l a y e r s  o f  t h e  d e v e l o p i n g  c o r n e a .  

7 1  I n t r a r e t i n a l  
7 2  M e s o d e r m  

73 D e s c e m e t ' s  M e s o t h e l i u m  
l b  S u r f a c e  E p i t h e l i u m ,  

D e s c e m e t ' s  M e s o t h e l i u m  



75 
D e s c e m e t ' s  m e s o t h e l i u m  b e c o m e s  s e p a r a t e d  
f r o m  t h e  u n d e r l y i n g  p u p i l l a r y  m e m b r a n e ,  
f o r m i n g  a  s p a c e ,  t h e  a n t e r i o r  c h a m b e r  o f  
t h e  e y e .  D e c e m e t ' s  m e s o t h e l i u m  i s  a l s o  
c a l l e d  t h e  e n d o t h e l i u m  o f  t h e  a n t e r i o r  
c h a m b e r .  

Q :  T h e  a n t e r i o r  c h a m b e r  l i e s  b e t w e e n  t h e  
r_^r__ membrane and 

m e s o t h e l i u r n .  

OPTIC CUP 

ANT. 
CHAMBER 

FUTURE 
"CORNEA 

PUPILLARY 
MEMBRANE 

D E S C E M E T '  S 
MESOTHELIUM 

MESODERM 

7 6  
B y  t h e  s e v e n t h  w e e k  t h e  s c l e r a  h a s  d e v e l o p e d  
a r o u n d  t h e  e y e  a b o u t  h a l f w a y  a n d  i s  e x t e n d 
i n g  p o s t e r i o r l y .  

Q :  T h e  c o n t i n u a t i o n  o f  t h e  s c l e r a  o v e r  t h e  
a n t e r i o r  s u r f a c e  o f  t h e  e y e  i s  c a l l e d  
t h e  

A N T .  
C H A M B E R  

S C L E R A  

7 7  
B y  t h i s  t i m e  c o n d e n s a t i o n s  o f  m e s o d e r m  i n  
t h e  o r b i t  a r e  f o r m i n g  t h e  e x t r i n s i c  m u s c l e s  
o f  t h e  e y e .  

Q :  T h e  l e n s  v e s i c l e  d e v e l o p s  f r o m  t h e  
1  e n s  

7 8  
S h o w n  h e r e  a r e  t h e  p o s t e r i o r  c o r n e a l  s u r f a c e  
( D e s c e m e t ' s  m e s o t h e l i u m ) ,  t h e  c o r n e a l  s t r o m a  
a n d  t h e  s u r f a c e  e p i t h e l i u m .  

Q :  D e e p  t o  t h e  p o s t e r i o r  c o r n e a l  s u r f a c e  
i s  a  c a v i t y ,  t h e  .  

7 5  P u p i l l a r y ,  D e s c e m e t ' s  
7 6  C o r n e a  

7 7  P l a c o d e  
7 8  A n t e r i o r  C h a m b e r  

DESCEMET'S 
'MESOTHELIUM 

CORNEAL 
/  STROMA 

SURFACE 
EPITHELIUM 

X T R I N S I C  
C U L A R  

M U S C L E S  



B y  t h e  e i g h t h  w e e k  t h e  s c l e r a  h a s  f o r m e d  a l l  
t h e  w a y  t o  t h e  p o s t e r i o r  p o l e  o f  t h e  e y e .  

Q :  T h e  s c l e r a  i s  f o r m e d  b y  c o n d e n s a t i o n  o f  
( g e r m  1 a y e r ) .  

T h e  f o l d s  o r  " w r i n k l e s "  s h o w n  h e r e  i n  t h e  
o p t i c  c u p  w i l l  f o r m  t h e  c i l i a r y  p r o c e s s e s .  
T h i s  t h i c k e n e d  p a r t  w i l l  f o r m  t h e  c i l i a r y  
b o d y  o f  t h e  a d u l t  e y e .  

Q.  j h e  Y - s h a p e d  s u t u r e s  o f  t h e  l e n s  a r e  
a  r e s u l t  o f  t h e  f a c t  t h a t  t h e  

d o  n o t  b e c o m e  t h i n  o r  
l o n g  e n o u g h  f o r  a l l  f i b e r  e n d s  t o  
m e e t  a t  a  s i n g l e  p o i n t .  

8 1  
T h i s  d r a w i n g  i l l u s t r a t e s  s e v e r a l  p o i n t s :  

( 1 )  T h e  i n t r a r e t i n a l  s p a c e  i s  b e c o m i n g  
o b l i t e r a t e d  b y  t h e  n e r v o u s  a n d  t h e  
p i g m e n t e d  l a y e r s  o f  t h e  r e t i n a  g r o w i n g  
t o g e t h e r .  

( 2 )  A  s p a c e  i s  l e f t  a t  t h e  r i m  o f  t h e  c u p ,  
t h e  m a r g i n a I  s i n u s .  

( 3 )  T h e  p i g m e n t e d  l a y e r  a p p e a r s  v e r y  d a r k  
d u e  t o  t h e  d e p o s i t  o f  p i g m e n t .  

Q :  T h e  m a r g i n a l  s i n u s  i s  f o r m e d  b y  t h e  
i n c o m p l e t e  f u s i o n  o f  t h e  
a n d  t h e  l a y e r s  o f  t h e  
r e t i n a .  

M A R G I N A L  
S I N U S  

O P T I C  
C U P  

' P I G M E N T E D  L A Y E R  
' N E R V O U S  L A Y E R  

S C L E R A '  

-  8 t h '  W E  

A N T E R I O R  
C H A M B E R  

F U T U R E  
I L I A R Y  

P R O C E S S E S  

7 9  M e s o d e r m  
8 0  S e c o n d a r y  L e n s  F i b e r s  
8 1  N e r v o u s ,  P i g m e n t e d  



8 2  
T h e  c i l i a r y  m u s c l e  d e v e l o p s  f r o m  t h e  m e s o d e r m  
i n  t h e  r e g i o n  b e t w e e n  t h e  c i l i a r y  b o d y  a n d  t h e  
s c l e r a .  T h e  r i m  o f  t h e  o p t i c  c u p  w h i c h  e x t e n d s  
f a r  e n o u g h  t o  p a r t i a l l y  c o v e r  t h e  l e n s  w i l l  
f o r m  t h e  e p i t h e l i u m  o f  t h e  i r i s .  

Q :  T h e  h o r i z o n t a l  a n d  b i p o l a r  c e l l s  o f  t h e  
r e t i n a  m i g r a t e  f r o m  t h e  
n e u r o b l a s t i c  t o  t h e  n e u r o 
b l a s t  i c  l a y e r .  

8 3  
D u r i n g  t h e  l a t t e r  p a r t  o f  t h e  3 r d  m o n t h  
( e m b r y o s  o f  a b o u t  6 5  m m . )  a  s m a l l  p l e x u s  
o f  v e n o u s  c h a n n e l s  a p p e a r s  a m o n g  t h e  
f i b e r s  o f  t h e  c o r n e a 1  - s c 1  e r a  1  c o n d e n s a 
t i o n  n e a r  t h e  a n g l e  o f  t h e  a n t e r i o r  
c h a m b e r .  T h i s  p l e x u s  d r a i n s  i n t o  a  v e i n  
w h i c h  e x t e n d s  a r o u n d  t h e  m a r g i n  o f  t h e  
c o r n e a  a t  t h e  p e r i p h e r a l  e d g e  o f  t h e  
p u p i l l a r y  m e m b r a n e .  T h i s  v e i n  l a t e r  
s t o p s  c a r r y i n g  b l o o d  a n d  s e r v e s  t o  d r a i n  
a q u e o u s  h u m o r  f r o m  t h e  a n t e r i o r  c h a m b e r  
i n t o  t h e  v e n o u s  s y s t e m .  T h i s  w i l l  b e  
c a l l e d  t h e  C a n a l  o f  S c h l e m m .  B y  t h e  8 t h  
m o n t h  o f  f e t a l  l i f e  t h i s  o u t f l o w  p a t h  
c o n n e c t s  w i t h  t h e  s c l e r a l  v e i n s .  

Q :  T h e  c i l i a r y  m u s c l e  i s  f o r m e d  f r o m  t h e  
g e r m  l a y e r .  

8 4  
F a i l u r e  o f  t h e  m e s o d e r m  o f  t h e  a n g l e  o f  t h e  
a n t e r i o r  c h a m b e r  t o  a t r o p h y  m a y  r e s u l t  i n  
b l o c k a g e  o f  t h e  c a n a l  o f  S c h l e m m .  T h e  r e s u l t  
i n g  i n c r e a s e  i n  t h e  i n t r a o c u l a r  p r e s s u r e  i s  
t e r m e d  b u p h t h a l m i a  o r  c o n g e n i t a l  g l a u c o m a .  

Q :  T h e  b l o o d  v e s s e l  f o r m e d  a t  t h e  m a r g i n  
o f  t h e  c o r n e a  w i 1 1  b e c o m e  t h e  

A N T E R I O R  C H A M B E R ^  

P O S T E R I O R  C H A M B E R '  

8 5  
Z o n u l a  f i b e r s  g r o w  f r o m  t h e  w r i n k l e d  c i l i a r y  
b o d y  t o  a t t a c h  t o  t h e  l e n s .  T h e s e  f i b e r s  f o r m  
t h e  s u s p e n s o r y  l i g a m e n t  o f  t h e  l e n s .  

Q :  B u p h t h a l m i a  
t h e  

i s  s i m i l a r  t o  g l a u c o m a  i n  t h a t  
i s  i n c r e a s e d .  

8 2  O u t e r ,  I n n e r  
83 M e s o d e r m  

Z O N U L A  
F I B E R S  

8 4  C a n a l  o f  S c h l e m m  
8 5  I n t r a o c u l a r  P r e s s u r e  

A N T E R I O R  
C H A M B E R '  

L E N S  

C I L I A R Y  
B O D Y  

,f J 
C I L I A R Y  

L E  

LENS 

A N T E R I O R  
C H A M B E R  

C A N A L  O F  
S C H L E M M  

E S O D E R M  
C O N D E N S A T I O N  



86 
T h e  w r i n k l e s  o f  t h e  c i l i a r y  b o d y  a s  s h o w n  
h e r e  h a v e  f o r m e d  t h e  d e f i n i t i v e  c i l i a r y  
p r o c e s s e s  w i t h  z o n u l a r  f i b e r s  s u s p e n d i n g  
t h e  l e n s .  

Q :  T h e  a g g r e g a t e  
c a 1 1 e d  t h e  
o f  t h e  l e n s .  

o f  z o n u l a r  f i b e r s  i s  

Z O N U L A  
F I B E R S  

1 4 t h  W E E K  

8 7  
T h e  s p a c e  b e t w e e n  t h e  z o n u l a r  f i b e r s  
( s u s p e n s o r y  l i g a m e n t  o f  t h e  l e n s )  a n d  t h e  i r i s  
i s  t h e  p o s t e r i o r  c h a m b e r  o f  t h e  e y e .  W i t h  t h e  
f o r m a t i o n  o f  t h e  p u p i l l a r y  m e m b r a n e ,  t h e  
a n t e r i o r  c h a m b e r  i s  s e p a r a t e d  f r o m  t h e  p o s t e r i o r  
c h a m b e r ,  h o w e v e r ,  w i t h  t h e  s u b s e q u e n t  a t r o p h y  
o f  t h e  p u p i l l a r y  m e m b r a n e ,  c o m m u n i c a t i o n  b e 
t w e e n  t h e  t w o  c h a m b e r s  i s  r e s t o r e d ,  t h r o u g h  
t h e  p u p i l l a r y  o p e n i n g .  

Q :  T h e  t h r e e  c h a m b e r s  o f  t h e  e y e  a r e  t h e  
a n d  c h a m b e r s  

a n d  t h e  c a v i  t y .  

A N T E R I O R  
C H A M B E R  

P O S T E R I O R  
C H A M B E R  

88 
A  n e w  m e m b r a n e  f o r m s  b e t w e e n  t h e  c o r n e a l  s t r o m a  
a n d  t h e  s u r f a c e  e p i t h e l i u m .  T h i s  i s  t h e  s u p e r 
f i c i a l  h y a l i n e  m e m b r a n e  o f  t h e  c o r n e a  ( B o w m a n ' s  
m e m b r a n e ) .  

Q :  T h e  p a r t s  o f  t h e  c o r n e a  a r e  ,  

a n d  7  

8 9  
B e c a u s e  o f  
a n d  o f  t h e  
t h e  c o r n e a  
o f  t h e  e y e  

t h e  g r o w t h  o f  t h e  a n t e r i o r  c h a m b e r  
c o r n e a  i t s e l f ,  t h e  c u r v a t u r e  o f  
i s  b e g i n n i n g  t o  d i f f e r  f r o m  t h a t  
a s  a  w h o l e .  

T h e  c o r n e a  h a s  a  
w h i c h  i s  
that of tFTe 

r a d i u s  o f  c u r v a t u r e  
( g r e a t e r ,  l e s s )  t h a n  

w h o l e .  e y e  a s  a  

8 6  S u s p e n s o r y  L i g a m e n t  
8 7  A n t e r i o r ,  P o s t e r i o r ,  

V i t r e o u s  
8 8  S u r f a c e  E p i t h e l i u m ,  H y a l i n e  

M e m b r a n e ,  S t r o m a  a n d  
D e s c e m e t ' s  M e m b r a n e  £ -  M e s o t h .  

89 L e s s  

" ' • ^ A N T E R I O R  
C H A M B E R  

1 4 t h  W E E K  

Y E L I D  
S U R F A C E  
E P I T H E L I U M  
C O R N E A L  

S T R O M A  
H Y A L I N E  

M E M B R A N E  



90 
A t  t h e  r i m  o f  t h e  o p t i c  c u p ,  w h i c h  
f o r m s  t h e  i r i s ,  c e l l s  a r e  f o r m i n g  
t h e  s p h i n c t e r  o f  t h e  i r i s .  

Q :  T h e  e p i t h e l i u m  o f  t h e  i r i s  i s  
f o r m e d  b y  t h e  r i m  o f  t h e  

9 1  
P i g m e n t a t i o n  o f  t h e  p o s t e r i o r  l a y e r  o f  t h e  i r i s  b e g i n s  a t  t h e  r i m  
o f  t h e  r e t i n a  ( e d g e  o f  t h e  i r i s ) .  T h i s  e p i t h e l i a l  p i g m e n t a t i o n  d o e s  
n o t  r e s u l t  i n  t h e  v i s i b l e  c o l o r a t i o n  o f  t h e  e y e .  T h i s  c o l o r a t i o n  
i s  b r o u g h t  a b o u t  b y  s t r o m a l  p i g m e n t  c e l l s .  T h e  u l t i m a t e  e y e  c o l o r  
i s  d e p e n d e n t  o n  t h e  a m o u n t  o f  t h i s  s t r o m a l  p i g m e n t a t i o n .  
Q :  T h e  m u s c l e s  o f  t h e  i r i s  a r e  f o r m e d  f r o m  

( g e r m  l a y e r ) .  

9 2  
H e r e  a r e  t w o  d r a w i n g s  a p p o s e d  t o  s h o w  t h e  
p i g m e n t a t i o n  e x t e n d i n g  s e q u e n t i a l l y  t o  t h e  
r o o t  o f  t h e  i r i s .  T h e  l e f t  o n e  s h o w s  t h e  
b e g i n n i n g  a n d  t h e  r i g h t  a  m o r e  a d v a n c e d  
s t a g e  o f  p i g m e n t a t i o n .  
Q :  E y e  c o l o r a t i o n  i s  d u e  t o  t h e  

c e l l s  o f  t h e  i r i s "  

1 4 t h  
W E E K  

1  6 t h  
W E E K  

9 3  
T h e  c i l i a r y  b o d y  i s  m a d e  u p  o f  t h e  c i l i a r y  
p r o c e s s e s  a n d  t h e  c i l i a r y  r i n g  ( p a r s  p l a n a ) .  
T h e  c i l i a r y  r i n g  l i e s  p o s t e r i o r  t o  t h e  
c i l i a r y  p r o c e s s e s .  
Q :  P i g m e n t a t i o n  i s  o c c u r r i n g  i n  t h e  

_ _ _ _ _ _ _ _ _  ( s u p e r f i c i a l ,  d e e p )  l a y e r  
o f  t h e  i r T s .  

I G M E N T  L A Y E R  

P H I N C T E R  
M U S C L E  

A N T E R I O R  
C H A M B E R  

/ 
A N T E R I O R  
C H A M B E R  

P A R S  
P L A N A  

5 t h  M O N T H  

9 0  O p t i c  C u p  
9 1  E c t o d e r m  

9 2  S t r o m a l  P i g m e n t  
9 3  D e e p  



94 
I n  t h e  p r o c e s s  o f  g r o w t h  t h e  a n t e r i o r  c h a m b e r  
e n l a r g e s  a n d  e x t e n d s  d e e p  t o  t h e  c o r n e o 
s c l e r a l  j u n c t i o n .  T h a t  p o r t i o n  o f  s c l e r a  
o v e r l a p p i n g  t h e  e d g e  o f  t h e  a n t e r i o r  c h a m b e r  
i s  c a l l e d  t h e  s c l e r a l  s p u r .  T h e  i m p o r t a n c e  
o f  t h e  s c l e r a l  s p u r  i s  t h a t  t h e  c i l i a r y  
m u s c l e  a t t a c h e s  t o  i t .  

Q :  T h e  a n t e r i o r  c h a m b e r  i s  d r a i n e d  t h r o u g h  
t h e  

A N T E R I O R  
' C H A M B E R  

P O S T E R I O R  
C H A M B E R  

S C L E R A L  S P U R  

9 5  
D u r i n g  t h e  5 t h  m o n t h  t h e  s c l e r a  t h i c k e n s  a r o u n d  
t h e  g l o b e .  B y  t h e  6 t h  m o n t h  a  n e t w o r k  o f  
s c l e r a l  t i s s u e  h a s  p e n e t r a t e d  t h e  o p t i c  n e r v e  
t o  f o r m  t h e  l a m i n a  c r i D r o s a  ( o r  c r i b r i f o r m  
P l a t e ) .  O P T I C  

N E R V E  
Q :  T h e  c i l i a r y  b o d y  i s  m a d e  u p  o f  t h e  c i l i a r y  

r i n g  a n d  t h e  .  

R E T I N A  

^ C R I B R I F O R M  

9 6  
S h o w n  h e r e  i s  t h e  l a m i n a  c r i b r o s a  i n  a n  e y e  
a t  t e r m .  

Q :  T h e  c r i b r i f o r m  p l a t e  i s  a  f o r m a t i o n  
o f  t i s s u e .  L A M I N A  

C R I B R O S A  

S C L E R A  

9 7  
T h e  d i l a t o r  p u p i l l a e  f i b e r s  a r e  f o r m e d  
i n  t h e  p i g m e n t e d  p o r t i o n  o f  t h e  i r i s  a  
l i t t l e  r e m o v e d  f r o m  t h e  r i m  o f  t h e  o p t i c  
c u p .  

Q :  T h e  s p h i n c t e r  
r i m  o f  t h e  

p u p i l l a e  f o r m s  a t  t h e  

9 4  C a n a l  o f  S c h l e m m  
9 5  C i l i a r y  P r o c e s s e s  

9 6  
9 7  

S f H  I N C T E  R  
P U P I L L A E  

D I L A T O R  
P U P I L L A E  

S c 1  e r a  1  
O p t i c  C u p  ( I r i s )  



98 
T h e  p u p i l l a r y  m e m b r a n e  b e g i n s  t o  a t r o p h y  a n d  
t h e  c i r c u l a r  f i b e r s  o f  t h e  c i l i a r y  m u s c l e  
f o r m  i n  t h e  c i l i a r y  b o d y .  

Q :  T h e  a t r o p h y  o f  t h e  p u p i l l a r y  m e m b r a n e  
a l l o w s  c o m m u n i c a t i o n  b e t w e e n  t h e  
c h a m b e r  a n d  t h e  c h a m b e r .  

\ C I R C U L A R  
^  M U S C L E  

F I B E R S  
7 t h  M O N T H  

99 
I f  t h e  p u p i l l a r y  m e m b r a n e  f a i l s  t o  a t r o p h y  t h e  c o n d i t i o n  k n o w n  a s  
p e r s i s t e n t  p u p i l l a r y  m e m b r a n e  e x i s t s ,  i n  w h i c h  a  v a r i a b l e  a m o u n t  o f  
t i s s u e  e x t e n d s  o v e r  t h e  p u p i l l a r y  o p e n i n g .  

Q :  T h e  i n c o m p l e t e  o b l i t e r a t i o n  o f  t h e  i n t r a r e t i n a l  s p a c e  r e s u l t s  
i n  t h e  a t  t h e  r i m  o f  t h e  c u p .  

1 0 0  
T h e  s h a p e  o f  t h e  a n t e r i o r  c h a m b e r  i n  t h i s  v i e w  
i s  n e a r l y  i n  i t s  f i n a l  c o n f i g u r a t i o n .  

Q :  T h e  a n t e r i o r  c h a m b e r  i s  b o u n d e d  b y  t h e  
a n t e r i o r l y  a n d  t h e  

p o s t e r i o r  I y .  

1 0 1  
B y  t h e  n i n t h  m o n t h ,  t h e  a n t e r i o r  e d g e  
o f  t h e  f u n c t i o n a l  p a r t  o f  t h e  r e t i n a  
( o a r s  o p t i c a )  h a s  r e c e d e d ,  l e a v i n g  a  
w i d e  c i l i a r y  r i n g ,  t h e  p a r s  p l a n a .  

T h e  l i n e  s e p a r a t i n g  t h e  p a r s  o p t i c a  
r e t i n a e  f r o m  t h e  p a r s  p l a n a  i s  c a l l e d  
t h e  o r a  s e r r a t a .  

Q :  T h e  c o r n e a l  s t r o m a  l i e s  b e t w e e n  
m e m b r a n e  a n d  
m e m b r a n e .  

9 8  A n t e r i o r ,  P o s t e r i o r  
99 M a r g i n a l  S i n u s  

I R I S  
A N T E R I O R  

C H A M B E R  

— C O R N E A  

C I L I A R Y  B O D Y  

R E T I N A ; .  

1 0 0  C o r n e a ,  

\  P A R S  P L A N A  
O R A  S E R A T A  

I r i s  
1 0 1  D e s c e m e n t ' s ,  B o w m a n ' s  

A N T E R I O R  
H A M B E R  

P O S T E R I O R  
C H A M B E R  



VASCULAR DEVELOPMENT 

1 02 
S e v e r a l  s m a l l  v e s s e l s  l e a d 
i n g  f r o m  t h e  i n t e r n a l  c a r o t i d  
a r t e r y  d e v e l o p  i n  t h e  m e s o d e r m  
a r o u n d  t h e  o p t i c  v e s i c l e  o n  
t h e  2 7 t h  d a y .  ( S e e  f r a m e  1 4 2  
f o r  a  d i a g r a m  o f  t h e  v a s c u l a r  
s y s t e m  o f  t h e  e y e  a t  t e r m . )  

Q :  T h e  o r a  s e r r a t a  i s  a  
s e p a r a t i n g  t h e  

i  n e  

f r o m  t h e  

PRIMITIVE DORSAL 
OPHTHALMIC ARTERY 

1 0 3  
T h e  a r t e r i a l  p l e x u s  w h i c h  f o r m s  
i s  t h e  p r i m i t i v e  d o r s a l  o p h t h a l m i c  I N T E R N A L  C A R O T I D  A R T E R Y  
a r t e r > '  2 7 t h  D A Y  
Q :  W h a t  i s  t h e  m a i n  a r t e r y  w h i c h  g i v e s  r i s e  t o  t h e  v e s s e l s  o f  t h e  e y e ?  

1 0 4  
T h e  p r i m i t i v e  d o r s a l  o p h t h a l m i c  
a r t e r y  d r a i n s  i n t o  t h e  f u t u r e  
c a v e r n o u s  s i n u s  b y  w a y  o f  t h e  
v e n o u s  p l e x u s e s .  

Q :  A  c o n d i t i o n  k n o w n  a s  
e x i s t s  w h e n  t h e  

p u p i 1 1 a r y  m e m b r a n e  f a i l s  t o  
a t r o p h y  b y  b i r t h .  

1 0 5  
T h e  c a p i l l a r i e s  b e t w e e n  t h e  
p r i m i t i v e  d o r s a l  o p h t h a l m i c  
a r t e r y  a n d  i t s  v e n o u s  d r a i n 
a g e  a r e  c a l l e d  t h e  " c h o r i o -
c a p i 1 1 a r i s " .  

F U T U R E  
A V E R N O U S  

S I N U S  

C H 0 R I 0 -
C A P I L L A R I S  

D O R S A L  
O P H T H A L M I C  
A R T E R Y  2 8 t h  D A Y  

Q :  T h e  c u b o i d a l  c e l l s  o f  t h e  l e n s  g i v e  r i s e  t o  f i b e r s  .  

1 0 2  P a r s  O p t i c a ,  P a r s  P l a n a  1 0 4  P e r s i s t e n t  P u p i l l a r y  
1 0 3  I n t e r n a l  C a r o t i d  A r t e r y  M e m b r a n e  

1 0 5  S e c o n d a r y  L e n s  



1 0 6  
W h e n  t h e  b r a n c h e s  o f  t h e  
p r i m i t i v e  d o r s a l  o p h t h a l m i c  
a r t e r y  h a v e  d e v e l o p e d  t o  
t h e  f r o n t  o f  t h e  o p t i c  c u p ,  
s o m e  o f  t h e m  a n a s t o m o s e  
a l o n g  t h e  r i m  t o  f o r m  t h e  
a n n u l a r  v e s s e l .  T h i s  
v e s s e l  a l s o  r e c e i v e s  
b r a n c h e s  f r o m  t h e  h y a l o i d  
a n d  p r i m i t i v e  v e n t r a l  o p h 
t h a l m i c  a r t e r i e s .  

Q :  T h e  c a p i l l a r y  s y s t e m  
b e t w e e n  t h e  a r t e r i e s  
a n d  v e i n s  o f  t h e  e y e  
a t  t h i s  s t a g e  i s  
c a 1 1 e d  t h e  

1 0 7  
W h e n  t h e  i n t e r n a l  c a r o t i d  
a r t e r y  d i s a p p e a r s  b e h i n d  
t h e  s t a l k ,  a n o t h e r  v e s s e l  
c a n  b e  s e e n  b r a n c h i n g  f r o m  
i t  l e a d i n g  t o  t h e  f a r  s i d e  
o f  t h e  c u p .  T h i s  i s  t h e  
p r i m i t i v e  ( t e m p o r a r y )  v e n t r a l  o p h t h a l m i c  a r t e r y ,  w h i c h  w i l l  l a t e r  
d i s a p p e a r .  

Q :  T h e  a n n u l a r  v e s s e l  i s  f o r m e d  b y  a n a s t o m o s i n g  b r a n c h e s  o f  t h e  
a r t e r y .  

1 0 8  
A s  t h e  c h o r o i d a l  f i s s u r e  
c l o s e s ,  t h e  n e t w o r k  o f  
a r t e r i a l  v e s s e l s  i s  t r a p p e d  
i n s i d e  t h e  c u p .  O n e  b r a n c h  
c o n n e c t s  w i t h  t h e  o p h t h a l m i c  
a r t e r y  t h r o u g h  a  s m a l l  o p e n 
i n g  i n  t h e  s t a l k  b e h i n d  t h e  
c u p .  T h i s  i s  t h e  h y a l o i d  
a r t e r y ,  w h i c h  w i l l  a l s o  d i s 
a p p e a r  l a t e r  i n  d e v e l o p m e n t .  

Q :  T h e  l e n s  i s  r o u g h l y  
s p h e r i c a l  i n  s h a p e  w h e n  
t h e  f i b e r s  
f i r s t  g r o w  i n  T e n g t h .  

C o l o r  a r t e r i e s  -  r e d .  
C o l o r  v e i n s  -  b l u e .  

1 0 6  C h o r i o - c a p i  1 1 a r  i  s  
1 0 7  P r i m i t i v e  D o r s a l  O p h t h a l m i c  
1 0 8  P r i m a r y  L e n s  

3 3 r d  D A Y  

P R I M I T I V E  
D O R S A L  
O P H T H A L M I C  
A R T E R Y  

P R I M I T I V E  V E N T R A L  
O P H T H A L M I C  A R T E R Y  

V E I N  

A N N U L A R  
V E S S E L  

C L O S U R E  

H Y A L O I D  
A R T E R Y  

V E I N  



1 0 9  
S h o w n  h e r e  a r e  t h e  v e s s e l s  
f o r m e d  b y  t h i s  s t a g e :  

( 1 )  P r i m i t i v e  v e n t r a l  
o p h t h a l m i c  a r t e r y  

( 2 )  I n t e r n a l  c a r o t i d  
a r t e r y  

( 3 )  P r i m i t i v e  d o r s a l  
o p h t h a l m i c  a r t e r y  

(*0 Cavernous sinus 
( 5 )  A n n u l a r  a r t e r y  
( 6 )  C h o r i o - c a p i 1 1 a r i s  
( 7 )  H y a l o i d  a r t e r y  

I n  t h e  e m b r y o ,  t h e  
d e v e l o p i n g  e y e  r e c e i v e s  
b l o o d  m a i n l y  t h r o u g h  t h e  

a n d  a r t e r i e s  
3 3 r d  D A Y  

T U N I C A  
/ A S C U L O S A  
L E N T I S  

1  1 0  
T h e  n e t w o r k  o f  v e s s e l s  a t  t h e  f o r w a r d  
e x t r e m i t y  o f  t h e  h y a l o i d  a r t e r y  h a s  
f o r m e d  a  t u n i c  a r o u n d  t h e  l e n s ,  t h e  
t u n i c a  v a s c u l o s a  l e n t i s .  

Q :  T h e  
o p t i c  c u p  b y  
o p t i c  s t a l k .  

a r t e r y  e n t e r s  t h e  
p a s s i n g  t h r o u g h  t h e  

H Y A L O I D  
A R T E R Y  

3 3 r d  D A Y  

1  1  1  
B e f o r e  b i r t h  t h e  v a s c u l a r  c a p s u l e  o f  
t h e  l e n s  n o r m a l l y  u n d e r g o e s  r e t r o 
g r e s s i o n .  I n  c e r t a i n  f o r m s  o f  c o n 
g e n i t a l  c a t a r a c t  i t  m a y  p e r s i s t .  

Q :  T h e  v a s c u l a r  c a p s u l e  f o r m e d  a r o u n d  
t h e  l e n s  i s  c a l l e d  t h e  

1  1 2  
A s  t h e  v e n o u s  s y s t e m  d e v e l o p s ,  
t h e  v o r t e x  v e i n s  a r e  f o r m e d ,  
w h i c h  d r a i n  b l o o d  f r o m  t h e  
t i s s u e s  o f  t h e  e y e  i n t o  t h e  
o p h t h a l m i c  v e i n s .  

Q :  T h e  v a s c u l a r  c a p s u l e  o f  
t h e  1  e n s  i s  n o r m a  1 1 y  

( p r e s e n t ,  a b s e n t )  
a t  b i r t h .  

S U P E R I O R  
V O R T E X  
V E I N  

1 1 2  A b s e n t  

1 0 9  D o r s a l  a n d  v e n t r a l  o p h t h a l m i c  
1 1 0  H y a l o i d  
1 1 1  T u n i c a  V a s c u l o s a  L e n t i s  

I N F E R I O R  
V O R T E X  
V E I N  3 6 t h  D A Y  



1  1 3  
T h e  s u p e r i o r  a n d  i n f e r i o r  
o p h t h a l m i c  v e i n s  r e c e i v e  
b l o o d  f r o m  t h e  v o r t e x  v e i n s  
a n d  d r a i n  i n t o  t h e  c a v e r n o u s  
s i n u s .  

Q :  W h a t  i s  t h e  n a m e  o f  t h e  
a r t e r y  i n s i d e  t h e  o p t i c  
c u p ?  

N o t e :  L y m p h  i s  d r a i n e d  b y  
p e r i v a s c u l a r  c h a n n e l s  
a r o u n d  t h e  c a p i l l a r i e s  
a n d  v e i n s  o f  t h e  o p t i c  
n e r v e .  

1 1 4  
T h e  c h o r o i d a l  n e t w o r k  o f  v e n 
o u s  c h a n n e l s  d i f f e r e n t i a t e s  
i n  t h e  m e s o d e r m  a d j a c e n t  t o  
t h e  p i g m e n t  l a y e r  o f  t h e  c u p .  
B l o o d  f r o m  t h e  c h o r i o - c a p i 1 1 a r i  
d r a i n s  t h r o u g h  t h i s  n e t w o r k  
i n t o  t h e  v o r t e x  v e i n s .  

Q :  A f t e r  t h e  1 4 t h  w e e k  t h e  c o r n e a l  s t r o m a  i s  b o r d e r e d  a n t e r i o r l y  
b Y  a n d  p o s t e r i o r l y  b y  

1 1 5  
T h e  t e m p o r a l  l o n g  c i l i a r y  a r t e r y  i s  n o w  p r e s e n t  a s  a  b r a n c h  o f  t h e  
d o r s a l  o p h t h a  m i c  a r t e r y .  I t  r u n s  o u t s i d e  t h e  o p t i c  c u p  t o w a r d  t h e  
a n n u l a r  v e s s e l  a t  t h i s  s t a g e .  

Q :  B l o o d  d r a i n i n g  f r o m  t h e  e y e  
p a s s e s  t h r o u g h  t h e  

i n t o  t h e  o p h t h a I m i c  
v e i n s  

1 1 6  
T h e  t e m p o r a r y  v e n t r a l  o p h t h a l m i c  
a r t e r y  i s  a n a s t o m o s i n g  w i t h  t h e  
d o r s a l  o p h t h a l m i c  a r t e r y  a n d  i t s  
d i s t a l  p o r t i o n  w i l l  b e c o m e  t h e  
n a s a l  l o n g  c i l i a r y  a r t e r y .  T h e  
r e m a i n d e r  o f  t h e  v e n t r a l  o p h t h a l 
m i c  a r t e r y  w i l l  s o o n  d i s a p p e a r .  

Q :  T h e  c h o r i o - c a p i 1 l a r i s  d r a i n s  
i n t o  t h e  
w h i c h  d r a i n  i n t o  t h e  o p h t h a 1  -
m i c  v e i n s .  

1 1 3  H y a l o i d  
1 1 4  B o w m a n ' s  M e m b r a n e ,  

D e s c e m e n t ' s  M e m b r a n e  

S U P E R I O R  
O P H T H A L M I C  
V E I N  

C H O R O I D A L  
V E N O U S  
C H A N N E L S  

I N F E R I O R  
O P H T H A L M I C  
V E I N  

D O R S A L  
O P H T H A L M I C  
A R T E R Y  

T E M P O R A L  L O N G  
C I L I A R Y  A R T E R Y  

3 6 t h  D A Y  

3 9 t h  
1 1 5  V o r t e x  V e i n s  
1 1 6  V o r t e x  V e i n s  

D O R S A L  O P H T H .  
D A Y  A R T E R Y  

V E N T R A L  
O P H T H .  
A R T E R Y  

A N A S T O M O S I S  



1 1 7  
T h e  d o r s a l  o p h t h a l m i c  a r t e r y  m a y  
b e  r e f e r r e d  t o  a s  t h e  d e f i n i t i v e  
o p h t h a l m i c  a r t e r y ,  s i n c e  t h e  p r o x 
i m a l  p o r t i o n  o f  t h e  v e n t r a l  o p h 
t h a l m i c  a r t e r y  h a s  d e g e n e r a t e d .  

Q :  B l o o d  f r o m  t h e  e y e  p a s s e s  
f r o m  t h e  
i n t o  t h e  c a v e r n o u s  s i n u s .  

1 1 8  
T h e  s h o r t  p o s t e r i o r  c i l i a r y  a r t e r i e s  
a r i s e  a s  b r a n c h e s  o f  t h e  o p h t h a l m i c  
a r t e r y  a n d  e n t e r  t h e  s u b s t a n c e  o f  
t h e  e y e  w h e r e  t h e y  w i l l  c o n t r i b u t e  
t o  t h e  v a s c u l a r  l a m i n a  o f  t h e  
c h o r o i d .  

Q :  T h e  a r e a  o r i g i n a l l y  s u p p l i e d  
b y  t h e  v e n t r a l  o p h t h a l m i c  
a r t e r y  i s  u l t i m a t e l y  s u p p l i e d  
b y  t h e  a r t e r y .  

D E F I N I T I V E  
3 9 t h  D A Y  O P H T H A L M I C  

A R T E R Y  

N A S A L  
L O N G  

. C I L I A R Y  
R T E R Y  

S H O R T  
C I L I A R Y  
A R T E R  

T h e  c i l i a r y  a r t e r i e s  a r e  n e a r l y  i n  t h e i r  a d u l t  c o n f i g u r a t i o n  i n  t h a t  
t h e y  a l l  a r i s e  f r o m  t h e  o p h t h a l m i c  a r t e r y  a t  t h i s  t i m e .  

Q:  T h e  v e s s e l  s u r r o u n d s  t h e  r i m  o f  t h e  o p t i c  c u p .  

1  2 0  
T h e  n a s a l  a n d  t e m p o r a l  l o n g  
c i l i a r y  a r t e r i e s  c o m e  a r o u n d  
t h e  g l o b e  t o  f o r m  a r c a d e s  
a n d  u n i t e  w i t h  t h e  a n n u l a r  
v e s s e l  .  

Q :  T h e  c i l i a r y  a r t e r i e s  a r e  
b r a n c h e s  o f  t h e  
a r t e r y  

I n  e a r l y  d e v e l o p m e n t  i t  
i s  d i f f i c u l t  t o  d i f f e r 
e n t i a t e  a r t e r i e s  f r o m  
v e i n s  s t r u c t u r a l l y .  

N A S A L  L O N G  
C I L I A R Y  A R T E R Y  

A R C A D E  
V E S S E L S  

A N N U L A R  
V E S S E L  

T E M P O R A L  L O N G  
C I L I A R Y  A R T E R Y  

1 1 7  O p h t h a l m i c  V e i n s  1 1 9  A n n u l a r  
1 1 8  D e f i n i t i v e  O p h t h a l m i c  1 2 0  O p h t h a l m i c  



1 2 1  
T h e  l o n g  c i l i a r y  a r t e r i e s  u n i t e  
n e a r  t h e  a n n u l a r  v e s s e l  t o  f o r m  
t h e  m a j o r  a r t e r i a l  c i r c l e  o f  t h e  
i  r  i  s .  

Q :  T h e  s h o r t  c i l i a r y  a r t e r i e s  a r e  
b r a n c h e s  o f  t h e  
a n d  _ _ _ _ _ _ _ _ _ _  1  o n g  c i l i a r y  
a r t e r i e s .  

1 2 2  
T h e  m a j o r  a r t e r i a l  c i r c l e  o f  
t h e  i r i s  i s  l o c a t e d  a t  t h e  
b a s e  o f  t h e  i r i s .  

Q :  T h e  m a j o r  a r t e r i a l  c i r c l e  
o f  t h e  i r i s  i s  f o r m e d  b y  
a n a s t o m o s i n g  b r a n c h e s  o f  
t h e  a r t e r i e s .  

1  2 3  
T h e  a r c a d e s  d e r i v e d  f r o m  t h e  
a n n u l a r  v e s s e l  a n d  t h e  m a j o r  
a r t e r i a l  c i r c l e  o f  t h e  i r i s  
a r e  i n  t h e  p u p i l l a r y  m e m b r a n e  
a t  t h e  b a s e  o f  t h e  i r i s  

Q :  T h e  l o n g  c i l i a r y  a r t e r i e s  
a n a s t o m o s e  a t  t h e  b a s e  o f  
t h e  i r i s  t o  f o r m  t h e  

A R C A D E  

S o m e  a u t h o r s  c a l l  t h e  a n n u l a r  v e s s e l  a n  a r t e r y  w h i l e  o t h e r s  
c o n s i d e r  i t  t o  b e  a  v e i n .  

1 2 4  
T h e  l o n g  c i l i a r y  a r t e r i e s  a r e  c o v e r e d  b y  s c l e r a  a s  i t  g r o w s  t o w a r d  
t h e  b a c k  o f  t h e  g l o b e .  I n  t h e  a d u l t  t h e  l o n g  c i l i a r y  a r t e r i e s  e n t e r  
t h e  b a c k  o f  t h e  g l o b e  a n d  e n c i r c l e  t h e  e y e  d e e p  t o  t h e  s c l e r a  t o  
r e a c h  t h e  a n t e r i o r  o f  t h e  e y e .  

Q :  T h e  a r c a d e s  o f  t h e  p u p i l l a r y  m e m b r a n e  a r e  d e r i v e d  f r o m  t h e  
a n d  t h e  

U P I L L A R Y  
M E M B R A N E  

w  /  L O N G  C I L I A R Y  
V E I N  A R T E R Y  

M A J O R  
A R T E R I A L  
C I R C L E  

C A N A L  O F  
S C H L E M M  

1 2 1  N a s a l ,  T e m p o r a 1  
1 2 2  L o n g  C i 1 i a r y  

1 2 3  M a j o r  A r t e r i a l  C i r c l e  
1 2 4  M a j o r  A r t e r i a l  C i r c l e ,  

A n n u l a r  V e s s e l  



1 2 5  
T h e  p o s t e r i o r  s h o r t  c i l i a r y  a r t e r y  i s  
s h o w n  a s  a  b r a n c h  o f  t h e  n a s a l  l o n g  
c i l i a r y  a r t e r y .  H o w e v e r  i t  i s  m o r e  o f t e n  
a  b r a n c h  o f  t h e  o p h t h a l m i c  a r t e r y .  T h e s e  
w i l l  s u p p l y  t h e  v a s c u l a r  l a m i n a  o f  t h e  
c h o r o i d .  

Q :  T h e  l o n g  c i l i a r y  a r t e r i e s  p a s s  t h r o u g h  
t h e  o n  t h e  w a y  t o  t h e  
a n t e r i o r  p a r t  o f  t h e  e y e .  

H 0 R I 0 -
C A P I L L A R I S  

V A S C U L A R  
L A M I N A  

L A R G E  V E N O U S  V E S S E L S  

S C L E R A  

R E T I N A  

S H O R T  C I L I A R Y  
A R T E R Y  1 2 6  

T h e  v a s c u l a r  l a m i n a  o f  t h e  c h o r o i d  
i s  s i t u a t e d  b e t w e e n  t h e  c h o r i o -
c a p i l l a r i s  a n d  a  l a y e r  o f  l a r g e r  
v e n o u s  v e s s e l s  p r e s e n t  a t  t h i s  t i m e .  

Q :  T h e  s h o r t  c i l i a r y  a r t e r i e s  g i v e  
r i s e  t o  t h e  
o f  t h e  c h o r o i d .  

1 2 7  
T h e  v e s s e l s  o f  t h e  v a s c u l a r  l a m i n a  a r e  m o s t l y  a r t e r i a l  i n  c h a r a c t e r ,  
a n d  d r a i n  i n t o  t h e  v o r t e x  v e i n s .  

Q :  T h e  l a y e r s  o f  v e s s e l s  o f  t h e  c h o r o i d ,  f r o m  i n s i d e  o u t  a r e  t h e  
c h o r i o c a p i 1 1 a r i s ,  ,  a n d  

1 2 8  
T h e  c h o r o i d  i s  c o v e r e d  o v e r  b y  s c l e r a  
A  c o n d e n s a t i o n  o f  m e s e n c h y m e ,  t h e  
f u t u r e  s u p r a - c h o r o i d  l a m i n a  m a k e s  a  
l i n e  o f  s e p a r a t i o n  b e t w e e n  t h e  t w o .  

Q :  T h e  a r t e r i e s  w h i c h  f e e d  b l o o d  t o  
t h e  v a s c u l a r  l a m i n a  a r e  t h e  

a r t e r i e s .  

C H O R O I D  

R E T I N A  

S U P R A - C H O R O I D  
L A M I N A  

S C L E R A  

1 2 9  
T h e  s u p r a - c h o r o i d  l a m i n a  o f  t h e  a d u l t  i s  a  r e l a t i v e l y  t h i c k  l a y e r  o f  
e l a s t i c  f i b e r s  a n d  c h r o m a t o p h o r e s .  T h e  c h r o m a t o p h o r e s  a r e  t h e  l a s t  
s t r u c t u r e s  t o  d i f f e r e n t i a t e  i n  t h e  c h o r o i d ,  a n d  a t  t h i s  s t a g e  h a v e  
n o t  y e t  d e v e l o p e d .  

Q :  T h e  c i l i a r y  a r t e r i e s  a r e  c o v e r e d  o v e r  b y  i n  t h e  a d u l t  
e y  e .  

1 2 5  S c l e r a  1 2 8  S h o r t  C i l i a r y  
1 2 6  V a s c u l a r  L a m i n a  1 2 9  S c l e r a  
1 2 7  V a s c u l a r  L a m i n a ,  

V e n o u s  V e s s e l s  



1 30 
I n  t h i s  v i e w  i s  s e e n  t h e  c h o r o i d  w i t h  a i l  
t h e  a d u l t  l a y e r s .  F r o m  t h e  o u t s i d e  i n  a r e :  

( 1 )  S u p r a - c h o r o i d  l a m i n a  o f  e l a s t i c  f i b e r s  
a t  t h i s  s t a g e .  

( 2 )  V a s c u l a r  l a m i n a ,  w n i c h  i n c l u d e s  b o t h  
t h e  a r t e r i a l  a n d  v e n o u s  l a y e r s .  

( 3 )  C h o r i o c a p i 1 1 a r y  l a m i n a ,  a  l a y e r  o f  
c a p i l l a r i e s  t h a t  n o u r i s h  t h e  o u t e r  
l a y e r s  o f  t h e  r e t i n a .  

( 4 )  T h e  b a s a l  l a m i n a ,  l o c a t e d  b e t w e e n  t h e  c h o r i o - c a p i 1 1 a r i s  
t h e  p i g m e n t e d  l a y e r  o f  t h e  r e t i n a .  

Q :  T h e  c h r o m a t o p h o r e s  p r o v i d e  p i g m e n t a t i o n  f o r  t h e  

S U P R A - C H O R O I D  
L A M I N A  

V A S C U L A R  
L A M I N A  

C H 0 R I 0 -
C A P I L L A R I S  

B A S A L  L A M I N A  

a n d  

1 3 1  
A r t e r i a l  b l o o d  i s  f e d  i n t o  t h e  a n t e r i o r  
v a s c u l a r  c a p s u l e  o f  t h e  l e n s  b y  b o t h  
h y a l o i d  a n d  c i l i a r y  a r t e r i e s .  H o w e v e r ,  
t h e  j o b  i s  t a k e n  o v e r  m o r e  a n d  m o r e  b y  
t h e  c i l i a r y  a r t e r i e s  a s  t h e  w h o l e  v a s c u l a r  
s y s t e m  w i t h i n  t h e  p r i m a r y  v i t r e o u s  b e g i n s  
t o  a t r o p h y  a n d  t h e  a n n u l a r  v e s s e l  s l o w l y  
d i s a p p e a r s .  

T E M P O R A L  L O N G  
C . I  L I A R  Y  A R T E R Y  

Q :  P i g m e n t a t i o n  i n  
i n  t h e  f o r m  o f  
c e l l s ) .  

t h e  c h o r o i d  o c c u r s  
( t y p e  o f  

H Y A L O I D ,  
A R T E R Y  

N A S A L  L O N G  C I L I A R Y  A R T E R Y  

1  3 2  
S i n c e  t h e  o p t i c  c u p  c o n t i n u e s  t o  g r o w ,  t h e  
i n t e r n a l  v e s s e l s  a n d  t h e  p r i m a r y  v i t r e o u s  
a p p e a r  t o  s h r i n k .  C i r c u l a t i o n  t h r o u g h  t h e s e  
i n t e r n a l  v e s s e l s  d i m i n i s h e s  a n d  t h e  b r a n c h e s  
b r e a k  a w a y  f r o m  t h e  h y a l o i d .  T h i s  i s  t h e  
b e g i n n i n g  o f  a t r o p h y  o f  t h e  h y a l o i d  a r t e r y .  

Q :  T h e  v e s s e l  w h i c h  s u p p l e m e n t s  t h e  f u n c t i o n  
o f  t h e  a n n u l a r  v e s s e l  i s  t h e  

1 1 t h  W E E K  

1 3 3  
T o w a r d  t h e  e n d  o f  t h e  4 t h  m o n t h ,  t w o  
a r t e r i e s  w h i c h  s p r o u t  f r o m  t h e  d i m i n i s h 
i n g  h y a l o i d  a r t e r y  b e g i n  t o  v a s c u l a r i z e  
t h e  r e t i n a .  

Q :  T h e  h y a l o i d  a r t e r y  d e g e n e r a t e s  f r o m  
t h e  c e n t e r  o f  t h e  

1 3 0  C h o r o i d  
1 3 1  C h r o m a t o p h o r e s  
1 3 2  M a j o r  A r t e r i a l  C i r c l e  
1 3 3  P r i m a r y  V i t r e o u s  

4 t h  M O N T H  

H Y A L O I D  
A R T E R Y  

R E T I N A L  
V E S S E L S  



13^  
T h e  h y a l o i d  a r t e r y  a t r o p h i e s  o n l y  t o  t h e  p o i n t  
f r o m  w h i c h  r e t i n a l  a r t e r i e s  h a v e  g r o w n .  W h e n  
t h i s  p r o c e s s  o f  a t r o p h y  i s  c o m p l e t e d  t h e  a r t e r y  
i s  c a l l e d  t h e  c e n t r a l  a r t e r y  o f  t h e  r e t i n a .  

Q :  T h e  h y a l o i d  a r t e r y  o r i g i n a l l y  g a i n e d  
e n t r a n c e  t o  t h e  e y e  v i a  t h e  
f i s s u r e .  

1 3 5  
B y  t h e  e n d  o f  t h e  8 t h  m o n t h ,  a t r o p h y  o f  
t h e  h y a l o i d  s y s t e m  i s  a l m o s t  f i n i s h e d .  
L e f t  i n  i t s  p l a c e  i s  t h e  c e n t r a l  c a n a l  
o f  t h e  v i t r e o u s  ( C l o q u e t ' s  c a n a l ) .  

Q :  T h e  h y a l o i d  a r t e r y  i s  r e n a m e d  t h e  
w h e n  

t h e  p o r t i o n  i n s i d e  t h e  v i t r e o u s  
a t r o p h i e s .  

C E N T R A L  C A N A L  O F  
T H E  V I T R E O l  

1 3 6  
S h o w n  h e r e  a r e  t h e  b r a n c h e s  o f  t h e  r e t i n a l  
a r t e r y  w h i c h  w e r e  b r a n c h e s  o f  t h e  h y a l o i d  
a r t e r y .  T h e y  h a v e  e x t e n d e d  t h r o u g h o u t  t h e  
r e t i n a  i n  t h e  n e r v e  f i b e r  l a y e r .  

Q :  T h e  c a n a l  l e f t  b y  t h e  a t r o p h y  o f  t h e  
h y a l o i d  s y s t e m  i s  t h e  

C I L I A R Y  
B O D Y  

S E R R A T A  

1 3 7  
A s  t h e  i r i s  s t r o m a  t h i c k e n s ,  b r a n c h e s  f r o m  
t h e  m a j o r  a r t e r i a l  c i r c l e  e n t e r  i t .  

Q :  T h e  b r a n c h e s  o f  t h e  c e n t r a l  a r t e r y  c o m e  
t o  l i e  i n  t h e  
l a y e r  o f  t h e  r e t i n a .  

1 3 ^  C h o r o i d a l  o r  E m b r y o n i c  
1 3 5  C e n t r a l  A r t e r y  o f  t h e  R e t i n a  
1 3 6  C e n t r a l  C a n a l  o f  t h e  V i t r e o u s  

( C 1 o q u e t 1 s  C a n a l )  
1 3 7  N e r v e  F i b e r  

- I R I S  

M A J O R  
A R T E R I A L  
C I R C L E  

C E N T R A L  
A R T E R Y  
O F  T H E  
R E T I N A  

R E T I N A L  
R A N C H E S  



138 
A  n u m b e r  o f  s m a l l  b r a n c h e s  o f  t h e  m a j o r  
a r t e r i a l  c i r c l e  g r o w  i n t o  t h e  p e r i p h e r a l  
p o r t i o n  o f  t h e  i r i s  s t r o m a  a n d  b y  t h e  7 t h  
m o n t h ,  s e v e r a l  l a y e r s  o f  v e s s e l s  a r e  
d i s t i n g u i s h a b 1 e  i n  t h e  i r i s .  

Q :  T h e  m a j o r  a r t e r i a l  c i r c l e  i s  f o r m e d  
b y  t h e  a r t e r i e s .  

I R I S  
S T R O M A L  
V E S S E L S  

A R C A D E  
V E S S E L  

1 3 9  
T h e  p u p i l l a r y  m e m b r a n e  a t r o p h i e s  a s  i t s  
b l o o d  s u p p l y  d i m i n i s h e s .  I n  t h e  i r i s  
t h e  m i n o r  v a s c u l a r  c i r c l e  i s  f o r m e d  b y  
t h e  a p i c e s  o f  t h e  a r c a d e s  f r o m  t n e  m a j o r  
v a s c u 1 a r  c i r c 1 e .  

Q :  T h e  
a r e  

b r a n c h e s  
f r o m  t h e  

i n t o  t h e  i r i s  s t r o m a  

M I N O R  
V A S C U L A R  

C I R C L E  

8 t h  M O N T H  

1  A O  
T h e  a n t e r i o r  c i l i a r y  a r t e r i e s  a r e  d e r i v e d  f r o m  t h e  m u s c u l a r  a n d  
l a c r i m a l  b r a n c h e s  o f  t h e  o p h t h a l m i c  a r t e r y  a n d  b e g i n  t o  a p p e a r  i n  
t h e  a n t e r i o r  p o r t i o n  o f  t h e  o r b i t  i n  t h e  4 t h  m o n t h .  

Q :  T h e  m i n o r  v a s c u l a r  c i r c l e  i s  l o c a t e d  n e a r  t h e  r i m  o f  t h e  

1 4 1  
T h e  a n t e r i o r  c i l i a r y  a r t e r i e s  h a v e  b r a n c h e s  w h i c h  h e l p  t o  m a k e  u p  
t h e  m a j o r  a r t e r i a l  c i r c l e .  

Q :  T h e  a n t e r i o r  c i l i a r y  a r t e r i e s  a r e  b r a n c h e s  o f  t h e  m u s c u l a r  a n d  
l a c r i m a l  b r a n c h e s  o f  t h e  a r t e r y .  

1 3 8  L o n g  C i l i a r y  A r t e r i e s  1 4 0  I r i s  
1 3 9  M a j o r  A r t e r i a l  C i r c l e  1 4 1  O p h t h a l m i c  



T h e  p e r m a n e n t  v a s c u l a r  s y s t e m  c o n s i s t s  o f :  

P o s t e r i o r  s h o r t  c i l i a r y  a r t e r i e s  l e a d i n g  i n t o  t h e _ c h o r i o c a p i 1 1 a r i s  
w h i c h  d r a i n s  i n t o  l a r g e  v e i n s  i n  t h e  v a s c u l a r  l a m i n a  o f  t h e  c h o r o i d ,  
w h i c h  i n  t u r n  d r a i n  i n t o  t h e  v o r t e x  v e i n s .  

L o n q  c i l i a r y  a r t e r i e s  w h i c h  l e a d  i n t o  t h e  m a j o r  a r t e r i a l  c i r c l e  a n d  
t h e n c e  i n t o  t h e  i r i s  v e s s e l s  a n d  t h e  v e s s e l s  o f  t h e  c i 1 i a r y  p r o c e s s e s  
a n d  f r o m  t h e r e  d r a i n  i n t o  v e i n s  w h i c h  l e a d  t o  t h e  v o r t e x  v e i n s .  

A n t e r i o r  c i l i a r y  a r t e r i e s  w i t h  b r a n c h e s  i n t o  t h e  m a j o r  a r t e r i a l  
c i r c l e  a n d  o t h e r  e x t r a n e o u s  b r a n c h e s .  

T h e  c e n t r a l  a r t e r y  o f  t h e  r e t i n a  s u p p l y i n g  t h e  r e t i n a .  

A R T E R Y  
R E T I N A  

C E N T R A L  
O F  T H E  

- R E T I N A  C I L I A R Y  
P R O C E S S  

C H O R I  0  
C A P I L L A R I S  

S H O R T  
C I L I A R Y  
A R T E R I E S  

L O N G  
C I L I A R Y -
A R T E R Y  

S C L E R A  

C H O R O I D  

V O R T E X  
V E I N  

A N T E R I O R  
C I L I A R Y  
V E S S E L S  

I R I S  
V E S S E L S  

C A N A L  O F  
S C H L E M M  

M A J O R  
A R T E R I A L  
C I R C L E  

9 t h  M O N T H  

0 -  T h e  a r t e r i e s  c o n t r i b u t i n g  t o  t h e  m a j o r  a r t e r i a l  c i r c l e  a r e  t h e  
a n d  t h e  c i 1 i a r y  a r t e r i e s .  

1 A 2  A n t e r i o r ,  L o n g  



D E V E L O P M E N T  O F  T H E  O P T I C  A D N E X A  

1 4 3  
I n  t h e  d e v e l o p m e n t  o f  t h e  o p t i c  a d n e x a ,  t h e  a n g l e  
o f  t h e  o p t i c  a x e s  i s  a b o u t  1 8 0 °  a t  t h e  e n d  o f  t h e  
2 n d  m o n t h .  

Q :  I n  t h e  r e t i n a ,  t h e  r e g i o n  o f  t h e  f o v e a  d o e s  
n o t  c o m p l e t e  i t s  d e v e l o p m e n t  u n t i l  

1  4 4  
T h e  a n g l e  o f  t h e  o p t i c  a x e s  i s  r e d u c e d  t o  1 0 5 °  
b y  t h e  3 r d  m o n t h .  

Q :  I n  t h e  p r i m i t i v e  c o n d i t i o n  t h e  d i r e c t i o n  o f  
t h e  e y e s  i s  a s  i n  f i s h .  

1 4 5  
A t  b i r t h  t h e  o p t i c  a x e s  a p p r o a c h e s  7 1 ° .  I n  t h e  
a d u l t  t h i s  a n g l e  h a s  f u r t h e r  n a r r o w e d  t o  a b o u t  
6 8 o .  

Q :  I n  t h e  e a r l y  e m b r y o  t h e  o p t i c  a x e s  i s  a b o u t  

1  4 6  
T h e  m a x i l l a r y  p r o c e s s  e x t e n d s  t o  t h e  
o p e n i n g  o f  t h e  n a s a l  p i t ,  t o u c h i n g  t h e  n a s a l  
p r o c e s s e s .  T h e  m a x i l l a r y  m e s o d e r m  i s  i n  
c o n t a c t  w i t h  t h e  m e s o d e r m  s u r r o u n d i n g  t h e  
e y e .  T h e  m e s o d e r m  s u r r o u n d i n g  t h e  e y e  i s  
r e f e r r e d  t o  a s  p a r a x i a l  m e s o d e r m .  

Q :  T h e  m a x i l l a r y  p r o c e s s  d e v e l o p s  f r o m  
t h e  b r a n c h i a l  a r c h .  

1 4 3  A f t e r  B i r t h  
1 4 4  L a t e r a l  
1 4 5  1 8 0 °  
1 4 6  1 s t  o r  M a n d i b u l a r  



1 4 7  
T h e  r a p i d  d e v e l o p m e n t  o f  t h e  m a x i l l a r y  p r o c e s s  p r o b a b l y  p l a y s  a  r o l e  
i n  t h e  s w i n g  o f  t h e  e y e  i n  a n  a n t e r i o r  d i r e c t i o n .  T h i s  c h a n g e  i n  
d i r e c t i o n  o f  t h e  e y e s  i s  n e c e s s a r y  f o r  b i n o c u l a r  v i s i o n .  

Q :  T h e  a n g l e  f o r m e d  b y  t h e  o p t i c  a x e s  i n  t h e  a d u l t  i s  a b o u t  

1 4 8  
T h e  s u r f a c e  e c t o d e r m  c o v e r i n g  t h e  m a x i l l a r y  m e s o d e r m  a n d  t h e  
p a r a x i a l  m e s o d e r m  a r o u n d  t h e  e y e  i s  t h i c k e r  w h e r e  i t  l i e s  i n  t h e  
g r o o v e  b e t w e e n  t h e m  ( t h e  n a s o l a c r i m a l  g r o o v e ) .  

Q :  T h e  m a x i l l a r y  p r o c e s s e s  e x t e n d  f o r w a r d  t o  t h e  o p e n i n g  o f  t h e  
,  t o u c h i n g  t h e  .  

1 4 9  
T h e  m a x i l l a r y  p r o c e s s  g r o w s  u p  a n d  o v e r  t n e  
t h i c k e n e d  e c t o d e r m a l  l i n e  f u s i n g  w i t h  t h e  
l a t e r a l  n a s a l  p r o c e s s  a n d  p a r a x i a l  m e s o d e r m ,  
t h u s  b u r y i n g  t h e  e c t o d e r m a l  c e l l s  l i n i n g  t h i s  
g r o o v e .  T h i s  b u r i e d  e c t o d e r m  w i l l  f o r m  t h e  
n a s o l a c r i m a l  d u c t s  a n d  s a c .  

Q :  T h e  c o r n e a  f o r m s  t h e  a n t e r i o r  w a l l  o f  t h e  
c h a m b e r .  

7 t h  W E E K  

1  5 0  
A s  t h e  b u r i e d  e p i t h e l i a l  c e l l s  b e c o m e  
s e p a r a t e d  f r o m  t h e  s u r f a c e  e c t o d e r m ,  
f o r m i n g  a  c o r d  o f  c e l l s ,  t w o  b u d s  
d e v e l o p  f r o m  t h e  u p p e r  e n d .  T h e s e  
b u d s  a r e  t h e  f u t u r e  l a c r i m a l  c a n a l i c u l i  

Q :  T h e  f u s e s w i t h  
p a r a x i a l  m e s o d e r m  a n d  t h e  l a t e r a l  
n a s a l  p r o c e s s .  

B U D S  O F  T H E  
L A C R I M A L  

C A N A L I C U L I  

1 5 1  
O n e  c a n a l i c u l u s  g r o w s  t o w a r d  e a c h  e y e l i d ,  
t h e  u p p e r  e n d i n g  n e a r  t h e  i n n e r  c a n t h u s ,  
t h e  l o w e r  o n e  m o r e  l a t e r a l l y .  

Q :  W h a t  t y p e  o f  t i s s u e  f o r m s  t h e  
n a s o l a c r i m a l  d u c t s ?  

1 4 7  6 8 °  1 5 0  M a x i l l a r y  P r o c e s s  
1 4 8  N a s a l  P i t ,  N a s a l  P r o c e s s e s  1 5 1  S u r f a c e  E c t o d e r m  
1 4 9  A n t e r i o r  

A R E A  O F  
B U R I E D  
E C T O D E R M A L  
C E L L S  

U P P E R  C A N A L I C U L U S  



1 5 2  
I t  w a s  g e n e r a l l y  b e l i e v e d  t h a t  t h e  l o w e r  
c a n a l i c u l u s ,  a s  i t  e n t e r s  t h e  l o w e r  l i d ,  c u t s  
o f f  a  p o r t i o n  o f  t h e  l i d  w i t h  i t s  c o n t a i n e d  
c i l i a ,  s e b a c e o u s  g l a n d s ,  a n d  s w e a t  g l a n d s .  
T h i s  s e g m e n t  o f  t h e  l o w e r  l i d  i s  k n o w n  a s  t h e  
l a c r i m a l  c a r u n c l e .  

Q :  T h e  c a n a l i c u l u s  e n d s  n e a r e r  

L A C R I M A L  C A R U N C L E  

t h e  1 n n e r  c a n t h u s .  

1 5 3  
I t  i s  n o w  t h o u g h t  t h a t  t h e  l a c r i m a l  c a r u n c l e  h a s  a n  i n d e p e n d e n t  
o r i g i n .  A t  t h e  e n d  o f  t h e  3 r d  m o n t h  a f t e r  t h e  l i d s  h a v e  f u s e d  i t  
d e v e l o p s  a t  t h e  p o s t e r i o r  s u r f a c e  o f  t h e  m e d i a l  p a r t  o f  t h e  l o w e r  
l i d  n e a r  i t s  u p p e r  f r e e  b o r d e r  a s  a  c e l l u l a r  p r o l i f e r a t i o n  o f  
e p i t h e  1 i u r n .  

Q :  B o t h  t h e  d u c t s  a n d  s a c  a r e  f o r m e d  b y  s u r f a c e  
e c t o d e r m .  

1  5 ^  
T h e  o p e n i n g s  o f  t h e  u p p e r  a n d  l o w e r  c a n a l i c u l i  
a r e  k n o w n  a s  t h e  p u n c t a  l a c r i m a l i a .  

Q :  T h e  l a c r i m a l  c a r u n c l e  w a s  t h o u g h t  t o  b e  
f o r m e d  f r o m  a  p o r t i o n  o f  t h e  e y e l i d ;  n o w ,  
h o w e v e r ,  i t  i s  b e l i e v e d  t o  b e  o f  

% ^ , P U N C T A  

^ - T A R U N C L E  

1 5 5  
T h e  r e g i o n  o f  t h e  e c t o d e r m a l  c o r d  f r o m  w h i c h  
t h e  u p p e r  a n d  l o w e r  c a n a l i c u l i  f i r s t  a r i s e  
e n l a r g e s  s o m e w h a t  a n d  w i l l  f o r m  t h e  l a c r i m a l  
s a c .  

Q :  T h e  c a n a l i c u l i  o p e n  a s  t h e  

F U T U R E  
L A C R I M A L  

S A C  

1  5 6  
T h e  l o w e r  e n d  o f  t h e  n a s o l a c r i m a l  d u c t  
e n t e r s  t h e  i n f e r i o r  m e a t u s  o f  t h e  n a s a l  
c a v i t y .  

Q :  T h e  u p p e r  a n d  1  o w e r  c a n a  1  i  c u  1  i  d r  a i  n  
i n t o  t h e  

1 5 2  U p p e r  
1 5 3  N a s o l a c r i m a l  
1 5*+ Independent Origin 
1 5 5  P u n c t a  L a c r i m a l  i s  
1 5 6  L a c r i m a l  S a c  

L A C R I M A L  
S A C  

N A S A L  
O P E N I N G  

N A S A L  
C A V I T Y  



J u s t  b e f o r e  b i r t h  t h e s e  s t r u c t u r e s  b e c o m e  p a t e n t  b y  a  p r o c e s s  o f  
c a n a l i z a t i o n ,  w h i c h  s t a r t s  a t  t h e  p u n c t a  a n d  p r o g r e s s e s  t o w a r d  t h e  
n a s a l  o p e n i n g  o f  t h e  l a c r i m a l  d u c t .  

Q :  T h e  l a c r i m a l  s a c  i s  f o r m e d  f r o m  —  
t i s s u e )  w h i c h  o r i g i n a l l y  f o r m e d  t h e  f l o o r  o f  t h e  
g r o o v e .  

( g e r m i n a 1  

158 , 
T h e  g r o w t h  o f  t h e  m a x i l l a r y  p r o c e s s  p r o d u c e s  
t h e  l o w e r  l i d  f o l d .  T h e  u p p e r  l i d  i s  f o r m e d  
f r o m  p a r a x i a l  m e s o d e r m .  

Q :  C a n a l i z a t i o n  o f  t h e  l a c r i m a l  a p p a r a t u s  
b e q i n s  a t  t h e  a r , d  e r | d s  a t  
t h e  

U P P E R  
L I D  

F O L D  

L O W E R  
L I D  
F O L D  

7 t h  W E E K  

1 5 9  
T h i s  T h i s  i s  a  d r a w i n g  o f  t h e  g r o w i n g  e y e l i d s .  T h e y  f u s e  t o g e t h e r ,  
b e g i n n i n g  a t  t h e  i n n e r  c a n t h u s .  T h e  s e c o n d  d r a w i n g  s h o w s  t h i s  
f u s i o n  s t a r t i n g  a t  t h e  i n n e r  c a n t h u s  ( a n g l e )  o f  t h e  e y e .  

Q :  g i v e s  r i s e  t o  t h e  l o w e r  l i d  f o l d ,  w h i l e  t h e  
g i v e s  r i s e  t o  t h e  u p p e r  l i d .  

C O R N E A  

L E N S  a  

1 6 0  

L I D S  

S T A R T  
O F  L I D  
F U S I O N  

7 t h  W e e k  

T h e  e y e l i d s  f u s e  a b o u t  t h e  8 t h  w e e k ,  a n d  r e m a i n  s o ,  u n t i l  t h e  i n n e r  
s t r u c t u r e s  o f  t h e  e y e l i d s  a r e  f o r m e d .  

Q r  F u s i o n  o f  t h e  l i d s  b e g i n s  a t  t h e  
d e v e l o p i n g  e y e .  

o f  t h e  

1 5 7  S u r f a c e  E c t o d e r m ,  
N a s o l a c r i m a l  

158 P u n c t a  L a c r i m a l i s ,  
I n f e r i o r  M e a t u s  

1 5 9  M a x i l l a r y  P r o c e s s ,  
P a r a x i a l  M e s o d e r m  

1 6 0  I n n e r  C a n t h u s  ( A n g l e )  



1 6 1  
T h e  e y e l i d  a d h e s i o n s  b e g i n  t o  b r e a k  d o w n  i n  
t h e  5 t h ,  6 t h ,  a n d  7 t h  m o n t h s .  T h i s  i s  t h e  
r e s u l t  o f  s e v e r a l  f a c t o r s ,  t w o  o f  w h i c h  a r e :  
s e c r e t i o n s  f r o m  s e b a c e o u s  g l a n d s  o f  t h e  l i d s  
w h i c h  h a v e  f o r m e d  b y  t h i s  s t a g e ;  a n d  
c o r n i f i c a t i o n  o f  t h e  c e l l s  o f  t h i s  r e g i o n  
l e n d  t o  t h e  p r o c e s s  o f  b r e a k d o w n .  

Q :  T h e  c i l i a r y  b o d y  i s  m a d e  u p  o f  t h e  
r i n g ,  t h  e  

p r o c e s s e s  a n d  t h e  m u s c l e .  
5 t h  M O N T H  

1 6 2  
T h e  c o n j u n c t i v a l  e p i t h e l i u m  i s  d e r i v e d  f r o m  t h e  e c t o d e r m  t h a t  i s  
f o l d e d  i n  d u r i n g  t h e  f o r m a t i o n  o f  t h e  l i d  f o l d s .  I t  c o v e r s  t h e  
a n t e r i o r  s u r f a c e  o f  t h e  g l o b e  a n d  t h e  i n n e r  s u r f a c e  o f  t h e  l i d s  i n  
t h e  a d u l t .  

Q :  T h e  m a j o r  s t r u c t u r e s  o f  t h e  e y e  a r e  f o r m e d  b y  t h e  t i m e  t h e  
h a v e  s e p a r a t e d  .  

1 6 3  
I n  t h e  8 t h  w e e k  s e v e r a l  b u d s  o f  e c t o d e r m  a p p e a r  
o n  t h e  u p p e r  a n d  l a t e r a l  p o r t i o n  o f  t h e  c o n 
j u n c t i v a l  f o r n i x  ( s a c ) ,  w h i c h  w i l l  f o r m  t h e  
l a c r i m a l  g l a n d .  

Q :  T h e  l i n e s  t h e  i n n e r  s u r f a c e  
o f  t h e  1 i d s  a n d  t h e  a n t e r i o r  s u r f a c e  o f  t h e  
g l o b e .  I t  i s  d e r i v e d  f r o m  
( g e r m i n a 1  t i s s u e ) .  

1 6 k  
T h i s  i s  a  d r a w i n g  w h i c h  s h o w s  t h e  r e l a t i o n  o f  
t h e  l a c r i m a l  b u d s  t o  t h e  c o n j u n c t i v a l  s a c .  

Q :  T h e  o f  c e l l s  a n d  t h e  
s e c r e t i o n s  f r o m  g l a n d s  
a r e  t w o  f a c t o r s  w h i c h  c o n t r i b u t e  t o  t h e  
b r e a k d o w n  o f  t h e  f u s e d  l i d s .  

1 6 1  C i l i a r y ,  C i l i a r y ,  C i l i a r y  
1 6 2  E y e l i d s  
1 6 3  C o n j u n c t i v a l  E p i t h e l i u m ,  

E c t o d e r m  
1 6 4  C o r n i f i c a t i o n ,  S e b a c e o u s  

8 t h  W E E K  

M E I B O M I A N  G L A N D S  

B A C E O U S  
G L A N D  

L A S H E S  

C O N J U N C T I V A L  S A C  

L A C R I M A L  B U D S  



T h e  l a c r i m a l  b u d s  d i v i d e  a  n u m b e r  o f  t i m e s  t o  f o r m  t h e  g l a n d .  T h e  
g l a n d  g r o w s  a n d  d e v e l o p s  a c i n i .  T h i s  p r o c e s s  c o n t i n u e s  f o r  s o m e  t i m e  
a f t e r  b i r t h  .  

Q :  T h e  e y e l i d s  g r o w  t o w a r d  e a c h  o t h e r  a n d  a b o u t  t h e  e n d  
o f  t h e  m o n t h  o f  f e t a l  l i f e .  

1 6 6  
B y  t h e  t w e l f t h  w e e k  t h e  o r b i c u l a r i s  o c u l i  
m u s c l e  h a s  s t a r t e d  t o  f o r m  i n  t h e  e y e l i d .  

Q :  T h e  l a c r i m a l  g l a n d  i s  n o t  c o m p l e t e l y  
d e v e l o p e d  u n t i l  

I I I  M  

1 2 t h  W E E K  

O R B I C U L A R I S  
O C U L I  
M U S C L E  

1 6 7  
T h e  o r b i c u l a r i s  o c u l i  m u s c l e  i s  w e l l  f o r m e d  
b y  t h e  e n d  o f  t h e  t w e l f t h  w e e k .  

Q :  T h e  l a c r i m a l  g l a n d  d e v e l o p s  f r o m  b u d s  
o f  t h e  s a c  .  O R B I C U L A R I S  

O C U L I  
M U S C L E  

5 t h  M O N T H  

I n  t h e  d e v e l o p m e n t  o f  t h e  l a c r i m a l  g l a n d  5  t o  8  c o r d s  o f  c e l l s  e x 
t e n d  u p w a r d  f r o m  t h e  l a t e r a l  p a r t  o f  t h e  s u p e r i o r  f o r n i x  o f  t h e  
c o n j u n c t i v a  d u r i n g  t h e  6 t h  t o  t h e  8 t h  w e e k .  D u r i n g  t h e  5 t h  m o n t h  
t h e  t e n d o n  o n  t h e ' l e v a t o r  p a l p e b r a e  s u p e r i o r i s  s e p a r a t e s  t h e  g l a n d  
i n t o  s u p e r f i c i a l  a n d  d e e p  p a r t s .  

Q :  W h e n  d o  t h e  e y e l i d  a d h e s i o n s  b r e a k  d o w n ?  

T h e  n e w  b o r n  c h i l d  c r i e s ,  b u t  w i t h o u t  t e a r s .  T h e  l a c r i m a l  g l a n d  
d o e s  n o t  r e a c h  f u l l  d e v e l o p m e n t  u n t i l  3  o r  A  y e a r s  a f t e r  b i r t h .  
A f t e r  t h a t  t h e  g l a n d  c e l l s  d e c r e a s e  i n  h e i g h t  u n t i l  t h e  a g e  o f  A O .  
I n  l a t e r  l i f e  t h e  g l a n d  g r a d u a l l y  a t r o p h i e s .  T h e  t i m e  o f  w e e p i n g  
t e a r s  m a y  v a r y  f r o m  2 0  t o  1  O A  d a y s  a f t e r  b i r t h .  
Q :  W h a t  g i v e s  r i s e  t o  t h e  l o w e r  l i d  f o l d ?  

1 6 8  A b o u t  t h e  5 t h  t o  t h e  7 t h  
1 6 9  M a x i 1 1 a r y  P r o c e s s  

1 6 5  F u s e ,  2 n d  l h M  A b o u t  r n e  b t n  i u  l u c  / « . m  M o n t h  
1 6 6  A f t e r  B i r t h  
1 6 7  C o n j u n c t i v a !  



1 7 0  
B y  t h e  1 2 t h  w e e k  t h e  s e b a c i o u s  a n d  t a r s a l  
o r  M e i b o m i a n  g l a n d s  o f  t h e  l i d s  a r e  b e g i n  
n i n g  t o  f o r m .  

Q :  T h e  c h o r i o - c a p i 1 1 a r i s  d r a i n s  t h r o u g h  
t h e  v e i n s  w h i c h  
d r a i n  i n t o  t h e  o p h t h a l m i c  v e i n s .  

M E I B O M I A N  G L A N D S  

S E B A C E O U S  
G L A N D S  

1 2 t h  W E E K  

1 7 1  
T h e  b u l b s  o r  f o l l i c l e s  o f  t h e  e y e l a s h e s  b e g i n  
t o  a p p e a r  t o w a r d  t h e  e n d  o f  t h e  9 t h  w e e k .  
T h r o u g h o u t  d i f f e r e n t i a t i o n  t h e  l o w e r  l i d  l a g s  
b e h i n d  t h e  u p p e r  i n  d e v e l o p m e n t .  

Q :  U v e a l  c h r o m a t o p h o r e s  a r e  t h o u g h t  t o  b e  
o f  o r i g i n ,  i . e .  d e s c e n d a n t s  
o f  e e l  1 s  w h i c h  h a v e  m i g r a t e d  f r o m  t h e  
n e u r a l  c r e s t .  

E Y E L A S H  
F O L L I C L E S  

1 2 t h  W E E K  

1 7 2  
B y  t h e  5 t h  m o n t h  e y e l a s h e s  c a n  b e  s e e n  a s  w e l l  
a s  t h e  b e g i n n i n g s  o f  t h e  g l a n d s  o f  Z e i s s .  

Q :  T h e  t a r s a l  g l a n d s  o f  t h e  e y e l i d  a r e  a l s o  
k n o w n  a s  g l a n d s .  

o:« 

E Y E L A S H E S  

1 7 3  
B y  t h e  e n d  o f  t h e  5 t h  m o n t h ,  t h e  M e i b o m i a n  
( t a r s a l )  g l a n d s ,  t h e  e y e l a s h e s  a n d  t h e  
s e b a c e o u s  g l a n d s  o f  t h e  l a s h  f o l l i c l e s  a r e  
a l l  w e  1 1  d e v e l o p e d .  

Q :  W h i c h  e y e l i d  d e v e l o p s  m o r e  r a p i d l y ?  

M E I B O M I A N  G L A N D S  

S E  B A C E 0 | J S  
G L A N D S  

L A S H E S  

m  
I t  s h o u l d  b e  e m p h a s i z e d  t h a t  t h e  e y e s  a n d  o p t i c  n e r v e s  a r e  o u t g r o w t h s  
o f  t h e  b r a i n .  T h e  n e r v e  f i b e r s  o f  t h e  r e t i n a  c o n t i n u e  i n t o  t h e  o p t i c  
n e r v e  a n d  t h e  o p t i c  n e r v e  f i b e r s  c o n t i n u e  i n t o  t h e  b r a i n .  

Q :  I n  m a n  t h e  e y e l i d s  h a v e  n o r m a l l y  s e p a r a t e d  b e f o r e  

1 7 0  V o r t i c o s e  
1 7 1  e c t o d e r m a l  
1 7 2  M e i b o m i a n  

1 7 3  U p p e r  
1 7 4  B i r t h  



D e v e l o p m e n t a l  1 y  t h e  o p t i c  n e r v e  r e s e m b l e s  a  t r a c t  o f  t h e  b r a i n  m o r e  
t h a n  a  p e r i p h e r a l  n e r v e .  I t s  f i b e r s  d o  n o t  p o s s e s s  a  n e u r i l e m m a  
s h e a t h  a n d  w h e n  i t s  f i b e r s  a r e  c u t  t h e y  w i l l  n o t  r e g e n e r a t e .  

T h e  d u r a  m a t e r  o f  t h e  b r a i n  i s  c o n t i n u o u s  w i t h  t h e  s h e a t h  o f  t h e  
o p t i c  n e r v e  w h i c h  i s  c o n t i n u o u s  w i t h  t h e  s c l e r a .  

T h e  o p t i c  n e r v e  i s  s u r r o u n d e d  b y  s h e a t h s  f r o m  a l l  t h r e e  l a y e r s  o f  
m e n i n g e s  o f  t h e  b r a i n .  B e t w e e n  t h e  l a y e r s  a r e  s p a c e s  w h i c h  a r e  
c o n t i n u o u s  w i t h  t h e  s u b d u r a l  a n d  s u b a r a c h n o i d  s p a c e s .  

Q :  W h a t  l a y e r  i s  a b s e n t  i n  t h e  o p t i c  n e r v e  w h i c h  s u r r o u n d s i n d i v i d u a l  
f i b e r s  i n  a  t y p i c a l  p e r i p h e r a l  n e r v e  b u n d l e ?  

( A )  F r o m  w h a t  p r i m a r y  g e r m i n a l  l a y e r  d o e s  t h i s  d e v e l o p ?  
( B )  T h i s  s t r u c t u r e  f o r m s  f r o m  ( g e r m i n a l  l a y e r ) .  
( C )  P r e v i o u s l y  t h e  w a s  f o u n d  h e r e .  
( D )  T h i s  u s e d  t o  d r a i n  b u t  n o w  i t  r e m o v e s  

f r o m  t h e  a n t e r i o r  c h a m b e r .  
( E )  T h i s  i n i t i a l l y  a p p e a r s  a s  a  o f  t h e  n e r v o u s  

r e t i n a .  

1 7 5  N e u r i 1 e m m a  
1 7 6  ( A )  M e s o d e r m  

( B )  S u r f a c e  E c t o d e r m  
( C )  H y a l o i d  A r t e r y  
( D )  B l o o d ,  A q u e o u s  H u m o r  
( E )  T h i c k e n i n g  



T h e  d e v e l o p m e n t  o f  n e r v o u s  f u n c t i o n  i s  r e l a t e d  t o  t h e  s t r u c t u r a l  
d e v e l o p m e n t  a n d  d i f f e r e n t i a t i o n  o f  t h e  n e r v o u s  s y s t e m .  V i s i o n  
d e v e l o p s  l a t e r  t h a n  o t h e r  s e n s o r y  s y s t e m s .  A  p r e m a t u r e l y  b o r n  b a b y  
m a y  d i f f e r e n t i a t e  b e t w e e n  l i g h t  a n d  d a r k , a n d  p u p i l l a r y  r e s p o n s e s  
c a n  b e  o b t a i n e d  f r o m  a  s t r o n g  l i g h t .  

Q :  W h e n  d o  o p t i c  n e r v e  f i b e r s  b e c o m e  m y e l i n a t e d ?  

1 "7 O 

D u r i n g  t h e  s i x t h  m o n t h  o f  f e t a l  l i f e  t h e  v i s u a l  a r e a  o f  t h e  c e r e b r a l  
c o r t e x  b e c o m e s  f o l d e d  a l o n g  i t s  l o n g  a x i s . _  H u x l e y  c a l l e d  t h i s f o l d  
t h e  c a l c a r i n e  f i s s u r e  b e c a u s e  o f  i t s  r e l a t i o n  t o  t h e  c a l c a r  a v i s  
w h i c h  i s  l o c a t e d  i n  t h e  i n t e r i o r  o f  t h e  p o s t e r i o r  h o r n  o f  t h e  l a t e r a l  
v e n t r i c l e  o f  t h e  b r a i n .  

Q :  I s  t h e  o p t i c  n e r v e  a  t y p i c a l  p e r i p h e r a l  n e r v e ?  

T h e  w h i t e  l i n e  o f  G e n n a r i  i s  v i s i b l e  t o  t h e  u n a i d e d  e y e  i n  f r e s h  
s e c t i o n s  o f  t h e  v i s u a l  c o r t e x  a n d  f o r  t h i s  r e a s o n  t h i s  r e g i o n  i s  
c a l l e d  t h e  a r e a  s t r i a t a .  T h e  f i b e r s  o f  t h e  o p t i c  r a d i a t i o n  g r o w _  
i n t o  t h e  f o u r t h  l a y e r  o f  t h e  v i s u a l  c o r t e x  a n d  h e l p  f o r m  t h e  s t r i a  
o f  G e n n a r i .  

Q :  A r e  o p t i c  n e r v e  f i b e r s  c o v e r e d  w i t h  a  l a y e r  o f  n e u r i l e m m a ?  

F i b e r s  f r o m  t h e  l a t e r a l  h a l f  o f  t h e  r e t i n a  g r o w  i n t o  t h e  o p t i c  t r a c t  
o f  t h e  s a m e  s i d e ,  w h i l e  t h o s e  f r o m  t h e  m e d i a l  h a l f  p a s s  t h r o u g h  t h e  
o p t i c  c h i a s m a  a n d  i n t o  t h e  o p t i c  t r a c t  o f  t h e  o p p o s i t e  s i d e .  

Q :  W h a t  d o e s  c a l c a r i n e  m e a n ?  

1 8 1  
T h e  m a j o r i t y  o f  t h e  f i b e r s  o f  t h e  o p t i c  t r a c t  t e r m i n a t e  i n  t h e  l a t e r a l  
g e n i c u l a t e  b o d y  a n d  a  s m a l l e r  p o r t i o n  p a s s e s  t o  t h e  s u p e r i o r  c o l l i c u l u s  
a n d  t h e  p r e t e c t a l  a r e a .  

Q :  W h e n  d o  o p t i c  n e r v e  f i b e r s  r e a c h  t h e  c h i a s m a ?  

N e u r o n s  d e v e l o p  i n  t h e  l a t e r a l  g e n i c u l a t e  b o d y  w h o s e  a x o n s  f o r m  t h e  
g e n i c u 1  o c a  1  c a r i n e  t r a c t .  

Q :  D o  p e r i p h e r a l  n e r v e s  r e g e n e r a t e  a f t e r  i n j u r y ?  .  

177 L a t e  f e t a l  l i f e  
1 7 8  N o  
179 N o  

180 S p u r - s h a p e d  
181 End of  2nd month 
182 Y e s  



1 8 3  
T h e  p r e t e c t a l  a r e a  d e v e l o p s  i n t o  a n  a r e a  c o n c e r n e d  w i t h  l i g h t  r e f l e x e s  
a n d  t h e  s u p e r i o r  c o l  1 i c u l u s  i n t o  a  c e n t e r  f o r  r e f l e x  m o v e m e n t s  o f  t h e  
e y e s  a n d  h e a d  i n  r e s p o n s e  t o  o p t i c  s t i m u l i .  

Q :  D o  o p t i c  n e r v e  f i b e r s  r e g e n e r a t e  a f t e r  i n j u r y ?  

1 8 4  
T h e  g e n i c u l o c a l c a r i n e  t r a c t  g r o w s  i n t o  t h e  v i s u a l  c o r t e x  w h i c h  i s  
l o c a t e d  o n  e i t h e r  s i d e  o f  t h e  c a l c a r i n e  f i s s u r e .  

Q :  A r e  t h e  a x o n s  o f  t h e  g a n g l i o n  c e l l s  m y e l i n a t e d  i n  t h e  n e r v e  f i b e r  
l a y e r  o f  t h e  r e t i n a ?  

1 8 5  
A  p o i n t - t o - p o i n t  r e l a t i o n s h i p  d e v e l o p s  b e t w e e n  t h e  o r i g i n  o f  t h e  
o p t i c  n e r v e  f i b e r s  i n  t h e  r e t i n a  a n d  t h e i r  t e r m i n a t i o n  i n  t h e  l a t e r a l  
g e n i c u l a t e  b o d y .  

Q :  W h a t  f o r m s  t h e  o p t i c  r a d i a t i o n ?  

1 8 6  
N e u r o n s  i n  t h e  g e n i c u l o c a l c a r i n e  t r a c t  d e v e l o p  a  s i m i l a r  p o i n t - t o -
p o i n t  r e l a t i o n  b e t w e e n  t h e  l a t e r a l  g e n i c u l a t e  b o d y  a n d  t h e  s t r i a t e  
c o r t e x .  

Q :  W h e r e  i s  t h e  c a l c a r i n e  f i s s u r e ?  

1 8 7  
N e r v e  f i b e r s  f r o m  t h e  m e d i a l  h a l f  o f  t h e  l a t e r a l  g e n i c u l a t e  b o d y  g r o w  
i n t o  t h e  d o r s a l  l i p  o f  t h e  c a l c a r i n e  f i s s u r e ,  w h i l e  t h o s e  f i b e r s  f r o m  
t h e  l a t e r a l  h a l f  g r o w  i n t o  t h e  v e n t r a l  l i p  o f  t h a t  f i s s u r e .  

Q :  W h a t  b e c o m e  o f  t h e  c e l l s  s u r r o u n d i n g  t h e  n e r v e  f i b e r s  i n  t h e  
o p t i c  s t a l k ?  

1 8 8  
N e r v e  f i b e r s  f r o m  t h e  u p p e r  r e t i n a l  q u a d r a n t s  g r o w  i n t o  t h e  m e d i a l  
h a l f  o f  t h e  l a t e r a l  g e n i c u l a t e  b o d y ,  w h i l e  t h o s e  f r o m  t h e  l o w e r  
r e t i n a l  q u a d r a n t s  c o n n e c t  w i t h  t h e  l a t e r a l  h a l f  o f  t h e  q e n i c u l a t e  
b o d y .  

Q :  W h a t  b e c o m e s  o f  t h e  c a v i t y  i n  t h e  o p t i c  s t a l k ?  

1 8 3  N o  
1 8 4  N o t  n o r m a  1 1 y  
185 G e n i c u l o c a l c a r i n e  

t r a c t  

1 8 6  M e d i a l  s i d e  o f  
o c c i p i t a l  l o b e  

1 8 7  B e c o m e  n e u r o l o g i c a l  
c e l l s  

1 8 8  O b l i t e r a t e d  



M a c u l a r  f i b e r s  a r e  r e p r e s e n t e d  i n  t h e  c a u d a l  t h i r d  o f  t h e  v i s u a l  
c o r t e x .  P e r i p h e r a l  r e t i n a l  a r e a s  a r e  r e p r e s e n t e d  i n  m o r e  r o s t r a l  
p o s i t i o n s .  

Q :  F r o m  w h a t  p a r t  o f  t h e  e m b r y o n i c  b r a i n  d o e s  t h e  o p t i c  c u p  
d e v e l o p ?  _ _  

1 9 0  
I n  t h e  c o u r s e  o f  d e v e l o p m e n t  o n e  s t r u c t u r e  m a y  i n f l u e n c e  o r  i n d u c e  
t h e  d e v e l o p m e n t  o f  a n o t h e r  s t r u c t u r e ,  t h u s  f o r m i n g  a  l i n k  i n  a  c h a i n  
o f  d e v e l o p m e n t a l  e v e n t s .  I t  h a s  b e e n  s h o w n  e x p e r i m e n t a l l y  w i t h  l o w e r  
v e r t e b r a t e s  t h a t  t h e  d e v e l o p m e n t  o f  t h e  o p t i c  c u p  i s  i n f l u e n c e d  b y  
t h e  a c t i o n  o f  t h e  u n d e r l y i n g  e n t o d e r m  o n  t h e  n e u r a l  p l a t e .  L e n s  
d e v e l o p m e n t  i n  t u r n  i s  c a u s e d  b y  t h e  i n d u c t i o n  i n f l u e n c e  o f  t h e  
o p t i c  v e s i c l e .  W i t h o u t  t h i s  s t i m u l u s  t h e  l e n s  w i l l  n o t  d e v e l o p  i n  
a  n o r m a l  m a n n e r .  T h e  i n d u c i n g  a g e n t  i s  p r o b a b l y  a  c h e m i c a l  s u b s t a n c e .  
A t  t h e  t i m e  o f  t h e  f o r m a t i o n  o f  t h e  l e n s ,  t h e  o p t i c  c u p  c o n t a i n s  a  
l a r g e  a m o u n t  o f  r i b o n u c l e i c  a c i d .  T h e  l e n s  i n  t u r n ,  a c t i n g  w i t h  t h e  
o p t i c  c u p ,  i n d u c e s  t h e  d e v e l o p m e n t  o f  t h e  c o r n e a .  T h e  o p t i c  c u p  a n d  
t h e  l e n s  p r o b a b l y  i n f l u e n c e  t h e  d e v e l o p m e n t  o f  t h e  v i t r e o u s _ b o d y .  
I n  n o r m a l  d e v e l o p m e n t  i n d u c t i o n  t a k e s  p l a c e  i n  d e f i n i t e  r e g i o n s  a t  
d e f i n i t e  t i m e  p e r i o d s .  

Q :  W i t h o u t  i n d u c t i o n  f r o m  t h e  t h e  l e n s  w i l l  n o t  
d e v e 1  o p  n o r m a  1 1 y .  

T h e  v i s u a l  p r o j e c t i o n  c o r t e x  i s  c a l l e d  a r e a  1 7 -  A r e a  1 8  d e v e l o p s  a r o u n d  
t h e  a r e a  s t r i a t a  ( 1 7 )  a n d  i s  c a l l e d  t h e  p a r a s t r i a t e  a r e a .  A s s o c i a t i o n  
f i b e r s  c o n n e c t  a r e a  1 7  w i t h  a r e a  1 8 .  T h e  p a r a s t r i a t e  a r e a  ( 1 8 )  i s  
l o c a t e d  i n  t h e  o c c i p i t a l  l o b e  a d j a c e n t  t o  a r e a  1 7 -  A r e a  1 8  d o e s  n o t  
h a v e  a  1 i n e  o f  G e n n a r i .  

Q :  T h e  p a r a s t r i a t e  a r e a  i s  d i f f e r e n t  f r o m  t h e  s t r i a t e  a r e a  i n  t h a t  i t  
l a c k s  a  •  

Q :  N e r v e  f i b e r s  f r o m  t h e  h a l v e s  o f  t h e  r e t i n a  
c r o s s  i n  t h e  o p t i c  c h i a s m a .  

M a n y  d o u b l e  l a y e r s  o f  m y e l i n  a r e  w r a p p e d  a r o u n d  t h e  o p t i c  n e r v e  
f i b e r s  b y  o l i o g o d e n d r o g 1 i a  1  c e l l s .  N o d e s  o f  R a n v i e r  a n d  m e s a x o n s  
a r e  p r e s e n t .  T h e  m y e l i n  s h e a t h  h e l p s  i n s u l a t e  t h e  a x o n  a n d  a i d s  
i n  t h e  c o n d u c t i o n  o f  t h e  n e r v e  i m p u l s e .  

1 8 9  
1 9 0  

F o r e b r a i  n  
O p t i c  v e s i c l e  

1 9 1  L i n e  o f  G e n n a r i  
M e d i a  1  



— 
O P T I C  P A T H W A Y  

1 9 2  
C o l o r  t h e  4  o v e r l a p p i n g  q u a d r a n t s  o f  t h e  v i s u a l  f i e l d s  w i t h  4  d i f f e r e n t  
c o l o r s .  W i t h  c o r r e s p o n d i n g  c o l o r s  s h o w  t h e  w a y  t h e  v i s u a l  f i e l d s  a r e  
p r o j e c t e d  o n  t h e  2  r e t i n a e ,  t h e  l a t e r a l  g e n i c u l a t e  b o d i e s  a n d  t h e  
o c c i p i t a l  l o b e s .  D r a w  t h e  p a t h  o f  t h e  a x o n  o f  a  g a n g l i o n  c e l l  f r o m  t h e  
m e d i a l  a n d  l a t e r a l  h a l v e s  o f  e a c h  r e t i n a .  S h o w  t h e  p a t h  o f  n e u r o n s  i n  
t h e  o p t i c  r a d i a t i o n s .  

L 



I d e n t i f y  a n d  l a b e l  s t r u c t u r e s  s h o w n  i n  t h i s  d r a w i n g .  C h e c k  
a n s w e r s  w i t h  l a b e l s  s h o w n  i n  1 9 5 -  C o l o r .  

A n t e r o n a s a l  p o r t i o n  o f  a  h o r i z o n t a l  s e c t i o n  o f  t h e  r i g h t  e y e  
( C o u r t e s y  o f  B a u s c h  a n d  L o m b )  



L a b e l  a  1 1  s t r u c t u r e s  n o t  i d e n t i f i e d  i n  t h i s  d r a w i n g .  C o l o r .  
H o r i z o n t a l  s e c t i o n  o f  r i g h t  e y e .  ( C o u r t e s y  o f  B a u s c h  a n d  
L o m b )  

Cornea 

Anterior chamber 

External scleral sulcus 
Corneo-scleral border 

Bulbar conjunctiva 
Ciliary muscle 

Ora 
serrata Corona ciliaris 

Ciliary body 

Orbiculus ciliaris 

Media 
rectus 

Retina 

Choroid 

Fovea Sclera 

Lamina cribrosa 

Long posterior ciliary 
artery 

Dural sheath 

Optic nerve 
Short posterior ciliary arteries 

T h e  i l l u s t r a t i o n s  o b t a i n e d  t h r o u g h  t h e  c o u r t e s y  o f  B a u s c h  a n d  
L o m b  a r e  f r o m  " T h e  H u m a n  E y e "  b y  P .  C .  K r o n f e l d ,  G .  M c H u g h  
a n d  S .  L .  P o l y a k .  





1 9 6  
A  v e r t i c a l  s e c t i o n  t h r o u g h  t h e  o r b i t .  ( C o u r t e s y  o f  B a u s c h  a n d  L o m b )  



197 
A horizontal section of the orbit. (Courtesy of Bausch and Lomb) 



F A C E  D E V E L O P M E N T  

1 9 8  I n  t h e  i l l u s t r a t i o n s  i d e n t i f y  a n d  c o l o r  t h e  c o m p o n e n t  p a r t s  
w h i c h  c o n t r i b u t e  t o  t h e  f o r m a t i o n  o f  t h e  f a c e .  O b s e r v e  t h e  f o l 
l o w i n g :  n a s a l  p i t ,  m e d i a l  a n d  l a t e r a l  n a s a l  f o l d s ,  f r o n t o n a s a l  
p r o c e s s ,  m a n d i b u l a r  ( 1 s t )  a r c h ,  m a x i l l a r y  p r o c e s s ,  h y o i d  ( 2 n d )  
a r c h ,  n a s o - o p t i c  f u r r o w  ( n a s o - 1 a c r i m a 1  g r o o v e  o r  f u r r o w ) ,  e y e  
a n d  e y e l i d s .  

l o w e r  l i m b  

u p p e r  l i m b  

d o r s a l  b o d y  
w a l l  ( d o r s a l  r a m i )  

g r o o v e  
( d o r s o l a t e r a l  l i n e )  

s o m i t e  

A 6.3 mm human embryo. X 15. 

v e n t r o l a t e r a l  b o d y  w a l l  
( v e n t r a l  r a m i )  

5  m o n t h s  f e t u s  
C o m p o n e n t  p a r t s  o f  t h e  f a c e  a r e  d i f f e r e n t i a l l y  h a t c h e d .  

h e a r t  

m a x i l l a r y  p r o c .  a n d  
b r a n c h i a l  a r c h e s  



A r c h e s  

1 -

2 -

1 2  m m .  

1 8  m m .  

l a t e r a l  n a s a l  
p  r  o c  e  s  s  

M a x i 1 1 a r y  
p r o c e s s  

H i  1 1 o c  k  s  

1  s t  

2 n d  

a r c h e s  

E x t e r n a l  
a c o u s t i c  
m e a t u s  1  s t  

a r c h  

1 A  m m .  

1 s t  B r a n c h i a l  
g r o o v e  

M a x i 1 1 a r y  
p r o c e s s  

H i  1  l o c k s  

1 s t  a r c h  

2 n d  a r c h  

f r o n t o - n a s a 1  
p r o c e s s  

m e d .  
n a s a  1  

e Y e  p r o c .  

( a f t e r  S t r e e t e r ,  1 9 2 2 )  



X V I I I  l i t  m m .  X V I I I  1  i t  m m .  
3 7  d a y s  +  1 .  3 7  d a y s  +  1 .  

X I V  6 . 5  m m .  
2 8  t o  3 0  d a y s  +  1 .  

X V I  1 1  m m ,  
3 3  d a y s  +  

n  mm: 
Ss'" 

C o u r t e s y  o f  P r o f e s s o r  H i d e o  N i s h i m u r a  
K y o t o  U n i v e r s i t y  



X I X  1 6  m m .  
3 9  d a y s  +  1  

X X I  2 0  m m ,  
4 2  d a y s  +  

X X I I I  33 m m .  5 0  m m >  

4 8  d a y s  +  1 .  3  m o n t h s  

Courtesy of Professor Hideo Nishimura 
Kyoto University 



Horizon XfTT 
Age; 27i I days 

201 
In each orbi tal  region in shark 
embryos,  there are three preotic  
somites which give r ise to the 
extraocular  muscles.  Typical  somites 
have not  been found in human embryos 
in the orbi tal  region;  however,  
s ince the orbital  muscles and nerves 
in the shark are thought to be 
closely analygous to these s truc
tures in higher vertebrates,  the eye 
muscles in man are usually assumed 
to be of  somite origin.  (See somites 
in frame No, 5 .)  

Q: All  of  the muscles of  the body,  
with the exception of  the 
muscles of  the and 
the myoepithel ial  cel ls  of  sweat  
glands,  are derived from 

A: I r is ,  mesoderm 

202 
An early indicat ion of the develop
ment of  the orbi tal  muscle is  the 
condensation of  mesoderm in the 
region of  the developing eye.  
Figures A, B and C are diagrams 
based on reconstruct ions of  human 
embryos about  4 to 5 mm. ± 1 ,  CR 
length.  Figure C is  a diagram of a  
sect ion through the brain and optic  
vesicle.  The maxil lomandibular  meso
derm (m.m.m.)  and the premandibular  
condensation (p.c.)  have been super-  — 
imposed on the lef t  s ide.  The level  
of  f ig.  C is  indicated in f igs.  A 
and B. (Figs.  A-N from P.  W. Gilbert ,  
1957,  Carnegie Contributions to 
Embryology No. 246.)  

Q: The voluntary muscles are mainly 
derived from the paraxial  meso
derm which is  segmental ly 
arranged in .  

A: Somites 

ABBREVIATIONS 
a.p.c., anterior peripheral condensation 
int., intermediate mass 
i.o., inferior oblique 
i . p . c . ,  i n f e r i o r  p e r i p h e r a l  c o n d e n s a t i o n  
i.r., inferior rectus 
1.p., lens placode 
l . p . s . ,  l e v a t o r  p a l p e b r a e  s u p e r i o r i s  

l . r . ,  l a t e r a l  r e c t u s  
1.v., lens vesicle 
m . m . m . ,  m a x i l l o m a n d i b u l a r  m e s o d e r m  
m . r . ,  m e d i a l  r e c t u s  
n .  I l l ,  o c u l o m o t o r  n e r v e  
n. IV, trochlear nerve 
n .  V I ,  a b d u c e n s  n e r v e  
p . c . ,  p r e m a n d i b u l a r  c o n d e n s a t i o n  
p . p . c . ,  p o s t e r i o r  p e r i p h e r a l  c o n d e n s a t i o n  
s . o . ,  s u p e r i o r  o b l i q u e  
s . p . c . ,  s u p e r i o r  p e r i p h e r a l  c o n d e n s a t i o n  
s.r., superior rectus 
t., trochlea 



203 
In human embryos of about 6 to 7 mm. 
± 1 (f igs.  D-F),  the superior rectus 
(s .r .)  extends forward from the pre-
mandibuiar condensation (p.c.) .  The 
primordia of the superior oblique 
(s .o.)  and the lateral  rectus ( l . r .)  
appear as condensations of the maxil-
lomandibular mesoderm and are con
nected by diffuse mesoderm called 
the intermediate mass ( int .) .  As the 
head region expands in the early 
stages,  the premandibular condensa
t ions are connected across the mid-
plane by a transverse bridge of meso
derm. In embryos of about 7 mm. this 
bridge of mesoderm is  interrupted and 
the two condensations are no longer 
connected.  The significance of this 
is  not understood. 

Q: The maxillomandibular mesoderm is  
related to the 
branchial  arch.  

A: First  or mandibular.  Label this 
arch in f ig.  B. 

204 
Diagrams G through N are 
based also on reconstruc
t ions and sections of 
embryos.  The posit ion of 
the derivations of the 
maxillomandibular mesoderm 
and the premandibular con
densation is  shown in re
lation to the following: 
brain,  eye,  Vth nerve and 
mandibular arch.  In addi
t ion to the superior oblique 
and lateral  rectus muscle 
primordia,  you will  note 4 
other condensations.  These 
are si tuated around the 
outer rim of the optic 
vesicle and are known as 
the superior (s .p.c.) ,  
inferior ( i .p.c.) ,  anterior 
(a.p.c.)  and posterior 
(p.p.c.)  peripheral  con
densations.  They antici
pate the insert ion points 
of the four rectus muscles 
on the eyeball  and contri
bute to the formation of 
the sclera.  The III  and 
VI cranial  nerves have now 



grown into their respec
tive muscle primordia. At 
this stage the lens vesicle 
has pinched off of the 
surface ectoderm. Figs. G, 
H and I are made from human 
embryos about 7 to 8 mm. ± 
1. 

Q: The pro
cess of the mandibular 
arch is related to the 
development of the 
orbit. 

A: Maxillary (review 
frame 198) 

Q: Diffuse mesoderm is 
often called 

205 
In fig. I, derivatives of 
the maxillomandibular 
mesoderm and the preman-
dibular condensation have 
been superimposed on the 
left side. 

A: Mesenchyme 

206 
In figs. J and K note that 
the condensations, which 
will form the superior 
oblique, the lateral rectus 
and the superior rectus 
muscles, have elongated. 
Two other processes repre
senting the primordium of 
the medial rectus (m.r.) 
and a common primordium 
of the inferior rectus 
(i.r.) and inferior 
obiique (i.o.) muscles 
(fig. N) project from 
the premandibular conden
sation. Figures L and M 
are lateral and caudal 
aspects of the premandi-
bular condensation. The 
primordium of the inferior 
oblique muscle is attached 
for a time to the distal 
end of the inferior rectus. 
(Figures A to N from 
P. W. Gilbert.) 

Horizon 232 
Age: 29 i I days 



Q: From which germ layer 
does the ciliary muscle 
develop? 

A: Mesoderm 
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The extrinsic ocular 
muscles in man arise from 
three independent but 
closely associated meso
dermal condensations on 
each side of the head. 
The extrinsic eye muscles 
innervated by the IIIrd 
nerve arise from the pair 
of premandibular conden
sations. Small spaces 
may appear briefly in 
these premandibular con
densations in embryos of 
about 26 to 28 days. 
These spaces have been 
regarded as rudimentary 
head cavities homologous 
with the premandibular 
head cavities in lower 
vertebrates.(g.n.v, ganglion of Vth nerve) 

Q:  Each premandibular 
condensation gives 
rise to 

A: 

processes which 
represent the pri-
mordia of the four 
eye muscles which are 
supplied by the 

muscle. 

Three, oculomotor 
(Frame 206 & Fig. N) 

Horizon X3" 
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Two condensations subse
quently develop in the 
maxillomandibular mesoderm. 
The more caudal and medial 
condensation is the pri-
mordium of the lateral 
rectus muscle and it is 
found in embryos of about 
27 ± 1 days (4 to 5 mm.). 
It grows cranially to reach 
the periphery of the optic 
ves i c l e  ( f i gs .  G and  J ) .  



Q: Do definite somites occur in the 
development of the human head? 

A: Occipital  somites develop at  the 
base of the head. No, somites are 
related to eye muscles in man. 
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The second condensation of the maxil-
lomandibular mesoderm is  the pri-
mordium of the superior oblique (f igs.  
G, I  and J) .  I t  appears above the 
optic vesicle.  One end of this muscle 
grows toward the optic vesicle and i ts  
caudal end swings toward the develop
ing wall  of the orbit .  I ts  distal  
end bends sharply,  grows laterally 
and then caudally to i ts  insert ion on 
the eyeball .  About the bend in the 
superior oblique tendon, the trochlea 
begins to form in human embryos of 
about 40 to 48 ± 1 days (21 to 30 mm.).  

Q: Trochlea in Latin means _• 

A: Pulley; the superior oblique was 
formerly called the trochlear 
muscle.  
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It  is  interesting to note that  in the 
early stages of the development of 
the superior oblique muscle,  the tro
chlear angle is  obtuse.  As the frontal  
bone grows forward the trochlea is  
pulled with i t  and the angle becomes 
more acute.  At f irst  the trochlear 
angle is  obtuse,  being about 120° at  
39 days.  I t  becomes about 95° at  45 
days,  80° at  47 days and in adult  man 
i t  is  about 55°.  

Q: Which two eye muscles develop in 
primordia located in the same 
mesodermal process? 
and 

A: Inferior oblique and inferior 
rectus 
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In human embryos of about 6 to 7 
mm. (28 to 30 days) four peri
pheral  condensations appear in the 
maxillomandibular mesoderm about 
the periphery of the optic vesicle.  
The primordia of the four rectus 
muscles grow peripherally toward 
these condensations and insert  
into them. These peripheral  
condensations contribute to the 
formation of the sclera (f igs,  G, 
I  and J) .  

Q: With greater growth of the 
muscle primordia peripherally 
toward their  insert ions than 
centrally toward their  origins,  
would you expect more or less 
variations in muscle insert ions 
than in their  origin? 

A: More 
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The primordium of the superior rectus 
muscle (f ig.  N) spli ts  into two muscular 
sheets of mesoderm. The dorsomedial  
layer becomes the levator palpebral  is  
superioris in embryos about 22 to 30 mm. 
(42 to 48 ± 1 days) and i t  grows forward 
into the upper eyelid.  Muscle f ibers 
begin to appear in the superior rectus L 
by the end of the 6th week. 

Q: Failure of the levator palpebral  is  
superioris to separate from the 
superior rectus would lead to a 
condition known as .  

A: Congenital  ptosis 
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The eye muscle nerves grow from the brain 
into their  respective muscle primordia in 
approximately the following sequence: 
oculomotor (4 weeks),  abducent (4.5 weeks) 
and trochlear (5 weeks).  The horizons of 
Streeter are stages of human development.  
Various stages (horizons) are indicated 
by Roman numerals (Carnegie Contributions 
to Embryology Nos.  85,  197, 199, 211, 
230, 244 and 259).  



Q: With respect to the eye muscle nerves, the fibers of the 
nerve are crossed, those of the nerve are partially crossed 
and those of the nerve are uncrossed. 

A: IV, III, VI 
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In man the pattern of the development of the extrinsic eye muscles is very 
similar to that of the cat, marsupials, birds, reptiles and sharks. 

Q: The eyes of all vertebrates develop from the . 

A: Central nervous system, or neural ectoderm 

215 
The caudal end of the neural tube develops into 
the spinal cord. A groove in the lateral wall of 
the neural canal, the sulcus limitans, indicates 
the boundary between the dorsal alar plate and 
the ventral basal plate. Motor neurons of the 
spinal nerves develop in the basal plate. 
Sensory nerves grow from the spinal ganglia into 
the afferent centers of the alar plate. The 
gray matter of the alar plate will become the 
dorsal horn and the ventral horn will develop 
in the basal plate. (A. T. Rasmussen, 1943, 
Outlines of Neuro-Anatomy, figures courtesy 
of Dr. Theodore Rasmussen.) 

Q: The ventral horn contains 
neurons and the dorsal horn is related to 

neurons. 

A: Motor, sensory 
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A functional system is made up of all the 
neurons of the body which have certain ana
tomical and physiological characters in common 
so that they react in a common mode. A typical 
spinal nerve contains four functional systems, 
namely: somatic afferent (sensory), visceral 
afferent, visceral efferent (motor) and 
somatic efferent. The only neurons in spinal 
nerves concerned with the innervation of 
structures related to the eye are visceral 
motor (efferent) neurons. Their cells of 
origin are located in the visceral efferent 
(or intermediolateral) cell columns in the 
upper thoracic levels (Tl-3±1) of the 
spinal cord. (Figure from Rasmussen.) 

Q: In Latin, afferent means 
efferent means 

and 

Afferent fiber from viscera 
Afferent fiber from skin, body 

wolls Cr limbs 
(soma) 

Som. a ff. 

Vise. aff. 

Vise. eff. 

Somatic eff. 

~To straited muscle of body 
wall and limbs 

Adult spinal cord 
(thoracic region) 

plate 
neural tube 

plate 
Basal 

Roof 
Sulcus I 

A: ad - toward and fero - I carry, thus 
carrying toward; ex - out and ferro -
I carry, thus conveying away from. 
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T h e  n e u r a l  c r e s t  d e v e l o p s  a s  a  l o n g i t u d i n a l  b a n d  
o f  c e l l s  o n  e a c h  s i d e  o f  t h e  n e u r a l  t u b e .  S o m e  
o f  t h e s e  c e l l s  d i f f e r e n t i a t e  i n t o  n e u r o b l a s t s  
a n d  s h e a t h  c e l l s .  C e r t a i n  o f  t h e s e  n e u r o b l a s t s  S S  

f o r m  t h e  d o r s a l  r o o t  g a n g l i a  o f  t h e  s p i n a l  s o m i t  
n e r v e s  a n d  o t h e r  m i g r a t e  t o  a  m o r e  v e n t r a l  
p o s i t i o n  w h e r e  t h e y  d i f f e r e n t i a t e  i n t o  t h e  
c h a i n  g a n g l i a  o f  t h e  s y m p a t h e t i c  t r u n k .  
( F i g s ,  o f  e m b r y o n i c  s p i n a l  
c o r d ,  m o d i f i e d  f r o m  
S t r e e t e r ,  1 9 1 2 ,  H u m a n  A  \  
E m b r y o l o g y ,  K e i b e l  a n d  ,  .  
M a l l ,  L i p p i n c o t t  C o . )  /  | | f  I  d o r  

/ / f t  H I  \  g a n g  
Q :  L i k e  t h e  n e u r a l  t u b e ,  

t h e  n e u r a l  c r e s t  i s  
f o r m e d  f r o m  

--neural 
tube 

A :  E c t o d e r m  amus 

2 1 8  
S p i n a l  p r e g a n g l i o n i c  n e u r o n s  a r e  
t h i n l y  m y e l i n a t e d  a n d  p a s s  f r o m  t h e  
s p i n a l  n e r v e  t o  t h e  s y m p a t h e t i c  t r u n k  
i n  t h e  w h i t e  r a m i .  P o s t g a n g l i o n i c  
a r e  n o n m y e l i n a t e d  ( u n m e d u l 1 a t e d )  a n d  
p a s s  f r o m  t h e  s y m p a t h e t i c  t r u n k  a n d  
c h a i n  g a n g l i a  t o  t h e  s p i n a l  n e r v e s  f o r  
t h e  i n n e r v a t i o n  o f  s w e a t  g l a n d s ,  
a r r e c t o r  p i l i  ( h a i r )  m u s c l e s ,  a n d  
b l o o d  v e s s e l s .  ( F i g u r e  f r o m  P e a r s o n  
e t  a l . ,  I 9 6 0 ,  A n a t .  R e c . ,  1 3 8 )  

w. com. ra. 

sym. qang. 

q. com. ra. 

vertebra 

Q :  I n  c o n t r a s t  t o  t h e  i n n e r v a t i o n  o f  
t h e  s t r i a t e d  v o l u n t a r y  s t r i a t e d  
m u s c l e s ,  t h e  i n n e r v a t i o n  o f  t h e  
s t r u c t u r e s  l i s t e d  i n  t h e  f r a m e  a b o v e  
a r e  .  

A :  I n v o l u n t a r y  

2 1 9  
T h e  v i s c e r a l  m o t o r  n e u r o n s  c o n s t i t u t e  t h e  
a u t o n o m i c  n e r v o u s  s y s t e m .  T h e  a u t o n o m i c  
n e r v e s  t o  t h e  o r b i t  a r e  c o n c e r n e d  w i t h :  

1 .  V a s o m o t o r  c o n t r o l  o f  o r b i t a l  s t r u c t u r e s .  
2 .  C o n t r o l  o f  t h e  i n t r i n s i c  m u s c l e s  o f  t h e  

e y e  ( d i l a t o r  a n d  s p h i n c t e r  p u p i l l a e ,  a n d  
c i l i a r y  m u s c l e ) .  

3 .  I n n e r v a t i o n  o f  t h e  s m o o t h  m u s c l e s  o f  t h e  
l i d s  a n d  o r b i t  a n d  

4 .  I n n e r v a t i o n  o f  t h e  l a c r i m a l  g l a n d .  
Reflex connections in spinal cord 

spino-
sprnol fasc. 
(proprius) 

Directly to 
striated 
muscle 

Dorsolateral fasciculus 
of Lissauer 

(lengthwise course of 
smol! superf.cial 

sense fibers I 

Substontia 
gelanfinosa | 

Dorsal spino
spinal fasc. 

I proprius I 



Visceral motor neurons in thoracic spinal 
nerves are called sympathetic fibers. 
Those included in cranial nerves are 
called parasympathetic fibers. (Figure 
from Rasmussen.) 

Sympathetic 
ganglion 

Q:  

A: 

Q:  

A: 

Preganglionic sympathetic neurons 
have their cells of origin in the 

in the . 

Intermediolateral column, spinal cord 

As a rule the preganglionic neurons 
are and the postganglionic 
neurons are 

Unmyelinated Smoot 
dsceral efferent s^muscli 

Gland 

Visceral, 
afferent fiber 

Visceral epithelium 

Myelinated (medullated), nonmyelinated. 
Myelinated fibers appear white. Unmye
linated fibers are more grey in color. 
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An autonomic nerve pathway is usually 
made up of a two-neuron chain. A 
preganglionic neuron has its cell of 
origin in the central nervous system 
and it terminates in an autonomic 
ganglion. The postganglionic 
neuron has its cell of origin in 
an autonomic ganglion and its fiber 
terminates in the organ innervated. 
In the innervation of the eye, pre
ganglionic sympathetic neurons 
leave a spinal nerve by a white 
communicating ramus which is 
connected to a sympathetic chain 
ganglion and trunk. The pre
ganglionic axon passes up the 
sympathetic trunk to the superior 
cervical sympathetic ganglion 
where it is in synapse with a 
postganglionic neuron. Other 
postganglionic neurons pass to 
the spinal nerves for the 
innervation of blood vessels, 
sweat glands, etc. in the body 
wal 1. 

c e r v i c a l  
s y m p .  n e r v e s  

Q:  What structures in the orbit 
are innervated by post
ganglionic neurons from the 
superior cervical ganglion? 

L A B E L  T H I S  D R A W I N G  

A: Dilator pupi 11ae muscle, 
tarsal muscles of the eyelids, 
blood vessels 
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P r e g a n g l i o n i c  f i b e r s  f r o m  t h e  u p p e r  t h o r a c i c  
n e r v e s  p a s s  u p  t h e  s y m p a t h e t i c  t r u n k  t o  t h e  
s u p e r i o r  c e r v i c a l  g a n g l i o n .  C e r t a i n  p o s t 
g a n g l i o n i c  n e u r o n s  a r i s i n g  i n  t h i s  g a n g l i o n  
f o r m  t h e  i n t e r n a l  c a r o t i d  n e r v e  ( p l e x u s )  w h i c h  
f o l l o w s  t h i s  a r t e r y  a n d  i t s  b r a n c h e s  t o  s u p p l y  
s t r u c t u r e s  i n  t h e  h e a d .  ( F i g .  f r o m  P e a r s o n ,  
e t  a l . ,  1 9 6 0 ,  A n a t .  R e c . ,  1 3 8 . )  

Q :  P o s t g a n g l i o n i c  n e u r o n s  f o r  t h e  i n n e r v a t i o n  
o f  s w e a t  g l a n d s ,  a r r e c t o r  p i  1 i  m u s c l e s  
( h a i r ) ,  a n d  v a s o c o n s t r i c t o r s  o f  t h e  f a c e ,  
h a v e  t h e i r  c e l l s  o f  o r i g i n  i n  t h e  

A :  S u p e r i o r  c e r v i c a l  g a n g l i o n  
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T h e  c h a i n  g a n g l i a  a r e  c o n n e c t e d  t o  e a c h  o t h e r  
b y  t h e  s y m p a t h e t i c  t r u n k  a n d  t o  e a c h  s p i n a l  
n e r v e  b y  t h e  g r a y  r a m i .  W h i t e  r a m i  a r e  l i m i t e d  
t o  t h e  t h o r a c i c  a n d  u p p e r  l u m b a r  s p i n a l  n e r v e s .  
T h e  c h a i n  g a n g l i a  i n  t h e  n e c k  r e g i o n  u s u a l l y  
f u s e  i n t o  3  g a n g l i a  o n  e a c h  s i d e  w h i c h  c o n s t i t u t e  
t h e  s u p e r i o r ,  m i d d l e  a n d  i n f e r i o r  c e r v i c a l  
g a n g l i a .  

Q :  W o u l d  a n  i n j u r y  t o  t h e  n e r v e s  f o r m i n g  
t h e  b r a c h i a l  p l e x u s  i n t e r r u p t  t h e  
p r e g a n g l i o n i c  n e u r o n s  g o i n g  t o  t h e  
s u p e r i o r  c e r v i c a l  g a n g l i o n ?  
W o u l d  t h i s  i n v o l v e  t h e  e y e ?  

A :  I n  s o m e  c a s e s ,  i t  c o u l d  

2 2 3  
T h e  p r e g a n g l i o n i c  n e u r o n s  f o r  t h e  
i n n e r v a t i o n  o f  t h e  u p p e r  e x t r e m i t y  a n d  
t h e  h e a d  a n d  n e c k  a r e  l i m i t e d  t o  t h e  
u p p e r  t h o r a c i c  n e r v e s .  P r e g a n g l i o n i c  
n e r v e  f i b e r s  f o r  t h e  e y e  a n d  o r b i t  
a r e  u s u a l l y  l i m i t e d  t o  T l - 3 ± 1 ,  h o w e v e r ,  
t h e r e  a r e  o c c a s i o n a l  i n d i v i d u a l  v a r i 
a t i o n s .  

Q :  A r e  p r e g a n g l i o n i c  n e u r o n s  f o u n d  
o n l y  i n  s p i n a l  n e r v e s ?  

A :  N o ,  c e r t a i n  c r a n i a l  n e r v e s  a r e  
i n v o l v e d .  
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Fibers of the sympathetic trunk 
pass behind and in front (ansa 
subclavia) of the subclavian 
artery.  

Q: The ansa subclavia contains 
neurons which 

synapse with 
neurons in the superior 
cervical  ganglion for the 
innervation of structures 
the orbit .  (Fig.  from 
Pearson, 1960, Anat.  Rec.  

l  n 

A: 
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The brain stem develops from that  
part  of the neural  tube which is  
just  rostral  to the spinal cord.  
I ts  lateral  walls are divided 
into two longitudinal plates,  
alar and basal ,  by the sulcus 
l imitans.  As in the spinal cord,  
centers develop in the alar 
plate which are related to in
growing afferent nerve f ibers.  
The motor neurons of the 
cranial  nerves delop in the 
basal  plate.  The brain stem 
contains the nuclei  of the 
cranial  nerves and the motor 
and sensory tracts and centers 
related to them. (Figs,  from 
Rasmussen.)  

6C.cLr! qanq 

138) 

P r e g a n g l i o n i c ,  p o s t g a n g l i o n i c  

sup. c. qanq. 

mid. c, qanq. 

intermed. 
c. qanq. 
ansa 
subclavia 

s.a.. 

c. qanq. 

w. com. ramu.s 

2  nib  

Roof plate 

Afferent 

When the cerebellum and 
cerebral  hemispheres have 
been cut away, the remaining 
part  of the brain is  called 
the • 

Alar plate 

Sulcus 
limitan: 

Efferent 

Early med 
oblongato 

.Basal 
v plate 

Sulcus 
limitans 

•Floor plate 
Intermediate stage in 

of the medulla ob 
development 
ongata 

A: Brain stem 

d.r . .gang.,  dorsal  root ganglion 
g.com.ramus, gray communicating 

ramus 
GRC, gray ramus communicans 
inf.c.gang.,  inferior cervical  

sympathetic ganglion 
intermed.c.gang.,  intermediate 

cervical  sympathetic ganglion 
mid.c.gang.,  middle cervical  

sympathetic ganglion 

s .a. ,  subclavian artery 
sup.c.gang.,  superior cervical  

sympathetic ganglion 
sym.gang.,  sympathetic chain ganglion 
T.N.,  thoracic nerve 
v.a.  or vert ,  a . ,  vertebral  artery 
v . r . ,  v e n t r a l  r o o t  
w.com.ra. ,  white communicating ramus 
WRC, white ramus communicans 
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I n  t h i s  d i a g r a m  o f  a  l a t e r a l  
v i e w  o f  t h e  b r a i n  s t e m ,  n o t e  
t h a t  t h e  n u c l e u s  a m b i g u u s ,  
t h e  f a c i a l  n u c l e u s ,  a n d  t h e  
m o t o r  n u c l e u s  o f  V  f o r m  a n  
i n t e r r u p t e d  c o l u m n  o f  c e l l s .  
T h e s e  n e u r o n s  s u p p l y  
m u s c l e s  d e r i v e d  f r o m  m e s o 
d e r m  o f  t h e  b r a n c h i a l  
a r c h e s .  M u s c l e  m a s s e s  d e 
r i v e d  f r o m  t h e  f i r s t  
( m a n d i b u l a r )  b r a n c h i a l  a r c h  
a r e  s u p p l i e d  b y  t h e  V t h  
n e r v e  a n d  t h o s e  m u s c l e s  d e 
r i v e d  f r o m  t h e  s e c o n d  ( h y o i d )  
a r c h  a r e  i n n e r v a t e d  b y  t h e  
V l l t h  n e r v e .  ( F i g ,  f r o m  
R a n s o n ' s  A n a t o m y  o f  t h e  
N e r v o u s  S y s t e m ,  1 9 5 9 ,  W .  B .  
S a u n d e r s  C o . )  

Mesencephalon 

Oculomotor nerve 

Pons- - -

Portio minor N. V 

Facial nerve 

Abducens nerve -

Medulla oblongata— ....... 

Q :  

A :  

T h e  a b o v e  n u c l e i  ( V ,  V I I  
a n d  X )  a r e  s p e c i a l  
v i s c e r a l  m o t o r  n e u r o n s  a n d  
t h e y  i n n e r v a t e  .  

Nucleus of EAinger-W estphal 

..Nucleus of oculomotor nerve 

- - Corpora quadrigemina 

•—Cerebral aqueduct 

Nucleus of trochlear nerve 

Trochlear nerve 

Anterior medullary velum 

..—'Motor nucleus N. V 

-•Nucleus of facial nerve 

- Fourth ventricle 

C Nucleus of abducens nerve 

Nuc. salivatorius superior 

Nuc. salivatorius inferior 
Nucleus of hypoglossal nerve 

Dorsal motor nucleus N. X 

_ _ .-Central canal 

— Nucleus ambiguus 

M u s c l e s  o f  m a s t i c a t i o n ,  m u s c l e s  o f  f a c i a l  e x p r e s s i o n  ( i n c l u d i n g  
t h e  o r b i c u l a r i s  o c u l i ) ,  m u s c l e s  o f  t h e  l a r y n x ,  p h a r y n x ,  e t c . )  
( f r o m  n u c l e u s  a m b i g u u s ) .  

2 2 7  
I n  a  s i m i l a r  d i a g r a m ,  n o t e  t h a t  t h e  s o m a t i c  m o t o r  n u c l e i  o f  t h e  I l l r d ,  I V t h ,  

O u t l i n e  o f  b r a i n  s t e m  f r o m  a b o v e .  
M o t o r  n u c l e i  a r e  o n  t h e  l e f t  s i d e .  
S e n s o r y  n u c l e i  a r e  o n  t h e  r i g h t  s i d e .  
I d e n t i f y  n u c l e i ,  c o l o r  a n d  l a b e l .  



V i t h ,  a n d  X l l t h  c r a n i a l  n e r v e s  a l s o  f o r m  a n  i n t e r r u p t e d  c o l u m n  o f  c e l l s .  
T h e y  l i e  c l o s e r  t o  t h e  w a l l  o f  t h e  c e n t r a l  c a n a l .  T h e y  a r e  c a l l e d  s o m a t i c  
m o t o r  n e u r o n s  b e c a u s e  t h e  m u s c l e s  t h e y  s u p p l y  w e r e  t h o u g h t  t o  b e  o f  s o m i t e  
o r i g i n ,  ( s e e  f .  1 1 4 ,  C r o s b y  e t  a l . ,  C o r r e l a t i v e  A n a t o m y  o f  t h e  N e r v o u s  
S y s t e m ,  M a c M i l l a n  C o . )  

Q :  T h e  h y p o g l o s s a l  ( X I I )  n e r v e  s u p p l i e s  t h e  _ •  

A :  T o n g u e  m u s c l e s  

T h e  n e u r o n s  i n  t h e  g e n e r a l  v i s c e r a l  m o t o r  c e l l  c o l u m n  i n  t h e  b r a i n  
s t e m  i n c l u d e  t h e  f o l l o w i n g  n u c l e i :  E d i n g e r - W e s t p h a l ,  s u p e r i o r  a n d  
i n f e r i o r  s a l i v a t o r y ,  a n d  d o r s a l  m o t o r  o f  X .  

Q :  T h e  a u t o n o m i c  n e r v o u s  s y s t e m  ( g e n e r a l  v i s c e r a l  m o t o r )  i s  
m a d e  u p  o f  a l l  t h e  a n d  n e u r o n s .  

A :  P r e -  a n d  p o s t g a n g l i o n i c  

2 2 9  
T h e  a b d u c e n s  n e r v e  i s  a  
b u n d l e  o f  a b o u t  6  t o  7  
t h o u s a n d  m y e l i n a t e d  n e r v e  
f i b e r s  w h i c h  a r i s e  f r o m  
a  c l u s t e r  o f  n e u r o b l a s t s  
w h i c h  a r e  p a r t  o f  t h e  
s o m a t i c  m o t o r  c o l u m n .  
T h e y  l i e  i n  t h e  f l o o r  o f  
t h e  p o n s  n e a r  t h e  m e d i a l  
l o n g i t u d i n a l  f a s c i c u l u s .  
I t s  f i b e r s  e m e r g e  a t  t h e  
l o w e r  b o r d e r  o f  t h e  p o n s  
i n  l i n e  w i t h  t h e  r o o t s  o f  
X I I  a n d  I I I .  I n  a d d i t i o n  
t o  t h e  l a r g e  m o t o r - t y p e  
n e u r o n s ,  t h e  a b d u c e n s  
c o m p l e x  i n c l u d e s  s c a t 
t e r e d  s m a l l e r  n e u r o n s  
w h i c h  c o n s t i t u t e  t h e  
p a r a b d u c e n s  n u c l e u s .  
T h r o u g h  t h i s  n u c l e u s  
i m p u l s e s  a r e  r e l a y e d  
t h r o u g h  t h e  m e d i a l  l o n g i 
t u d i n a l  f a s c i c u l u s  t o  
t h e  I l l r d  n u c l e u s .  A  
s m a l l  s w e l l i n g  i n  t h e  f l o o r  
o f  t h e  I V t h  v e n t r i c l e  i n d i c a t e s  t h e  
p o s i t i o n  o f  t h e  V i t h  n u c l e u s .  ( F i g .  f r o m  
P e a r s o n ,  1 9 4 7 ,  J .  C o m p .  N e u r . ,  8 7 . )  

Q :  W h a t  i s  t h e  m e d i a l  l o n g i t u d i n a l  f a s c i c u l u s ?  —  

A :  I t  i s  a n  i m p o r t a n t  a s s o c i a t i o n  b u n d l e  c o n n e c t i n g  c e n t e r s  l i k e  t h e  
v e s t i b u l a r  n u c l e i  w i t h  m o t o r  n u c l e i ,  e . g . ,  t h e  e y e  m u s c l e  n e r v e  
n u c l e i .  

A cross section through the brain stem of a newborn 
at the level of the VI and VII nerves. 



2 3 0  
T h e  s p e c i a l  v i s c e r a l  m o t o r  
f i b e r s  o f  V I I  a r i s e  f r o m  a  
g r o u p  o f  n e u r o b l a s t s  b e n e a t h  
t h e  f l o o r  o f  t h e  I V t h  v e n t r i 
c l e  i n  t h e  p o n s .  T h e  a x o n s  
o f  t h e  m o t o r  n u c l e u s  o f  V I I  
g r o w  r o s t r a l  t o  l o o p  a r o u n d  
t h e  n u c l e u s  o f  V I .  L a t e r  t h e  
n u c l e i  o f  t h e s e  n e r v e s  m i g r a t e  
t o  n e w  p o s i t i o n s .  T h e  n u c l e u s  
o f  V I  s h i f t s  i n  a  r o s t r a l  
d i r e c t i o n ,  a n d  t h e  n e u r o b l a s t  
o f  V I I  m o v e s  c a u d a d  a n d  
l a t e r a d .  T h e  r o o t  o f  t h e  
f a c i a l  n e r v e  b e n d s  a r o u n d  
t h e  a b d u c e n t  n u c l e u s  a n d  t h u s  
t h e  g e n u  o f  t h e  V I I t h  n e r v e  
i s  f o r m e d .  T h i s  m i g r a t i o n  o f  
n e u r o b l a s t s  t o  a  n e w  p o s i t i o n  
h a s  b e e n  r e g a r d e d  a s  c h e m o -
t a x i s ,  n e u r o t r o p i s m ,  o r  n e u r o -
b i o t a x i s .  ( F i g .  1 ,  m o d i f i e d  
f r o m  V a n  G e h u c h t e n ;  f i g s .  2  
a n d  3  f r o m  P e a r s o n ,  J .  C o m p .  
N e u r .  v o l s .  8 5  &  8 7 ;  f i g .  4  
f r o m  S t r e e t e r ,  A n a t .  R e c .  v .  
2 . )  

Q :  W h a t  w o u l d  b e  t h e  c l i n i c a l  
s i g n s  o f  a n  e p e n d y m o n a  
i n v o l v i n g  t h e  r e g i o n  o f  
t h e  f a c i a l  c o l l i  c u i u s ?  

T h i s  l e s i o n  w o u l d  i n v o l v e  
t h e  n u c l e u s  o f  V I  a n d  t h e  
g e n u  o f  V I I .  T h e r e  w o u l d  
b e  a  f l a c c i d  p a r a l y s i s  o f  
t h e  m u s c l e s  o f  f a c i a l  
e x p r e s s i o n  w i t h  a n  i n 
a b i l i t y  t o  c l o s e  t h e  e y e  
a n d  a  p a r a l y s i s  o f  t h e  
l a t e r a l  r e c t u s  m u s c l e  
( i n t e r n a l  s t r a b i s m u s ) .  

diagram drawn from cross sections of the brain stem of a 
human fetus 

f.N.VH 
nu.Vll dor. _ /•'&<¥/, 
nu.Vn 

* *  ^  <  V A .  

nuVIIven •-
n u . V I I v - 1 — r  

• nu.VH mod. 

nu.VZI v-m. 

nu.oliv sup 

The special visceral motor nuclei of the facial nerve of a man 

© 
m e d  s u l c u s  

A B 

G » n u  f a c i a l i s  

med sulcus 

Diagram illustrating the development of the genu of the facial 
nerve in the human embryo. The drawings show the right facial nerve and 
its nucleus of origin, in three stages: the youngest, A. being the 10 111111. 
embryo, and the oldest. the new-horn child. The relative position of the 
nucleus of the Abducens nerve is represented in outline. Its nerve truijk 
could not be shown, as the structures are represented as seen from ahove. 



temporal br 
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T h e  c e l l s  w h i c h  f o r m  t h e  m o t o r  
n u c l e u s  o f  V I I  a r e  a r r a n g e d  
i n t o  s e v e r a l  g r o u p s  w h i c h  a r e  
m o r e  e a s i l y  s e e n  i n  f e t a l  
b r a i n s .  W h i l e  t h e  p o s i t i o n  
o f  t h e  g r o u p s  o f  c e l l s  i n  
t h e  f a c i a l  n u c l e u s  i n  t h e  
c a t  a r e  n o t  i d e n t i c a l  w i t h  
man, the experimental studies 2ygomQ 

b y  P a p e z  o n  t h e  c a t  h a v e  b e e n  
h e l p f u l .  W e  c a n  p o s t u l a t e  
t h a t  t h e  d o r s a l  g r o u p  p r o b 
a b l y  s u p p l i e s  t h e  m u s c l e s  
a r o u n d  t h e  e a r ,  t h e  i n t e r 
m e d i a t e  g r o u p  t h o s e  m u s c l e s  
a b o v e  a n d  a r o u n d  t h e  e y e ,  
a n d  t h e  v e n t r a l  g r o u p s  t h e  
m u s c l e s  a r o u n d  t h e  m o u t h .  
E a c h  g r o u p  o f  f a c i a l  m u s 
c l e s  i s  t h o u g h t  t o  h a v e  t h e  
c e l l s  o f  o r i g i n  o f  i t s  l o w e r  
m o t o r  n e u r o n s  l o c a t e d  i n  a  
d e f i n i t e  p a r t  o f  t h e  f a c i a l  
n u c l e u s .  ( F i g .  f r o m  P e a r s o n ,  
1 9 4 6 ,  J .  C o m p .  N e u r . ,  8 5 . )  

buccal br. 

mandibular 

1  

dor. 
int. 
mad. 

br. 

A diagram of the facial nucleus projected on the side of the head. 

Q :  T h e  m u s c l e s  o f  f a c i a l  e x p r e s s i o n  d e v e l o p  f r o m  m e s o d e r m  f r o m  t h e  
b r a n c h i a l  a r c h .  

A :  H y o i d  ( 2 n d )  

2 3 2  
A  s m a l l  g r o u p  o f  v i s c e r a l  m o t o r  n e u r o n s  h a v e  t h e i r  c e l l s  o f  o r i g i n  i n  
a  c l u s t e r  o f  c e l l s  r e l a t e d  t o  t h e  s u p e r i o r  s a l i v a t o r y  n u c l e u s  a n d  a r e  s o m e 
t i m e s  c a l l e d  t h e  l a c r i m a l  n u c l e u s .  T h e i r  a x o n s  j o i n  t h e  m o t o r  r o o t  o f  V I I ,  
p r o c e e d  t h r o u g h  t h e  g r e a t e r  s u p e r f i c i a l  p e t r o s a l  n e r v e  a n d  t h e  V i d i a n  n e r v e  
t o  t h e  s p h e n o p a l a t i n e  g a n g l i o n  w h e r e  t h e y  s y n a p s e  w i t h  p o s t g a n g l i o n i c  n e u 
r o n s  s u p p l y i n g  t h e  l a c r i m a l  g l a n d  ( s e c r e t o r y  a n d  v a s o d i l a t o r s ) .  ( F i g .  f r o m  
R a s m u s s e n ,  1 9 4 3 ,  O u t l i n e s  o f  N e u r o -  A n a t o m y )  

Q:  

A :  

W o u l d  a  l e s i o n  o f  t h e  f a c i a l  c o l l i c u l u s  r e s u l t  i n  a  d r y  e y e ?  

( p r o b a b l y )  n o  V i c e r a l  c o n n e c t i o n s  i n  b r a i n  s t e m  
Geniculate gang. 
\ Pars intermedia 

V (motor nuc.) 

Nodosal-*" 

Motor fibers to 
striated muscle 

Nucleus ambiguus 

Solitary fasciculus 

JTaste fibers in medial 
lemniscus 

..--Superior salivatory 
nucleus 

...Inf. salivotory nuc. 

.---Nuc. solitary fosc. 

Ala cinerea 
.-Dorsal nuc. 

of vagus 

-« —Position of 
. fig. 67 

Reticular 
^ formation 

Nuc. commissuralis 
& commissura 

infima 



Right motor 
cortex for upper 
facial regio^n 

cortex for 
lower facial 

region 

Left motor cortex 
for upper facial 

,region 

Left motor 
cortex for 
lower facial 

region 
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A lesion of the cortico-bulbar Diagram to illustrate one reason for certain muscles not 
neurons may cause a paralysis showing paralysis in unilateral supranuclear (upper motor neuron) 
of lower facial muscles with- lesions, while others do, using the facial nerve as an example 
out affecting the muscles 
around and above the eyes.  
That is ,  the muscles which 
close the eye may be unaffected 
while those muscles around the 
mouth may show dist inct  para
lysis.  The lower facial  mus
cles may receive an upper motor Right motor 
neuron innervation only from 
the opposite side,  while the 
upper facial  muscles may be 
under the control  of both 
cerebral  hemispheres.  Also,  
there is  a part ial  crossing of 
the f ibers of the facial  nerve 
in the brain stem. That is ,  
the upper facial  muscles may 
receive lower motor neurons 
from both sides of the brain 
stem, while the lower facial  
muscles may have only a uni
lateral  innervation.  The 
structural  differentiation of 
the mimetic muscles and the 
branches of the facial  nerve 
are relatively complete at  birth 
and postnatal  changes are thought 
sl ight.  (Fig.  from Rasmussen.)  

to 

Unilateral 
lesion at this or higher 
point does not deprive 
upper facial portion of 

facial nuclei of connections 
with a motor cortex 

Cells supplying upper 
right facial muscles*" 

_ Fibers from upper motor 
--'''neurons (pyramidal system) 

(supranuclear fibers) 

Cells supplying upper 
^-''left facial muscles 

Left VII 
nucleus 

Cells supplying lower right 
facial muscles 

Cells supplying lower left 
facial muscles (will be 
paralyzed by lesion postulated) 

Q: Give two tests for the function of the 
motor nucleus of VII.  ,  

A: Close the eye,  show the teeth 
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The development of the tr igeminal (V) 
nerve is  closely related to the develop
ment of the f irst  branchial  arch.  From 
ganglion cells  in i ts  semilunar ganglion 
afferent f ibers grow into the brain stem 
at  the level of the pontine f lexure.  
The mesencephalic nucleus of V is  made 
up of large ganglion-like cells  and are 
thought to be sensory.  They are pro
prioceptive neurons which join the 
motor root of V and are distr ibuted 
chiefly to the muscles of mastication.  
General  somatic afferent f ibers from 
the cornea and the skin of the face 
have their  cells  of origin in the semi
lunar ganglion.  (f ig.  from Pearson) 

Mesencephalic Vth neurons 



Q :  G e n e r a l  v i s c e r a l  m o t o r  n e u r o n s  i n n e r v a t e  a n d  s p e c i a l  
v i s c e r a l  m o t o r  n e u r o n s  i n n e r v a t e  

A :  S m o o t h  m u s c l e ,  g l a n d s ,  h e a r t  m u s c l e ,  e t c . :  m u s c l e s  d e v e l o p e d  f r o m  
b r a n c h i a l  a r c h  m e s o d e r m .  

2 3 5  
T h e  c e n t r a l  p r o c e s s  o f  t h e  V t h  
n e r v e  e n t e r s  t h e  b r a i n  s t e m  a n d  
t e r m i n a t e s  i n  t h e  m a i n  ( c h i e f )  
s e n s o r y  n u c l e u s  o f  V  a n d  t h e  
n u c l e u s  o f  t h e  s p i n a l  t r a c t  o f  V .  
F i b e r s  w h i c h  d i s t r i b u t e  t o  t h e  
n u c l e u s  o f  t h e  d e s c e n d i n g  ( s p i n a l )  
r o o t  o f  V  a r e  t h o u g h t  t o  b e  c o n 
c e r n e d  w i t h  s t i m u l i  o f  p a i n ,  
t e m p e r a t u r e ,  a n d  g r o s s  t a c t i l e  
i m p u l s e s .  T h e  m a i n  ( c h i e f )  
s e n s o r y  n u c l e u s  r e c e i v e s  o n l y  
i m p u l s e s  o f  t a c t i l e  s t i m u l i .  

I n  t h e  a d j a c e n t  f i g u r e  c o l o r  a n d  
l a b e l  t h e  a r e a s  o f  t h e  m a i n  s e n 
s o r y  n u c l e u s  o f  V  a n d  t h e  n u c l e u s  
o f  t h e  s p i n a l  t r a c t  o f  V  ( d e 
s c e n d i n g  r o o t  f i b e r s ) .  ( F i g .  
f r o m  P e a r s o n ,  1 9 4 9 ,  J .  C o m p .  
N e u r . ,  9 0 . )  

Q :  A r e  t h e  c e l l  b o d i e s  o f  a l l  
s e n s o r y  g a n g l i o n - l i k e  c e l l s  
f o u n d  i n  p e r i p h e r a l  g a n g l i a ?  

A :  N o .  E x c e p t i o n s  a r e  m e s e n 
c e p h a l i c  V t h  c e l l s  a n d  
g a n g l i o n  c e l l s  o f  r e t i n a .  

2 3 6  
T h e  t r o c h l e a r  n e r v e  i s  a  b u n d l e  
o f  a b o u t  3 , 4 0 0  m y e l i n a t e d  f i b e r s  
w h i c h  g r o w s  f r o m  a s  m a n y  n e u r o 
b l a s t s  i n  t h e  t r o c h l e a r  n u c l e u s .  
T h i s  n u c l e u s  i s  e m b e d d e d  i n  t h e  
m e d i a l  l o n g i t u d i n a l  f a s c i c u l u s  
a t  t h e  l e v e l  o f  t h e  i n f e r i o r  
c o l l i c u l u s .  I t s  r o s t r a l  e n d  
l i e s  i n  c l o s e  r e l a t i o n  w i t h  t h e  
I l l r d  n u c l e u s  a n d  i t s  m o r e  
c a u d a l  c e l l s  m a y  f o r m  a n  
i s o l a t e  g r o u p .  ( F i g s ,  f r o m  
P e a r s o n ,  J .  C o m p .  N e u r . ,  7 8  
a n d  9 1 . )  

Transverse section through the dorsal part of the mesencephalon 

•mes.r 3T 

Divan. 

A sagittal section through the medulla oblongata and pons 



the mesencephalic root of V and the trochlear nerve 

Q: The turning of  the eye 
from the median plane i s  
abduction.  The abductor 
muscle  ( lateral  rectus)  i s  
supplied by the 
nerve.  

A: Abducens (Latin,  to  lead 
away) 

2 3 7  |  I Cells  of  the mesencephalic  (V -X i /  
Vth type occur along the ( /  $  
course of  the trochlear nerve «|  
within the brain and occa-  ' :&u  J? 
sional  cel ls  of  this  type *£. ,  
occur within the trochlear 
nucleus.  The axons of  these : !vv^v r . - , -  • '  .  
ce l ls  join the trochlear • IMBF-  ™ 
nerve and are thought to  ' $  f lKM 
carry proprioceptive impulses .  
The f ibers  of  the I Vth nerve 
cross  in the anterior medul-  ' '*  
lary velum just  below the 
inferior col l iculus.  I t  seems A transverse section through the mesencephalon of a 5-month-old fetus 
l ikely that  the trochlear nuc
leus has migrated along the 
ventricle  to  be nearer the 
oculomotor nucleus to  which 
i t  is  functional ly  related.  
The trochlear root  i s  thought | |JJ |  
to  fol low the path of  this  W| 
migration.  (Fig.  from Pearson,  1949,  J .  
Comp. Neur. ,  90.)  mes.  rZ aMJ 

Q: What i s  unusual  about the trochlear 
nerve? 

A: I t  i s  the only motor nerve to  r ise  from 
the dorsal  surface of  the brain stem. 
Also,  i t  is  completely crossed.  
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In some vertebrates even more primitive than the sharks,  e .g. ,  lampreys,  
the trochlear nucleus is  formed by a cluster of neuroblasts located 
dorsal  to the sulcus l imitans and the decussation of the IVth nerve may 
be incomplete.  The forces leading to the migration of these neurons 
and the story of the crossing of these and other cranial  nerve f ibers 
are poorly understood. 

While anomalies of the extraocular muscles are rare,  they occasionally 
occur.  Some anomalies are variations in the origin or the insert ion.  
They may result  from an abnormal cleavage of the common premuscular 
mesodermal masses.  A muscle may be replaced by a band of connective 
t issue.  When both oblique muscles are abnormally developed, a condition 
may result  in which there is  a voluntary propulsion of the eye.  The 
patient may be able to luxate an eyeball  at  will  (Fink, 1951).  Vestiges 
of a retractor muscle in man have been reported,  but they are rare.  A 
congenital  ocular palsy may result  from an error in development in the 
nucleus,  the course of the nerve i tself ,  or in the muscle.  

Q: What animals normally have a retractor bulbi muscle? 

A: Large herbivora,  some repti les and amphibia.  

/roof plate 

239 
The nucleus of the oculomotor 
nerve develops from the neuro
blasts in the basal  plate of 
the mesencephalon at  the level 
of the superior coll iculus 
and the red nucleus.  They 
are closely related to the 
medial  longitudinal fascic
ulus.  They form the rostral  
end of the somatic motor cell  
column. (Fig.  from Pearson, 
1949, J .  Comp. Neur. ,  91.)  

Q: Somatic motor neurons 
as a rule are under 

control .  

A: Voluntary 

f loor p iN.nr^ ( N U-  1 1 1 '  

Transverse section through the mesencephalon of a 7-week (20 mm CE) 
human embryo 



ant .  

240 
The oculomotor nucleus is  formed a a  r p r  ,  
by several  clusters of medium- q  ~r~^rrf ' /  -

sectl  ons "^0 1 ateral  (^0^ 1 e^iS  

of the two sides form a J ,§ }  

V-shaped mass part ly closed 
at  the bottom by f ibers 
crossing the midline.  Axons A 
from neuroblasts in the caudal 4  * 
two-thirds  nf  thp nnrlonc  a„Q . tlansverse seetl(m thr<>ugh the mesencephalon of a 5-month-old human fetus at 
UWU urn ras or one nucleus are the rostral end of the oculomotor nucleus 
thought to be crossed and 
uncrossed.  n n  r p r .  /  

Q: Each eye muscle nerve 
nucleus is  connected to 
the other eye muscle 
nerve nuclei  and the 
vestibular nuclei  by the 

A: Medial  longitudinal 
fasciculus (f . l .m.) 

A transverse section slightly caudal to the middle of the rostral third 
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In the middle third of the 
III nerve cell column there 
is a group of medium-sized 
somatic motor cells in and 
near the mid-plane region. 
These form the nucleus 
medianus (nu. med., fig. D). 
They are often referred to 
as the central nucleus of 
Perlia. The axons of these 
and related cells are thought 
to innervate the medial rectus 
muscles and may be concerned 
with convergence. Discrete 
lesions in the nucleus of III 
are rare. Research in local
ization has been of more 
academic interest than clin
ical importance. The evidence 
collected from animal experi
ments is conflicting and 
difficult to relate to the 
IIIrd nerve in man. (Figs. 
A-D from Pearson, 1944, J. 
Comp. Neur., 80.) 

Q:  The IIIrd nerve inner
vates all of the extrin
sic eye muscles except 
the and 

nu.lat. <lt 
(p. dor.)—— 

nu.lat. v (p.ven.) 

nu. E. W. 
(p. lot.) 

,v ; 

-nu. E. W. 
(p. med.) 

'//— N.lll 

C 
A transverse section through the middle of the middle third 

nu.E.W. 
(p. lat.)-

nU med.— 

'-e» 

A: Lateral rectus, superior 
obiique 

f.l. m — 
^4 

WM:. WSp~m.\Q\. fn7~(p dor) 

-nu.lat. 
(p.ven.) 

:'4 

A transverse section of the mesencephalon at the level of the junction of the middle 

and the caudal thirds of the oculomotor nucleus. Note that a process of a cell of the mesen

cephalic V type is directed tov.-ard the oculomotor nucleus 
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Each eye muscle is  probably innervated 
by a well-defined group of neuroblasts.  
A number of investigators have tr ied to 
localize these cell  groups according to 
the muscles innervated in both dorso-
ventral  and craniocaudal directions.  
In a cranial  to caudal arrangement,  
these muscles are represented thus:  
levator palpebrae,  superior rectus,  
inferior oblique and inferior rectus.  
(Fig.  modified from Brouwer.)  

Q: Cells  of the mesencephalic Vth type 
are believed to be concerned with 
stretch receptors in the 
and muscles.  

Q: The pupil  will  con
str ict  with an increase 
in l ight intensity and 
in conjunction with 

in near 
vision.  A diagram of the dorsal view of the brain stem of a 3.5-month human 

Kdin. West. n. 
N. I'erlia 

R. Med. 

O. Inf. 

R. Inf. 

N.Troch. 

A: Extrinsic eye,  masticatory 
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I t  is  thought that  the epi-
lemmal grape-like endings in 
the extraocular muscles are 
proprioceptors.  The cells  
of origin of these sensory 
f ibers are not concentrated 
in any one locali ty.  They 
are probably the eel  Is .of 
the mesencephalic Vth type 
which are located along 
the central  and peripheral  
course of the IIIrd nerve,  
within the oculomotor nuc
leus i tself ,  and among the 
cells  of the mesencephalic 
nucleus (V) which sends pro 
cesses through the oculo
motor nucleus and nerve.  
In addit ion,  branches of 
the ophthalmic division 
of V communicate with 
the III ,  IV and VI cranial  
nerves.  The route taken 
by proprioceptive f ibers 
from the lateral  rectus 
muscle are more difficult  
to explain.  (Figs,  from 
Pearson, 1949, J .  Comp. 
Neur. ,  91.)  

m<2S. 

_ mo.r.S 
sen.r  

0- ^ n . V I  

K. Sup. 

post. com. 

sup. col. 
inf col. 

W 
tr ves.cer. 

ccr\ hem. 

A: Accommodation 



2 4 4  
T h e  s m a l l e r  g e n 
e r a l  v i s c e r a l  
m o t o r  n e u r o n s  o f  
t h e  I I I r d  n e r v e  
h a v e  t h e i r  c e l l s  
o f  o r i g i n  i n  t h e  
E d i n g e r - W e s t p h a l  
n u c l e u s  a n d  a r e  
l o c a t e d  i n  t h e  
r o s t r a l  p o r t i o n  o f  
t h i s  c o m p l e x .  T h e y  
a r e  p r e g a n g l i o n i c  
n e u r o n s  a n d  t h e y  
t e r m i n a t e  i n  t h e  
c i l i a r y  a n d  e p i 
s c l e r a l  g a n g l i a .  
W h e n  f o l l o w e d  c a u d a d  
i n  s e r i a l  s e c t i o n s ,  
t h i s  g r o u p  s p l i t s  
i n t o  a  l a r g e r  d o r s a l  
g r o u p ,  t h e  E .  W .  
n u c l e u s  p r o p e r ,  a n d  
a  s m a l l e r  v e n t r a l  
g r o u p  ( n u .  m e d .  a n t )  
n u c l e u s  m e d i a n u s  
a n t e r i o r .  C a u d a l  
p o r t i o n s  o f  t h e  
E .  W .  n u c l e u s  m a y  
b e  f o r m e d  b y  i s o -  .  4  
l a t e d  c l u s t e r s  o f  transverse section near the rostral end of the middle third 

c e l l s  ( f i g s .  A ,  B ,  
c ) .  
Q :  T h e  c o n s t r i c t o r  m u s c l e  f i b e r s  o f  t h e  p u p i l  d e v e l o p  f r o m  

A :  E c t o d e r m  

2 4 5  
C o n c l u s i v e  p r o o f  o f  t h e  f u n c t i o n s  o f  t h e  E .  W .  n u c l e u s  h a s  b e e n  
d i f f i c u l t  t o  e s t a b l i s h .  T h e i r  a x o n s  a r e  s m a l l ,  d i f f i c u l t  t o  s t a i n  
a n d  h a r d  t o  f o l l o w .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  r o s t r a l  p o r t i o n  
o f  t h e  E .  W .  n u c l e u s  i s  c o n c e r n e d  w i t h  l i g h t  r e f l e x e s  a n d  r e c e i v e s  
s t i m u l a t i o n  f r o m  t h e  p r e t e c t a l  n u c l e i .  P o s t g a n g l i o n i c  n e u r o n s  f r o m  
t h e  c i l i a r y  g a n g l i o n  g o  t o  t h e  s p h i n c t e r  m u s c l e s  o f  t h e  p u p i l .  W h e n  
t h i s  i s  a s s o c i a t e d  w i t h  a c c o m m o d a t i o n ,  t h e  p r e g a n g l i o n i c  n e u r o n s  a r e  
s a i d  t o  b y p a s s  t h e  c i l i a r y  g a n g l i o n  a n d  s y n a p s e  i n  t h e  e p i s c l e r a l  
g a n g l i o n  o n  t h e  s c l e r a  w i t h  p o s t g a n g l i o n i c  n e u r o n s  w h i c h  g o  t o  t h e  
s p h i n c t e r  m u s c l e  o f  t h e  p u p i l .  N e u r o n s  a r i s i n g  m o r e  c a u d a l l y  i n  t h e  
E .  W .  n u c l e i  t e r m i n a t e  i n  t h e  c i l i a r y  a n d  e p i s c l e r a l  g a n g l i a  a n d  
s y n a p s e  w i t h  p o s t g a n g l i o n i c  n e u r o n s  f o r  t h e  i n n e r v a t i o n  o f  t h e  
c i l i a r y  m u s c l e .  ( C r o s b y  e t  a l . ,  C o r r e l a t i v e  A n a t o m y  o f  t h e  N e r v o u s  
S y s t e m ,  1 9 6 2 ,  M a c M i l l a n  C o . )  ( s e e  F i g s .  R a s m u s s e n ,  1 9 4 5 ,  P r i n c i p a l  
N e r v o u s  P a t h w a y s ,  M a c M i l l a n  C o . )  
R e a d  C r o s b y  e t  a l ,  1 9 6 2  a n d  P e e l e ,  1 9 6 1 ,  
N e u r o a n a t o m i c  B a s i s  o f  C l i n i c a l  N e u r o l o g y .  

n u .  
ruber 



Q: 

A: 

Destruct ion of  the pretectal  nuclei ,  
or  the rostral  port ions of  the 
Edinger-Westphal  nucleus would inter
rupt  the reflex but  
would not  interfere with .  

Light ,  accommodation.  
This  is  cal led the Argyll  Robert
son pupil .  (A.R.P.  -  accommodation 
ref lex is  present:  -  pupil lary 
reflex is  absent .)  
Fig.  from Rasmussen's  Outl ines 
of  Neuro- Anatomy, 1943.  

Pretectal region and sup. colliculus 

Post, comm. ond comm. sup. coll. v 

Mediol geniculate body Optic radiations 

Lateral geniculate 
body 

Optic t ract  and reflex 
connections in midbrain.  

Gudden's 
commissure 

Medial longitudinal 
fasciculus 

Fibers from nasal 
retina 

Optic nerve 

ecto-
pcntine 
iibers 

Reficulo-
sprnol 
fibers 

Medial 
longitudinal fosc. 

\ Substantia 
nigra 

Small fibers to 
ciliary gonglion 

Tectospinal tract 

x Optic troct 

"Optic chiasmo 

Optic nerve 
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The adjacent  diagram from Warwick is  based 
on his  experiments on primates.  There appears 
to be a  dorso-ventral  as  well  as  a rostro-
caudal  arrangement of  the oculomotor neurons.  
(Read Warwick,  J .  Comp. Neur. ,  98,  1953,  and 
Walsh and Hoyt,  Clin.  Neuro-Ophthal . ,  1969.)  

Q: The visceral  motor neurons in the cranial  
nerves form the nervous system. 

A: Parasympathetic  (part  of  autonomic nervous 
system) 

Note that  the motor cel ls  of  the levator  
palprebral is  superioris  are located caudal  
and dorsal  to the midline.  The superior  
rectus muscle may be innervated by motor 
cel ls  located in the contralateral  nucleus.  

Rostral 

Dorsal 

Rigm lateral aspect. 

Rostral 

m 
Rectus inferior. 

Rectus medialis. 

' Obliquus inferior. 

1 Levator palpebroe superioris. 

Visceral nuclei. Rwvvvi Rectus superior. I 

Diagram** allowing the representation of the riglit extra-ocular muscles 
in the oculomotor nucleus of the monkey. D.N. dorsal nucleus, V.N. = ventral 
nucleus, C.C.N. ~ caudal central nucleus, T.C. = intermediate column, IV ~ troch
lear nucleus. 

Read Gray's  Anatomy, Ed.  by Warwick and Will iams,  1973.  

C.C N. 

Dorsal aspect. 
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The majority of fibers in the 
optic nerves have their cells of 
origin in the ganglion cell layer 
of the retina. Whey they reach 
the chiasma the fibers from the 
temporal half of the retina, 
including the temporal half of 
the macula, pass into the optic 
tract of the same side. There 
they join the crossed nasal 
fibers from the optic nerve on 
the other side. (Figs, modified 
from Hoyt, 1964, Neuro-Ophthal. 
Symp., J. L. Smith, Ed.) 

Q: 

A: 

Fibers in the optic nerve 
which do not arise in the 
ganglion cell layer are 

Efferent (origin in the 
brain 
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The fibers of the nasal half 
of the retina, including the 
nasal half of the macula, cross 
the mid-plane and continue in 
the optic tract on the opposite 
side. Some of the crossed 
fibers form loops, perhaps a 
centimeter, which extend for 
a short distance into the 
optic tract of the same side 
before crossing in the chiasma. 
Other fibers form loops which 
extend toward the optic nerve 
on the other side before they 
reach the optic tract. The 
fiber loops from the macular 
region are more flattened 
and occupy approximately 
two-thirds of the central 
region of the chiasma. 

Q: Is the optic nerve a typical 
cranial nerve? Will 
it regenerate if it is cut? 

opt ic  

A: No, it 
tract. 

is more 
No. 

like a brain 

OPTIC CHIASMA 

OPTIC CHIASMA 
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T h e  p o s i t i o n  o f  t h e  e y e s  i n  p o r 
t r a i t s  o f  a  f a m o u s  I n d i a n  p r i n c e s s  
w o u l d  s u g g e s t  t h a t  s h e  h a d  a n  i m 
b a l a n c e  i n  h e r  o c u l a r  m u s c l e s .  I t  
i s  a s s u m e d  t h a t  h e r  r i g h t  e y e  i s  
i n  t h e  p r i m a r y  p o s i t i o n  ( l o o k i n g  
s t r a i g h t  f o r w a r d )  a n d  t h a t  h e r  l e f t  
e y e  i s  t u r n e d  a b n o r m a l l y  t o w a r d  t h e  
t e m p o r a l  s i d e  ( a n  e x t e r n a l  s t r a 
b i s m u s ) .  T h i s  i s  s h o w n  b o t h  i n  
t h e  o i l  p a i n t i n g  i n  t h e  N a t i o n a l  
P o r t r a i t  G a l l e r y  i n  W a s h i n g t o n  a n d  
t h e  l i n e  e n g r a v i n g  i n  t h e  B r i t i s h  
M u s e u m .  ( F i g .  f r o m  a n  e n g r a v i n g  
b y  S i m o n  V a n  d e  P a s s e ,  c o u r t e s y  o f  
T r u s t e e s  o f  B r i t i s h  M u s e u m . )  

Q :  T h i s  c o n d i t i o n  c o u l d  b e  e x 
p l a i n e d  o n  t h e  b a s i s  o f  a n  
u n d e r a c t i o n  ( w e a k n e s s  o r  
u n d e v e l o p m e n t )  o f  t h e  
m u s c l e  o r  a n  o v e r a c t i o n  ( n e u r o -
g e n i c  o r  m y o g e n i c  i n  o r i g i n )  o f  
t h e  m u s c l e  o n  t h e  
l e f t  s  i  d e .  
p r i n c e s s .  

N a m e  t h i s  I n d i a n  

A :  M e d i a l  r e c t u s ,  
P o c a h o n t a s  

l a t e r a l  r e c t u s ,  
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F i n k  i s  o f  t h e  o p i n i o n  t h a t  m u s c u l a r  a n o m a l i e s  o c c u r  m o r e  f r e q u e n t l y  t h a n  
i s  u s u a l l y  r e c o g n i z e d .  W h i t n a l l  s t a t e s  t h a t  t h e s e  a n o m a l i e s  a r e  b y  n o  
m e a n s  r a r e  a n d  t h a t  t h e  n u m b e r  r e c o r d e d  i n  t h e  l i t e r a t u r e  m a y  b e  m i s l e a d i n g .  
I n  t h e  d i s s e c t i n g  r o o m  v a r i a t i o n  i n  o c u l a r  m u s c l e s  a r e  d i f f i c u l t  t o  i d e n t i f y ,  
a n d  i n  l i f e  t h e  a n o m a l y  m a y  b e  c o m p e n s a t e d  b y  t h e  a c t i o n  o f  o t h e r  m u s c l e s  
a n d  o f t e n  i s  n o t  r e c o g n i z e d .  I t  i s  i n t e r e s t i n g  t o  e x a m i n e  e y e  m u s c l e  
a n o m a l i e s  i n  t h e  d i s s e c t i o n  r o o m ,  b u t  i t  i s  m o r e  i m p o r t a n t  t o  r e c o g n i z e  
t h e m  b e f o r e  t h e  t i m e  o f  a n  o p e r a t i o n  a n d  a n t i c i p a t e  t h e  s i t u a t i o n .  

Q :  M a n y  c a s e s  o f  c o n g e n i t a l  s q u i n t  m a y  b e  e x p l a i n e d  o n  t h e  b a s i s  o f  

A :  A n o m a l o u s  m u s c l e s  
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A c c o r d i n g  t o  F i n k ,  m u s c l e  a n o m a l i e s  m a y  b e  c l a s s i f i e d  a s :  

a )  m u s c l e  a b s e n c e .  
b )  a b n o r m a l  d e v e l o p m e n t  ( i n c l u d i n g  r u d i m e n t a r y  m u s c l e  f o r m a t i o n s )  
c )  c o n g e n i t a l  p a l s i e s  
d )  a b n o r m a l  d e v e l o p m e n t  o f  a d j a c e n t  f a s c i a  

Q :  A n o m a l i e s  o f  t h e  e y e  m u s c l e s  c a n  b e  e x p l a i n e d  o n  t h e  b a s i s  o f  e r r o r s  
i n  d e v e l o p m e n t  r e s u l t i n g  f r o m  t h e  a b n o r m a l  c l e a v a g e  o f  t h e  

A :  P r e m u s c u l a r  m e s o d e r m a l  c o n d e n s a t i o n s  
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O n  t h i s  p a g e  a n d  t h e  n e x t  p a g e  w r i t e  e x a m p l e s  o f  t h e  k i n d  o f  n e w  m a t e r i a l  
w h i c h  y o u  c o n s i d e r  a p p r o p r i a t e  f o r  t h i s  m a n u a l .  I n c l u d e  i l l u s t r a t i o n s  
a n d  q u e s t i o n s  w i t h  a n s w e r s .  S e n d  a  c o p y  o f  t h i s  t o  A .  A .  P e a r s o n .  I f  
y o u r  m a t e r i a l  i s  s e l e c t e d  f o r  i n c l u s i o n  i n  t h e  n e x t  e d i t i o n  o f  t h i s  m a n u a l ,  
a  f r e e  c o p y  o f  t h e  n e w  e d i t i o n  w i l l  b e  s e n t  t o  y o u .  
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7 8  

D u c t ,  n a s o l a c r i m a l ,  1 4 9 ,  1 5 6 ,  1 5 7  
D u r a ,  6 9  

E c t o d e r m ,  n e u r a l ,  2 ,  3 ,  4 ,  1 3  
s u r f a c e ,  2 ,  1 0 ,  1 4 ,  1 5 ,  2 9  

E n d o t h e l i u m ,  2 3  
E n t o d e r m ,  1 ,  1 9 0  
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1 7 1 ,  1 9 2  

F i b e r s ,  o p t i c  n e r v e  -  s e e  n e r v e  
p r i m a r y  l e n s ,  3 1 ,  3 6 ,  3 7  
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62.  Vascular  lamina 
63.  Suprachoroid lamina 
64.  Vascular  lamina 
65.  Choriocapil lary lamina 
66.  Bruch's  basal  
67.  Central  ar tery of the ret ina 
68.  Cloquet 's  
69.  Posterior  (or  short)  c i l iary arteries 
70.  Long c i l iary arteries 
71.  Anterior  ci l iary arteries 
72.  Central  ar tery of the ret ina 
73.  180 
74.  68 
75.  Nasolacrimal ducts  
76.  Sac 
77.  Puncta lacrimalia 
78.  Maxil lary process 
79.  Paraxial  mesoderm 
80.  Cornif icat ion of the cel ls  
81.  Secret ions from sebaceous glands 
82.  Ectoderm 
83.  Globe 
84.  Lids 
85.  Conjunctival  sac (fornix)  
86.  Ectoderm 
87.  Tears 
88.  Tarsal  
89.  Outside 
90.  2 
91.  Choroid (embryonic)  f issure 
92.  Pigmented 

The photographs of  human embryos were obtained through the courtesy of 
Dr.  Hideo Nishimura,  Professor of  Anatomy, Faculty of  Medicine,  Kyoto 
Universi ty,  Kyoto,  Japan.  The Roman numerals  refer  to developmental  
s tages (developmental  horizons of  Streeter) .  

Other self- instruct ional  manuals  on ear  and heart  development are 
available from the same author.  
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Review Questions on Part  I :  Normal Development 

In the development of the eye,  only 1 and 2 are of 
importance.  The lat ter  of which is  further subdivided into neural  and 
surface ectoderm. The central  nervous system is  derived from folds of 

3___ while the somites are formed from 4 .  The 
5 are the f irst  signs of the developing eye and occur as thick

enings of the wall  of the forebrain.  The optic pits  form as shallow depres
sions in the 6 ;  further invagination forms the 7 .  
Lacrimal glands,  ducts,  the epithelium of the conjunctiva,  and ci l ia are 
al l  formed from 8 .  The surface ectoderm over the developing 
retina thickens forming the 9 Invagination of the optic vesicle 
forms the 10 .  As the optic vesicle invaginates a groove is  formed 
called the 11 .  The space between the lens vesicle and the optic 
cup is  the 12 .  Five structures that  are formed from mesoderm are:  

13 ,  14 ,  15 ,  16 and 17 .  
The 18 muscles are derived from ectoderm. The hyaloid artery gains 
entrance to the optic stalk through the 19 With the closure of the 
embryonic f issure,  the rim of the optic cup surrounds the 20 
opening. The deep columnar cells  of the lens vesicle form the 21 ,  
while the more superficial  cuboidal cells  form the 22 .  The 

23 are responsible for the ult imate shape of the lens and the 
sutures that  develop. The optic vesicle is  connected to the developing 
brain by the 24 .  When the nuclei  have separated into two definit ive 
nuclear layers they are referred to as the 25 and 26 
layers.  The 27 cells  of the optic pathway are the f irst  to differ
entiate and the 28 are among the last .  As the f ibers of the 
ganglion cells  enter the optic stalk and grow toward the brain they form the 

29 The primary vitreous is  formed from 30 and 
31 (germ layers),  but the secondary vitreous arises from cells  of 

the 32 The fovea develops in the center of the future 33 
and contains 34 cells  but no 35 .  The outer l imiting 
membrane of the retina l ies between the 36 and the 37 .  
The outer cells  of the optic stalk form the 38 cells  of the optic 
nerve.  The dura of the optic stalk continues over the surface of the eye 
ball  as the 3 9  ,  w h i c h >  a t  the very front,  is  continuous with the 

40 The anterior chamber of the eye l ies between the 41 
and 42 .  The marginal sinus is  formed by the incomplete fusion of 
the 43 and the 44 layers of the retina.  The blood 
vessel  formed at  the margin of the cornea will  become the 45 .  
The suspensory l igament extends from the 46 to the lens.  The 
three chambers of the eye are the 47 and 48 chambers and 
the 49 cavity.  From anterior to posterior the layers of the develop
ing cornea are:  50 ,  51 ,  52 ,  53 and 

54 The cribiform plate is  the area of the 55 perforated 
by f ibers of the 56 nerve.  Between the pars optica and the pars 
plana (cil iary ring) is  a l ine called the 57 .  Both the primitive 
dorsal  and ventral  ophthalmic arteries are branches of the 58 
artery.  The ci l iary ring,  the ci l iary crown (and i ts  process) and the ci l iary 
muscle form the 59 .  The circular vessel  found at  the rim of the 
optic cup is  called the 60 vessel .  At i ts  forward extremity the 



hyaloid ar tery forms a  tunic  for  the lens  cal led 61 ;  this  la ter  
a t rophies .  The long and short  poster ior  c i l iary ar ter ies  are  branches of  
the def ini t ive ophthalmic ar tery.  The la t ter  supply the 62 
of  the choroid.  When the choroid has  reached i ts  adul t  configurat ion,  i t  
is  character ized by the fol lowing layers  from the outs ide to  the inside:  

63 ,  64 ,  65 and 66 membrane.  The 
hyaloid ar tery is  renamed 67 when the port ion inside the 
vi t reous a t rophies ,  leaving in  i t s  place 68 canal .  The main 
ar ter ies  of  the adul t  eye consis t  of :  69 ,  70 and the 

71 and 72 .  The opt ic  axis  in  the ear ly  embryo i s  
about  73 degrees ,  but  i t  decreases  to  about  74 degrees  
in  the adul t .  Ectodermal  cel ls  buried by the growing paraxial  mesoderm 
wil l  form the 75 and 76 .  The openings of  the upper  
and lower canal icul i  are  known as  the 77 .  Growth of  the 

78 produces the lower l id  fold;  the upper  l id  fold is  formed from 
79 The eyel id  adhesions begin to  break down for  several  reasons,  

two of  which are  80 and 81 .  The conjunct ival  
epi thel ium is  der ived from 82 ;  i t  covers  the anter ior  surface 
of  the 83 and the inner  surface of  the 84 .  Buds 
appearing on the upper  la teral  port ion of  the 85 wil l  form the 
lacr imal  gland which i s  a lso der ived from the 86 .  In the 
newborn infant ,  crying does not  produce 87 .  A meibomian gland 
is  the same as  a  88 gland.  The secondary lens  f ibers  form a 
layer  89 (outs ide,  inside)  the pr imary lens  f ibers .  There are  

90 (number)  Y-shaped sutures .  The 91 permits  the 
entrance of  the hyaloid ar tery and vein into the opt ic  s ta lk .  The 
outs ide layer  of  the opt ic  cup becomes the 92 layer  of  the 
re t ina.  

ANSWERS 

1 .  Mesoderm 
2 .  Ectoderm 
3.  Neural  ectoderm 
4.  Mesoderm 
5 .  Optic  pr imordia  
6 .  Optic  pr imordia  
7 .  Optic  vesicles  
8 .  Surface ectoderm 
9.  Lens placode 

10.  Optic  cup 
11.  Choroid (embryonic)  

f issure  
12.  Vitreous cavi ty  
13.  Corneal  Stroma 
14.  Sclera  
15.  Choroid 
16.  Endothel ium of  the 

anter ior  chamber 
17.  Orbi ta l  and 

c i l iary muscles  
18.  I r is  
19.  Choroid (embryonic)  

f issure  

20.  Pupi l lary 
21.  Pr imary lens  f ibers  
22.  Secondary lens  

f i  bers  
23.  Secondary lens  

f ibers  
24.  Optic  s ta lk  
25.  Inner  
26.  Outer  neuroblast ic  
27.  Gangl ion 
28.  Receptor  cel ls  
29.  Optic  nerve 
30.  Ectoderm 
31.  Mesoderm 
32.  Ret ina 
33.  Macula  
34.  Cone 
35.  Rods 
36.  Layer  of  rods 

and cones 
37.  Outer  nuclear  

layer  
38.  Gl ia l  

39.  Sclera  
40.  Cornea 
41.  Pupi1lary membrane 
42.  Endothel ium of  cornea 
43.  Nervous 
44.  Pigmented 
45.  Canal  of  Schlemm 
46.  Ci l iary body 
47.  Anter ior  
48.  Poster ior  
49.  Vitreous 
50.  Surface epi thel ium 
51.  Bowman's  membrane 
52.  Stroma 
53.  Descemet 's  membrane 
54.  Corneal  endothel ium 
55.  Sclera  
56.  Optic  
57.  Ora serrata  
58.  Internal  carot id  
59.  Ci l iary body 
60.  Annular  
61.  Tunica vasculosa lent is  







PART II  

ABNORMALITIES OF THE EYE 

I .  Introduction 

A. Defini t ion of  anomaly,  congenital ,  variat ion,  and normal 

I t  is  general ly accepted that  no two individuals  or  their  organs are exactly 
al ike.  Within f lexible boundaries we recognize individual  characteris t ics  as 
normal variat ions.  I t  is  diff icult  to separate the normal from the variat ions and 
the lat ter ,  in turn,  from the anomalies.  The effect  of  s tructure on function often 
provides aid in classif icat ion.  

What is  considered normal,  i .e . ,  theoret ical  normal,  can only be an average,  
or  at  best ,  a  mean between two extremes.  This  in i tself  may be rare.  A variat ion 
usually s ignif ies  a s l ight  departure from normal,  often too minor to interfere 
with function.  To be classif ied as an abnormali ty or  anomaly a condit ion must  be 
so different  from the average that  i t  is  more than a variat ion and may interfere 
with the performance of  the organ.  

The manner in which these al terat ions occur is  of  further  importance.  If  a  
variat ion in s tructure does not  resemble any s tage in normal development i t  is  
cal led an aberrat ion.  When development has proceeded along normal l ines and has 
been slowed or  hal ted at  some point ,  i t  is  termed an arrest .  

Developmental  defects ,  especial ly those of  the lens,  may occur a t  any t ime 
in l i fe  where new cel ls  or  t issues are constantly being formed.  Included among 
these are congenital  anomalies,  which are present  a t  bir th and are due to abnor
mali ty in the intrauterine developmental  processes.  

For the sake of  brevity this  manual  wil l  cover mainly those genetic  and 
developmental  anomalies which are present  a t  bir th.  Abnormali t ies  which become 
manifest  la ter  in l i fe  wil l  with few exceptions not  be included,  even i f  clearly 
genetic .  Many good references exist  for  metabolic and hereditary eye disease of  
postnatal  onset .  These include GENETIC AND METABOLIC EYE DISEASE by Morton Gold
berg,  (1974),  THE HEREDITARY DYSTROPHIES OF THE POSTERIOR POLE OF THE EYE by 
A.F.  Deutman (1971),  and CHORIORETINAL HEREDODEGENERATIONS by Franceschett i ,  
Francois  and Babel  (1974).  

This  manual  wil l  not  at tempt to cover in great  detai l  the rapidly expanding 
number of  chromosomal and other  dysmorphic syndromes.  Only a  few syndromes which 
i l lustrate the variety of congenital  malformations of  the eye wil l  be included.  
Again,  more complete coverage of  these enti t ies  exists  in recent  texts  such as 
RECOGNIZABLE PATTERNS OF HUMAN MALFORMATION by D.W. Smith (1970),  MENTAL RETARD-
ATION-AN ATLAS OF DISEASES WITH ASSOCIATED PHYSICAL ABNORMALITIES by L.B.  Holmes,  
e t  a]_ (1972),  and SYNDROMES OF THE HEAD AND NECK by R.J .  Gorl in and J .J .  Pindborg 
TT964).  A considerable part  of  the information presented in this  text  has been 
extracted from Ida Mann DEVELOPMENTAL ABNORMALITIES OF THE EYE (1957) and Duke-
Elder SYSTEM OF OPHTHALMOLOGY, VOL. I l l  PART 2,  CONGENITAL DEFORMITIES (1964).  



In agreement with current convention,  the adjective rather than the posses
sive form of named diseases and syndromes will  be used,  e .g. ,  Down syndrome 
instead of Down's syndrome. 

Although retrolental  f ibroplasia can occur as a congenital  defect  (Karlsberg,  
Green, and Patz,  Arch. Ophth.  89: 122, 1973) most cases are related to postnatal  
oxygen exposure and this enti ty will  not be discussed. Also,  arbitrari ly,  the 
embryopathies (rubella,  syphill is ,  toxoplasmosis,  cytomegalic inclusion disease,  
herpes simplex) will  not be covered.  

B. Causes of anomalies 

The mechanisms of congenital  deformities involve genetic and environmental  
factors and their  interactions.  Embryogenesis i tself  is  under genetic control ,  
through genetically determined aspects of cell  growth, differentiation,  prolifer
ation,  interaction,  and programmed cell  death or atrophy of certain embryo!ogic 
t issues or structures.  Environmentally caused anomalies are produced by influences,  
whether infectious,  chemical or physical ,  acting on the fetus during intrauterine 
l ife.  These agents are called teratogens.  

The dist inction between genetic and environmental  factors has become rather 
vague and some authors at tr ibute as many as 80% of congenital  defects to the inter
play of heredity and environment.  The most frequently seen anomalies may be 
defects which are genetically predisposed but environmentally produced. Thus 
certain genetic trai ts  in the presence of an environmental  agent,  will  produce or 
allow abnormal development.  Teratogens in this case affect  only those individuals 
carrying a hereditary tendency or susceptibil i ty,  but have no influence on others.  

C. Mechanisms of abnormal development which lead to anomalies (Perrin,  E.V. 
and Finegold,  M.J. :  PATH0BI0L0GY OF DEVELOPMENT --  OR ONTOGENY REVISITED. The 
Will iams and Wilkins Co.,  Balt imore,  1973) 

According to James Wilson, the four manifestations which can result  from 
deviations in development in utero are 1) death of the embryo or fetus,  2) malfor
mation,  3) growth retardation,  and 4) functional deficit .  The last  manifestation 
is  the most difficult  to establish and to l ink causally to a part icular terato
genic agent or influence,  whether genetic or environmental .  

A few mechanisms in which development departs from normal will  now be dis
cussed. Eye abnormalit ies may result  from developmental  fai lure where the pri-
mordium does not appear or fai ls  to develop to a significant degree.  An example 
would be primary or secondary anophthalmos (congenital  absence of the eye).  Men
t ioned earl ier  was developmental  arrest .  Here,  normal development of the eye does 
not occur because of suppression at  some stage,  as in congenital  cystic eye.  Over
growth of the anterior segment with normal posterior segment appears to be the 
mechanism of abnormal development in megalocornea.  Of classical  importance are 
the failures in fusion such as colobomas, which may also result  in microphthalmos.  
Failure of transitory embryologic t issue or structures to atrophy is  responsible 
for a large number of eye anomalies.  Indeed, persistence in some form of embryo-
logic vascular elements which normally undergo atrophy is  perhaps one of the most 
frequent types of congenital  ocular abnormalit ies.  



Another important mode of abnormal embryogenesis in man is  failure of cell  
interaction,  represented in the eye by agenesis of lens from failure of contact  
between optic cup and surface ectoderm over the forebrain region. Insufficient 
or inactive inductor t issue (the optic cup) or incompetent or unresponsive induced 
t issue (the surface ectoderm) may be the cause.  Other modes of abnormal embryo-
genesis include excessive cell  death,  changed rate of proliferation (megalocomea 
or microcornea),  impeded cell  migration or interference of morphogenic processes 
such as invagination or evagination,  reduced biosynthesis ( through inhibit ion of 
synthesis of .nucleic acid,  protein or other essential  substances),  and mechanical  
disruption (destruction of t issues or growth interference through pressure,  trauma 
or vascular insufficiency).  

D. Period of development 

Abnormalit ies may occur at  any t ime in development.  Generally,  those appear
ing earl ier  result  in the most pronounced deformities.  If  encountered early 
enough, such as in the germinal period (1st  week),  the defect  leads to such gross 
changes that  the conceptus rarely proceeds further.  Those arising later,  during 
the organogenic period (2nd-6th week),  form most of the monstrous anomalies of the 
eye,  e .g. ,  cyclopia.  The fetal  period (3rd-9th months) is  the t ime of origin of 
certain minor defects,  growth retardation,  some somatic mutations,  functional 
deficits ,  and certain syndromes involving intrauterine diseases of the fetus.  

II .  The interplay of environmental  and genetic factors 

A. Etiologies of congenital  anomalies 

Until  the fourth decade of this century,  congenital  defects were considered 
by many researchers as purely hereditary phenomena. At that  t ime, i t  was dis
covered that  the rubella virus could malform an embryo during intrauterine l ife,  
and other environmentally produced defects became known. 

Now we recognize that  abnormalit ies are seldom solely environmental  or genetic 
in origin.  Both causes may produce the same resultant manifestation,  making i t  
difficult  to assign a cause to a given defect .  The two are so inter-related that  
the environment (or even a single agent)  may ei ther modify a gene's  expression,  
enchance i ts  effect ,  suppress i t  or al ter  the gene through induced mutation to 
create new heritable characterist ics.  

The following (modified after  James Wilson, 1972, and Neel,  1961) gives the 
breakdown of et iologies of congenital  anomalies:  

-20% known genetic transmission 
-10% from chromosomal aberrations 
-10% from viral  or teratogenic origin,  including radiation,  

chemicals and drugs 
-60% of unknown origin 

B. Environmental  factors (Wilson, J .G.:  ENVIRONMENT AND BIRTH DEFECTS, 
Academic Press,  New York,  1973) 

The most influential  determinant in the character of a teratogen is  the stage 
of development in which i t  acts.  Many agents considered highly teratogenic in 
early stages have no effect  on a fetus when given during later periods.  The type 



of malformation produced depends on an organ's susceptibil i ty at  the t ime of 
exposure.  Each organ goes through i ts  own susceptible stage,  which in most cases 
occurs during the stage when the organ is  rapidly differentiating.  The genotype 
of an individual may determine the entire reaction of an organism to an environ
mental  factor.  And, of course,  the amount of t ime an embryo is  exposed to a tera
togenic influence affects not only whether a defect  occurs but also the extent of 
damage. 

Recent evidence suggests that  a specific factor acts on a part icular aspect 
of cell  metabolism. I t  may block or al ter  a single important biochemical mechanism 
a fact  which may explain why the t ime of exposure is  so cri t ical .  

There are several  teratogenic factors known to man and even more are suspected 
They may act  in many different ways: physically,  chemically,  infectively,  meta-
bolically,  or nutri t ionally.  A mother may harbor the agent and transmit i t  trans
placental  ly such as in rubella,  toxoplasmosis,  syphil l is  and CMV (cytomegalovirus) 
or the fetus may be affected transamniotically,  as with herpes virus or other 
intrauterine infections.  

Mechanical  interference with the embryo may easily produce deformities.  Well  
known among this group are those malformations result ing from amniotic bands or 
puncture of the amniotic sac.  Constrictions of the fetus by adhesions can cause 
l id and lacrimal apparatus deformities or severe malformations involving elements 
of the entire body. 

.  Ionizing radiation exposure during pregnancy acts as a powerful teratogen 
having i ts  greatest  effectiveness in producing malformations during the organo-
genetic period—about 14th to 50th day in man. X-rays are most notorious in this 
category with gross malformations produced with as low as 50 R during a narrow 
period estimated from about the 15th to 21st  day. During the second and third tr i
mesters doses of 150 to 400 R will  produce gross defects in development (mainly 
CNS: cerebral  hypoplasia,  microcephaly,  cerebellar hypoplasias,  etc.) .  The lat ter  
dose,  400 R, is  also the LD 50 for man. 

Growth retardation and functional defects may be more sensit ive parameters 
of radiation damage than teratogenesis in man. Ultrasonic energy, low temperatures 
and atmospheric changes are suspected of increasing the frequency of defects.  
Hypoxia from lowered atmospheric pressure or dilution with other gases can be 
teratogenic.  

Anophthalmos and cyclopia have been produced in animals by the presence or 
excess of certain metals,  e .g. ,  l i thium or magnesium. Calcium or vitamin D 
deficiency can cause congenital  cataracts.  Perhaps the most dramatic example of 
a drug acting as a teratogen producing gross deformities is  that  of thalidomide.  
Aminopterin,  a powerful antimetabolite,  also is  highly teratogenic.  

The children of diabetic or prediabetic mothers are undoubtedly at  a greater 
r isk than those of normal mothers.  Ocular anomalies such as cataracts,  nystagmus, 
or strabismus are more often found in these cases.  

As mentioned above infectious agents are potentially harmful,  and maternal 
rubella is  classic for this.  For example,  even in subclinical  infections occurring 
during the 5th-6th week of pregnancy, a cataract  may result  in the child ( this is  
when the primary lens f ibers are proliferating).  Conjunctivit is  is  a frequent 



occurrence in cases of intrauterine infection.  Gonococci,  variola,  or varicella,  
even though they are confined to the amniotic f luid,  can be serious enough to 
produce corneal ulceration.  

C. Genetic factors 

With the exception of unpaired genes on the X or  Y chromosome, the given 
hereditary characterist ics of an individual are determined to a large degree by the 
combined effect  of two genes on homologous chromosomes. Mendel s tated: 1) the 
units  of genetic material  are particulate and segregate when gametes are formed 
(law of segregation),  and, when these two pieces of genetic matter (one from 
each parent)  combine in fert i l ization,  2) there is  an equal chance for each of 
the separate units  from one parent of joining with ei ther of the units  from 
the other parent (law of independent assortment).  

Genes are coded in DNA t r iplets in a l inear fashion on chromosomes. On a 
given chromosome a gene occupies a specific posit ion known as i ts  locus.  A gene 
complement consists of two genes determining the same character,  each of which is  
at  the same locus but on separate homologous chromosome. When the two genes express 
different forms of the same t rai t ,  they are termed al leles.  If  the two similar 
loci  on homologous chromosomes contain identical  genes,  the individual is  considered 
homozygous for that  t rai t .  If  the two genes are not identical  then the combinant 
is  termed heterozygous.  

Chromosomes are paired in somatic cells ,  each of the pair  being homologous 
to the other.  In man the diploid or normal number of chromosomes is  46; however,  
there are 24 different kinds of chromosomes. Twenty-two are known as autosomes and 
two are called sex chromosomes, designated as the X chromosome and a shorter Y 
chromosome. While both sexes possess 22 pairs of autosomes,  females possess in 
addit ion two X chromosomes and males possess a single X chromosome plus a Y 
chromosome. 

Although not as importari t  as the basic concept of the gene action (or failed 
action) the terms dominant and recessive have cl inical  significance.  Often whether 
a gene may be referred to as ei ther recessive or dominant depends on the diagnostic 
abil i ty to detect  the product of the gene,  especially if  gross disease is  not evi
dent.  A given trai t  may be considered to have dominant inheritance if  the trai t  
is  manifest  with the abnormal gene in the heterozygous state.  Dominant genetic 
disorders often are related to an abnormal s tructural  protein produced by the 
defective gene,  whereas in recessive disorders often the defective gene codes 
for an ineffective enzyme or,  more rarely,  no enzyme at  al l .  Although over
simplified,  malformations are often associated with dominant disorders whereas 
inborn errors of metabolism are usually recessive.  Other features suggesting 
autosomal dominant inheritance within a family include direct  transmission over 
two or more generations,  half  of the siblings in a generation affected,  and both 
sexes affected in equal numbers.  The term recessive describes a t rai t  produced 
by a gene that  must be homozygous to be expressed.  A recessive trai t  will  become 
apparent in offspring in three cases only:  1) i f  a homozygous affected person 
mates with a heterozygous carrier,  stat ist ically half  of the offspring should 
be affected and the other half  will  be carriers (heterozygous unaffected);  
2) i f  two unaffected heterozygous carriers mate,  s tat ist ically 25% of the children 
should be homozygous normal,  50% should be heterozygous carriers,  and 25% should 
be homozygous affected; 3) if  two homozygous affected persons mate,  al l  offspring 
will  be affected.  



S e x - l i n k e d  i n h e r i t a n c e  i n v o l v e s  g e n e s  o n  t h e  X  c h r o m o s o m e s  r a t h e r  t h a n  
o n  a u t o s o m e s .  M a l e s ,  p o s s e s s i n g  o n l y  o n e  X  c h r o m o s o m e ,  h a v e  n o  a l l e l e s  o n  
t n e i r  Y  t o  d o m i n a t e  o r  s u p p r e s s  a  r e c e s s i v e  g e n e  o n  a n  X .  F e m a l e s  c a r r y i n q  a  
d i s e a s e - p r o d u c i n g  r e c e s s i v e  g e n e  o n  o n e  X  c h r o m o s o m e  h a v e  a n o t h e r  X ,  u s u a l l y  
d i s p l a y i n g  a  n o r m a l  a l l e l e  a n d  a r e  t h e r e f o r e  h e t e r o z y g o u s  a n d  u n a f f e c t e d .  
T h r o u g h  i n a c t i v a t i o n  o r  " L y o n i z a t i o n "  o f  r a n d o m l y  o n e  o r  t h e  o t h e r  o f  t h e  t w o  
X  c h r o m o s o m e s ,  o n l y  o n e  X  i s  l e f t  a c t i v e .  S t a t i s t i c a l l y  o n e  h a l f  o f  t h e  c e l l s  
w i l l  h a v e  i n a c t i v a t e d  t h e  a b n o r m a l  X  a n d  u s u a l l y  e n o u g h  g e n e  p r o d u c t  w i l l  b e  
7 v n n n c  i  a V u l d  t h e  d e g r e e  o f  d i s o r d e r  m a n i f e s t a t i o n s  a s  i s  s e e n  i n  t h e  h e m i -
a f f e r ? p d  I n H  s J a t l ^ i c a l l y  5 0 %  o f  t h e  s o n s  o f  a  c a r r i e r  w o m a n  w i l l  b e  
f ! J  .  j  f 1 ? '  ,  5 S  o f  t h ?  d a u g h t e r s  w i l l  b e  c a r r i e r s  ( i f  a  f e m a l e  h e t e r o z y g o u s  
1 1  t ! "  R e c e s s i v e  m a r r i e d  a  n o r m a l  m a l e ) .  A f f e c t e d  m a l e s  p a s s  X - l  i n k e d  
g e n e s  t o  a l l  o f  t h e i r  d a u g h t e r s  ( w h o  w i t h  r e c e s s i v e  t r a i t s  a r e  u n a f f e c t e d  
t h I I I c  n 6 V e r  t 0  t h e i r  S o n s '  s i n c e  m a l e s  p a s s  o n l y  t h e i r  Y  c h r o m o s o m e s  t o  o f i c i r  b u n s  i  

A n  i m b a l a n c e  o f  c h r o m o s o m a l  m a t e r i a l  m a y  g i v e  r i s e  t o  g r o s s  a n o m a l i e s .  
T h e r e  a r e  s e v e r a l  k i n d s  o f  t h e s e  c h r o m o s o m a l  a n o m a l i e s ,  b u t  t h e y  u s u a l l y  i n v o l v e  
e x c e s s i v e  c h r o m o s o m a l  m a t e r i a l ,  d e l e t e d  c h r o m o s o m a l  m a t e r i a l ,  o r  m o r e  c o m p l e x  
^ L T a T ^ \ ° f J n d i v i d u a l  c h r o m o s o m a l  f r a g m e n t s .  A  d e t a c h e d  p a r t  m a y  r e -
a t t a c n  i t s e l f  t o  t h e  s a m e  c h r o m o s o m e  f o r m i n g  a n  i n v e r s i o n ,  o r  i t  m a y  a d h e r e  t o  
a n o t h e r  c h r o m o s o m e  w h i c h  h a s  s u s t a i n e d  a  b r e a k  p r o d u c i n g  a  d e f i c i e n c y  i n  t h e  
S o n  S e w ? / "  e J C S s 1 v ?  a m ° U n t  ° n  t h e  0 t h e r  ( t h e  t r a n s l o c a t i o n  p h e n o m e n o n ) .  
N o n - d i s j u n c t i o n  o f  t h e  c h r o m o s o m e s  i s  d u e  t o  a n  e r r o r  i n  c e l l  d i v i s i o n  w h e r e  a  
t h e ° n o r m a ?  E J 1  ?  1 °  s e p a r a t e  a n ?  b o t h  e n t e r  o n e  d a u g h t e r  c e l l .  O n e  l e s s  t h a n  
f o r  I I I ™  L  ? n  r  c h r o m o s ™ e s  w ° u l d  b e  f o u n d  i n  o n e  d a u g h t e r  c e l l  ( p r o d u c i n g  
f o r  e x a m p l e ,  X 0  i n  T u r n e r  s y n d r o m e )  a n d  a n  e x t r a  c h r o m o s o m e  w o u l d  b e  f o u n d  i n  
t h e  o t h e r  ( p r o d u c i n g  f o r  e x a m p l e ,  t r i s o m y  2 1  i n  D o w n  s y n d r o m e ) .  

a r e  r ! m  h e r e d ^ t a 7  ^ r a J t s  w h i c h  a p p e a r  f o r  t h e  f i r s t  t i m e  i n  a  p e d i g r e e  
h i  w i  !  m u t a t i o n s .  M o s t  o f  t h e s e  a r e  h a r m f u l  t o  t h e  i n d i v i d u a l  b u t  t e n d  t o  
i l t h l i  n a t u r a l  s e l e c t i o n .  I n  t h o s e  d o m i n a n t  g e n e t i c  d i s o r d e r s  w h i c h  a r e  
I P r. n h I nr ranco -1 *~i -F/-\ 1^.4- -1 1 4-,» ^^ j_ 1 • , r- ... i n h h a i  •  r  ,  a m ,  y c u c o n .  u i s u r u e r s  w n i c n  a r e  
t h e  i n f e r t i l i t y  o r  o t h e r w i s e  i n t e r f e r e  w i t h  r e p r o d u c t i o n ,  e v e n t u a l l y  
a r e  n i l  h l l l M  J  9 - I e  e ^ l l l b r a t e s  W 1 ' t h  t h e  m u t a t i o n  r a t e .  T h o u g h  m u t a t i o n s  

i  S u  y  t r a i t s ,  t h e y  a r e  n o t  n e c e s s a r i l y  n e w  g e n e t i c  m a t e r i a l .  M o r e  
p r e c i s e l y ,  t h e y  a r e  u s u a l l y  m o d i f i c a t i o n s  o f  g e n e t i c  m a t e r i a l  t h a t  i s  a l r e a d y  

P o n Q / r e q U e n t l y  m i s u s e d  a s  s y n o n y m s  a r e  t h e  t e r m s  p e n e t r a n c e  a n d  e x p r e s s i o n .  
P e n e t r a n c e  r e f e r s  t o  t h e  p e r c e n t a g e  o f  i n d i v i d u a l s  k n o w n  t o  c a r r y  a  g i v e n  q e n e  w h o  
c o n d ? l  L T . F X  ° I  S h ? W r t h e  e f f ? C t -  I f  3  g e n e  i s  k n o w n  t 0  P r o d u c e  a  c e r t a i n  
a e n e  t h i n  / I  f r e q u e n t l y  f a i l s  t o  a p p e a r  a t  a l l  i n  t h e  p r e s e n c e  o f  t h e  HIII'  ?  - 1  d  e  r e d | J c e d  p e n e t r a n c e .  V a r i a t i o n  i n  t h e  q u a l i t y  o r  
I I h I h i + °  ^ n ; f e s t a J l o n  o f  t h e  Q e n e  i s  c a l l e d  e x p r e s s i v i t y .  T h u s  a  g e n e  m a y  
I I I c I l  I 9  p e i ? e t r a n c e  a n d  b e  e x p r e s s e d  o f t e n ,  b u t  t h e  e x p r e s s i o n  i n  a  g i v e n  
p e r s o n  m a y  b e  v a r i a b l e  i n  m a n i f e s t a t i o n  o r  o n l y  p a r t i a l  i n  d e g r e e .  

n f t P n P i I 1 ! l l ° P 1 + m / e f e r S  t 0  t h e  s i t u a t i o n  w h e r e  a  s i n g l e  g e n e  h a s  m u l t i p l e  e f f e c t s ,  
o f t e n  i n  s e p a r a t e d  a r e a s ,  o r g a n s  o r  t i s s u e s  o f  t h e  b o d y ,  w h i c h  m a y  b e  q u i t e  v a r i -
kI g u a J ] t a t y e  a n d  t o p o g r a p h i c  c h a r a c t e r .  I n  t h i s  r e g a r d ,  p l e i o t r o p i s m  m u s t  
s e a J e a a t p e t J n p J h  I ™  e f J e ( ; t s  o f  s e p a r a t e  g e n e s  w h i c h  i n  a  p a r t i c u l a r  f a m i l y  
n p r m l n l l t  t ° 9 e t h e r  b e c a u s e  o f  c l o s e  l i n k a g e  o r  p r o x i m i t y  o n  t h e  c h r o m o s o m e .  N o  
p e r m a n e n t  a s s o c i a t i o n  e x i s t s  f o r  d i f f e r e n t  f a m i l i e s  b e t w e e n  a n y  t w o  h e r i t a b l e  
n o t  t h e  a l l e l l l  w h -  h  y  a r e + J r u ] y  ] i n k e d .  I t  i s  t h e  g e n e  l o c i  w h i c h  a r e  l i n k e d ,  
n o t  t h e  a l l e l e s  w h i c h  o c c u p y  t h e  l o c i ,  e v e n  t h o u g h  i t  i s  t h r o u g h  t h e  e f f e c t s  o f  
t h e  a l l e l e s  o r  t h e  p r e s e n c e  o f  t h e  t r a i t  t h a t  w e  r e c o g n i z e  t h e  l o c i  



A l l  o f  t h e s e  p o i n t s  e m p h a s i z e  t h e  i n t e r a c t i o n  o f  t h e  g e n e s  a n d  t h e i r  
e n v i r o n m e n t .  F o r  t h i s  r e a s o n  i t  i s  n e c e s s a r y  t o  r e t a i n  t h e  d i s t i n c t i o n  b e t w e e n  a  
g e n o t y p e ,  t h e  g e n e t i c  c o n s t i t u t i o n  o f  a n  o r g a n i s m ,  a n d  i t s  p h e n o t y p e ,  t h e  c l i n i c a l  
a p p e a r a n c e .  

T r a d i t i o n a l l y ,  t h e  s t u d y  o f  m o n o z y g o t i c  ( m a t e r n a l  o r  i d e n t i c a l )  a n d  d i z y g o t i c  
( f r a t e r n a l )  t w i n s  h a s  b e e n  u s e d  t o  h e l p  s e p a r a t e  h e r e d i t a r y  f r o m  e n v i r o n m e n t a l  
f a c t o r s .  S i n c e  m o n o a y g o t i c  t w i n s  h a v e  t h e  s a m e  g e n e t i c  m a k e - u p ,  i n h e r i t e d  t r a i t s  
w i l l  t e n d  t o  b e  i d e n t i c a l  ( s h o w  c o n c o r d a n c e )  w h i l e  d e g r e e s  o f  d i f f e r e n c e  ( d i s c o r 
d a n c e )  w i l l  b e  a  m e a s u r e  o f  e n v i r o n m e n t a l  i n f l u e n c e .  



ANOMALIES IN ORGANOGENESIS 

Defects  of  the entire  eye have their  origin before the closure of  
the embryonic f issure.  This period of  organogenesis ,  occurring 
early in embryonic l i fe ,  is  when the most  pronounced anomalies occur.  

Q: The fusion of  the sides of  the embryonic f issure begins at  
about  the 30th day in the region of  the f issure 
and proceeds toward the and the • 

A:  central ,  r im of the optic  cup,  brain 

Anophthalmos is  the complete absence of  
neuro-ectodermally derived eye t issues 
within the orbi t .  Primary anophthalmos,  
which is  rare,  is  a fai lure of the optic  pi t  
to invaginate and form the optic  vesicle.  
In this  case,  the neuro-ectodermal elements 
and those surface ectodermal s tructures st im
ulated by the optic  vesicle (e .g. ,  lens)  are 
missing.  The optic  foramen should be rudi
mentary or  absent  and the optic  nerve,  
chiasm and optic  t racts  are not  present .  

Q: Orbital  s tructures '  which may be present  
in primary anophthalmos include 

and 

A: sclera,  fat ,  extr insic muscle,  nerves,  
or  lacrimal gland (any three) .  

ANOPHTHALMOS 

Secondary anophthalmos involves a complete suppression of the entire  
forebrain.  I t  may be genetic  or  environmental  in origin and gen
eral ly is  not  compatible with l i fe .  A third type of  anophthalmos 
is  termed degenerat ive or  consecutive wherein the optic  vesicle 
forms,  but  subsequently degenerates.  This  condit ion,  present  in a 
cl inical  set t ing,  may be diff icult  to dist inguish from microphthalmia 

Q: Anophthalmos wil l  probably occur during which of  the fol lowing 
periods of  development:  A. germinal  (week 1) ,  B. organogenic 
(weeks 2-6) ,  C.  fetal  period (3-9 months) .  

A: B.  Organogenic 



Microphthalmos is  a condit ion in which the 
essential  s tructures are represented in the 
eye,  but  are very small  and underdeveloped.  
Microphthalmos may result  from ei ther  lack 
of  proper development of  the secondary 
vi treous and i ts  influence on growth of  the 
globe,  or  from fai lure of closure of  the 
embryonic f issure and secondary arrest  of  
growth of  the globe.  Clinical ly,  extreme 
microphthalmos is  often diff icult  to dif
ferentiate from true anophthalmos and the 
condit ion may be cal led cl inical  anophthalmos.  
Differentiat ion between microphthalmos and 
t rue anophthalmos can only be made by histo
logical  examination of  the orbi t .  

Q: The absence of  any cl inical ly detect
able gross eye s tructures in the con
di t ion of extreme microphthalmos often 
results  in i ts  classif icat ion as 
cl inical  .  

A: Anophthalmos 

BILATERAL MICROPHTHALMOS IN GIRL 
WITH HALLERMANN-STREIFF SYNDROME 

Malformation of  the primit ive forebrain may 
result  in a fusing of the telencephalic  
and/or optic  vesicles to varying degrees,  
yclopia refers  to cases of  complete fusion 

to form what  appears to be a s ingle eye in 
the middle of  the face.  

Q: Which of  the fol lowing might  one expect  
to be absent  in primary unilateral  
anophthalmos:  optic  nerve,  chiasm, 
optic  t ract ,  lateral  geniculate? 

All  are absent  or  abnormal in that  they 
are not  formed of  any elements from the 
anophthalmic s ide.  

CYCLOPIA 



6 
The condit ion in which there is  incomplete 
fusion of elements of  the two eyes is  
termed synophthalmos.  

Q: Cyclopia and synophthalmos in effect  
result  from a fusion of  the 

vesicles.  

A: Optic 

7 
Hypotelorism refers  to a less  than normal 
distance between the orbits  or  a smaller  
than normal interpupil lary distance.  True 
hypotelorism may result  from lack of  devel
opment or  involution of  the t issues of 
the fronto-nasal  process with subsequent  
narrowing of  the angle formed by the 
orbi ts  and shortening of the interpupil lary 
distance.  

Q: A decrease in the normal distance be
tween the orbi ts  (as measured by 
interpupil lary distance) is  termed 

A: Hypotelorism 

8 
Often grave defects  in the embryogenesis  
of  the forebrain accompany severe forms of  
hypotelorism. Defect ive embryogenesis  or  
ischemic necrosis  of  t issue with secon
dary fusion in the region of  the lamina 
terminal  is  may result  in abnormal or  
incomplete division of the prosencepha
lon into the paired lateral  telenceph-
al ic  or  optic  vesicles.  This  produces a 
spectrum of anomalies from holoprosen-
cephaly to cyclopia.  Chromosomal anomalies 
(such as tr isomy-13 and delet ion-18) have 
been reported to cause these severe fore-
brain anomalies.  

Q: I f  marked,  hypotelorism may be 
indicat ive of severe congenital  mal
formation of  the .  

A: Forebrain 

SYNOPHTHALMOS 

HOLOPROSENCEPHALY WITH EXTREME 
HYPOTELORISM AND SINGLE UNDIVIDED 
CEREBRAL VENTRICLE (LOWER LEFT) 



Abnormal embryogenesis in the region of the 
ventral aspect of the lamina terminal is may 
also produce defects in the infundibular 
and chiasmic plate producing a constellation 
of features called septo-optic dysplasia or 
De Morsier syndrome. This syndrome in
cludes bilateral congenital visual loss with 
hypoplasia of the optic discs, evidence of 
pituitary dysfunction +/or hypothalamic 
dysfunction, and agenesis of the septum 
pellucidum on pneumoencephalogram (P.E.G.). 

Q: Defective embryogenesis of the floor of 
the third ventricle in the region of the 
infundibulum and chiasmic plate may re
sult in and . 

A: Hypopituitarism, maldevelopment of the 
optic chiasms (or chiasmal defect). 

Upper left: normal ventricles 
Upper right: single central ventricle 

with agenesis of septum pellucidum 
Below: small hypoplastic optic disc 

with double-marginated rim 

SEPTO-OPTIC DYSPLASIA 

10 
Chiasmal field defects (bitemporal visual 
loss have been reported in septo-optic 
dysplasia and probably result from loss of 
those optic nerve fibers which would nor
mally cross in the abnormally developed 
chiasmal region. Retrograde loss of these 
crossing nerve fibers would also explain 
the hypoplastic optic disc and nerve. 
The later developing non-crossing fibers 
persist and contribute the bulk of the 
optic nerve and explain what binasal visual 
field remains. The electro-retinogram is 
normal. 

Q: Hypopituitarism, in association with hypo
plastic optic discs and agenesis of the 
septum pellucidum, has been termed 

Corpus 
collosum 

Anterior commissure 

Infundibulum 

Chiosmic plate 

Lomina terminolis 

MEDIAN SAGITTAL SECTION OF BRAIN 

A: De Morsier syndrome (or septo-optic 
dysplasia). 



1 VI SI 

11 
There is  experimental  evidence in amphibians that  disruption of the 
terminal fragment of the notochord or chorda-mesoderm results  in an 
abnormally narrow neural  plate and ineffective induction of the 
forebrain.  Even though the neural  ectoderm remains intact ,  the 
"template" in the neural  ectoderm is  spatially restricted and fusion 
of the optic vesicles results ,  producing anomalies ranging from 
cyclopia to synophthalmos.  

Q: Cyclopia,  synophthalmos and undivided single cerebral  vesicle 
are al l  anomalies which result  from fusion of the paired 
evaginations of the .  | 

A: Prosencephalon 

12 
Hypertelorism is  the name referred to the 
state when the axes of the orbits ,  in 
migrating during fetal  development from 
180 degrees toward the anterior posit ion,  
do not reach the normal angle of 71 degrees 
at  birth (or 68 degrees as an adult) .  Hyper
telorism according to Walker (Duke-Elder,  
Vol I II ,  Part  2,  p.  1054 ) results  from 
a primary defect  in the development of bones 
of the f irst  visceral  arch allowing fronto
nasal  elements to grow into the region nor
mally occupied by the maxillary structures.  
Any condition or genetic defect  which 
arrests embryologically the forward migra
t ion of the orbits  will  cause hypertelorism. 
Hypertelorism is  measured as an increased 
interpupi1lary distance or as a radio
graphic measurement of the interorbital  
distances.  

Q: The condition in which there is  an 
increased distance between the orbits  
is  called 

HYPERTELORISM 

A: Hypertelorism 



13 
Condit ions which are associated with 
hypertelorism include Waardenburg 
syndrome (which more frequently has tele
canthus with lateral  displacement of  the 
puncti  but  may have hypertelorism in addi
t ion),  Crouzon syndrome, agenesis  of  the 
corpus cal losum, cranium bif idum occultum, 
frontal  meningocoele,  basal  encephalocoele 
and congenital  median cleft ing syndrome of  
face,  nose and palate.  
Exotropia,  microphthalmia,  peripapil lary 
staphyloma, and optic  disc anomalies 
(pal lor ,  optic  disc coloboma, optic  disc 
pi t ,  megalopapil la  or  optic  nerve dys
plasia)  are features also associated with 
basal  encephalocoeles (Goldhammer and 
Smith,  Arch.  Ophth.  93:  115,  1975).  

Q: A mass present  in the nose or  naso
pharynx in associat ion with hyper
telorism and/or median facial  c lef t-
ing may represent  a(n)  
and biopsy is  ( indicated,  contra-
indicated).  

MEDIAN CLEFT FACE SYNDROME 
WITH HYPERTELORISM 

A: Encephalocoele,  contraindicated.  

14 
Telecanthus,  often mistakenly equated with 
hypertelorism, refers  to an increased dis
tance between inner canthi  relat ive to 
inter-pupil lary or  inter-orbital  distance.  
Telecanthus may or  may not  be associated 
with t rue hypertelorism. In primary 
telecanthus the interpupil lary distance,  
and hence the interorbital  distance,  is  
normal.  However,  i f  associated with t rue 
ocular  hypertelorism, the term secondary 
telecanthus may be used.  

Q: Congenital  visual  loss,  especial ly i f  
associated with growth retardation 
or  diabetes insipidus,  demands care
ful  evaluation of for  
evidence of  .  Pneumo-
encephalogram may reveal  agenesis  of  
the 

TELECANTHUS (MUSTARDE INDEX, 0 .69) 

A: Optic discs,  hypoplasia,  septum 
pellucidum 



15 
h!n^ioW-he eti°]°gy aud embry°genesis of telecanthus differ from 
finnt n?m* Telecanthus results from overgrowth in width of the 
the nose^nd ? t0!?9Ve °f tiSSUe which forms the base of 

is the Mustard indpv • jegions. One measure of telecanthus 
h5u?hL K ' ls the 1nter inner-canthal distance 
divided by the inter-pupillary distance. During early fetal life 
the inner canthi are relatively widely spread and there exists a 
ISth^P ?69£e- f secondary "telecanthus" until about the 14th to 
ratfn nf -°r 1n^rauterine development; at that time, the normal 
is establ s^ed "En™?"*1?1 d1|tanc® to ™ter-pupillary distance 
aoDroximatp^v n ™ ! values from infancy to adulthood are 
degrees^f telecanthus?*"635 °Ver °'55 1ndiCate 1nc"Ml"» 

Q: Telecanthus relates the 
distances. to the 

Inner-canthai, interpupillary 

COMPARISON OF HYPOTELORISM, HYPERTELORISM AND TELECANTHUS 

Mustarde Index 

= Mustarde Index 
IPD-

Normal 

Hypotelorism 

Hypertelorism 

Telecanthus 

ICD 4  

ICD 
IPD 

0.50-0.55 

< 0.50(approx.) 

>0.55 
(depends on IPD) 

> 0.55 
(eg 0.66) 



16 
Anencephaly is  a severe lethal  malformation 
of the central  nervous system which is  of 
cl inical  importance because,  i f  suspected,  
the presence in utero of such a neurally 
defective fetus can be detected through 
amniotic f luid alphafetoprotein measure
ment early enough to allow consideration 
of abortion (Lancet II ,  197, 1972).  
Anencephaly is  of embryo!ogic significance 
in that  the dorsal  opening of the neural  
tube may represent a "secondary" event,  
not a primary failure of closure of the 
neural-groove. (For good discussion see 
Addison and Font,  Amer.  J .  Ophth. ,  74: 
972, 1972).  Certainly i t  is  difficult  ANENCEPHALY 
to imagine well  formed optic vesicles 
(hence globes) forming from a primarily deranged forebrain.  With the 
exception of decreased numbers of ganglion cell  nuclei  and f ibers,  the 
retinal  elements are well  differentiated in st i l lborn or late-aborted 
anencephaly.  The optic nerves are thin and end a few centimeters behind 
the globes;  the optic chiasm and tracts are absent.  Studying an ancephalic 
27 mm fetus,  Ida Mann found normal ret inal  differentiation,  including normal 
number of ganglion cells .  She concluded that  the marked reduction in 
ganglion cells  evident at  a later stage is  secondary to retrograde degenera
t ion from lack of connection of the ganglion cells  with more central  elements 
in the abnormally deranged brain.  Frazer feels that  between the 18 mm and 
28 mm stage,  the neural  tube becomes blocked and the forebrain undergoes 
straightening of the normal cephalic f lexion. Mechanical  disruption of the 
vascular supply produces ischemic necrosis of the forebrain with secondary 
re-opening of the neural  tube.  This leads to failure of bony closure with 
rachischisis (congenital  division of the spinal column) and cranioschisis 
(congenital  fai lure of the skull  to close dorsally).  

Q: An increased distance between the inner canthi  relative to interpupil-
lary distance is  termed ;  whereas,  an increased distance 
between the orbits  is  called 

A: Telecanthus,  hypertelorism 



17 
After the optic vesicles have formed, many 
anomalies may occur before the optic cup 
stage. Complete or partial failure to 
invaginate (congenital cystic eye), 
failure to completely invaginate (con
genital nonattachment of retina) and 
defects in the closure of the embryonic 
cleft (typical coloboma) are all 
anomalies in optic vesicle invagination. 

Q: Following the formation of the optic 
primordium the is formed 
by a budding out of the primitive 
forebrain. 

A: Optic vesicle 

18 
Congenital cystic eye results when 
development does not continue past the 
formation of the outgrowth of the optic 
vesicle. According to Mann (1957), 
development may stop before invagination 
is complete and the eye may appear to be 
absent. An orbital cystic mass, espec
ially if pulsatile, may be associated with 
a spheno-orbital encephalocoele. 

Q: Prior to socket revision or excision 
of a congenital cystic eye, radio
graphic studies should be done to 
exclude a bony defect in the posterior 
aspect of the orbit, which might be 
from a(n) . 

A: Encephalocoele 

19 
The presence of a lens in a microphthalmic 
or cystic eye is good evidence that during 
embryogenesis the eye had proceeded at 
least at one time, past the induction of 
the lens vesicle from surface ectoderm. 

-—Optic cup 

Lens primordium 

- Hyaloid artery 

LEFT: THE BEGINNING OF OPTIC CUP 
INVAGINATION DURING NORMAL 
LENS VESICLE DEVELOPMENT 

RIGHT: A FURTHER STAGE IN NORMAL 
OPTIC VESICLE INVAGINATION 

CONGENITAL CYSTIC EYE (Note 
prominent bulging of upper eyelid) 

The presence of lens 
orbital tissue rules 
or anophthalmos 

remnants in 
out 

compatible with 
or 

but 
the diagnosis of 

is LEFT: 

Primary or secondary 
Degenerative (or consecutive) anophthalmos 
or colobomatous cyst (or microphthalmos). 

CONGENITAL CYSTIC EYE WHERE THE 
LENS IS NOT CONTAINED WITHIN 
THE INVAGINATING OPTIC CUP 

RIGHT: CONGENITAL CYSTIC EYE WHERE 
OPTIC CUP INVAGINATION DOES 
NOT GO TO COMPLETION 



20 
In anophthalmos or to a lesser degree microphthalmos,  the lack of a 
normal growing eye causes fai lure of normal orbital  growth. 

Q: An anophthalmic or microphthalmic orbit  will  usually be ( larger,  
smaller)  than a normal orbit  for age.  

A: Smaller 

21 
As well  as congenital  cystic eye,  congenital  Pars nervosa 
non-attachment of the retina may also be 
caused by an incomplete invagination of the opticnerve-^2 
optic vesicle.  In this si tuation a gap 
which is  normal up to the 3rd month,  persists  
between the two layers of the optic vesicle.  Pars pigmentosa-
This is  considered an anomaly of prolifera
t ion of the inner layer of the optic cup. 

Q: Would non-attachment of the retina be 
considered normal in early embryonic CROSS SECTION OF THE EYE SHOWING 
l ife? CONGENITAL NON-ATTACHMENT OF THE 

RETINA 
A: Yes 

22 (Review frames #26-27 in Part  I)  
Coloboma is  the term used to describe a notch,  
gap,  hole or f issure in any or al l  of the 
layers of the eye (e.g. ,  ret ina,  choroid,  i r is) .  
Typical  colobomas occur along the choroidal 
(embryonic) f issure,  located in the inferior 
medial  aspect of the developing eye,  while 
those appearing elsewhere are atypical .  

Q: The drawing at  the r ight would be a(n) 
coloboma of the ir is .  

A: Typical  

23 
Typical  colobomata occur from events 
taking place during the 4th to 5th week 
(7 to 14 mm stage) when the cup is  under
going evagination and the embryonic cleft  
is  beginning to close.  Abnormal eversion 
of the inner (retinal)  layer of the cup 
through the embryonic cleft  interferes with 
normal fusion of the cleft  margins.  Com
pletely closed sacks or distentions of 
ret inal  t issue may form and give r ise to 
colobomatous cysts.  More severe coloboma-
tous defects probably result  from earl ier  
influences whereas later influences may 
result  in only partial  fai lure of closure 
of the cleft .  



a. 

b. 

c. 
d. 

e. 
f. 

g.  
h. 

FORMATION OF TYPICAL COLOBOMA 
Mesodermal tissue interposed between margins 
of embryonic tissue. 
Excessive growth of inner (retinal) layer of 
optic cup, producing eversion of margin. 
Normal closure of embryonic cleft. 
Eversion of inner layer of fissure margins, 
producing non-closure of the cleft. 
Development of ectatic coloboma. 
Degeneration of ectatic layers to form an 
intercalary membrane. 
Cystic dilation of everted retinal layers. 
Degeneration of layers to form two 
colobomatous cysts, one within the eye and 
the other an orbital cyst. 

Typical coloboma can result from 
failure of , secondary 
to abnormal eversion of the rim of the 
(inner, outer) layer of the optic cup. 

Closure of the embryonic fissure; 
inner (AFTER DUKE-ELDER) 

24 
The drawing at the right shows a normal 
fundus (i.e., what is seen when viewing 
the posterior of the eye through the 
pupil) in which the optic disc, macula, 
retina, and choroid are complete. A 
typical coloboma of the fundus occurs 
when the choroidal fissure does not fuse 
completely. It may involve just the 
retina and choroid or all of the tissues 
associated with the fissure. 

Q: The optic vesicle is formed from the 
germinal layer. 

A: Neural ectoderm 

NORMAL FUNDUS AS SEEN 
WITH THE OPHTHALMOSCOPE 

Optic disc 

Macula 

Blood vessels 



Optic disc 

25 
Coloboma may be inherited as an incom
pletely penetrant autosomal dominant 
trait; however, X-linked and autosomal 
recessive inheritance has been docu
mented in a number of families. 
Isolated sporadic occurrences are 
also reported. Several of the 
chromosomal syndromes (especially 
trisomy 13, the cat eye syndrome 
and less frequently trisomy 18) 
may have coloboma of the uvea, often 
in association with microphthalmia. 
It is of interest that in trisomy 
18 the coloboma, when present, is 
usually posterior, often involv
ing only the disc, whereas in 
trisomy 13 the coloboma is usually BRIDGE COLOBOMA OF CHOROID 
more severe, may be anterior as well as posterior, and more often is 
associated with microphthalmia. Uveal colobomas are also seen in 
association with cleft lip and/or palate. Lateral facial clefts may 
be associated with ipsilateral microphthalmos, uveal coloboma, con
genital cystic eye, or coloboma of the lids (Gorlin and Pindborg, 1964). 

Sclera visible 
through coloboma 

A coloboma resulting from an improper closure of the choroidal fissure 
would be expected to involve the portion of the eye. 

Infero-medial 

26 
Optic disc coloboma, often with microph
thalmos, are produced at or just prior 
to the 18-20 mm stage, when closure of 
the posterior (or proximal) aspect of 
the embryonic cleft occurs. This is 
in contrast to earlier insults which 
generally cause more severe defects in 
closure. Optic nerve coloboma are 
often seen in several malformation 
syndromes, e.g., Cornelia de Lange 
syndrome and deletion of chromosome 18. 

Q: An influence occurring late in the 
6th week or early 7th week impeding 
fusion of the posterior aspect of 
the fetal cleft would produce a(n) 

, whereas earlier occur
ring influences might be expected to 
produce a (more extensive, less 
extensive) colobomatous defect. 

A: Optic nerve coloboma, more extensive 

OPTIC DISC COLOBOMA (Note massive 
defect of disc compared to normal 
disc size in previous illustration) 



27 
Colobomas may give r ise to congenital  
orbi tal  cysts  which s imulate congenital  
cyst ic  eye.  Colobomatous cysts  usually 
present  a  bulge of  the lower eyelid;  
whereas,  a  congenital  cyst ic  eye tends 
to cause a bulge of  both l ids,  part ic
ularly the upper.  

a .  BILATERAL MICROPHTHALMIA WITH 
COLOBOMATOUS ORBITAL CYSTS. 

b .  SAGITTAL SECTION OF MICROPH-
THALMIC ORBIT WITH COLOBOMATOUS 
ORBITAL CYST. 

Q: A unilateral  congenital  orbi tal  cyst  
which presents  a marked bulging of  
the lower l id is  more l ikely a 
(congenital  cyst ic  eye,  colobomatous 
orbi tal  cyst) .  

A: Colobomatous orbi tal  cyst  

28 
Since the ci l iary body,  i r is ,  and zonule 
are s tructures which are completely 
circular  and are formed by the optic  cup,  
a  fai lure in the fusion of the anterior  
part  of  the choroidal  f issure wil l  result  
in defects  of  any of  these s tructures.  
I r is  colobomas have also been at t r ibuted 
to local  fai lure of growth of  ectodermal 
t issue from the r im of the optic  cup.  
Other theories of  et iology of i r is  
coloboma and atypical  colobomata includ 
the abnormal persistence of  vessels  
surrounding and anterior  to the lens 
(capsulo-pupi11ary vessels) .  There are 
pedigrees in which anir idia has pre
sented as atypical  i r is  colobomata in 
some family members and as almost  com
plete absence of  the i r is  in others.  

Q: A congenital  cyst ic  eye usually 
presents  as  a bulge through the 
(upper or  lower)  l id.  

A: Upper (actual ly both but  part ic
ularly the upper)  

ATYPICAL COLOBOMA OF IRIS,  LENS AND 
CILIARY BODY WITH ABNORMALLY PERSISTENT 
VESSELS AND CATARACT ADJACENT TO DEFECT 



29 
Cryptophthalmos,  in most cases,  is  part  of 
an autosomal-recessively inherited syndrome 
which includes mental  retardation,  cardiac 
anomalies,  genitourinary abnormalit ies,  
cleft  l ip or palate,  ear and nose anomalies,  
and syndactyly.  The eyelids may be 
colobomatous or totally absent with skin
l ike t issue continuous over the surface 
of the eye; often there is  no eyebrow 
formation.  The globe is  usually microph-
thalmic and the corneal thickness decreased, 
being replaced by vascularized fibrous 
t issue.  Complete absence of the cornea is  
very rare but may occur in cryptophthalmos.  
The lens is  defective or absent and the 
anterior chamber is  small  or  non-existent,  
al though rare cases have had normal 
anterior segments.  

Q: The term used for the multiple actions 
of a single gene producing different 
defects in separate regions or t issues 
of the body (as i l lustrated by the 
cryptophthalmos syndrome) is  

A: Pleiotropism 

30 
Absence of the conjunctiva occurs in cases of cryptophthalmos where the 
l id folds do not form. Consequently,  there is  no interposed conjunctiva 
between the eye and the skin.  The skin is  continuous over the eyeballs  
without the formation of eyelids.  

Q: The absence of the conjunctiva is  most l ikely caused by a fault  in the 
differentiation of the germinal t issue.  

A: Surface ectoderm 

31 
The invagination of surface ectoderm to form the lens and the induction 
of the development of the cornea appear to result  from induction by the 
optic cup. A fai lure in this induction process will  bring about the absence 
of the above structures.  Incompetence of the surface ectoderm overlying 
the optic vesicle with abnormal induction of lens,  cornea,  anterior chamber,  
and eyelid formation in conjunction with other anomalies occurs in crypt
ophthalmos.  The many theories concerning the pathogenesis of cryptophthal-
mous are discussed in Duke-Elder,  Vol.  I l l ,  p.  829-834. 

Q: The superficial  (epithelium) layer of the cornea is  formed from 

A: Surface ectoderm 



32 
Complete absence of the anterior chamber also occurs in gross microphthalmos,  
where the structures derived from the surface ectoderm fail  to develop. 
The globe usually is  spherical  with a single retina-lined cavity.  In severe 
forms of mesodermal dysgenesis and in persistence and hyperplasia of the 
primary vitreous (PHPV), the anterior chamber may be extremely shallow or 
cl inically absent.  

Q: Colobomas of the ir is  may be at tr ibuted to (one or several)  causes and 
may result  from defects in embryogenesis during (one or several)  periods 

A: Several ,  several  (see 26 or Duke-Elder,  Vol.  I l l ,  Part  2,  p.  577) 

33 
In megalocornea the anterior segment of the 
eye including the cornea is  enlarged. 
Corneal thickness and curvature are 
usually normal.  The lens may be normal 
or sl ightly enlarged. The zonules may 
be lax or stretched causing subluxation 
of the lens.  Megalocornea is  related 
to disturbed growth rates of the various 
parts of the optic cup ectoderm. The 
posterior part  of the eye is  not enlarged; 
however,  the ci l iary ring is .  Megalo
cornea is  not a result  of raised intra
ocular pressure or glaucoma. Usually 
transmitted in a recessive sex-linked 
fashion, megalocornea,  when associated 
with ectopia of the lens and pupil  and 
late onset glaucoma, is  inherited as an 
autosomal recessive trai t .  

Q: The condition of enlarged cornea from 
birth in which the intraocular pressure 
is  not increased is  called 

A: Megalocornea 

34 
If  an arrest  in development occurs in the 4th to 5th month when the corneal 
curvature usually increases,  microcornea may result .  The eye is  of normal 
s ize but the cornea has a diameter of 10 mm. or  less.  (A small  globe with 
proportionately decreased overall  s ize as well  as a small  cornea is  termed 
nanophthalmos.)  Mann (1957) says that  20% of patients with microcornea 
develop glaucoma in later l ife.  Inheritance is  often autosomal dominant.  

Q: An overall  small  eye is  termed ;  whereas a normal s ize 
globe with decreased corneal diameter is  termed 

A: Nanophthalmos,  microcornea 



35 
The most common congenital corneal anomalies are those involving an altera
tion in transparency. These opacities are of two types: inflammatory 
and developmental. Opacities due to intra-uterine inflammation, including 
both blood borne and transamniotic infection, are termed inflammatory 
opacities. Syphilis, smallpox and staphylococcus can be causative agents. 

Q: The most common congenital corneal anomalies are related to alteration 
in 

A: Transparency 

36 (Read frame #61 first) 
Peters anomaly is a congenital corneal 
opacity with a central defect in 
stroma, Descemet's membrane and endo
thelium in association with an iris 
adhesion (often as a strand). Per
sistent hyaloid artery, persistent 
pupillary membrane and mesodermal 
dysgenesis (or anterior chamber 
cleavage syndrome) are often present. 
Anterior polar cataracts are common 
and glaucoma may occur. One theory 
presumes Peters anomaly to result 
from failure of complete separation 
of the lens vesicle on invagination 
from surface ectoderm. Such an 
explanation has often been used to 
also explain anterior polar cataracts, 
but it is difficult to imagine a normal 
fetal lens nucleus, which is usually 
the case, existing under theSe circum
stances. Processes leading to inter-
uterine formation of adhesions (infec
tion or inflammation), defective 
development of Descemet's membrane, 
or defective anterior chamber cleav
age seem better explanations. 

Q: In Peters anomaly one sees more 
frequently (cataract, glaucoma) 
whereas in Rieger anomaly or 
syndrome (cataract, glaucoma) 
is more common. 

a. 
b. 

PETERS ANOMALY 

Front view. 
Cross section. 

b 
Peters 
Anomaly 

Congenital corneal leukoma 

Internal corneal 
ulcer ot von Hippel 

A: Cataract, glaucoma (although 
glaucoma must be watched for 
in both cases) 
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Up to the 4th month of fetal  l i fe,  the cornea 
and sclera have the same curvature.  If  some 
factor arrests the relative increase in 
corneal curvature (which normally commences 
between the 3rd and 4th months),  but general  
growth of the eye continues,  cornea plana 
results .  The cornea may be f lat ter  than 
the sclera and the diameter of clear cornea 
is  usually smaller than normal;  usually the 
cornea-scleral  l imbus is  indist inct  ( i .e. ,  
sclerocornea is  usually present) .  Autosomal 
dominant and recessive families exist  with 
more severe features in those families fel t  
t o  b e  r e c e s s i v e .  ( D u k e - E l d e r ,  V o l .  I l l ,  
Part  2,  p.  505-508.)  

Q: The cornea is  normally (more or less) 
convex than the sclera.  

A: Mo re 

38 
Sclerocornea is  the congenital  condition where the junction between 
sclera and clear cornea is  indist inct  or entirely absent.  Duke-Elder 
suggests that  sclerocornea results  from a disturbance of the paraxial  
mesoderm which,  beginning at  the 16-20 mm. s tage,  normally grows between 
the rim of the optic cup and the surface ectoderm. Electron microscopy 
has shown that  in sclerocornea,  the cornea is  a hybrid of both corneal 
and scleral  f ibri ls  (March and Chalkley,  Amer.  J .  Ophth. ,  78: 54,  1974).  
Sclerocornea may be associated with cornea plana,  other ocular abnor
malit ies (Peters anomaly,  Rieger anomaly,  colobomata,  microphthalmos,  
cataracts and glaucoma),  and'non-ocular congenital  abnormalit ies 
(e.g. ,  Polydactyly,  Dandy-Walker cyst) .  The condition is  usually 
bilateral  but may be unilateral  (Howard and Abrahams, Amer.  J .  Ophth. ,  
71: 1254, 1971).  

Q: The condition where the curvature of the cornea is  markedly f lat ter  
than normal and approaches that  of the sclera is  termed 
whereas,  is  the term used to describe the condition 
in which the sclera blends with and encroaches upon the substance 
of the cornea.  

A: Cornea plana,  sclerocornea 



39 
Keratoconus usually develops af ter  bir th 
in early adulthood or  late  childhood as an 
increase in the central  corneal  curvature 
with stromal thinning.  Inheri tance is  
general ly thought to be autosomal with 
both dominant  and recessive inheri tance 
reported.  Hammerstein (Albrecht  von 
Graefes,  Arch.  Klin.  Ophthalmol. ,  190:  
292-308,  1974) has presented evidence 
indicat ing X-linked dominant  inheri tance.  
6% of  Down syndrome pat ients  develop 
keratoconus,  often later  in l i fe .  Kera
toconus has been reported often in assoc
iat ion with Leber congenital  amaurosis .  
Other syndromes less  frequently assoc
iated with keratoconus include Ehlers-
Danlos,  van der  Hoeve,  Marfan,  and 
Laurence-Moon-Bardet-Biedl  syndromes.  
Keratoglobus is  the term used to describe 
a more diffuse enlargement and thinning of 
the cornea.  

Q: Three syndromes which are associated with keratoconus are ,  
,  and .  

A: Down syndrome, Leber congenital  amaurosis ,  Marfan syndrome, Ehlers-
Danlos syndrome, van der  Hoeve syndrome or  Lawrence-Moon-Bardet-Biedl  
syndrome (any three) .  

40 
Megalocornea and keratoconus (keratoglobus)  result  in a deep anterior  
chamber,  while cornea plana and microcornea result  in an anterior  chamber 
that  is  smaller  than normal.  

Q :  __ and are two anomalies of  cornea curvature 
while and are two anomalies involved with the 
s ize of the cornea.  

A: Keratoconus,  cornea plana,  megalocornea,  microcornea 

a .  NORMAL 
b.  CORNEA PLANA 
c .  KERATOCONUS 
d.  KERATOGLOBUS 
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Ida Mann (1957) classifies corneal dermoids 
into three types: I, limbal or epibulbar 
dermoid (most common); II, diffuse super
ficial corneal dermoid (which resembles 
sclerocornea clinically, yet easily dis
tinguished histopathologically); and III, 
complete replacement of the entire cornea 
and anterior segment by dermoid. The latte 
two types are extremely rare; all can be cl 
sified as choristomas since they represent 
mesoblastic elements not normally present i 
the cornea. In the first and second type, 
Descemet's membrane and the endothelium are 
normal, whereas they are totally absent in 
the third type. (Mann: Developmental 
Abnormalities of the Eye, 1957, p. 357; 
Henkind, Marinoff, Manas, and Friedman: 
Amer. J. Ophth., 76: 972, 1973). 

Q: Sclerocornea can be differentiated from diffuse corneal dermoid 
(type 2) by . 

A: Biopsy (histopathologically). 

42 
Defects in the curvature of the cornea, known as astigmatism, may result 
when the radius of curvature in one plane is different from that in 
another plane. This is so common that it is usually considered normal 
unless a marked difference in the radii of curvature exists. It is trans
mitted as an autosomal dominant and may be associated with keratoconus. 

Q: A congenital corneal opacity with iris adhesion to a central corneal 
defect is termed ; whereas a centrally displaced, 
thickened Schwalbe's line with iris processes is called . 

A: Peters anomaly, Axenfeld or Rieger anomaly (or posterior embryotoxon). 

43 
Emmetropia is the state of refraction of 
the theoretically normal eye in which 
parallel rays of light will focus 
exactly on the retina when the eye is at 
rest. At birth, the eye is about 66% of 
its adult diameter and lengthens approx
imately 8 mm. by general enlargement of 
the globe. 

Q: Through what structures does light pass 
to reach the retina? 

a. TYPE I 
b. TYPE II 
c. TYPE III 

A: Cornea, aqueous humor, lens, vitreous 



44 
When the axial  length of the eyeball  is  greater than 
normal,  the rays of l ight focus in front of the 
retina result ing in the condition of myopia or "near 
sightedness".  This error in refraction can be due 
to a fault  in the cornea,  depth of the anterior 
chamber,  refractive power of the lens,  or in length 
of the eye.  Lower degrees of myopia appear to be 
determined by multifactorial  inheritance,  although 
dominant transmission has been shown in some pedi
grees.  High axial  myopia is  usually autosomal 
recessive.  

Q: In congenital  high myopia,  the length of the eyeball  is  
than normal so that  l ight rays focus the retina.  

A: Greater,  in front of 

45 
Hyperopia (or hypermetropia) is  considered the 
opposite of myopia and is  commonly called "farsight
edness".  In axial  hyperopia the length of the eyeball  
is  less than normal al lowing the rays of l ight to 
focus behind the retina.  Inheritance,  l ike myopia,  
is  probably multifactorial  for lower degrees of 
hyperopia although some families show autosomal 
dominant transmission.  Autosomal recessive 
hyperopia,  often severe,  has been reported.  

Q: A person with an eye which is  shorter than 
normal has a condition of and can see objects 
but may have difficulty in seeing objects.  

A: Hyperopia,  far  away or at  a distance,  near or close 

46 
An ectasia is  a localized dilatation,  expan
sion,  or distention of the ocular tunics 
without init ial  total  discontinuity of the 
structures.  A weakened or bulging area at  
the posterior pole of the globe,  ei ther at  
the optic disc,  macula or both is  termed 
scleral  ectasia or posterior staphyloma. 
I t  is  probably due to a delay in the con
densation of the mesoderm in the posterior 
pole of the globe.  Staphyloma or ectasia 
may also involve the anterior segment of 
the eyes.  

Q: A di latation in the posterior pole of 
the eye most l ikely is  caused by a 
defect  in 

A: Mesodermal condensation.  POSTERIOR STAPHYLOMA 



47 
Congenital  glaucoma refers  to a condit ion in 
which there is  an increase in intraocular  
pressure probably due to a defect  in develop
ment of  the angle of  the i r is .  There may be 
abnormal persistance of  embryonic mesodermal 
t issue in the area of  the t rabecular  mesh-
work with decreased aqueous outf low. Another 
theory holds that  congenital  glaucoma occurs 
from interference with the normal process of  
cleavage between the group of  cel ls  that  
represent  the anlage of  the trabeculum and 
the base of  the i r is .  St i l l  another theory 
relates the decreased aqueous outf low to 
abnormal insert ion of the ci l iary muscle 
into the trabecular  meshwork (Maumenee,  
Tr .  Amer.  Ophth.  Soc. ,  56:  507,  1958;  Amer.  
J .  Ophth. ,  47:  827,  1959).  Buphthalmos is  
the marked distention of the eyeball  caused 
by abnormally high pressure occurring during 
fetal  development or  early childhood when 
the elast ici ty of the eye is  greatest .  
Congenital  glaucoma general ly shows auto
somal recessive inheri tance,  with males 
being affected more often than females.  

Q: The canal  of  Schlemm in early development 
was a  

A: Vein a .  BUPHTHALMOS, CLINICAL APPEARANCE 
b.  BUPHTHALMOS, CROSS SECTION 

TRANSPLACENTAL 

TRANSAMNIOTIC A: About 8th week to 6th month 

48 
Some organisms appear to be able to pene
trate the epithel ial  adhesions which close 
the l ids when the fetus is  in the uterus.  
Two avenues of  infect ion are transmission 
across the placental  barr ier  (as in blood-
borne virus diseases)  and t ransmission 
through the amnion i tself .  Either  of  these 
avenues may lead to congenital  ( intrauterine)  
conjunctivi t is .  

Q: At what  period in intrauterine l i fe  are 
the eyelids normally closed with adhe
sions? 

AVENUES OF I  NTRA-UTERINE INFECTION-
TRANSPLACENTAL OR TRANSAMNIOTIC 



49 
When the ir is  is  entirely missing,  or is  
represented by tags or a small  stump, the 
condition is  termed aniridia.  Aniridia is  
associated with poor vision,  strabismus, 
photophobia,  nystagmus, corneal nebulae,  
ectopia lentis ,  cataracts,  glaucoma, hypo
plasia of the optic nerve,  and often incom
plete macular development.  Since the ir is  
and macula are differentiating at  the same 
t ime, i t  is  theorized that  these two defects 
represent an arrest  in the differentiation 
of the optic cup ectoderm. Another theory 
for aniridia is  primary failure at  the 65 

i to 88 mm. s tage when growth of ectoderm 
anterior to the rim of the optic cup nor
mally forms the ir is .  Even more at tractive 
is  the theory that  the defect  is  related 
to aberrant development of the paraxial  meso
derm at  an earl ier  stage,  20-25 mm. Aniridia 
is  often inherited as a strongly penetrant 
autosomal dominant t rai t .  When aniridia ANIRIDIA WITH SMALL SEGMENT OF IRIS 
occurs as a sporadic event and is  severe PRESENT NASALLY AND LENS SUBLUXED 
(with other congenital  anomalies),  there SUPERIORLY. NOTE C0L0B0MA OR NOTCH 
is  a significant r isk (33%) of a patient OF LENS INFERO-NASALLY. 
developing Wilm's tumor (Fraumeni and Glass,  
JAMA, 206: 825-828, 1968).  

Q: The pigment epithelium of the ir is  is  
formed from ,  and the macula 
develops from germinal 
t issue.  

A: Neural  ectoderm, neural  ectoderm 

50 
A part ial  i r is  coloboma is  a perforation 
in al l  layers of the ir is  and occurs in 
three different types:  (1) a notch-
col oboma, affecting only the pupillary 
margin (f igure a);  (2) a hole or holes 
(pseudo-polycoria) in the ir is  (figure b);  
(3) ir idodiastasis,  a defect  located near 
the periphery of the ci l iary margin of 
the ir is  (figure c) .  

Q: A coloboma of the ir is  could be 
caused by fai lure of the 
f issure to close or to a persistence 
of the fetal  system. 

A: Choroidal,  arterial  (vascular)  
N0TCH-C0L0B0MA 



PSEUDO-POLYCORIA 

51 
An incomplete coloboma of  the i r is  typic
al ly involves a defect  in one or  more,  but  
not  a l l  of  the layers of  the i r is .  I t  is  
considered to be of  three types:  1)  where 
both the stroma and pigment layers are 
defect ive but  with mesodermal t issue from 
pupil lary membrane s tretching over the 
defect  (bridge-coloboma);  2)  where there 
is  a defect  in the stroma but  not  the 
pigment layer;  3)  where there is  a defect  
in the pigment layer but  not  in the stroma. 

Q: The s troma of the i r is  is  derived from 
the germinal  t issue.  

IRIDODIASTAS IS 

A: Paraxial  mesoderm BRIDGE-COLOBOMA 
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Microcoria (congenital  miosis)  appears as 
a small  pupil  which does not react  to 
l ight or dilate during accommodation.  I t  
is  due to an absence of the dilator muscle 
with the sphincter muscle being normal.  
This results  from an arrest  in the last  
phase of i r is  ectoderm differentiation,  
the sphincter muscle having already 
developed during the 4th to 6th month.  

Q: The intrinsic ir is  muscles of the eye 
are derived from .  

A: Neural  ectoderm 

53 
The lack of a sphincter muscle as an 
isolated anomaly is  very rare,  since a 
defect  in the neural  ectoderm at  this 
early stage is  usually associated with 
widespread anomalies.  

Q: The sphincter muscle is  normally 
differentiated (before or after)  

that  of the dilator 
muscle.  

A: Before 

54 
A condition in which more than one pupil  is  
present is  termed polycoria.  Duke-Elder 
reserves polycoria for an i r is  hole sur
rounded by a sphincter.  Generally what 
occurs are holes in the ir is  without a 
surrounding sphincter,  better  termed pseudo-
polycoria.  Pseudo-polycoria has been 
inherited as an autosomal dominant t rai t  
and may be associated with anterior chamber 
angle anomalies and glaucoma. 

Q: A heterozygote with pseudo-polycoria 
would transmit the abnormal gene to 

percent of his off
spring.  

A: 50 



55 
A n i s o c o r i a  i s  t h e  c o n d i t i o n  i n  w h i c h  t h e  
p u p i l  o f  o n e  e y e  i s  s m a l l e r  t h a n  t h e  o t h e r .  
A  d i f f e r e n c e  o f  2 0 %  i n  s i z e  i s  c o n s i d e r e d  
s i g n i f i c a n t .  A u t o s o m a l  d o m i n a n t  i n h e r i 
t a n c e  i s  r e p o r t e d .  

Q :  A n i r i d i a  i n  a  c h i l d ,  w i t h o u t  a  f a m i l y  
h i s t o r y  o f  s i m i l a r l y  a f f e c t e d  r e l a t i v e s ,  
d e m a n d s  d i l i g e n t  s e a r c h  f o r  e v i d e n c e  o f  

A :  W i l m ' s  t u m o r  

56 
T h e  a n o m a l y  o f  t h e  p o s i t i o n  o f  t h e  p u p i l  
i s  c a l l e d  c o r e c t o p i a .  A  s l i g h t  d e v i a 
t i o n  i n  t h e  l o c a t i o n  o f  t h e  p u p i l  i s  c o m m o n ,  
b u t  o c c a s i o n a l l y  i t  m a y  b e  g r e a t l y  d i s 
p l a c e d  a n d  i r r e g u l a r l y  s h a p e d .  A s  a n  
i s o l a t e d  d e f e c t  o r  i n  c o n j u n c t i o n  w i t h  
h e a r t  d i s e a s e ,  i t  m a y  b e  i n h e r i t e d  a s  a  
d o m i n a n t  c h a r a c t e r i s t i c ;  r e c e s s i v e  i n h e r i 
t a n c e  h a s  b e e n  r e p o r t e d  i n  a s s o c i a t i o n  
w i t h  e c t o p i a  l e n t i s .  

Q :  C o r e c t o p i a  i s  
o f  t h e  p u p i l .  

a n  a n o m a l o u s  

A :  P o s i t i o n  
C O R E C T O P I A  
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The pigment epithelium on the posterior 
aspect of the ir is  normally forms a double 
layer which just  barely intrudes i tself  
into the pupillary margin as the pigment 
ruff .  This eversion may be accentuated 
with the pigment layer folding over the 
anterior surface of the i r is .  This is  
thought to result  from an imbalance of 
growth between the mesoderm and ectoderm. 
The condition has been called ectropion 
of the uvea,  but this is  a misnomer,  
because i t  affects the retinal  pigment 
epithelial  and not the uveal layers of 
the ir is .  

Q: In ectropion of the uvea the 
is  affected.  ECTROPION OF PIGMENT BORDER OF IRIS 

A: Pigmented epithelium of the ir is  

58 
In hypoplasia of the i r is  there is  an 
underdevelopment and a translucency of 
the stromal t issue.  In marked hypo
plasia,  the ectodermal pigment and 
sphincter are easily visible.  When there 
is  hypoplasia of the peripheral  stroma, 
there may be associated Brushfield spots.  
Brushfield spots may be seen in 24% of 
normals,  usually peripherally si tuated; 
whereas,  the spots,  as seen in 85% of 
Down syndrome patients,  are commonly in 
the midzone of the ir is .  Histologically,  
Brushfield spots represent aggregates of 
f ibrocytes in the superficial  or anterior 
stromal layer,  often with rarefaction 
beneath or behind this density (Donaldson, 
Arch. Ophth. ,  65: 26,  1961).  

Q: 
spots;  
patients 

_% of normals exhibit  Brushfield 
whereas % of Down syndrome 

have this anomaly.  

BRUSHFIELD SPOTS 

A: 24%, 85% 



59 
Hypoplasia of the anterior stromal leaf of the iris, prominent iridn 

Q: Rieger anomaly consists of > and 
A: 

embryotoxon'fprominent^often £££!" d^pfLld'sctalbe's* 

Axenfe ld  or  Rieger  Anomaly  

Pers is tent  mesenchymal  
t issue (g lass membrane)  

60 
Hyperplasia of the iris, more rare 
amounts to persistence and thickeninq 
or hypertrophy of the superficial 
mesodermal layer of the iris (the iridic 
part of the lamina irido-pupillaris) 
which normally atrophies leaving at most 
only a thin, wispy pupillary membrane. 
It is believed to have a dominant mode 
of transmission. 

Q: The pigment cells of the retina 
are derived from the outer layer 
of the . 

A: Optic cup 
HYPERPLASIA OF IRIS 



61 (See frame #59) 
Rieger syndrome may represent the more 
complete expression of the same genetic 
defect as Rieger or Axenfeld anomaly. 
The complete syndrome includes hypoplasia 
of the anterior stromal leaf of the iris, 
posterior embryotoxon (or increased 
prominence of Schwalbe's line, often with 
central displacement), iris strands bridg
ing the angle, dental anomalies (hypo-
dontia, oligodontia or anodontia), and 
skeletal anomalies (e.g., syndactyly, 
supernumerary digits, thumb anomalies). 
Maxillary hypoplasia, small or absent 
•teeth, hypertelorism, strabismus, 
macrocornea and microcornea have been 
reported. Pupillary abnormalities 
(corectopia, pseudopolycoria, ectropion 
pupillae, and dyscoria) and glaucoma are 
frequent. Cataracts occur. Inheritance 
is autosomal dominant with high penetrance 
(95% according to Alkemade, 1969) but 
extreme variability of expression. (For 
further reading see Hoskins and Shaffer, 
J. Ped. Ophth., 9: 26, 1972; Falkenstein 
and Henkind, Amer. J. Ophth., 76: 462, 
1973; and Henkind, Siegel, and Carr, 
Arch. Ophth., 73: 810, 1965.) 

RIEGER ANOMALY (after A. von Szily) 

GONIOSCOPIC VIEW 

FRONT VIEW 

Q: If one suspects the diagnosis of Rieger syndrome or mesodermal dysgenesis, 
one must examine siblings and parents for subtle signs including 

and . Inheritance is 

A: Gonioscopic angle anomalies (should also include tonometry), dental 
anomalies, skeletal anomalies, autosomal dominant 

62 
Congenital iris cysts are of two types, 
pigmented and non-pigmented. The pig
mented types are thought due to localized 
dilatations of the marginal sinus which 
have either become free in the anterior 
chamber or have insinuated themselves among 
the stromal fibers. The non-pigmented 
types are more common, but also more compli
cated. They vary extensively in size, 
shape, and location within the iris. How 
these anomalies develop cannot be stated 
with certainty at this time. 

Q: The increased prominence of Schwalbe's 
line, often with anterior displacement, 
is called 

A: Posterior embryotoxon (or part of 
Axenfeld or Rieger anomaly). PIGMENTED CONGENITAL IRIS CYSTS 

/ 
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T h e  m o s t  p r o b a b l e  c a u s e  o f  a  c o l o b o m a  o f  t h e  c i l i a r y  
b o d y  i n  w h i c h  t h e  d e f e c t  i s  l i m i t e d  t o  t h e  c i l i a r y  
r e g i o n  i s  a  p e r s i s t e n c e  o f  t h e  m e s o d e r m  a s s o c i a t e d  
w i t h  t h e  e m b r y o n i c  v a s c u l a r  s y s t e m .  A s  o n e  w o u l d  
e x p e c t ,  v a s c u l a r i z e d  c o n n e c t i v e  t i s s u e  m a y  l a y  i n  
t h e  f l o o r  o f  t h e  c o l o b o m a .  

Q :  T h e  c i l i a r y  b o d y  i s  m a d e  u p  o f  t h e  
a n d  t h e  .  

A :  C i l i a r y  r i n g ,  c i l i a r y  p r o c e s s ,  c i l i a r y  m u s c l e  

6 4  
A t y p i c a l  c o l o b o m a  o f  t h e  c h o r o i d  o c c u r s  a t  a  
l o c a t i o n  o t h e r  t h a n  i n  l i n e  w i t h  t h e  c h o r o i d a l  
f i s s u r e .  S e v e r a l  p o s s i b l e  c a u s e s  a r e :  a  
d e f e c t  i n  t h e  e c t o d e r m ,  s u c h  a s  a n  a c c e s s o r y  
c l e f t  i n  t h e  o p t i c  c u p ;  a  m e s o d e r m a l  d e f e c t ;  o r  a s  t h e  r e s u l t  o f  a n  
i n t r a u t e r i n e  i n f l a m m a t i o n .  T h i s  i s  u s u a l l y  i n h e r i t e d  a s  a  s i m p l e  
r e c e s s i v e .  

Q :  W h a t  t i s s u e s  m a y  b e  i n v o l v e d  i n  a  t y p i c a l  c o l o b o m a ?  

A :  A n y  t i s s u e s  o f  t h e  e y e b a l l  

6 5  
L e b e r  c o n g e n i t a l  a m a u r o s i s  ( a l s o  t e r m e d  
r e t i n a l  a p l a s i a )  i s  a  f o r m  o f  c o n g e n i t a l  
b l i n d n e s s  a s s o c i a t e d  w i t h  c o n g e n i t a l  
a b s e n c e  o f  o u t e r  r e t i n a l  e l e m e n t s  a n d  
e x t i n g u i s h e d  e l e c t r o r e t i n o g r a p h y .  T h e  
f u n d u s  p i c t u r e  m a y  v a r y  f r o m  n o r m a l  i n  
a p p e a r a n c e ,  t o  s a l t - a n d - p e p p f e r  r e t i n o 
p a t h y ,  t o  a  p i c t u r e  s i m i l a r  t o  r e t i n i t i s  
p i g m e n t o s a .  M o s t  c e r t a i n l y  a  h e t e r o 
g e n e o u s  g r o u p ,  L e b e r  c o n g e n i t a l  a m a u r o s i s  
h a s  o f t e n  b e e n  s e e n  i n  a s s o c i a t i o n  w i t h  
o t h e r  a b n o r m a l i t i e s  s u c h  a s  k e r a t o c o n u s  
o r  k e r a t o g l o b u s ,  p o s t e r i o r  l e n t i c o n u s ,  
s u b l u x a t e d  l e n s ,  c a t a r a c t ,  m a c u l a r  
c o l o b o m a ,  d e a f n e s s ,  e p i l e p s y ,  m e n t a l  
a n d  m o t o r  r e t a r d a t i o n  a n d  d w a r f i s m  ( E d w a r d s ,  
P r i c e  a n d  M a c d o n a l d ,  J r . ,  A m e r .  J .  O p h t h . ,  
7 2 :  7 2 4 ,  1 9 7 1 ) .  M o s t  o f t e n  i n h e r i t a n c e  
i s  a u t o s o m a l  r e c e s s i v e  b u t  r a r e  d o m i n a n t  a p p e a r i n g  p e d i g r e e s  e x i s t  
( S o r s b y  a n d  W i l l i a m s ,  B r i t .  M e d .  J . ,  1 :  2 9 3 ,  I 9 6 0 ) .  

O C U L O D I G I T A L  S I G N  

Q :  A  c h i l d  b l i n d  s i n c e  b i r t h ,  w i t h  w a n d e r i n g  n y s t a g m u s  a n d  o c u l o d i g i t a l  
s i g n  ( r u b s  o r  p o k e s  f i n g e r s  i n t o  e y e s  t o  s e l f - s t i m u l a t e  r e t i n a )  
h a v e  •  T h e  m o s t  i m p o r t a n t  t e s t  f o r  t h i s  c o n d i t i o n  

m a y  
i s  

A :  L e b e r  c o n g e n i t a l  a m a u r o s i s ,  e l e c t r o r e t i n o g r a p h y  
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Persistent hyperplastic primary vitreous 
(PHPV) is  the term used to designate the 
condition in which the vascular tunics of 
the lens and part  of the hyaloid system 
persist  and undergo a hyperplastic response,  
f i l l ing the space posterior to the lens with 
f ibrovascular t issue.  Since the mass of 
t issue conforms in posit ion to that  of the 
primary vitreous,  the lat ter  is  considered 
a major contributor to the reactive t issue.  
There appears to be two types of PHPV, 
an anterior form and a posterior form. In 5  

anterior PHPV the lens is  often invaded 
and cataractous and the ci l iary processes 
are drawn into the fibro-vascular mass--a 
f inding of considerable diagnostic impor
tance cl inically.  The anterior chamber is  
usually shallow and the chamber angle imma
ture.  Glaucoma, often with angle closure,  
is  common. Retinal  dysplasia usually is  
present.  PHPV is  often seen in coloboma-
tous,  microphthalmic or otherwise congen
i tal  ly deranged eyes.  

Q: The best  test  to differentiate Leber congenital  
septo-optic dysplasia (or de Morsier syndrome) 

A: Electroretinography 

67 
Posterior PHPV results  from the failure 
to break down of posterior elements of 
the primary vitreous and associated 
branches of the hyaloid artery during 
the formation of the secondary vitreous,  
giving r ise to a fold of the retina,  
often with a remnant of the hyaloid 
artery found in i ts  free edge.  This fold 
is  called a falciform retinal  fold,  and 
i t  is  usually unilateral .  Ida Mann sug
gested that  this anomaly was due to attach
ment and persistence of hyaloid vessels and 
primary vitreous to the inner rim of the 
optic cup. This adhesion, occurring after 
the 13 mm. s tage,  prevents the circum
ferential  development of the secondary 
vitreous.  

Q: Rieger or Axenfeld anomaly consists of 
,  and 

A: Ir is  hypoplasia,  posterior embryotoxon, 
ir idocorneal processes 
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Remnants of the primary 
vitreous, hyaloid system and/ 
or Bergmeister1s papilla may 
persist and proliferate at the 
optic nerve head producing the 
characteristic finding of a 
white fibroglial mass obscuring 
the origin of the vessels off 
the disc. This may be accom
panied by a tent-like congen
ital detachment of the retina 
around the disc. Vision is 
usually markedly impaired and 
often strabismus will be pre
sent. This may be related to 
PHPV and indeed be the same 
entity referred to as morning 
glory syndrome (Joseph, Ivry 
and Oliver, Amer. J. Ophth., 
73: 580, 1972). 

Q: Persistent hyperplastic 
primary vitreous of the 
posterior pole presents as 
an eye with , 

and. 
at the disc. 

A: Decreased vision since 
birth, squint, fibroglial 
mass 

C 

a. 13 MM b. 50 MM c. BIRTH 

MORNING 
GLORY 
SYNDROME 
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In Part I, you learned of the 
importance of the expanding 
secondary vitreous and its role 
in stimulating the retinal pig
ment epithelial layer to ex
pand. As you recal1, the 
retina will grow independently 

of vitreous growth, producing 
retinal folds if the vitreous 
fails to do its part, whereas 
the growth of the retinal 
pigment epithelium is depend
ent upon the expansion of the 
secondary vitreous. 

Beginn ing format ion of  
secondary v i t reous 

-  Point  o f  adhesion between pr imary 
v i t reous and inner  layer  o f  
opt ic  cup 

Choro id  and 
p igment  ep i the l ium 

Inner  layer  o f  opt ic  cup 

Pr imary v i t reous 
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Q :  P e r s i s t e n c e  o f  t h e  p r i m a r y  v i t r e o u s  o f  t h e  p o s t e r i o r  p o l e  i s  
o f t e n  s e e n  i n  m i c r o p h t h a l m i c  g l o b e s ,  w h i c h ,  b e c a u s e  o f  t h e  
i n d e p e n d e n c e  o f  t h e  g r o w t h  o f  t h e  r e t i n a ,  o f t e n  h a v e  .  

A :  R e t i n a l  f o l d s  

7 0  
R e t i n a l  d y s p l a s i a  i s  c a u s e d  b y  u n c o n t r o l l e d  g r o w t h  o f  t h e  i n n e r  o r  
o u t e r  n e u r o b l a s t i c  l a y e r s  o f  t h e  d e v e l o p i n g  r e t i n a  r e s u l t i n g  i n  
f i n g e r - l i k e  p r o j e c t i o n s  o f  r e t i n a l  c e l l s  i n t o  t h e  v i t r e o u s  c a v i t y .  
C r o s s  s e c t i o n s  o f  t h e  d y s p l a s t i c  r e t i n a  c h a r a c t e r i s t i c a l l y  s h o w  t h e  
p r o j e c t i o n s  a s  r o s e t t e s  m a d e  u p  o f  c e l l s  d e r i v e d  f r o m  t h e  i n n e r  l a y e r  
o f  t h e  o p t i c  c u p .  A t t e m p t s  h a v e  b e e n  m a d e  t o  c l a s s i f y  r e t i n a l  d y s p l a s i a  
b o t h  c l i n i c a l l y  a n d  h i s t o p a t h o l o g i c a l l y  ( L a h a v ,  A l b e r t  a n d  W y a n d ,  A m e r .  
J .  O p h t h . ,  7 5 :  6 4 8 ,  1 9 7 3 ;  S i l v e r s t e i n ,  O s b u r n  a n d  P r e n d e r g a s t ,  A m e r .  J .  
O p h t h . ,  7 2 :  1 3 ,  1 9 7 1 ) .  R o s e t t e s  m a y  b e  e n v i r o n m e n t a l l y  p r o d u c e d  a s  i n  
a  v i t a m i n  A  d e f i c i e n c y  o r  X - r a y  e x p o s u r e .  R e t i n a l  d y s p l a s i a  i s  o f t e n  
s e e n  i n  t r i s o m y  1 3 ,  M e c k e l  s y n d r o m e  ( M a c R a e ,  H o w a r d ,  A l b e r t  a n d  H s i a ,  
A r c h .  O p h t h . ,  8 8 :  1 0 6 ,  1 9 7 2 ) ,  N o r r i e  d i s e a s e ,  m i c r o p h t h a l m i a ,  a n d  i n  
a s s o c i a t i o n  w i t h  c o l o b o m a s .  

Q :  r e s u l t s  w h e n  t h e  o p t i c  v e s i c l e  f a i l s  t o  d e v e l o p .  

A :  A n o p h t h a l m o s  

7 1  
M e d u l l a t i o n  o f  t h e  a x o n s  o f  t h e  g a n g l i o n  
c e l l s  p e r i p h e r a l  t o  t h e  l a m i n a  c r i b r o s a  
i s  f a i r l y  c o m m o n  a n d  a s y m p t o m a t i c .  S i n c e  
m e d u l l a t i o n  p r o c e e d s  p e r i p h e r a l l y  f r o m  
t h e  b r a i n  a n d  r e a c h e s  t h e  l a m i n a  c r i b r o s a  
o n l y  a t  b i r t h ,  t h i s  a n o m a l y  d e v e l o p s  a f t e r  
b i r t h .  

Q :  O p t i c  n e r v e  f i b e r  g r o w t h  b e g i n s  a t  t h e  
a n d  p r o c e e d s  t o  t h e  
w h i l e  m e d u l l a t i o n  o f  t h e  

o p t i c  n e r v e  p r o c e e d s  f r o m  t h e  
t o  t h e  .  

A :  R e t i n a ,  b r a i n ,  b r a i n ,  e y e  

7 2  
T h e  m a c u l a  c o m m o n l y  v a r i e s  i n  p o s i t i o n .  
T h i s  i s  p r e s u m a b l y  d u e  t o  p o s t - n a t a l  
e n v i r o n m e n t a l  i n f l u e n c e s  o n  g r o w t h  r a t e s  
o f  t h e  v a r i o u s  p a r t s .  S i z e  a n d  s h a p e  
s h o w  v a r i a t i o n s  o n  a  c e l l u l a r  l e v e l .  

Q :  T h e  m a c u l a  i s  t h o u g h t  t o  b e  h y p o 
p l a s t i c  i n  t h e  c o n d i t i o n  k n o w n  a s  

M E D U L L A T E D  N E R V E  F I B E R S  

A :  A n i r i d i a  
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Congenital  crescent (conus) of the optic 
disc is  a white semilunar crescent-shaped 
exposure of sclera which most commonly 
l ies inferior to the optic disc.  The defect  
seems to be due to a fai lure in the develop
ment of the posterior walls of the optic 
vesicle around the optic nerve.  Til t ing of 
the optic nerve as i t  enters the eye better 
explains this anomaly.  Partial  loss of the 
visual f ield (alt i tudinal defect  or scotoma) 
may accompany the defect .  

Q: An obliquity of the intrascleral  path 
of the optic nerve may give r ise to 
a ( n )  .  

A: Congenital  crescent 

74 
Gliotic pre-papil lary veils  occasionally 
persist  as remnants of the hyaloid vessels 
with contribution of glial  t issue from 
Bergmeister 's  papil la.  These remnants are 
harmless,  do not affect  vision and do not 
progress or proliferate.  

Q: The outer cells  of the optic stalk 
that  support  the nerve cells  and 
f ibers are known as cells .  

A: Glial  

75 
There are two types of congenital  absence 
of the lens (aphakia).  True or primary 
aphakia is  the condition in which the 
surface ectoderm has fai led to react  to the 
st imulation of the optic vesicle,  leaving a 
complete absence of the lens.  I t  is  very rare.  

Q: Normally the optic vesicle st imulates the to invaginate 
and form the .  

A: Lens placode,  lens vesicle 

76 
Apparent or secondary aphakia is  characterized by a reabsorption of the 
lens subsequent to i ts  development.  Here,  the lens is  represented by only 
a wrinkled capsule which may be part ial ly invaded and destroyed by vascular 
mesoderm. I t  is  caused by teratogenic agents in the intrauterine environ
ment and is  more common that  primary aphakia.  

Q: The effect  of a teratogenic agent will  vary according to the 
at  which i t  acts upon the embryo. 

INFERIOR CONGENITAL CONUS 

PRE-PAPILLARY MEMBRANE 

A: Stage of development 
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Microspherophakia is the term used where the lens is unusually small 
and spherical in shape. Generally accepted as its cause is an arrest in 
the development of the lens during the 5th or 6th month when it is nor
mally spherical in shape. It is usually bilateral and opacities are not 
associated with it. Although it may be sporadic (Trecessive) or, more 
rarely, inherited as a dominant trait, microspherophakia is more commonly 
seen as part of the Weill-Marchesani syndrome. Spherophakia has been 
reported also in Marfan syndrome, homocystinuria and hyperlysinemia. 

Q:  The 
the lens. 

lens fibers are responsible for the ultimate shape of 

A: Secondary 

6 mm 

NORMAL 
LENS 

MICROSPHERO
PHAKIA LENS 
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In the conditions called anterior 
or posterior lenticonus, the anterior 
or posterior surface of the lens pro
trudes forming a conical shape. There 
appears to be a weakness and consequent 
stretching of the capsule. A polar or 
subcapsular cataract may be present. 
Lenticonus occurs more commonly in 
males than in females and has been 
reported to occur in Alport syndrome. 
(Schatz, Amer. J. Ophth., 71:1236, 1971) 

Q: Adhesions between the 
and might be expected to occur in anterior lenticonus. 

A: Iris, lens 

ANTERIOR 
LENTICONUS 

POSTERIOR 
LENTICONUS 

79 
Absence of the ciliary body may be brought about by a defective closure of 
the anterior part of the choroidal fissure. A subsequent loss of the zonular 
fibers provides for an unequal pull on the lens capsule producing flattening 
of a notch on the affected side: a coloboma of the lens. This may also re
sult from a persistence of the tunica vasculosa lentis, with pressure from 
these vessels causing defective formation of the iris, ciliary body and lens. 
Some cases are transmitted as an autosomal dominant trait. 



Q: The zonular f ibers extend from the to the 

A: Cil iary body, lens 

An association of coloboma of the lens with giant retinal  tears and 
retinal  detachment has been reported by Hovland et  al_. ,  Arch. Ophth. ,  
80: 325, 1968. This enti ty appears to be related to an abnormality 
of development of the tert iary vitreous occurring during the 3rd or 
4th month.  Normally the anterior part  of the secondary vitreous at  
about the 48 mm. s tage (10th week) insinuates i tself  between the 
anterior rim of the optic cup and the lens to form the marginal bundle 
of Druault  (or "faisceau isthmique").  During the 3rd to 4th month 
the zonules,  or the suspensory l igaments of the lens (or tert iary 
vitreous),  form within this area and at  the same t ime the marginal 
bundle begins to atrophy. If  mesoderm persists  between the optic cup 
and the lens,  the zonules fai l  to develop, and the marginal bundle of 
Druault  persists  (or any combination of these events),  then the lens 
will  be f lat tened or notched with further growth of the secondary lens 
f ibers.  Any persistent adhesions producing traction on the anterior 
retina could explain the giant retinal  tears.  

Q: Special  at tention to the peripheral  aspect of the lens in examination 
of pediatric cases of ret inal  detachment is  necessary to detect  

of the • 

A: Coloboma, lens 

81 
A depression on the surface of the lens is  
known as an umbilication.  I t  may be due 
to a fai lure of a few lens f ibers to at tain 
full  length so they do not reach the suture.  
This can occur on ei ther the anterior 
or posterior surface of the lens.  

Q: Failure of the lens f ibers 
to reach their  full  length could cause 
an umbilication of the lens.  

A: Secondary 

UMBILICATION OF THE LENS 
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When a  defect  in the zonule occurs,  the 
lens is  apt  to be asymmetrical ,  the lens 
being displaced in a direct ion away from 
the defect ive segment.  Ectopia lent is  is  
common and occurs as  (1)  an isolated 
phenomenon; (2)  in associat ion with a 
displaced pupil ;  and (3)  in systemic 
syndromes along with mesodermal anomalies 
and skeletal  defects  (e .g. ,  Marfan syn
drome with arachnodactyly and Marchesani  
syndrome with microphakia and brachy-
morphia)  or  aminoacidurias (e .g. ,  homo-
cyst inuria and hyperlysinemia).  Heredi
tary tendency is  ei ther  dominant  as  in 
Marfan syndrome or  recessive as in homo-
cyst inuria and Marchesani  syndrome. 

Q: Zonular  f ibers  
extent  of  the 

mark the posterior  
chamber.  

LENS C0L0B0MA ASSOCIATED WITH 
ABSENCE OF ZONULAR FIBERS 

A: Posterior  

83 
The 
but  

ectopic lenses in 
may be dislocated 

Marfan syndrome are usually dislocated upward (68%) 
in any direct ion.  The ectopic lens in homocystinuria 

is  usually inferior  and/or nasal  in posi t ion.  Glaucoma and ret inal  detach
ment are the two most  diff icult  ocular  complicat ions of  these disorders.  An 
excellent  review by Cross and Jensen (Amer.  J .  Ophth. ,  75:  405,  1973) covers 
the various features of  these two disorders.  

Q: Condit ions which are associated with ectopia lent is  include 
,  and 

A: Marfan syndrome, Marchesani  syndrome, megalocornea,  anir idia,  corectopia 
homocystinuria,  (hyperlysinemia--single report)  (any order)  

MARFAN SYNDROME 

HOMOCYSTINURIA 
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Technically,  any opacity of the crystall ine 
lens is  defined as a cataract .  Since the 
lens grows continually throughout l i fe,  
almost al l  cataracts can be considered 
developmental  in origin.  We will  confine 
ourselves to those embryologically deter
mined. In al l  cases,  these are aberra
t ions of development rather than arrests.  
Anterior embryonic cataracts are opacit ies 
that  consist  of a number of small  white 
dots in front or behind the anterior 
Y-suture.  I t  is  believed that  these 
opacit ies are i l l-formed nuclear lens 
f ibers.  When hereditari ly determined, ANTERIOR EMBRYONIC CATARACTS 
the trai t  is  transmitted as a dominant.  

Q: The anterior Y-suture is  formed by the meeting of the ends of the 

A: Secondary lens f ibers 

85 
A sutural  cataract  is  a deposit ion of a 
substance along the l ines of the Y-shaped 
sutures of the embryonic lens.  Both the 
anterior and posterior Y-shaped sutures 
may be affected and the condition is  
usually bilateral .  They produce no 
symptoms and do not reduce visual acuity 
markedly.  I t  is  possible that  sutural  
cataracts result  from an excess amount 
of the cement substance which'  is  nor
mally present between the ends of the 
lens f ibers in the sutures.  Inheritance 
is  usually autosomal dominant.  In 
families showing X-linked inheritance,  
the hemizygous affected males have 
nuclear cataracts which may progress to 
maturity,  whereas the heterozygous 
carrier females have only sutural  opacit ies.  

SUTURAL CATARACTS 

Q: Continued growth of the 
of the lens vesicle.  

lens f ibers causes obli teration 

A: Primary 
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Anterior polar cataracts,  small  opacit ies 
si tuated centrally at  the anterior pole 
of the lens,  are allegedly attr ibuted to 
an abnormality of separation of the lens 
vesicle from surface ectoderm. However,  
the embryonic nucleus is  invariably clear 
and most l ikely only secondary f ibers are 
affected.  Another theory suggests that  
the opacit ies are due to secondary changes 
in the lens epithelial  cells  of the lens 
capsule.  Sti l l  another theory relates 
anterior polar cataracts to incomplete 
resolution of blood vessels and mesoderm 
present in front of the lens.  This lat ter  ANTERIOR POLAR CATARACT 
theory might explain the often associated 
finding of attachments of the anterior 
lens to persistent pupil lary membrane remnants.  Posterior polar cataracts 
are often associated with persistence of part  of the hyaloid system and/or 
primary vitreous.  

Q: In Marfan syndrome the lens usually is  dislocated ;  whereas 
in homocystinuria the lens is  usually dislocated .  

A: Upward (or superiorly),  downward (or inferior-nasally) 

87 
Congenital  pulverulent nuclear cataract  is  a lens opacity affecting only 
the embryonic nucleus.  Tiny punctate whitish dots are scattered through
out the embryonic nucleus especially i ts  more peripheral  aspect.  This 
cataract  is  inherited as an autosomal dominant t rai t .  

Q: Primary lens f ibers give r ise to a lens which is  in shape.  

A: Spherical  



88 
A lamellar  or  zonular  cataract  is  a condit ion in which the opacity is  
l imited to one layer of  the lens.  This form of cataract  accounts for  
about  40% of  a l l  congenital  cataracts .  The cataract  consists  of  hundreds 
of  minute white dot- l ike opacit ies  arranged in one or  more concentr ic  
layers or  zones.  This  occurs because the causi t ive agent  produces 
opacif icat ion only during the period in which the lens f ibers  are act ively 
growing.  The influence of  the agent  may then cease and normal lens f ibers  
are formed thereafter ,  al though the causat ive factor  may act  again to 
produce another opaque zone.  Zonular  cataracts ,  when famil ial ,  are almost  
always inheri ted as a dominant  t rai t .  One form of congenital  cataract ,  
cal led congenital  zonular  pulverulent  cataract ,  is  bel ieved to be closely 
l inked to the Duffy blood group locus (Renwick and Lawler,  Ann.  Hum. Genet  
27:  67,  1963).  Through recently detected l inkage between the Duffy blood 
group locus and a heri table s tructural  abnormali ty of  chromosome 1,  ori
ginal ly cal led Uncoiler  1 but  now referred to as lqh+,  the locus for  this  
form of cataract  has been assigned to chromosome number 1 .  (Donahue,  Bias 
Renwidk and McKusick,  Proc.  Natl .  Acad.  Sci .  U.S.A.,  61:  949,  1968.)  

Q: Secondary lens f ibers  are formed by cel ls .  

A: Cuboidal  ZONULAR CATARACT 

FRONT BIOMICROSCOPY 
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I t  is  quite  common for  some port ion of  the 
otherwise t ransient  vascular  system to 
persist  as  ei ther  patent  blood vessels  or  
s trands of  t issue.  This type of  anomaly is  
considered as a fai lure to atrophy due to a 
temporary arrest  during development.  Such 
a factor  may act  in the 3rd month leaving 
a part  of  the vascular  tunic of  the lens,  
or  during the 6th to 7th month when the 
hyaloid ar tery and pupil lary membrane 
normally involute.  

Q: I f  the hyaloid ar tery atrophies nor
mally,  the only remnant in the adult  is  
the (  canal) .  

A: Central  canal  of  the vi treous 
(Clocquet 's  canal)  PERSISTENT HYALOID ARTERY 
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A l t h o u g h  i t  r a r e l y  r e m a i n s  i n  i t s  e n t i r e t y ,  
o n e  o f  t h e  m o s t  c o m m o n  d e v e l o p m e n t a l  a n o m a l i e s  
o f  t h e  h u m a n  e y e  i s  a  p e r s i s t e n c e  o f  p a r t  o f  
t h e  c e n t r a l  h y a l o i d  a r t e r y .  W h e n  t h e  n e r v e  
l a y e r  f i b e r s  t u r n  t h e  c o r n e r  a t  t h e  s i t e  o f  
t h e  f u t u r e  o p t i c  d i s c  t o  g r o w  i n t o  t h e  o p t i c  
s t a l k ,  t h e y  p i n c h  o f f  a  c o n e  s h a p e d  m a s s  o f  
e c t o d e r m a l  g l i a l  c e l l s  w h i c h  f o r m s  t h e  p r i m i t i v e  
e p i t h e l i a l  p a p i l l a .  T h i s  m a s s  o f  g l i a l  c e l l s  
c o n t r i b u t e s  t h e  p r o x i m a l  s h e a t h  o f  t h e  i n t r a -
v i t r e a l  p o r t i o n  o f  t h e  h y a l o i d  a r t e r y .  C o m p l e t e  
a t r o p h y  o f  a  p r e v i o u s l y  l a r g e  c o n e  o f  g l i a l  
c e l l s  m a y  r e s u l t  i n  a  l a r g e  p h y s i o l o g i c  d i s c  
c u p .  F a i l u r e  o f  t h e  g l i a l  t i s s u e  s u r r o u n d i n g  
t h e  h y a l o i d  a r t e r y  t o  a t r o p h y  g i v e s  r i s e  t o  a  
p l u g  o f  n e u r o e p i t h e l i a l  t i s s u e  o n  t h e  o p t i c  
d i s c  k n o w n  a s  B e r g m e i s t e r ' s  p a p i l l a .  

Q :  B e r g m e i s t e r ' s  p a p i l l a  i s  c o m p o s e d  o f  t i s s u e  
f r o m  t h e  g e r m  l a y e r .  

A :  N e u r a l  e c t o d e r m  

a .  P R I M I T I V E  E P I T H E L I A L  P A P I L L A  
( P . E . P . )  

b .  N E R V E  F I B E R S  C U T  O F F  P A R T  O F  
P . E . P .  

c .  B E R G M E I S T E R ' S  P A P I L L A  L E F T  A S  
R E M N A N T  O F  P . E . P .  

9 1  
T h e  h y a l o i d  s y s t e m  i s ,  f r o m  t h e  4 0  t o  6 0  m m .  
s t a g e ,  a t  i t s  g r e a t e s t  d e g r e e  o f  d e v e l o p m e n t  
a n d  f r o m  t h i s  p o i n t  o n ,  b e g i n s  t o  a t r o p h y  a n d  
i n v o l u t e .  T h e  d e v e l o p m e n t  a n d  p r o m i n e n c e  o f  t h e  
t u n i c a  v a s c u l o s a  l e n t i s  c l o s e l y  p a r a l l e l s  t h a t  
o f  t h e  h y a l o i d  s y s t e m .  A t  t h e  6 0  m m .  s t a g e  
t h e  s m a l l e s t  p e r i p h e r a l  b r a n c h e s  o f  t h e  v a s a  
h y a l o i d e a  p r o p r i a  b e g i n  t o  i n v o l u t e ,  a t  f i r s t  
p r o x i m a l l y .  T h e y  a t t e n u a t e ,  s e p a r a t e  a n d  c o n 
t r a c t  i n  a  c h a r a c t e r i s t i c  c o r k s c r e w  f a s h i o n ,  
a n d  a r e  l e f t  h a n g i n g  d i s t a l l y  f r o m  t h e  
p o s t e r i o r  a s p e c t  o f  t h e  l e n s .  B y  8 . 5  m o n t h s  
t h e s e  v e s s e l s  h a v e  a l m o s t  c o m p l e t e l y  a t r o p h i e d  
a n d  o n l y  o c c a s i o n a l l y  p e r s i s t  a f t e r  b i r t h  a s  
f i n e  s t r a n d s  k n o w n  a s  m u s c a e  v o l i t a n t e s .  

F O R M A T I O N  O F  B E R G M E I S T E R ' S  
P A P I L L A  ( a f t e r  I d a  M a n n )  

Q :  T h e  p h y s i o l o g i c  c u p  o f  t h e  o p t i c  d i s c  r e 
s u l t s  f r o m  c o m p l e t e  a t r o p h y  o f  t h e  c o n e  
o f  g l i a l  c e l l s  k n o w n  a s  t h e  .  

A :  P r i m i t i v e  e p i t h e l i a l  p a p i l l a  

B E G I N N I N G  A T R O P H Y  O F  V A S A  H Y A L O I D E A  
P R O P R I A  ( a f t e r  D u k e - E l d e r )  
1  a n t e r i o r  v a s c u l a r  c a p s u l e .  
2  v a s a  h y a l o i d e a  p r o p r i a .  
3  m a i n  t r u n k  o f  h y a l o i d  
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During the 6th month of development the 
central  arcades that  make up the pupillary 
membrane part ly atrophy, leaving the minor 
vascular circle to supply the ir is .  These 
arcades and the associated mesodermal 
membrane may persist  in a variety of forms 
that  are collectively called persistent 
pupil lary membrane.  They appear as non-
pi gmented strands of obli terated vessels 
that  cross the pupil  and may f ind secondary 
attachment to the lens or cornea.  

Q: Normally,  the vascular arcades of the 
pupillary membrane atrophy leaving 
the circle on the anterior 
surface of the ir is .  PERSISTENT PUPILLARY MEMBRANE 

A: Minor vascular (or lesser vascular)  
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During development the hyaloid artery 
ramifies in the posterior part  of the 
tunica vasculosa lentis .  A persist ing t iny 
fragment of the fetal  attachment commonly 
adheres to the adult  lens without impair
ment of vision.  This is  called Mittendorf 's  
dot.  However,  abnormal lens f iber develop
ment may occur secondary to an abnormally 
prominent remnant and may result  in 
posterior polar cataract .  If  the mass 
contracts after  birth,  a tear in the lens 
capsule,  i f  associated with a patent 
hyaloid vessel ,  may result  leading to intra-
lental  hemorrhage and blindness.  

Q: In the adult ,  the vessels which are 
contained within the optic nerve are 
the and i ts  vein.  

A: Central  artery of the retina 
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Random fragments of the hyaloid arterial  system and small  bi ts  of ret inal  
t issue from the region of the ora serrata are seen by ophthalmologists as 
causes of vitreous f loaters.  These are seen by patients as "spots before 
the eyes".  

Q: Vitreous f loaters may be caused by fragments of the 
or .  

A: Hyaloid vessels,  ret ina 
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Branching anomalies depend upon the level within the optic nerve at  
which the central  vessels divide.  Normally two large ones emerge,  but 
anomalously several  secondary vessels may occur.  Occasionally,  the 
inferior quadrant of the retina may be supplied by a superior vessel ,  
ei ther artery or vein.  In addit ion,  many types of crossing-over occur.  

Q: The hyaloid artery originally gained entrance into the eye via 
the .  

A: Choroidal f issure 
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Melanosis bulbi  is  characterized by greatly 
increased pigmentation of the uveal t ract  
and scattered pigment throughout the sclera.  
I t  generally occurs in individuals who are 
otherwise heavily pigmented.  In those 
cases in which a hereditary tendency exists,  
the most common mode of transmission is  
dominant (with relatively weak penetrance).  
The function of the eye is  not impaired.  

Q: Lens coloboma can be seen in 
and .  

A: Ectopia lentis  (e.g. ,  Marfan syndrome),  
coloboma of the ci l iary body, as an MELANOSIS BULBI 
autosomal dominant t rai t ,  or in assoc
iation with giant retinal  tears with 
detachment (any three).  
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Oculo-cutaneous albinism involves the pigmentation of the entire 
body, and in the eye interferes with the mesodermal and ectodermal 
pigments.  I t  is  due to interference with the body's abil i ty to 
produce melanin and in certain cases,  there appears to be an insuf
ficient amount of a specific enzyme, tyrosinase.  Others appear to 
possess tyrosinase and are termed "tyrosinase-posit ive".  Assoc
iated with decreased pigmentation is  retarded growth of the choroid,  
macula,  and i r is .  The individual has nystagmus and poor visual 
acuity.  Oculo-cutaneous albinism is  an autosomal recessive trai t .  
A different form of albinism, l imited to the eye,  is  ocular 
albinism which is  an X-linked intermediate t rai t .  

Q: In autosomal recessive transmission,  two normal parents would 
need to be to have an affected child.  

A: Heterozygous 
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Simple heterochromia is  a condit ion in which one eye is  blue and the 
other  is  brown. I t  is  considered to be an arrest  in development of  
i r is  pigmentat ion and in some cases has been related to a bir th injury 
of  the cervical  sympathetics on the s ide of the blue eye.  In some 
famil ies  heterochromia i r idis  appears as  a dominantly inheri ted t rai t .  

Q: Eye color  is  determined by the ( .amount or  character)  of  
pigment found in the layer of  the i r is .  

A: Amount,  s t romal 
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A complete fai lure of the l id folds characterizes cryptophthalmos 
(ablepharon).  The epithel ium which normally forms the cornea and 
conjunctiva is  transformed into skin and is  therefore continuous 
over the eye.  I t  is  a rare condit ion which may have many different  
causes.  In most  cases,  however,  there is  a fai lure or  slowing of  
growth in both the paraxial  mesoderm and the maxil lary processes.  
The l ids and conjunctival  sac may fai l  ent irely to form. Cryptoph
thalmos is  probably t ransmitted as a recessive.  

Q: The upper l id develops from the mesoderm while the 
lower l id forms from the process.  

A: Paraxial ,  maxil lary 
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Microblepharon is  a condit ion where the l ids 
are shortened in their  vert ical  measure
ments during development.  The eyelids are,  
therefore,  not  quite  long enough to close 
in s leep.  This may result  from a fai lure 
in growth.  

Q: By the 9th week,  the eyelids normally 
are completely .  The eyelid 
adhesions begin to break down in the 
6th to 7th month.  

A: Fused 
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Euryblepharon is  the condit ion in which 
there is  congenital  symmetrical  enlargement 
horizontal ly of  the palpebral  f issures.  
Considerable racial  and individual  varia
t ion exists  but  the usual  adult  palpebral  
dimensions are 28-30 mm. by 12-14 mm. 
Pat ients  with famil ial  euryblepharon may 
have palpebral  f issures 35 to 40 mm. in  
horizontal  width (or  length) .  

Q :  is  the condition where the eyelids are short  in their  
vert ical  dimension;  whereas is  the name applicable to 
excessively wide palpebral  f issures.  

A: Microblepharon, euryblepharon 
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Congenital blepharophimosis relates to a 
general diminution of palpebral fissure 
dimensions in both horizontal and vertical 
directions. An autosomal dominant trait, 
blepharophimosis is often associated with 
blepharoptosis and epicanthus inversus and 
may rarely be associated with other con
genital anomalies. 

Q:  A patient with bilateral ptosis and 
lid fissures measuring 8 mm. in length 
by 3 mm. in height has the condition 

which is inherited as 
a(n) trait. 

A: Blepharophimosis 
somal dominant 

(with ptosis), auto- BLEPHAROPHIMOSIS 
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Notches of various sizes in the eyelids 
are called colobomas of the lids. Accord
ing to Mann, the defect in the upper lid 
is usually between the inner and middle 
third of the lid, whereas in the lower lid, 
the defect is located between the middle 
and outer third of the lid. Milder forms 
may represent the result of failure of 
mesodermal folds to fuse completely during 
development. Other possible mechanisms 
are failure of primary adhesion of the 
developing eyelids (normally almost com
plete by 2nd month) or premature separation 
of the lids prior to the 5th to 7th month 
with lag or differential growth. Since 
lash, tarsal and marginal differentiation 
takes place while the lids are fused, this 
would explain the absence of these struc
tures in the region of the defect. Pal
pebral colobomata are often associated 
with coloboma of uveal tract or microph
thalmia. 

UPPER LID COLOBOMA 

Q: Can a coloboma of the 
typical or atypical? 

lid be called 
Why? 

A: No, not related in any way to the 
choroidal fissure 

BILATERAL LOWER LID COLOBOMA 
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E p i b u l b a r  d e r m o i d s  a n d / o r  s u b c o n j u n c t i v a l  
l i p o d e r m o i d s ,  o f t e n  b i l a t e r a l  a n d  u s u a l l y  
t e m p o r a l ,  a r e  m a n i f e s t a t i o n s  o f  G o l d e n h a r  
s y n d r o m e  ( o r  o c u l o a u r i c u l o v e r t e b r a l  
d y s p l a s i a ) .  T h i s  c l i n i c a l  e n t i t y ,  w h i c h  
i s  s p o r a d i c  a n d  n o n f a m i l i a l ,  i s  p r o b a b l y  
r e l a t e d  t o  f a u l t y  d e v e l o p m e n t  o f  t h e  f i r s t  
a n d  s e c o n d  b r a n c h i a l  a r c h e s  a n d  t h e  f i r s t  
b r a n c h i a l  c l e f t .  C o l o b o m a t a  o f  t h e  u p p e r  
e y e l i d  o f t e n  o v e r l i e  t h e  e p i b u l b a r  t u m o r  
a n d  t h e  p a l p e b r a l  f i s s u r e s  m a y  s h o w  a  
m i l d  a n t i - m o n g o l o i d  s l a n t .  P r e - a u r i c u l a r  
t a g s  a r e  c o n s t a n t  a n d  c o n d u c t i o n  d e a f n e s s ,  
o t h e r  e a r  a n o m a l i e s ,  f a c i a l  a s y m m e t r y ,  
m a c r o s t o m i a ,  m i c r o g n a t h i a ,  a n d  v e r t e b r a l  
a n o m a l i e s  a r e  o f t e n  p r e s e n t .  A n o p h t h a l m i a ,  
m i c r o p h t h a l m i a ,  m i c r o c o r n e a ,  D u a n e  s y n 
d r o m e  a n d  c o n g e n i t a l  c y s t i c  e y e  a s  w e l l  
a s  i r i s  a t r o p h y ,  u v e a l  c o l o b o m a t a ,  c a t a 
r a c t  a n d  o p t i c  a t r o p h y  h a v e  b e e n  r e p o r t e d .  
H e m i f a c i a l  m i c r o s o m i a ,  c l e f t  p a l a t e ,  
s e i z u r e  d i s o r d e r ,  c o n g e n i t a l  h e a r t  d i s e a s e ,  
a n d  m e n t a l  r e t a r d a t i o n  m a y  b e  s e e n  a s  p a r t  
o f  G o l d e n h a r  s y n d r o m e .  T h e  t i m e  o f  e m b r y 
o n i c  i n s u l t  l e a d i n g  t o  t h i s  e n t i t y  i s  m o s t  
l i k e l y  d u r i n g  t h e  d e v e l o p m e n t  o f  t h e  b r a n 
c h i a l  a r c h e s  a n d  t h e i r  d i f f e r e n t i a t i o n  i n t o  f a c e ,  e a r s  a n d  e y e l i d s ,  
i . e . ,  f r o m  t h e  6 t h  t o  8 t h  w e e k .  T h e  v e r t e b r a l  a n o m a l i e s  a r i s e  d u r i n g  
t h e  5 t h  w e e k .  I d a  M a n n  ( 1 9 5 7 )  b e l i e v e d  t h a t  t h e  e p i b u l b a r  t u m o r s  
a r i s e  f r o m  p i e u r i - p o t e n t i a l  e m b r y o n i c  t i s s u e  l o c a t e d  i n  t h e  r e g i o n  
b e t w e e n  t h e  a n t e r i o r  r i m  o f  t h e  o p t i c  c u p  a n d  t h e  s u r f a c e  e c t o d e r m .  
( F o r  f u r t h e r  r e a d i n g  o n  G o l d e n h a r  s y n d r o m e  s e e  B a u m  a n d  F e i n g o l d ,  
A m e r .  J .  O p h t h . ,  7 5 :  2 5 0 ,  1 9 7 3 ) .  E p i b u l b a r  d e r m o i d s  h a v e  a l s o  b e e n  
s e e n  i n  m e d i a n  c l e f t  f a c e  s y n d r o m e .  

Q :  A n o m a l i e s  o f  t h e  e a r ,  e y e  ( e p i b u l b a r  d e r m o i d s )  a n d  v e r t e b r a e  
a r e  t h e  m a j o r  f e a t u r e s  o f  s y n d r o m e .  

G O L D E N H A R  S Y N D R O M E  

A :  G o l d e n h a r  ( o r  o c u l o a u r i c u l o v e r t e b r a l  d y s p l a s i a )  
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Differentiat ion should be made 
between Goldenhar syndrome and 
Treacher Coll ins syndrome (or  
mandibulofacial  dysostosis) .  
This  la t ter  syndrome also in
cludes antimongoloid palpebral  
s lant  (often of  large degree) ,  
colobomata of  the lower outer  
third of the lower l id (present  
in 75% of  cases) ,  absent  lower 
lacrimal puncta,  hypoplasia of  
malar  bones and zygomatic arches,  
prominent  nose,  abnormal pinna,  
pre-auricular  skin tags,  bl ind 
f is tulas between ears  and mouth,  
micrognathia and occasionally 
uveal  coloboma. Colobomas of  the 
upper l id,  epibulbar dermoids,  and vertebral  anomalies are absent  in 
Treacher Coll ins syndrome whereas they are prominent  features in 
Goldenhar syndrome (Gorl in and Pindborg,  1964).  Inheri tance in 
Treacher Coll ins is  autosomal dominant  with high penetrance but  
variable expressivi ty,  whereas the vast  majori ty of  pat ients  with 
Goldenhar syndrome have been sporadic.  

TREACHER COLLINS SYNDROME 

Colobomata usually involve the upper eyelids (rarely the 
lower)  in syndrome, whereas only lower eyelid 

syndrome. colobomata are seen in 

A: Goldenhar,  Treacher Coll ins 
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Epicanthus is  the condit ion in which a  
continuous fold of  skin s tretches along 
the s ide of  the bridge of  the nose 
part ial ly hiding the inner canthus.  The 
three known types are characterized on 
the basis  of  the origin of  the skin fold 
on the upper end:  1)  epicanthus super-
ci l iar is ,  2)  epicanthus palpebral  is ,  
3)  epicanthus tarsal is  (see Duke-Elder,  
Vol.  I l l ,  Part  2,  p.  851-3).  The con
di t ion usually occurs bi lateral ly and 
shows a s trong hereditary tendence as 
a dominant  t rai t .  

Q: The germinal  t issue 
forms the naso-1acrimal ducts .  

A: Surface ectoderm EPICANTHAL FOLDS 
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Internal  ankyloblepharon is  character
ized by a union of  the l ids from the 
inner canthus outwards,  while external  
ankyloblepharon is  a union from the outer  
canthus inwards.  They are t rue unions 
with connective and vascular  t issues 
enclosed.  Internal  ankyloblepharon 
is  differentiated from telecanthus in 
that  the former is  simply fusion of the 
nasal  aspects  of  the l ids,  whereas in 
telecanthus there is  a wide bridge of  
the nose with t rue lateral  extension or  
displacement of  the medial  canthi .  
External  ankyloblepharon s imilarly 
should not  be confused with blepharo-
phimosis .  Both internal  and external  
ankyloblepharon probably result  from 
faulty or  incomplete l id separat ion 
in the 6th or  7th month.  

Q: Normal separat ion of the eyelids 
is  completed short ly before 

INTERNAL ANKYLOBLEPHARON 

A: Bir th EXTERNAL ANKYLOBLEPHARON 
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Internal  ankyloblepharon plus lateral  displacement of  the lacrimal 
puncti  are seen as part  of  the blepharo-naso-facial  syndrome 
(Putterman,  Pashayan,  and Pruzansky,  Amer.  J .  Ophth. ,  76:  825,  
1973).  Other features include lacrimal drainage obstruct ion,  
telecanthus,  mask-l ike facie 's ,  bulky nose,  torsion dystonia,  and 
mental  retardation.  Inheri tance is  autosomal dominant .  

Q: is  the condit ion in which the inner canthi  
is  the posi t ion is  lateral ly displaced;  whereas 

term used to describe an abnormal union of  the palpebral  
f issures.  

A: Telecanthus,  ankyloblepharon 
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When there is  an inabil i ty to raise the 
upper l id,  congenital  ptosis exists.  I t  
usually occurs alone,  but occasionally 
(3.5%, according to Berke,  Arch. Ophth. ,  
41: 188, 1949) is  associated with 
blepharophimosis or epicanthus.  Two 
main causes are known: (1) congenital  
anomalies (aplasia,  hypoplasia and 
abnormal insert ions) of the levator 
palpebrae superioris (occasionally with 
associated hypoplasia of part  of the 
superior rectus muscles),  or  (2) paralysis 
of the levator or levator and external 
eye muscles due to a lesion at  the base 
of the brain.  Isolated ptosis is  usually 
transmitted as a dominant character
ist ic.  When combined with epicanthus,  
males predominate those affected almost A T r D n .  d t h c t c  n c  d t t u t  i i d d f d  i  rn 
2 to 1;  however,  male to male transmis- UNILATERAL PTOSIS OF 
sion exists even in these families,  
essentially precluding X-linked inheritance.  

by a congenital  
of 

anomaly of the 
the levator or 

Q: A drooping eyelid may be caused 
muscle or abnormal 

external muscles of the eye.  

A: Levator palpebrae superioris,  innervation 

1 1 0  
A number of apparently unconnected characterist ics which are 
expressed concurrently to form a composite cl inical  picture is  
termed a syndrome. Some of these are due to the body's inabil i ty 
to synthesize a specific enzyme, e .g. ,  the so-called inborn errors 
of metabolism. These often have manifestations in ocular structures.  

of oculo-cutaneous 
enzyme 

albinism is  caused by an 
which hinders 

inabil i ty to 
_ production 

Q: One form 
form the 
throughout the body. 

A: Tyrosinase,  melanin 

1 1 1  
The three cardinal manifestations of Van der Hoeve syndrome 
(osteogenesis imperfecta) are blue sclera,  bri t t le bones,  and 
deafness.  Corneal thickness is  decreased and keratoconus has been 
reported.  This mesodermal disorder is  usually sporadic but occa
sionally inherited as a recessive trai t .  

Q: Can blue sclera be normal at  birth? Yes (  )  No (  )  

A: Yes 
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Marfan syndrome (arachnodactyly)  is  a mesodermal t issue disturbance 
which is  widespread throughout the body.  The urine contains abnormal 
amounts of  hydroxyproline,  suggest ing a defect  in the production of  
col lagen.  The zonular  f ibers  are weakened and subluxation of  the 
lenses occurs in about  80% of  al l  pat ients  with the syndrome. I t  is  
further  characterized by f laccid musculature,  relaxed joints ,  long 
slender bones,  minimal subcutaneous fat ,  kyphoscoliosis ,  and s ternal  
deformit ies .  Cardiovascular  complicat ions (aort ic  di latat ion,  dissect
ing aneurysm and mitral  regurgitat ion) may be l i fe- threatening.  

Q: Van der  Hoeve syndrome is  characterized by ,  
and • 

A: Blue sclera,  bri t t le  bones,  deafness 

Sturge-Weber syndrome (encephalo-[oculo]-
facial  angiomatosis)  is  characterized by 
a  capil lary nevus that  affects  the skin 
of  the face as well  as  may affect  the 
mucosa of  the l ids,  mouth and pharynx.  
The nevus usually covers a segment of  the 
distr ibution of the tr igeminal  nerve but  
always involves the forehead and the upper 
eyelid (Duke-Elder,  1964).  Almost  invari
ably present  is  an ipsi lateral  leptomenin-
geal  angioma which becomes progressively 
calcif ied with age.  Although by no means 
invariable,  ocular  manifestat ions occur 
frequently,  most  commonly choroidal  
angioma but  including di lated episcleral  
and ret inal  vessels .  Congenital  or  late  l i r . r n  cvmnnnMc 
onset  glaucoma occurs often,  with greater  STURGE-WEBER SYNDROME 
frequency and severi ty on the same s ide 
as the nevus.  This  ent i ty appears to 
result  from maldevelopment a t  an early 
stage when the vascular  system of the head is  represented by a 
plexiform arrangement of  vessels .  

Q: The lenses are subluxed in Marfan syndrome because the zonular  
f ibers  are weakened due to a defect  in production.  

A: Collagen 
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Though there is  no s ingle diagnostic  feature to Down 
syndrome (mongolism),  there are certain features 
peculiar  to the eye.  The palpebral  aperture is  short ,  
wide and set  obliquely up and outward,  which is  dif
ferent  from that  of  Mongolian races who have long and 
narrow apertures.  In Down syndrome the greatest  
vert ical  dimension of  the palpebral  f issures is  at  
the middle of  the upper l id,  in comparison to the 
junction of  the inner and middle third of  the upper 
l id in normals.  Frequently the epicanthal  folds 
are exaggerated.  The i r is  is  covered with gold or  
white speckles known as  Brushfield spots  (seen in 
85%).  Often cataracts  are present .  Other ocular  
associat ions include myopia,  s trabismus,  keratoconus,  
nystagmus and an increased number of  vessels  radia
t ing off  the disc (Will iams,  McCormick and Tischler ,  
Arch.  Ophth. ,  89:269,  1973).  Down syndrome pat ients  exhibit  increased 
sensi t ivi ty to atropine,  both systemically and topical ly.  Down syndrome 
may be caused by two mechanisms of  chromosomal aberrat ions,  non-disjunction,  
producing tr isomy of chromosome 21 or  through unbalanced t ranslocation,  
producing duplicat ion of  chromosome 21.  (For detai ls  see Kri l l ' s  Syllabus of  
Genetics or  M. Goldberg,  Genetic  and Metabolic Eye Disease,  1974,  p.  540.)  

Q: In Down syndrome caused by an unbalanced translocation between 
chromosomes No. 14 and No. 21,  one of  the parents  may carry a balanced 
translocation involving part  of  t ransferred onto .  

A: Chromosome 21,  chromosome 14 

DOWN SYNDROME 
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Of the three major t r isomy syndromes,  
t r isomy 13 has by far  the most  f re
quent  and most  severe eye abnormal
i t ies .  Ocular  abnormali t ies  are 
nearly constant  in this  syndrome and 
include uveal  colobomas (often con
taining cart i lage histological ly) ,  
optic  nerve colobomas,  microphthal
mos,  c l inical  anophthalmos,  cyclopia,  
arhinencephaly or  holoprosencephaly 
(with extreme hypotelorism),  immature 
anterior  chamber angles,  sclero-
cornea,  cataract ,  persistent  hyper
plast ic  primary vi treous,  persistent  
tunica vasculosa lent is ,  congenital  
nonattachment of  ret ina,  falciform 
ret inal  fold,  and ret inal  dysplasia.  

Q: 

TRISOMY 13 SYNDROME 

Brushfield spots  are seen in approximately percent  of  Down 
syndrome pat ients;  whereas about  percent  of  normals show 
this  f inding.  

A: 85%, 24% 
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Moebius syndrome is  another congenital  syndrome with wide variations 
in expression,  although for the ophthalmologist  the most important 
features are bilateral  nuclear palsies of 6th and 7th cranial  nerves,  
usually with lateral  gaze palsy and esotropia.  Duane retraction 
(or co-contraction) syndrome has been reported in association with 
Moebius syndrome. Atrophy of a portion of the tongue is  often 
present and related to hypoplasia of the hypoglossal  nuclei .  Some 
studies have shown on histopathology normal facial  nerve and i ts  
nucleus;  others have shown ei ther absence of facial  muscles histo-
pathologically or abnormal facial  muscle activity on electromyography. 
About 1/3 have associated l imb, facial  or skeletal  anomalies and auto
somal dominant inheritance is  suggested in certain familial  cases.  

Q: Moebius syndrome involves congenital  nuclear and 
cranial  nerve palsies often in association with 

other .  

A: Facial ,  abducens,  congenital  anomalies 
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Duane retraction syndrome is  a congenital  incomitant form of 
strabismus where there exists l imitation of duction (abduction +/or 
adduction) with retraction of the globe on movement opposite (adduc
t ion or abduction,  respectively).  Most l ikely a heterogeneous group 
of enti t ies,  Duane retraction syndrome has been explained by 1) mech
anisms based on structurally abnormal muscles with f ibrosis and by 
2) mechanisms based on abnormal innervation,  the most prevalent 
theory evoking hypoplasia of the 6th cranial  nerve nucleus,  with 
abnormal innervation of the lateral  rectus.  Electromyography has 
shown abnormal innervation in certain patients.  The most usual 
f inding is  normal or sl ightly decreased lateral  rectus activity in 
primary gaze with markedly decreased activity in abduction and 
usually increased lateral  rectus activity in adduction.  Often the 
superior and inferior recti  co-contract  in attempted adduction 
(Scott  and Wong, Arch. Ophth. ,  87: 140, 1972),  accounting for the 
often seen vertical  deviation.  

Q: Duane retraction syndrome may be related to abnormal 
with f ibrosis or abnormal with misdirection allowing 
for co-contraction.  

A: Ocular musculature,  innervation 
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Duane retract ion syndrome, especial ly where sporadic,  may be 
associated with other  congenital  abnormali t ies ,  mostly facial  
anomalies,  ear  and hearing anomalies,  and anomalies of  the extrem
i t ies  and the skeleton.  Although most  cases of  Duane syndrome 
appear to be sporadic,  approximately 5-15% show autosomal dominant  
inheri tance;  however,  of  these famil ial  cases,  few have shown non-
ocular  congenital  anomalies (Pfaffenbach,  Cross and Kearns,  Arch.  
Ophth. ,  88:  635,  1972).  The constel lat ion of anomalies in Duane 
syndrome probably occurs from the fourth to tenth week of  gesta
t ion (Cross and Pfaffenbach,  Amer.  J .  Ophth. ,  73:442,  1972).  

Q: Duane retract ion syndrome appears to be (a discrete s ingle 
enti ty,  a group of  several  heterogeneous ent i t ies)  
and al though mostly ,  certain famil ies  may show 

inheri tance.  

A: Group of  several  heterogeneous ent i t ies ,  sporadic,  autosomal 
dominant  
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Several  syndromes include an associat ion of c lef t  palate with 
hereditary vi treoret inal  degenerat ion,  specif ical ly high myopia 
and ret inal  detachment (Knobloch and Layer,  Amer.  J .  Ophth. ,  73:  
517,  1972;  Gorl in,  SYNDROMES OF HEAD AND NECK, 1964).  Often,  as  
in the enti ty known as  St ickler  syndrome, pat ients  also have bony 
dysplasias,  maxil lary hypoplasia,  and/or  joint  defects .  The palato
schisis  (cleft  palate)  may be represented by only a submucous c lef t  
or  a bif id uvula.  Inheri tance of  St ickler  syndrome seemingly is  
autosomal dominant .  

Q: The presence of  palatoschisis  in a chi ld with ei ther  a per
sonal  or  family history of  ret inal  detachment is  indicat ion 
for  ophthalmologic examination of  s ibl ings and of  other  
family members for  .  

A: Vitreoret inal  degenerat ion or  ret inal  detachment 
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FACE DEVELOPMENT 

It is suggested from the study of 
dysmorphology and comparative 
morphology that the optic vesicle 
somehow induces the formation of 
not only the eyebrows, eyelids, 
and eyelashes, but also a sur
rounding hairless area which be
comes that side of the forehead 
and cheek. This hairless region, 
in combination with the other 
side, determines the configur
ation of the frontal hairline 
and the presence or absence of 
a Widow's peak, depending on 
the size of the periorbital 
field of hair-growth suppres
sion and the intra-orbital di: 
tance (Smith and Cohen, Lancet, 
Vol. II, p. 1127, 1973). 

WIDOW'S PEAK 

PERIOCULAR 
NORMAL FIELDS NORMAL DECREASED NORMAL 

INTEROCULAR 
NORMAL DISTANCE NORMAL NORMAL INCREASED 

(from Smith and Cohen - Lancet) 

The distance and the size of the periorbital 
determine the height of the frontal hairline and 

A: 

the presence or absence of a Widow's peak. 

Inter-orbital, hair-growth suppression 

121 
The significance of the presence of a Widow's peak is that it 
suggests either a smaller area of peri-orbital hair growth sup
pression or increased inter-orbital distance. 

Q: The presence of a prominent Widow's peak should clue the 
examiner to check for the existence of and if 
present, consider the many conditions associated with this 
physical finding. 

A: Hypertelorism 
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Median cleft  face syndrome or fronto-nasal  
dysplasia includes hypertelorism, tele
canthus,  and median clefts  of palate,  pre-
maxilla,  upper l ip,  and nose (bifid nose).  
Epibulbar dermoids have been reported and 
cranium bifidum occultum is  often present.  
Frontal  meningocoele or encephalocoele 
may occur and should not be confused with 
an intranasal  polyp. Although almost 
always sporadic,  a few families have been 
reported showing autosomal dominant inher
i tance.  Cohen £t  aj_.  (Birth Defects:  
Original Article Series,  Vol.  I l l ,  no. 7,  
p.  117, 1971) relate the disorder to 
failure of development of the nasal  capsule 
with a f i l l ing in of the space by the 
primitive brain vesicles,  arresting the 
normal forward migration of the orbits  in 
their  relatively hypertelorist ic fetal  
posit ion.  

DeMyer (Neurology, 17: 961, 1967) pointed 
out the fact  that  moderate to severe 
degrees of hypertelorism, when seen alone,  
are usually associated with mental  retard
ation; whereas,  ocular hypertelorism, when seen in the sett ing of 
median cleft  face syndrome, even when the facial  deformity is  severe,  
is  usually associated with normal or near normal intell igence.  On 
the other hand, moderate to severe hypotelorism, when seen with 
median facial  abnormalit ies,  carries a much more grave prognosis as 
to forebrain maldevelopment;  furthermore,  the degree of retardation 
correlates with the severity of the hypotelorism. 

Q: A mass present in the nose or nasopharynx in association 
with hypertelorism and/or median facial  cleft ing may represent 
a(n) and biopsy is  (indicated,  contra-indicated) 

MEDIAN CLEFT FACE SYNDROME 

A: Encephalocoele,  contra-indicated 
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Norrie disease (or hereditary oculo-acoustic-cerebral  degeneration) 
is  an X-linked recessive disorder which presents as a newborn 
infant with congenital  blindness and a retrolental  mass or membrane.  
Often misdiagnosed as atypical  retrolental  f ibroplasia (atypical  
because of full  term pregnancy, normal birth weight,  and no his
tory of supplemental  oxygen),  Norrie disease is  important to 
remember because,  being X-linked, prognostic and genetic family 
counseling becomes paramount.  The condition is  bilateral  and has 
been confused diagnostically with retinoblastoma, bilateral  per
sistent hyperplastic primary vitreous and retinal  dysplasia.  
Often the eyes appear externally normal for a few weeks (although 
demonstrable vision is  difficult  to assess in this age infant)  
but soon a white f ibrovascular retrolental  membrane is  noted.  The 
anterior chamber becomes shallow, cataracts develop, secondary 
glaucoma may occur,  and eventually the eye softens and goes into 
phthisis bulbi .  Hearing defects are often present and, although 
intell igence may be normal,  varying degrees of mental  retardation 
may be present.  

Q: A mother who has had two sons with Norrie disease has what chance 
of passing the affected gene to her sons ( i .e . ,  stat ist ically 
what percent of her sons should be affected)? What chances of 
passing the gene to her daughters? Will  the daughters be af
fected? 

A: 50%, 50%, no (but they will  be carriers)  

Q: A man, blind since infancy from Norrie disease,  will  have what 
chance of passing the gene to his sons? To his daughters? 
Will  the daughter be affected? 

A :  N i l ,  1 0 0 % ,  n o  ( b u t  t h e y  a r e  o b l i g a t e  c a r r i e r s  b e c a u s e  t h e y  
have to have received their  father 's  abnormal X chromosoms) 
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Hallermann-Streiff  syndrome, cal led 
the dyscephalic  syndrome by Francois ,  
is  an important  ent i ty for  the ophthal
mologist  because of  the constancy of  
the eye anomalies.  The syndrome con
s is ts  of:  

1)  Dyscephaly with bird-l ike face 
(beaked nose,  hypoplast ic  man
dible,  and brachycephaly) .  

2 )  Dental  abnormali t ies  (missing 
or  mis-shapen teeth,  maloc
clusion) .  

3)  Proport ionate dwarfism. 
4)  Hypotrichosis  (both general  

and local ized,  including eye
lashes and eyebrows).  

5)  Cutaneous atrophy (especial ly 
of  head and face,  most  marked 
on nose) .  

6)  Bilateral  microphthalmia (near  
constant) .  

7)  Congenital  cataracts  (bi lateral) .  
Differentiat ing this  syndrome from others is  that  there are no 
ear  anomalies,  l id  colobomas,  muscle atrophy,  premature ar ter io
sclerosis ,  nai l  anomalies (or  gross abnormali t ies  of  extremit ies)  
or  mental  retardation.  Ocular  f indings include poor vision,  
nystagmus,  s trabismus,  peripapil lary choroidal  atrophy,  congen
i tal  ret inal  detachment of  disc and posterior  pole,  hypoplasia of  
disc,  blue sclera,  glaucoma, clumping of  pigment in macula and 
falciform ret inal  fold.  The t ime of  embryogenesis  of  the syndrome 
probably is  from the 5th to 7th week.  Since no affected persons 
have reproduced,  a  sporadic dominant  t rai t  cannot  be ruled out .  
However,  consanguinity has been reported in about  6°% of  cases 
and several  members of  the same s ib-ship have been affected.  
Males and females are equally affected.  

HALLERMANN-STREIFF SYNDROME 

Hypertelorism, with median facial  cleft ing syndrome, is  
usually associated with (normal intel l igence,  mental  retard
at ion) .  

A: normal intel l igence 
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Delet ion of  a part  of  the long arm of chromosome 13,  the 13q-
syndrome, produces a characteris t ic  malformation syndrome, which 
includes,  in some, ret inoblastoma, usually bi lateral .  The s igni
f icance of  this  f inding is  at  present  not  certain,  but  there 
appears to be genetic  material  on the long arm of  chromosome 13 
which,  when deleted,  predisposes to the development of  ret inoblas
toma. (For excellent  review of 13q- plus other  chromosomal syn
dromes see Lewandowski and Yunis,  Am. J .  Dis.  Child. ,  125:  515,  
1975).  Retinoblastoma, when bi lateral ,  is  autosomally dominantly 
inheri ted with incomplete penetrance.  When unilateral  and sporadic 
80% of ret inoblastoma cases are nongenetic  (somatic mutat ion?);  
however,  20% of  sporadic,  unilateral  ret inoblastoma represent  
actual ly a new dominant  mutat ion with a 50% chance of  passing the 
gene to the children of  an affected person.  (For excellent  review 
see "Retinoblastoma",  Chapter  18,  p.  447-461 by Mette Warburg in 
Goldberg,  GENETIC AND METABOLIC EYE DISEASE, 1974.)  

Q: Retinoblastoma, when bi lateral ,  and 20% of  the t ime when 
unilateral  and sporadic,  behaves for  future offspring of an 
affected individual  as  a(n)  t rai t .  

A: Autosomal dominant  

Review Questions on Part  I I :  Anomalies 

1)  A condit ion so far  from the average that  i t  cannot  be considered within 
the range of  variat ions is  cal led a(n)  .  

2)  Normal development of  the eye requires that  the and 
factors  fal l  within normal l imits .  

3)  Congenital  anomalies are a subdivision of  .  

4)  A(n) is  a chemical  or  physical  agent  act ing on the fetus 
during l i fe  to cause anomalies in development.  

5)  Name four mechanisms whereby embryological  development departs  from 
normal to  produce congenital  abnormali t ies .  

6)  The most  important  determinant  in the character  of  a  teratogen is  the 
at  which i t  acts .  

7)  Name three classes of  teratogenic factors .  

8)  The term usually involves genes on the X chromosomes 
rather  than on autosomes.  
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describes a t rai t  produced by a gene that  must be 
homozygous to be expressed.  

refers to the frequency with which a gene produces a 
t rai t  in the population of those known to have the gene,  while 

specifies the degree of manifestation of the trai t  
when expressed.  

The genetic consti tution of an individual is  i ts  and 
the is  i ts  clinical  appearance.  

can be cl inically misclassified as anophthalmos.  

If  the optic vesicles fuse,  or may result .  

Congenital  cystic eye results  from a(n) .  

A(n) coloboma is  one which occurs along the embryonic 
f issure,  while those appearing elsewhere are .  

A coloboma result ing from an improper closure of the embryonic cleft  
would be expected to involve the area of the eye.  

A fai lure of closure in the anterior part  of the choroidal (embryonic) 
f issure would result  in a disturbance of the ,  
and .  

Congenital  absence of the cornea,  part ial  or complete,  is  assoc
iated with in which case the skin covers the anterior 
surface of the eye.  

In only the cornea is  enlarged, but in 
the entire eye is  enlarged. 

Keratoconus occurs when the of the cornea is  greater 
than normal.  

The most common congenital  anomalies of the cornea are .  

Up to the fourth month of fetal  l ife,  the and the 
have the same curvature.  

A gene which does not show an effect  in an individual of a family 
where that  member should be affected is  said to have 

In the cornea is  markedly steeper than normal,  but in 
i t  is  extremely f lat .  

In the length of the eyeball  is  greater than normal,  
while in the l ight rays focus behind the retina.  

The term used for multiple effects of a single gene,  often in separate 
regions or t issues of the body, is  .  



27) refers to a condition where there is  decreased aqueous 
outflow leading to increased intraocular pressure.  is  
the distention of the entire eye as a result  of this pressure.  

28) A condition of absence of the ir is  is  called .  

29) Absence of the dilator ir is  muscle produces while a 
condition of more than one pupil  is  called .  

30) is  an absence of the ir is  and is  a condition 
where one pupil  is  smaller than the other.  

31) An anomalous posit ion of the lens is  termed and a 
misplaced pupil  is  called .  

32) involves a defect  along the choroidal (embryonic) f issure 
while those occurring elsewhere are classified as .  

33) Hypoplasia of the optic disc,  hypopituitarism and agenesis of the 
septum pellucidum are the main features of .  

34) is  the term used to describe abnormally widely-spaced 
orbits .  

35) Telecanthus is  the term used to describe abnormally wide 
distance compared to distance.  

36) A congenital  crescent (conus) occurring (posit ion) the 
optic disc may be caused by a defect  in the closure of the embryonic 
f issure.  

37) is  an absence of the lens and is  where the 
lens is  unusually small  and spherical  in shape.  

38) A considerable defect  in the can cause a displacement 
of the lens as in a condition of ,  or i t  can make a notch 
in the lens called a(n) .  

39) A number of white dots in front or behind the anterior Y-shaped 
suture are classified as a(n) cataract ,  while an opacity 
involving a deposit ion of a substance along the l ines of the sutures 
is  called a(n) cataract .  

40) A cataract  is  a condition where the opacity is  l imited 
to one layer or area of the lens.  

41) of the fetal  vascular system because of a(n) 
in development causes many eye anomalies.  

42) Bergmeister 's  papil la is  a plug of t issue on the 

43) If  the central  vascular arcades of the ir is  fail  to completely 
atrophy, will  result .  



44) may be caused by fragments of the hyaloid artery or 
pieces of ret ina from the ora serrata.  

45) may be associated with retarded growth of the macula and 
choroid,  nystagmus, poor visual acuity and an obvious 
in pigmentation.  

46) may be due to increased pigmentation while 
is  due to decreased pigmentation.  

47) A complete fai lure of the l id folds to form is  a condition of 

48) Especially when associated with other congenital  anomalies,  sporadiq 
aniridia presents a significant r isk of .  

49) is  a continuous fold of skin stretching from the bridge 
of the nose over the inner canthus.  

50) When there is  an inabil i ty to raise the upper l id,  
exists.  

51) An eye defect  seen in a majority of the patients with Marfan's  
syndrome is  .  

52) Van der Hoeve syndrome is  characterized by ,  
and .  

53) The most important test  in diagnosis of Leber congenital  anaurosis 
is  the .  

54) A syndrome characterized by Brushfield spots,  exaggerated epicanthal 
folds,  and oblique,  short ,  wide palpebral  f issures,  and other ocular 
and non-ocular anomalies,  is  known as .  I t  is  caused by 

55) In cases of melanosis the normal function of the eye is  

56) The three features of Rieger or Axenfeld anomaly are 
and 

Answers to Review Questions 

If  your answers do not agree with those l isted below, refer to the section 
or frame l isted in parentheses.  

1) anomaly (refer to I-A) 
2) environmental ,  genetic (I-B) 
3) developmental  anomalies (I-A) 
4) teratogen, intrauterine (I-B) 
5) Possible answers:  developmental  fai lure,  arrested development,  fai lures 

in fusion,  fai lure to atrophy, fai lure of cell  interaction,  excessive 
cell  death,  changed rate of proliferation,  impeded cell  migration,  or 
interference of morphogenic processes.  
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t ime or stage in development (II-B) 
Possible answers:  mechanical  interference,  ionizing radiation,  hypoxia,  
presence or excess of metals,  drugs,  infectious agents (II-B) 
sex-linked inheritance (II-C) 
recessive (II-C) 
penetrance,  expression (II-C) 
genotype,  phenotype (II-C) 
microphthalmos (Frame #4) 
cyclopia,  synophthalmos (#5 & #6) 
fai lure of invagination of the optic vesicle (#17 & #18) 
typical ,  atypical  (#22) 
inferior-medial  (#22) 
i r is ,  ci l iary body, zonular f ibers (or choroid) (#28) 
cryptophthalmos (#29) 
megalocornea,  buphthalmos (#33 & #47) 
curvature (#39) 
al terations in transparency or corneal opacit ies (#35) 
cornea,  sclera (or globe) (#37) 
reduced penetrance (II-C) 
keratoconus,  cornea plana (#39 & #37) 
axial  myopia or nearsightedness,  hyperopia or hypermetropia or 
farsightedness (#44 & #45) 
pleiotropism (II-C) 
congenital  glaucoma, buphthalmos (#47) 
aniridia (#49) 
microcoria,  polycoria (#52 & #54) 
aniridia,  anisocoria (#49 & #55) 
ectopia lentis ,  corectopia (#82 & #56) 
typical  coloboma, atypical  colobomas (#22) 
septo-optic dysplasia or de Morsier syndrome (#9) 
hypertelorism (#12) 
inner canthal,  interpupi1lary or interorbital  (#14) 
below or inferior to (#73) 
congenital  aphakia,  microspherophakia (#75 & #77) 
zonular f ibers,  ectopia lentis ,  coloboma of the lens (#79 & #82) 
anterior embryonic,  sutural  (#84 & #85) 
lamellar or zonular (#88) 
persistence,  fai lure to atrophy or arrest  (I-C & #89) 
neuroepithelial ,  optic disc (#90) 
persistent pupil lary membrane (#92) 
vitreous f loaters (#94) 
albinism, decrease (#97) 
melanosis bulbi ,  albinism (#96 & #97) 
cryptophthalmos or ablepharon (#99, 29,  30,  31) 
Wilm's tumor (#49) 
epicanthus (#106) 
ptosis (#109) 
subluxed lenses or ectopia lentis  (#112) 
blue sclera,  otosclerosis,  bri t t le bones (#111) 
electroretinogram (#65) 
Down syndrome or mongolism, chromosomal aberrations (#114) 
unimpaired (#96) 
i r is  hypoplasia,  i r is  processes bridging angle,  and centrally 
displaced, prominent Schwalbe's  l ine (any order) 
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Ablepharon,  99 
(see also Cryptophthalmos) 

Albinism, 97 
Alport  syndrome, 78 
Anencephaly,  16 
Angioma, choroidal ,  113 
Aniridia,  28,  49 
Anisocoria,  55 
Anophthalmos,  2 ,  3,  4,  20,  104 

in Trisomy-13,  115 
Ankyloblepharon,  internal ,  107,  

108 
external ,  107 

Antimongoloid palpebral  s lant ,  
104,  105 

Aphakia,  congenital ,  75,  76 
Astigmatism, corneal ,  42 
Axenfeld anomaly (see Rieger 

anomaly) 

Bergmeister 's  papil la ,  68,  74,  90 
Blepharophimosis ,  102,  107,  109 
Brushfield spots ,  58,  114 
Buphthalmos,  47 

Cardiovascular  anomalies (heart  
disease) ,  29 

associated with,  
corectopia,  56 
cryptophthalmos,  29 
Goldenhar syndrome, 104 
Marfan syndrome, 112 

Cart i lage,  intraocular ,  115 
Cataract ,  38,  49,  61,  65,  66,  104,  

114,  115,  124 
Cataract ,  congenital ,  

anterior  embryonic,  84 
anterior  polar ,  36,  86 
posterior  polar ,  86,  93 
pulverulent  nuclear ,  87 
sutural ,  85 
zonular ,  88 

Chiasm, abnormal development,  9 ,  
10 

Chorda-mesoderm, 11 

Chromosome No. 1 ,  
assignment of  gene locus for  

congenital  zonular  pulverulent  
cataract ,  88 

Chromosome-13,  delet ion,  125 
Chromosome-13,  t r isomy, 8,  25,  115 

ret inal  dysplasia in,  70 
Chromosome-18,  delet ion syndrome, 8 ,  26 
Chromosome-18,  t r isomy, 18,  25 
Cil iary body,  coloboma, 63,  79 
Cleft  l ip,  25,  29 
Cleft  palate,  25,  29,  104,  115 

associated with vi treo-ret inal  
degenerat ion,  119 

Coloboma, a typical ,  22,  28,  63,  64,  79 
Coloboma, i r is ,  28 

part ial  i r is  coloboma, 50 
incomplete i r is  coloboma, 51 

Coloboma, typical ,  17,  22,  23,  25,  38,  
66 

associated with,  
ret inal  dysplasia,  70 
Goldenhar syndrome, 104 
Treacher-Col1 ins syndrome, 105 
Trisomy-13,  115 

Colobomatous cysts ,  27 
Conjunctivi t is ,  congenital ,  48 
Congenital  crescent  (conus) of  the 

optic  disc,  73 
Congenital  cyst ic  eye,  17,  18,  19,  21,  

25,  27 
associated with Goldenhar syndrome, 

104 
Corectopia,  56,  61 
Cornea,  congenital  absence in 

cryptophthalmos,  29 
Cornea plana,  37,  38 
Corpus cal losum, agenesis ,  13 
Cranioschisis ,  16 
Cranium bif idum occultum, 13,  122 
Crouzon syndrome, 13 
Cryptophthalmos,  29,  30,  31,  99 
Cyclopia,  5 ,  8,  11 

associated with Trisomy-13,  115 

Dandy-Walker cyst ,  38 
de Lange syndrome, 26 
de Morsier  syndrome, 9 ,  10 



Dental  anomalies,  61,  124 
Dermoid,  corneal ,  41 

l imbal  or  epibulbar,  41,  104 
Down syndrome, 114 

keratoconus in,  39 
Brushfield spots  in,  58 

Duane syndrome, 117,  118 
associated with,  

Goldenhar syndrome, 104 
Moebius syndrome, 116 

Dwarfism, 65 
(see also Septo-optic dysplasia 
with hypopitui tary dwarfism) 

Hallermann-Streiff  syndrome, 
124 

Dyscephalic  syndrome, 124 

Ectasia,  46 
Ectopia lent is ,  82,  83 

associated with,  
megalocornea,  33 
anir idia,  49 
corectopia,  56 
subluxated lens in Leber 

congenital  amaurosis ,  65 
Marfan syndrome, 112 

Ectropion of  pigmented epithel ium 
of the i r is ,  57,  61 

Ehlers-Danlos syndrome, 39 
Electroret inogram 

in septo-optic dysplasia,  10 
in Leber congenital  amaurosis ,  

65 
Emmetropia,  43 
Encephalocoele 

basal ,  13,  122 
spheno-orbital ,  18 

Epicanthus,  102,  106,  109,  114 
Euryblepharon,  101 
Exotropia,  13 
Eyebrow, congenital  absence,  29 
Eyelid,  coloboma, 25,  29,  103,  

104,  105 

Facial  c lef t ,  lateral ,  25 

Genitourinary anomalies,  29 

Glaucoma, congenital ,  47 
associated with,  

anterior  PHPV, 66 
Sturge-Weber syndrome, 113,  114 

Glaucoma, 38,  49,  59,  61,  66,  124 
late  onset  in,  

megalocornea,  33 
microcornea,  34 

associated with,  
Peters  anomaly,  36 
ectopia lent is ,  83 
Sturge-Weber syndrome, 113 

Goldenhar syndrome (oculoauriculo-
vertebral  dysplasia) ,  104 

Hallermann-Streiff  syndrome, 124 
Hearing loss,  65,  104 

in Van der  Hoeve syndrome, 111 
in Norrie disease,  123 
in Goldenhar syndrome, 104 

Heterochromia i r idis ,  98 
Holoprosencephaly,  8 ,  11 

in Trisomy-13,  115 
in Delet ion-18,  8 

Homocystinuria,  82,  83 
Hyaloid ar tery,  persistent  (see 

persistent  hyaloid ar tery)  
Hyperlysinemia,  77,  82 
Hyperopia,  45 
Hypertelorism, 12,  14,  15,  61 

associated with Widow's peak,  121 
associated with median c lef t  face 

syndrome, 122 
Hypoplasia of  optic  disc (see Optic 

disc,  hypoplasia)  
Hypotelorism, 7,  8,  115,  122 
Hypothalamic dysfunction,  9 ,  10 

Ir ido-diastasis ,  50 
I r is ,  atrophy,  104 
Ir is ,  cysts ,  congenital ,  62 
I r is ,  hyperplasia,  60 
I r is ,  hypoplasia,  58,  59,  61 

Keratoconus (keratoglobus) ,  39 
in Down syndrome, 114 
in Leber congenital  amaurosis ,  65 
in Van der  Hoeve syndrome, 111 



Lacrimal drainage system, con
genital  anomaly,  105,  108 

Lamina terminal  is ,  9 
Laurence-Moon-Bardet-Biedl  

syndrome, 39 
Leber congenital  amaurosis ,  39,  65 
Lens,  congenital  absence in crypt-

ophthalmos,  29 
Lens,  coloboma, 79,  80 
Lens,  umbil icat ion,  81 
Lenticonus,  posterior ,  78 

associated with Leber congen
i tal  amaurosis ,  65 

Lipodermoid,  subconjunctival ,  104 

Macula,  abnormal development,  
associated with anir idia,  49 

Macular  coloboma, 65 
Mandibulofacial  dysostosis ,  105 
Marfan syndrome, 39,  77,  82,  83,  

1 1 2  
Meckel  syndrome, 70 
Medial  c lef t  face syndrome, 13,  

1 2 2  
with epibulbar dermoid,  104 

Medullated nerve f ibers ,  71 
Megalocornea,  33,  61 
Megalopapil la ,  13 
Melanosis  bulbi ,  96 
Meningocele,  f rontal ,  13,  122 
Mental  retardation,  29,  65,  104,  

108,  114,  115,  122,  123 
Mesodermal dysgenesis  (see also 

Rieger anomaly,  Peters  anomaly),  
32,  36,  59,  61 

Microblepharon,  100 
Microcoria,  51 
Microcornea,  34,  61,  104 
Microphthalmos,  3 ,  4,  13,  19,  20,  

25,  26,  29,  32 
associated with,  

Trisomy-13,  115 
sclerocornea,  38 
PHPV, 66 
ret inal  dysplasia,  70 
Goldenhar syndrome, 104 
Hallermann-Streiff  syndrome, 

124 
Microspherophakia,  77 
Miosis ,  congenital ,  51 
Mit tendorf 's  dot ,  93 
Moebius syndrome, 116 

Morning Glory syndrome, 68 
Muscae voli tantes,  91 
Mustarde index,  15 
Myopia,  44,  114 

associated with ret inal  detachment 
and cleft  palate,  119 

Nanophthalmos,  34 
Norrie disease,  123 

associated with ret inal  dysplasia,  
70 

Notochord,  11 
Nystagmus,  

associated with,  
albinism, 97 
anir idia,  49 
Down syndrome, 114 
Hallermann-Streiff  syndrome, 

124 
Leber congenital  amaurosis ,  65 

Oculoauriculovertebral  dysplasia,  
104 

Oculo-digi tal  s ign,  65 
Optic disc,  anomaly,  13 
Optic disc,  coloboma, 13,  25,  26,  

115 
Optic disc,  hypoplasia,  9 ,  10,  49,  

124 
Optic disc,  pal lor ,  13,  104 
Optic disc,  physiologic cup,  90 
Optic disc,  pi t ,  13 
Orbital  cysts  (see Congenital  cyst ic  

eye and Colobomatous cyst)  
Organogenic period,  I-D, 1 

Persistent  hyaloid ar tery,  36,  67,  
86,  89,  90,  91,  93 

Persistent  hyperplast ic  primary 
vi treous (PHPV),  32,  66,  115 
anterior  PHPV, 66,  86 
posterior  PHPV, 66,  67,  68 

Peters  anomaly,  36,  38 
Pi tui tary dysfunction,  9 
Pleiotropism, II-C,  29 
Polydactyly,  38,  61,  115 
Posterior  embryotoxon,  59,  61 
Pre-papil lary vei l ,  74 



Primit ive epithel ial  papil la ,  90,  
91 

Pseudopolycoria (polycoria) ,  50,  
54,  61 

Pupil lary membrane,  persistent ,  
36,  60,  86,  92 

Rachischisis ,  16 
Retinal  detachment,  80,  83 

associated with cleft  palate,  
119 

Retinal  dysplasia,  66,  70,  115 
Retinal  fold,  falciform, 67,  69 

in Trisomy-13,  115,  124 
Retina,  congenital  non-at tachment,  

17,  21 
congenital  detachment,  68 
in Trisomy-13,  115 
in Hallermann-Streiff  syndrome, 

124 
Retinoblastoma, 125 
Retinopathy,  pigmentary 

in Leber congenital  anaurosis ,  
65 

Rieger anomaly,  38,  59,  61 
Rieger syndrome, 61 

Van der  Hoeve syndrome, 39,  111 
Vertebral  anomalies ( including 

scoliosis)  
in Goldenhar syndrome, 104 
in Marfan syndrome, 112 

Visual  loss,  congenital ,  9 ,  49,  
65,  66,  68,  97,  123,  124 

Visual  loss,  bi temporal ,  10 
Vitreous f loaters ,  94 
Vitreous,  persistent  hyperplast ic  

primary (PHPV),  32,  66,  115 
anterior  PHPV, 66,  86 
posterior  PHPV, 66,  67,  68 

Waardenburg syndrome, 13 
Wei 11-Marchesani  syndrome, 77,  82 
Widow's peak,  120,  121 
Wilm's  tumor,  associated with 

sporadic anir idia,  49 

Sclera,  blue,  111,  124 
Sclerocornea,  37,  38 

associated with Trisomy-13,  115 
Septo-optic dysplasia,  9,  10 
Septum pellucidum, agenesis ,  9 ,  

10 
Spherophakia,  77 
Staphyloma, 13,  46 
Strabismus,  13,  49,  61,  68,  114,  

116,  124 
Sturge-Weber syndrome, (encephalo-

[oculo]-facial  angiomatosis) ,  
113 

Syndactyly,  29,  61 
Synophthalmos,  6 ,  11 

Telecanthus,  13,  14,  15,  107,  
108, 122 

Treacher Coll ins syndrome, 105 
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Y o u r  a n s w e r s  t o  t h e s e  q u e s t i o n s  w i l l  h e l p  u s  i n  p l a n n i n g  a  
r e v i s i o n  o f  t h i s  b o o k .  

1 .  D i d  y o u  c o m p l e t e  t h i s  b o o k ?  P a r t  I  (  )  Y e s  (  )  N o  
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