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I. INTRODUCTION 

The anatomy and physiology of t he eye have attracted t he 

attention of scientific investigat ors since the dawn of medi-

cine. This inherent interest has produced a vast amount of 

literature dealing with virtually all classes of vertebrates. 

Many writers have described isol ated structures or groups of 

structures in the canine eye; others have made comparative 

studies of various structures in conjunction with special 

problems in human ophthalmology. Unfortunately, however, a 

complete, conci se anatomical study of the canine eye is lack-

ing. 

This work has a two-fold purpose: (1) to study t he 

canine eye from birth to 2 years of age, in an effort to 

determine at what age the eye is structurally mature; ( 2 ) to 

provide a detailed description of the mature eye. 

While this thesis is essentially a contribution to vet-

er inary anatomy , it is hoped that it will be of value to t he 

clinician and patholo gist. At t he same time it is hoped that 

it will be of value to the research ophthalmolo gist , who i s 

handicapped by a l ack of thorough, comparative, anatomical 

studies of the eye. 
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I I • REVIEW OF LITERATURE 

A. General 

A review of the available literature in anatomy and 

ophthalmology produced no evidence t hat the canine eye has 

been completely described prior to this writing. 

Mi chaelis (1796) described the fundus of the eye of the 

dog, calf, and swine. Schultze (1866) , and Cajal (1894), de-

scribed the histology of the canine retina in their classical 

works on the mammalian retina. Slonaker (1897) and Johnson 

(1901) described t he macroscopic anatomy of the fundus of 

many animals including the dog. Duke-Elder ( 1934 ) and Wolff 

(1954 ) include brief discussions of t he comparat ive anatomy 

of the eye in their texts. 

In veterinary literature , Nicolas (1924 ), Ellenberger 

and Baum (1943), Bradley and Grahamme (1948), Sisson and 

Grossman (1953), and Miller (1954), and Trautmann and F1e-

biger (19 52) describe the anato my and histology of the mam-

malian eye in generalities. 

Contemporary research has been reported by Dvorak-

Theo bald (1934) , Troncoso and Castroviejo (1936), Swindle 

(1937 ), Walls (1942), Rechon-Davigneaud (1943), Uyama (1951), 

and Parry (1953). 
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B· Fibrous Tunic 

The sclera, according to Duke-Elder (1934) , Walls (1942) , 

Trautmann and Fiebiger (1952), Si sson and Gro ssman (19 53) , 

and Wolff ( 1954), has t he same general structure in all mam-

mals . Trautmann and Fiebiger (1952 ) and Sisson and Grossman 

(1953 ) describe a scleral venous plexus which corresponds to 

the canal of Schlemm in the human. Swindl e (1937 ), describing 

the principle drainage areas of the eye in various animals, 

i ncluding the dog , also describes this scleral venous plexus . 

Duke-Elder (1934 ) describes t he sclera of animals as being 

more h i ghly pigmen t ed than the human . 

The cornea was described by most author s as being essen-

tially a circular meniscus. Nicolas (19 24 ) stated that the 

cornea was slightly elli ptical in its horizontal plane. \'!alls 

(1942 ) and Trautmann and Fiebiger (1952) s tate t hat Bowman's 

membrane was seldom discer nible and tha t Descemet 1 s membrane 

was always present . 

c. Vascular Tunic 

Walls (1942) stated t hat the iris of carnivores was essen-

tial ly the same as in man . He pointed out that there is 

histolo gi cal evidence of a dilator muscle. Sisson and Gro ss-

man (1953) desc r ibed the color of t he iris as light-brown or 
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yellow-brown; they stated that blue was not uncommon and that 

t he color may differ in the two eyes. Johnson (1901) stated 

that the pupil wa s usually round and pointed out the shape of 

the pupil and that of the optic papilla usually coincide. 

Walls (1942) stated that the choroid was essentially the 

same in all vertebrates except in t ho se having a tapetum. 
-

According to Duke-Elder (1934) and Walls (1942) the thickness 

of the choroid varied among the different species, being 

thickest in the human. Walls (1942), Trautmann and Fiebiger 

( 1952 ), Sisson and Grossman ( 1953 ), and Wolff ( 1954) described 

t h e tapetum as being cellular in type. Walls (1942) observed 

that the tapetum was composed of t en layers of endothelial 

cells. Johnson (1901) and Trautmann and Fiebiger (19 52) 

noted that the tapetum was avascular. The majority of writers 

described the color of the t apetum as green to gr eenish-

yellow. Johnson (1901) agreed with this in general, but noted 

that the Chinese Chou-Chou has an orange-yellow t apetum. This 

writer sugges t s that the variat i ons in col or may be genetic 

and linked to breed characteristics or to co at color. John-

s on (1901) stated that t he tape tum was remarkable by the 

absence of blues and viole ts and for the prominence of r eds , 

gr eens , and yellows. 

According to Sisson and Grossman (1953) the clliary 

mu scle of t he canine eye was better developed than in other 

domestic animals. Other authors consulted made no mention 

I 
, 1 
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of the ciliary muscle in the canine eye. Their treatment of 

this portion of the vascular tunic was in general co mmon to 
\. t he carnivore as a group. 

D· Neural Elements 

Schultze (1866) and Cajal (1894 ) described t he canine 

retina as having ten histological layers conforming generally 

to t h e plan t ypical of all mammals. This description was 

support ed by Duke-Elder (1934), Ellenberger and Baum (1943), 

Trautmann and Fiebiger (19 52), Sisson and Grossman (1953 ), 

and Parry (19 53) . Parry (19 53) , in his study of r etinal 

degenerations in the dog, s tated t hat t he canine retina was 

not fully mat ure until 6 weeks of age. 

The retinae of mammals contains an area t hat is special-

ized for the function of a cute vi sion . The writer has chosen 

the term 11area c entralis 11 as the t er m of choice in describing 

this specialized portion of the r etina. Other terms equally 

popular would h ave to be modifi ed in def1n1 tion in order to 

be applic able to t h e canine eye. 

The area centralis was first described by Francesco Bruzzi 

(1789 ) in the human eye . He c all ed this area the macula lu tea 

or "yellow spot"· v. Sommerine; ( 1791) discov er ed a depression 

or fovea ne ar it s c enter. The se di scoveri e s s ti mula ted inten-

sive study of the retinae of other mammals. 
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Michaelis (1796 ) described t h e area centralis of the 

do g , calf, and swine and was unable t o find a macula lutea or 

a fovea in t hese speci es. Schultze (1866), Kraus e (1891), 

and Cajal (1894 ) were also unable to demonstra t e a fovea in 

t he dog. The reti nal studies of Schultze (1866) and Cajal 

(1894) further indica ted that the area centralis and fovea in 

man and simians was rod-free. They f ound that in oth er mam-

mals t here was no r od-free portion of the retina. Duke-Elder 

(19.34 ), Trautmann and Fiebiger - (1952 ), and Wolff (1954 ) also 

state that a macula and fov ea are present only in t he pri-

mates. 

The area centralis of t h e dog was firs t described in 

detail by Ch evitz (1890). Slonaker (189 7) noted that t he 

area centralis was charac t erized by a t h ickening of t h e r etina 

and s omet i mes by increased t hickening of the t apetum. Parry 

(19 53 ), on t he other hand , s t ated t hat t he area was only 

notic ed by a slight r educt i on in t he density of secondar y 

r etinal blood vessels . Si sson and Grossman (1953 ), and Parry 

(19 53 ) loca t ed t h e ar ea centr ali s medial (nas al) t o the optic 

papi l la. They des cr i bed i ts shape as r ound t o roundly tri -

angul ar. 

Trautmann and Fiebi ger (1952) stat ed t ha t t he cone-cel ls 

and r od-cells wer e i ncr eas ed in the area centrelis and sug-

gested t hat r od-cell s may b e enti r ely lacking i n r a t t errie r s 

I 
I I 

• I 
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and in dogs hW1ting by sight. Parry (1953) could find no dif-

ference in the rod-cone complement of t h e area centralis in 

dogs hunting by sight and in those hunting by scent. In fact, 

he found the ·rod-cone complement to be striki ngly c ons tant 

t hroughout the retina with exception of the anteri or tenth 

(in the region of the ora serrata). 

The optic nerve, according to Bradley and Grahamme (1948 ) 

ente rs the eye sligntly late ral and ventral to the posterior 

pole of the eye. -rt emerges on the inner surface of the eye 

as the optic papilla. Johnson (1901) stated that the papilla 

was round. 

E. Refractive Media of the Eye 

The refractive media of t he eye, c onsisting of the lens, 

vitreous body, and aqueous humor , received no specif i c mention 

i n connection with the do g . The autnors consulted treated 

these structures and flu ids in gener alities characteri stic of 

the mammalia as a group . Nicolas (1924) did state, however, 

that the lens 1 in c arnivores, was less sharply curved on its 

ant erior surr ace t han on i t s poster ior ourf ac e . Duke-Elder 

(1934) , on the o ther hand, described the l ens of c arnivores as 

bei ng more shar ply curved on i ts anterior surface than on its 

posterior surface. 



8 

III. MATERIALS AND METHODS 

A· General 

Ocular specimens for t his study were obtained from dogs 

reared in the dog colony of t he Department of Veterinary Ana-

tomy , Iowa State College. Fourteen of the dogs were whelped 

in the colony; two were obt ained f r om othe r s ources. 

The diet for these animals, after weaning, cons isted of 

a dry, commercial dog foodl which was fed free-choice, by 

means of a hoppe r type self ~feeder. Fresh water was supplied 

by means of an automatic tvat ering devic e. There was no evi-

dence of nutritional defic ienc ies during the course of this 

study . The r a tion contained 25% pro tein, 7% f at, 48% c ar bo-

hydra te, vit amins , minerals, and essential amino-acids . One 
2 pound of t he feed supplied 1 500-1600 calories. ' 

The colony di d not appear t o be excessively parasitized 

at any t ime . Intestinal parasi t es were controlled by dally 

cleaning of t he animal quarters , and by treating t he brood 

bitches with a c ommercial anthelminthic dur ing early preg-

nancy. 

l suppli ed by Gaines Dog Food Div i sion, Gener al Food Co . , 
Kankakee , Ill. 

2Feed anal ysis provided by t he Gaines Dog Research Lab-
or a t ori es, Kankakee , Il l . , October , 1954 . 

111 
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An isolation fence loca ted 5 fee t from the dog runs pre-

vented t he dogs in the colony f r om coming in direct contact 

with stray animals. 

There was no clini cal evidence of diseas e at the t ime 

the animals were destroyed. 

B. Co llection and Fixation of Specimens 

The do gs u sed in this study were of mongrel breeding. 

Specimen ma ter,ial was collected from dogs of both sexes and 

representing the following age groups: 

~ Breed char acteristics 

Birth Fox-terrier - x 
1 week Labrado r - x 
2 weeks Labrador - x 
3 weeks Labrador - x 
4 weeks Labrador - x 
6 weeks Shepher d - x 
8 weeks Colli e - x 

10 weeks Coonhound - x 
1 2 weeks Coonhound - x 
16 weeks Shepherd - X 

20 weeks Coonhound - x 
24 weeks Coonhound - x 
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28 weeks Coonhound - X 

12 months Greyhound - X 

24 months Greyhound - X 

The animals were destroyed by electrocution. The globes 

were enucleated immediately after death and placed in 10% 

neutral formalin. Later, during the process of dehydration, 

the globes were opened. Virtually all specimens showed some 

degree of retinal detachment. Subsequent inquiries indicated 

that formalin fixation caused extreme shrinkage of t h e globe 

with retinal detachment.l 

In an attempt to esc ape r etinal detachment due to forma-

lin fixation, globes used for macroscopi c studies were fixed 

either in Bouin 1 s or Zenker 1 s fluids. The globes were fixed 

i n toto . Specimens fixed in Bouin 1 s fluid, which contains 

5,% formal!n, still showed some evidence of retinal detachment. 

Globe s fixed in Zenker 1 s fluid did not show evidence of 

retinal detachment and \'1 ere otherwise satisfactory. It would 

appear tha t of the fixatives used, Zenker's fl~id would be 

the fixative of choice for ocular tissues. 

Retinal degeneration begins so on after death (Parry, 

19 50 ). Early and adequa te fixation was therefore desi rable. 

Considering this f actor , three methods of preparing t he 

globes for fixation were employed. The vitreous cavities of 

lLindorfer, Katherine. 1955 . Iowa City , Iowa . Celloidin 
technique for ocular tissues. (Personal communication.) 

I 

I 

I 
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several globes were inject ed by means of a hypoder~ic syringe 

and needle. Other globes were incised either in the r egion 

of the limbus or equator. The remaining specimens were fixed 

in to t o . Injection caused retinal de tachment in the area of 

the injection. Limbal incisions made subsequent study of 

the anterior chamber angle difficult and occasionally impo.s-

sible. Equatorial incisions caused escape of the vitreous 

with collapse of the globe and retinal detachment. Globes 

fixed in to to were quite satisfactory. This method of fixa-

tion was continued. 

c. Macroscopic Methods 

The basis of anatomical r esearch has always been accurat e 

observa tion and di s section. The delic a te, c omplex structures 

of the eye, however , are too small for naked-eye observa tion. 

Simple magnification was found to be of great value. A stand-

ard, wide-field dissecting microscope was used to good advan-

tage . To obtain a compr ehens ive view of t he structures of 

t he globe, a magnification of 15X was used . Finer details 

were studied at a magnific ation of 30X and 40X . 

Globes were bisected transversely and sagit tally for 

these purposes. Undesirable rotation of t he globe segments 

was c ::m trolled by placing the segments in a concave depr es-

sion c ast in a paraffin block. 
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D. Microscopi c Methods 

The enucleated globes wer e allowed to remain in the fixa-

tive for 24-48 hours . They were t hen washed i n running tap 

water for 24 hours, and stored in 70% ethyl alcohol. Dehydra-

tion was accompli shed in graded ethyl alcohols and terminally 

in absolute alcohol-ether solution. Dur ing d ehydr ation , ver-

t i cal (eagittal), and horizontal ( frontal) sections were pre-

pared by bisect ing the globes 1/8 i nch on either side of the 

optic nerve head . ·This resulted in a r ing-shaped section of 

ocular tissue which con tained the c entral visual structures . 

The remaining 11 side- p i eces 11 were di scarded . 

Th e glo be segments were dehydrated and embedded in c el-

l oidin using the dry celloidin method currently employed by 

Lindorfer (1955 ). In this t~chni que , the segments were de-

hydrated in gr aded ethyl alcohols and te rminally i n abso l ute 

alcohol-ether solution . Two solutions of commercial celloidin 

ar e used. The segments are infiltrated in 8% celloidin for 

4 weeks and then in 15% celloidin fo r 4 weeks . The embedding 

mass was allowed to evapora te to partial hardnes s in t he air 

at room tempera ture . When the block was hard enough t o handle, 

it was tranferr ed to c edarwood oil and chlorofo r m to compl ete 

t he hardeni ng proc ess (24 hours) . The block was then cleared 

in c edarwood oil for at leas t 4 days . Celloidin sections 

we r e cut 10-15 micra in thickness using a standard rotary 

I • 1 
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microtome. 

Sections were stained r outinely with Harris' alum-

hematoxylin and Eosin-Y and a modified picro-indi gocarmine 

trichrome stain of Cajal. Van Gieson's acid fuchsin-picric 

acid stain was used to demonstrate collagenous fibers; Wei-

gert' s elastic tissue stain was used for elastic fibers. 
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rv. OBSERVATIONS 

A. General Anatomic Scheme 

The eye, protected by connective tissue and voluntary 

muscle, was situated in the anterior portion of the orbital 

cavity. It was composed of s egments of two asymmetrical 

spheres , giving it the form of an oblate spheroid (Fig. 1) . 

The anterior, transparent segment (cornea ) had a radius of 

curvature 1/3 smaller than the posterior opaque segment 

(sclera). The anterior segment therefore projected more 

strongly. The junction of the two segments was marked ex-

ternally by a shallow groove, the external scleral sulcus. 

Terms usually employed in describing a spherical struc-

ture were used in describing t he surface of the eye. The 

central point on the anterior curvature of the cornea was 

designated the anterior po le; the corresponding point on the 

posterior curva ture of the sclera, the posterior pole . An 

imaginary line connecting the two points was called the geo-

metric axis. A circle executed over t he surface of the globe 

equidistant from the two po l es was called the equa tor. Circles 

pas sing over the surf ace of the globe , through t he poles and 

at right angl es to t he equator , were designated meridians 

(Fig · 1). From these geometric points three diameters were 

determined: sagittal ( anterior-posterior), horizontal, and 



Fig. 1. Geometric orientation of the eye 

l· Anterior pole 
2. Horizontal diameter 
3. Equator 
4. Geometric axis 
5. Posterior pole 
6. Horizontal meridian 
7. Vertical diameter 
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vertical. 

The canine eye was found to be somewhat flattened from 

above down, hence the horizontal diameter was slightly greater 

than the vertical. The sagittal was greatest of all. In this 

study, the diameters of t he adult eye were found to be: aag-

ittal, 21.8 millimeters; horizontal, 21.4 millimeters; and the 

vertical, 21.0 mi llimeters . 

The surface of the globe presented in its anterior 1/3 

t he tendonous insertions of six of the extrinsic ocular 

muscles (four straight and t wo oblique). The exit of the 

vortex veins (one in each quadran t) emerged from the globe 

anterior t o the equator. The optic nerve emerged from t he 

globe slightly lateral to and below t he posterior pole. The 

long ciliary nerves, four or five in number, entered the globe 

in t his area also, formi ng an irregular circle about the optic 

nerve. The retractor muscle of the eye, which sheathes the 

optic nerve in its intraorbital course, inserted on_ the pos-

terior 1/3 of the globe . The insertions resulted from digita-

tions of its fibers. 

The eye consisted of three concentric tunics which con-

tained t he refractiv e media. From without inward they were: 

(1) the fibrous tunic, which is essentially protective; (2) 

the vascular tunic, which suppl ies nutrition to the nervous 

tunic (.3) containing t he peripheral end-organs serving t he 

sense of vision . 

I 
j 

I 
I 
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B· Fibrous Tunic 

The sclera, which was opaque , constituted the posterior 

5/6 of the fibrous tunic. It was dense in consi s tency and in 

general, had a dull-white color. The equatorial portion was 

thin, so thin in fact, t hat t h e underlying , heavily pi gmented 

vascular tunic was visible through it· Here, the dull-white 

color took on a bluish-brown cas t due to this underlyi ng coat. 

The cut-surf ace of t he scl era had a dense, glistening consis-

tency similar to tendon. The i nner surfac e was s mooth ; it 

wa s brown in color and dull in appearance due to the pres ence 

of pigment in i t s deep er lay ers . 

Th e t hicknes s of th e sclera was not uniform. It was 

thickest (Q. 8 to 1.0 millimet er s ) at the corneo-scleral junc-

tion. This thicknes s was marked externally by a thickened 
' 

band of fib rous tis sue app roxima t ely Q.5 millimet ers in width , 
-

which circled t he globe on an equatorial plane . It was t hin-

nest (0. 3 millimeters ) in the r egi on of the equato r . In the 

ar ea of t h e junctio n of t he ant erio r and equa tori al t hi rd s of 

the globe, t he t endons of insert ion of t he ocular mu scles 

bl ended with t h e f abric of t he sclera . The po s terior 1/3 of 

t he sclera increa s ed to a thickness of 0.4 mill ime t ers . The 

l a t eral aspect of t he sc l era was t hic ker in all regions than 

tne medi al asp ect. 

Tne sclera presen t ed two so-called foramina, ant erior and 
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posterior. The anterior scleral for amen was marked by the 

junction of the irregular fibers of the sclera and the regu-

l ar lamellae of t he cornea , forming the corneo- scleral junc-

tion . The external scleral sulcus has already been noted. 

At the corneo- scleral junction there was a correspo nd i ng inter-

nal scleral sulcus (Fig . 2C). The posterior margin of this 

junction projected forward and into t he interior of t he eye, 

forming the scleral spur. The ciliary muscle was attached 

to t his spur and formed the anterior insertion ring of the 

vascular tunic. The posterior scleral foramen permitted the 

exit of the optic nerve. The inner layers of the sclera 

stretched across this opening but were fenestrated for the 

passage of t he fibers of this nerve. The fenestrated area 

constitut ed t he lamina cribrosa. 

Microscopically, the structure of t h e sclera was uniform. 

Slight modifications were noted however which allowed it to 

be divided into three layers. , From without inward they were: 

(1) the episclera, ( 2) the sclera proper, and (3) t he lamina 

fusca. 

The episclera was composed of collagenous and elastic 

fibe rs in a r ather loose ar r angement. It was attached above 

t o the tissue fillings Tenon 's space and below to the sclera 

prop er . It was interes ting to note the large numbers of small 

blood vessels here , in contradistinction to t he sclera proper 

which was practically avascular. 



Fig. 2· Sections through the fibrous and vascular tunics of 
the mature canine eye 

A. Cornea in the region of the anterior pole (?OX) 
1. Corneal epithelium 
2. Corneal stroma 
3. Descemet 1 s membrane and the endothelium 

lining the anterior wall of the anterior 
chamber 

B. Meridional section through the sclera in the 
region of the ciliary body (?OX) 

1. Ciliary process 
2 . Heavily pigmented ciliary body 
3. Sclera 

c. Meridional section at corneo-scleral Junction (?OX) 
1. Epithelium of the limbus 
2. Corneo-scleral junction 

D. Section of choroid and tapetum (115X) 
1. Tapetum 
2. Vascular layer of the choroid 

--
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The sclera proper (Fi g . 3A) was composed of collagenous 

fibers and a varying ad.mixture of elastic fibers . The col-

lagenous fibers were arranged in bundles lying parallel to 

the surface of the sclera and ran in all directions. They 

divided, r eunited and cross ed over each other formine a dense , 

i n terwov en meshwork. The elastic fibers were usually found 

on the surface of the collagenous fibers. The collagenous 

bundles were thickest near the surface of the sclera, becoming 

smaller in the deeper layers. The deeper layers also con-

t ained considerable amounts of pigment . The increasing den-

sity and pigmentation delinea ted the lamina fusca . 

Cellular elements found in the scleral connective tissue 

were typical, flattened fibrocyt es . Pi gment cells {chro mato-

phores) were plentiful. They were particularly evident at 

t he corneo-scleral junction, t he lamina cribr osa, and around 

t he vessels entering and leaving the ciliary area . Moderat e 

numbers of pigment cells were evident throughout the extent 

of t h e sclera, particularly in the deeper layers . 

The sclera was practically avascular . Most of its blood 

supply seemed to reach it vi a t he vessels locat ed in the 

episclera. In the midscler al r egion, canals (the emesseria 

of Salzmann) were seen t o c on t ain t h e ves sels going to and 

f r om the in teri or of t he eye. These canal s wer e li ned by a 

loo s e connective tissue. 

The cornea , the ant er io r segmen t of the f ibr ous tunic, 

111• 
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Fig. 3. Sections through various tunics of the eye 

A· Meridional section of cili ary body (?OX) 
1. Pars ple.na of the c 111ary body 
2. Cil1ary muscle 
3 . Sclera 

B. Section through fundus of the eye (?OX) 
1. Retina 
2. Tapetum and vessel l ayer of the choroid 
3 . Sclera 

c. Meridional section throu eh the optic nerve at 
t h e optic papilla (?OX ) 

1. Optic nerve 
( NOTE: There is no central depression 

i n the nerve head ) 

D. Anterior-posterior section through t he l ens at 
the equator (115X) 

1. Lens capsule 
2. Subcapsular epithelium 
3 . Lens vortex 
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was a clear, transp arent tis sue with a smooth and brilliant 

surfa ce. It had the form of a strongly curved meniscus and 

was inserted with a beveled mar gin into the anterior scleral 

foramen. Viewed f r om the front, it was slightly elliptical 

on the horizontal pl ane . Due t o its beveled i nsertion , it 

appeared circular fro.m behind . The r adii of curvature of t he 

cornea was determined on a keratometer using formalin-fixed 

globes. These radii f or t he adult dog were found to be: 

horizontal, 715 millimeters; vertical, 619 millimeters. The 

t h ickness of the cor nea at t he anterior pole was 0.4 milli-

meters. 

Microscopically , t he cor nea (Fig . 2A) was composed of 

two zones : (l) the cornea proper and ( 2) the limbus. 

The cornea proper consisted of five layers. From before 

backward they were: ( l) epithelium, ( 2) Bowman 's membrane, 

(3) corneal stroma , (4) Des c emet 's membrane, and ( 5) endo-

t helium. 

The epithelium of the cornea was of unifo rm thickness, 

varying in different specimens f r om 50 to 80 nu. Its contour 

was extre mely r egular, and structurally, was continuous with 

t he con junc tival epithelium. The epithelium was s t r atified 

squamo us in type and consisted of five to seven cell l ayers . 

These l ayers wer e divided into three zones based upon t he 

general cell contour. The deepest zone , the basal-cell layer 

was c ompo sed of a single r ow of r a ther tal l cuboidal eleQents . 
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The next zone also consisted of a single row of cells. Thes e 

were polyhedral in outline and constitute the so-ca l l ed "wing-

cells11. The mo s t superficial zone was fro m three to five cell 

layers thick. The cells in t his zone had the con tour t ypical 

of squamous cells . They were fl attened , with t heir long axes 

parallel to the surface of the cornea . Th e superficial layer 

showed no evidence of keratosis. The cells were united by 

intercellular bridges, which were very prominent in the basal-
I cell layer. 

Bowman's membrane was not clearly discernible. Thi s 

membrane was found i mmediately below t he basal-c ell l ayer of 

t he corneal epithelium. It was represented by a uniforwl y 

structureless area that appeared t o end abruptly a t the 

limbus. 

The stroma constituted about 90 per cent of t he ent ire 

thickness of the cornea . Two str uc t ural elements were noted: 

connective tis sue l amellae and corneal cells (corpuscl es). 

The lamellae ran t he enti re len~th of the cornea , crossing 

back and forth with each other but running nearly parallel 

to the surface. 

Between t he l amellae were seen t he corneal corpus cle. 

The se cel l s seemed to b e t ypical connective ti s sue elements , 

many of' which were d eformed by l ateral pres sur e from the 

lamellae. Occasi onal leucocyt es wer e seen sc attered i n t he 

meshes of" t ne l a mella e . In many instances t hey were crushed 
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almost beyond recognition from the pressure exerted by the 

lamellae . 

Descemet•s membrane was a homogeneous structure which 

separated the corneal stroma from the endothelium. The mem-

brane stained exceptionally well with van Giesson 1 s stain . 

The endothelium was a single layer of epithelioid cells 

arranged along the posterior border of Descemet' s membrane. 

The corneal limbus (Fig · 2C) marked the transition be-

tween the cornea on t he one hand, and the conjunctiva, 

episclera, and sclera on the other. In the canine eye, the 

line of demarc ation was very pr ominent because of the presence 

of a large number of pigment cells along t h e line of trans-

ition. It is also marked by t he transition of the epith elium . 

The thinner, more regular corneal epith elium gradually is re-

placed by t h e thicker, papilla t ed conjunctival epithelium. 

Bowman's membrane was seen to end abruptly at the c onjunctival 

epithelium. The regularly arranged corneal lamellae goes 

over into the irregularly arranged scleral connective tissue. 

Descemet 1 s membrane, and the endothelium i·1ere continued into 

t he meshwork of t h e iris angl e. 

c. Vascular Tunic 

The va scul ar tunic wa s divid ed i n t o f our r egions on t he 

basis of s t ructural diffe r ences. From behind fori·Ja rd t hey 

l I 
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were: (1) choroid, ( 2) tapetum lucidum, {3) cilia ry body, 

and ( 4) iris. 

The choroid and tapetum lucidum were the most posterior 

par ts of the vascular tunic. The choroid extended from the 

exi t of the optic nerve, anteriorly to the ora serrata except 

ror the area occupied by the tapetum. It had the appearance 

of a soft, b r own memorane iii th the cnief charac t eri stics of 

extreme vascularity and a l ar ge amount of pigment. 

Histolo gically, the choroid (Fi g · 2D) was composed of 

tne following layers from without inward : ( 1) epichoroid, 

( 2 ) ' vascular layer, (3) chorio-capillar1s, and ( 4) lamina 

elastica externa. 

The epichoroid provided loose attachment for the choroid 

to the sclera. It was represented by a thin, delicate, loose-

ly woven lamellae of elastic fibers. Large numbers of pigment-

laden chromo t ophores were seen in the meshes of t hese fibers. 

The vessel lay e r was t he t h ickes t laye r in t he specimens 

examined . It c onsisted of a dense vascular plexus suspended 

in connective tissue lamellae . Pigment cell s , char acteri s tic 

of t his tunic were in gr eat ev i dence in t he area . 

Tne chorio-capillaris and t he lamina elastica externa were 

completely concealed by h eavily pigmented chrorr.9.tophores . 

Only in one or two areas were they bleached enou~h f o r t h e 

~riter to hazard an assumption that t hese structu~es lay 

beneath. 
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The t apetum luci dum ( Fig . 2D) , a modific ation of the 

choroid, was es sentially avascul ar and non-pigmented. It was 

approximately cre s centic in outline, occupyi ng t he dorsal 

quadrants of t he fundic portion of the cho r oi dal l ayer. 

Micro scopically, the t apetum was co mposed of eight to 

ten l ayers of non-stra tified , flattened, hexagonal cells. 

The cells contained r el ativ ely small amoun t s of cytopl asm ; 

t hei r nuclei were small and dense. 

The ciliary body was r ecognized as t he anterior continu-

ation of the vascular tunic. It was situated between t he ora 

se r rata ( the anterior t ermination of t h e retina) posteriorly , 

and the corneo- scleral junction, anteri orly . I n meridional 

sections ( Fi g . 3A) it had t he shape of a r ight- angled tri-

angle, t he apex of which was continuous with the choroid · 

The base or sho rtest side was directed anteriorly. It was 

attached by i t s outer angle to the scleral spur. Its external 

surface, bo r dering t he sclera, was smooth ; i ts i nte r nal sur-

face was t hrown into approximately 50-70 r adi ating folds , t he 

c iliary proces ses. 

rhe surface of the ciliary body pre sented an anterior 

and a posterior r egion . The posterior r egion (pars plana) 

was smooth and heavily pi gmented . In the canine eye, t his 

r egi on was no t near ly as wid e as t he same area in t he human 

eye . The cili ary processes in many instances vi r tually en-

cro acned upon the ora serra ta . Ant er iorly, t he pr ominent 
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folds of the cilia r y processes were s een. These processes 

were pyramidal in shape; t hey were placed side by side in a 

radiating manner with their bases directed to \-.rards t he len s , 

their apices toward t he ora serrata. 

The ciliary muscle (Fig · 3A) was of c onside r able bulk. 

It had the same triangular form characteri sti c of t he rest 

of the cili ary body. Its ri ght angle was internal and f aced 

t ne ciliary processes; its apex blended with t h e chor oi d , the 

base was projected anteriorly. 

Histologic ully, the cili a r y muscle (Fig . 2B) was compo sed 

of smo oth muscle fibers. The fibe rs were orient ed in .three 

directions: (1) mer idional fibers were f ound to be the most 

external - from the choroid , they proj ect ed anteriorly forming 

a 11muscle-belly 11 of good size; continuing forward , the muscle 

fibers became lo st in the connec tive tissue of the scleral 

spur which p r ov i ded attachment for the muscle , ( 2) r adial 

fibers were seen internal and anterio r to t he me rid ional fibers 

and had a fan-like arrangement, and ( 3) circular fibers Hhich 

appeared t o be c on t inuous with the r~dial fi bers. This gr oup 

of muscle fibers c ont inu ed ar ound the anterior edge of the 

ciliary body immediately beh ind the root of the iris. 

The c iliary bo dy as a whole was formed in a connective 

tissue stroma which supported a gr eat number of vessels and 

pi gment cel ls. The cili ~ry muscle cont a ined a considerable 

amo unt of . intersti tial connec tive tissue. The int er na l surface 
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of the c iliary body was lined by pigment epithelium, t he 

anterior continuation of t he pi gment layer of the r e t i na; it 

c ontinued anteriorly t o cove r t he posterior surface of t h e 

1r1s. 

The iris constitu ted t he anterior limit of t h e vascular 

t unic. It was suspended between t he cornea and the lens , hav-

ing the form of a circular, contractile disc, per fora t ed near 

its center by a circular aperture, t he pupil . The i ris pre-

sented t\'IO circular borders: the pupillary and t he ciliary 

mar gins . The c i liary margin or root of t he iri s was attached 

to the middl e of t h e anterior surface of the ciliary body. 

The cili ary margin was r el atively thin; it bec ame thicker 

towards tne mi ddle of the iris forming the collarette and then 

became t h inner at the pupillary margin. The pupillary mar gin 

was unattached and moved freely over the an terior surface of 

t he lens. 

The anterior surface of the spec imens studied were go l den-

brown in color. The surfac e was divided by an irregular ridge 

that was c oncentric with the pupil, t he l esser arter ial circle 

of the iri s . A vascular anas t omosis in the underlying str oma 

pr oduc ed t his ridg e. The a r ea lying be tween the l esser arte-

rial circle and the pupill ary mar gin was designat ed the pupil-

l a r y zone . This zone in t h e i ris of man i s characterized by 

numerous excavations , the pupillary crypts . Thes e crypts were 

not evident in t h e canine irises examined in this study . The 
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ciliary zone, the area between the lesser arterial circle and 

t h e ciliary bor der, was quite uniform. It contained, however, 

a number o~ linear defects that were concentric with the pupil-

lary margin. No crypti-f orm excavations were evident in this 

area . 

The posterior surface of the iris presented a uniformly 

dark-brown - almost black - color. With the magnifying lens, 

two systems of radiating furrows were visible; one in the 

pupillary zone and one in the cili ary zone . 

Microscopically, t h e iris was divided into five layers . 

From before bac kward t h ey t·:ere: ( 1) anterior endothelium, 

( 2) anterior border layer, (3) stroma, (4) dilator muscle, and 

(5) posterior epi thelium . 
-The ante rior endothelium consi s ted of extremely d elicate 

cells. These cells stai ned faintly with the staining tech-

niqu es employed in this study. The cells were continuous with 

t h e endothelium of the corn ea and scleral spur. 

'i'he anterior border layer was ess entially a condensation 

of the anterio r part of the stro ma layer. It consi s ted of a 

dense meshwork of anastomo sing proces ses of connective tissue 

cells and pigme n t cells. The connective tissue cells were 

stellate in outli ne, h ad t he char acteri s tic s of pri mitive 

me s enchymal cell s , and wer e arranged p arall el t o t~e surface 

of t h e iris. 

The strcma of t he i ris consi s t ed of lo osely arranged 
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collagenous fibers and a f ew ela stic fibers . The stroma cells 

for the most part were typical, fla ttened fibrocytes. Wander-

ing c ells (leucocytes ) and plasma cells were very evident. 

The predominant c ell-type, however, was the large, pigmented 

chromatophore·. The pi gm ent c ontained in these cells was 

yellow-brown in color. The cells were provided with two or 

three long , slender proc es ses which united with processes of 

other chromatophores formin g a syncytium. Numerous chromato-

phores in the r egion of the sphincter muscle and the c iliary 

border of t he iris were atypical cells in that they were some-

what larger, more heavily pi gmen t ed , and l acked the process es 

which are char act eris tic of t he chromatopho r e . Thes e chro ma-

topho res were interpret ed as t he iris 11 clump cells 11 (Wolff , 

1954). Suspended in t he stro ma of t he iris were t h e r adiating 

branches of t he gr eater and les ser arteria l circles . The 

adventitia of this gr oup of arteri es was quite thick, in some 

instanc es thicker than t he lumen they surrounded. The veins 

appear ed to have perivascular sheat hes . Also present in t he 

iris stroma was t he sphi nc ter muscle of the iris. This muscle 

was an annular band encir cling t he pupi l l ar y margin, and was 

composed of smoo t h muscle f i ber s . The per ipheral border of 

the band bl ended wi t h t he d il a t or musc le of t he iri s . 

The dil ator mus c le of the i r i s was composed of myoepi-

t heli al cell s whose fi bers we r e ar ranged i n a r adi al manner. 

The muscle appe ar ed as a uniform l ayer in the pos t er io r part 
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of the iris between t he stroma and the posterior epithelium . 

The pigment epithelium on the posterior sur face of t he 

iris was so heavily pigmented tha t histological study by 

routine methods was impo ssible. This layer is continuous 

posteriorly with the ciliary epithelium. Anteriorly, it ended 

on the expanse of the pupillary margin by forming a junction 

with the epithe lium of the anterior surface . 

D. Neural Elements 

The neura l elements of the eye that were considered in 

tnis study c onsi s ted of the retina and the intra-ocular por-

tion of the optic n erve (optic papilla). 

The retina was a soft-, non-elatic, translucent membrane. 

Its oute r surface was in contact with the choroid ; its inner, 

with the vitreous body. Posteriorly it was c ontinuou s with 

t he in t r a-buloar portion of t he optic nerve; anteriorly, it 

t er minated at or near the pars plan~ of t he cili ar y body. 

The anterior limit wa s noted by a dentate margin, the ora 

serrata. The retina \·.'as firmly attached to underlying struc-

tures at these poin t s; elsewhere, i t was loosely attached to 

the choroid. This at tachment was probably aided by the mass 

of the vitreou s body. The inner surface of the r etina appear-

ed to be finely granular, t he density of wnich was most 

noticeable in older s u oj ec ts . Between the g r anular-appe aring 
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areas, dar ii: , round or triangular areas of pigmented epithelium 

could be seen through the retina. 

Histologically, the retina (Fig . 3B) c onsisted of ten 

structu~al layers . From without inward t hey were : (1) pi g-

ment epithelium, ( 2) l ayer of rods and c ones , (3) external 

limiting membrane, (4) outer nuclear layer, (5) outer plexi-

form lay.er, ( 6) inner nuclear layer, ( 7) inner plexifo r m layer, 

( 8 ) ganglion-cell l ayer, ( 9 ) nerve fiber l ayer, and (10) in-

ternal limiting membrane. 

The pigment epithelium, on cross- section , was cuboi dal 

in outline. Tae pigment was unevenly di st r ibuted from cell 

to cell causing an un even s t a i ning reaction. In the region 

of the tapetum, the epithelium was entirely devoid of pi gment. 

The granular appearance of the inner surface of the r etina was 

int er preted as being due to the variation in the amount of 

pigment in this lay er. The ret inal surface of the epi thelium 

exhibited delicat e protoplasmic pr ojections whi ch interdigi -

tated with the bases of the rod and cones. 

The layer of r ods and cones was approximately 30 micra 

in width and demonstrated a palisade ar rangement . 

The external limiting membrane was a delicate layer of 

filaments . 

The outer nuclear layer was 30 mic ra in width and con-

tained the nuclei of t he r ods and cones . The c one nuclei \·1ere 

loca ted along the outer edge of the layer, r esting on the 
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exter nal limiting membr ane . No portion of t hi s l ayer was 

interp reted as being rod-free nor was there histolo glc evi-

dence of a fovea centr alis. 

ihe outer plexiform layer was 10 micra in width and con-

sisted of a rather dense reticulum of fine filaments. 

The inner nuclear layer was 20 micra in width and t h ree 

or fou r nuclei thick. The nuclei were c losely packed and 

occupied mos t of t he cell space; t he cytoplasm formed an ex-

tre mely thin canopy over the nuclei. The r outine staining 

pr ocedure s employed could not be utilized to differentiate 

cell types. 

The inner pl exi fo r m l ayer was approxima tely 50 micra 

wide and consisted of a fine reticulum of fibrous elements. 

The ganglion-cel l l ayer was 50 micra in width and two or 

t hree cells t hick. The cells were of t h r ee sizes: giant, 

medium and small. In many fields t he small ganglio-c ells 

appear ed t o be in two layers . The cells compris i ng this l ayer 

were c l o ser toge the r i n the peri-papil lary area and were in-

creasingly far ther apart peripherally. 

The nerve fiber layer was 10 micra wide peripherally, 

and increased gradually to a width of 60 micra at t he op tic 

papilla. 

'1.ne in t ern al limiting memorane was quite t hin and deli-

c a te. It could not always be delineated. 

Tile structure and wid th of the r e t ina from the equator 
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posteriorly was uniform. Anteriorly f r om the equator, it de-

creased in width, slowly at first, then rapidly. In the region 

of the ora serrata, the thickness of the r etina diminished 

rapidly until only the pigment epithelium remained. This was 

projected onto the cili ar y body and t he posterior surface of 

the retina as the pars ciliaris retinae and pars iridica 

retinae, respectively. 

The optic papilla marked the beginning of the optic nerve, 

and was formed by the c onvergence of the nerve fiber layer of 

the retina. Viewed from within, it was a r ound or nearly 

round structure lying lateral to and slight ly below t he pos-

terior pole of the globe. Fresh, unfixed specimens were 

ligh t-pink in color. The color was int erpreted as being due 

to the underlying retinal vessels. 

Meridional secti ons through the papilla (Fig . 2C) indi-

cated that it was not actually a papilla; the papillary area 

was in the same plane as the r etina. The optic papilla in 

t ne human eye presents a physiologic depression near its 

center; t he canine eyes examined in th is study did not present 

t his phys iologic depres sion. 

E. Ch ambers of the Eye 

The iris, suspended betwe en t he lens and cornea, divided 

t he anterior segment of the eye i nto two spaces; t he anterior 
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and poster ior chamber s . 

The anterior chamber was bounded by the posterior sur -

f ace of t he cornea in front; peripherally , by small segments 

of the in t er nal surface of the sclera and anterior surface 

of the cili ary body; and posteriorly, by the entire anterior 

surf ace of t he iris and th e intra- pupillary portion of the 

lens. The surface of t he chamber was lined by endothelium 

with the exc eption of the intrapupillary surface of t h e l ens. 

Histologically , t he periphery of the anterior chamber 

(Fig . 4A and B) presented an acute angle between the iris 

and c iliar y body on t he one side, and cornea , sclera, and 

c iliary body on t he other. 

An extremely delicate meshwork of pigmented collagenous 

connec tive tissue fibers, covered by endotnelium, was sus-

pended across t he chamber angle. The fibers of the meshwor k 

were oriented in the following manner: (1) scler al fib ers 

ori ginated at t he sclera near the scleral spur and termi nated, 

for t he most part, i n t he corneal stroma, (2) ciliar y f i bers 

originated betwe en the fibers of the me r idional , r adial, and 

circular portions of t he cili ar y muscle . 'lbe merid i onal 

fibers t e r minated in the posterior cor neal stro ma, the radial 

and ci r c ul a r fi bers near t he end of , or bl ended wi t h , Des-

c emet • s memorane , (3) iris fibers originat ed in or near t he 

r oo t of the iri s and t e r mi nated in Desceme t 1 s membr ane . 'Ib i s 

gr oup of fiber s constituted the pect inate ligament of the 



Fig. 4. The anterior chamber angle and age changes 

A. Schematic drawing of the anterior chamber angle 
and surrounding structures 

1. Aqueous canal 
2. Plexus of Hovius 
3. Solera 
4. Ciliary body 
5. Ciliary processes 
6 . Scleral and ciliary fibers of the meshwork 

of t he chamber angle 
7. Pectinate ligament of the iris 
8 . Cornea 

B. Meridional section through the angle of the 
anterior chamber (?OX) 

l· Aqueous canal 
2 . Portion of plexus of Hovius 
3. Sclera 
4. Corneo-scleral junction 
5. Pectinate ligament of the iris 
6. Meshwork of the chamber angle 

c. Section through cornea at anterio r pole 
( age : birth) (?OX) 

1- Corneal epithelium 
2. Corneal stroma 
3. Descemet's membrane and endoth elium 

D. Choroid, tapetum and solera (~ge: birth) (?OX) 
1. Choroid and tapetum 
2. Sclera 
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iris. 

It has been noted that the sclera was found to be quite 

thick in this area (Tabl e 3). This t hickness was due to the 

presence of a large venous sinus, the plexus of Hov1us (Nico-

las, 1924). The plexus communicated with t he anterior chamter 

by radially arranged "aqueous canals 11 • The openings of the 

canals were found in the region of the scleral meshwork (Fig. 

4A and B). The floor of t h e scleral sulcus, in the human eye, 

presents an endoth elium-lined channel, the canal of Schlemm. 

The eyes examined in this study did not presen t a structure 

of t his description. 

The posterior chamber was somewhat smaller than the ante-

rior chamber. It wa s bounded by the posterior surface of the 

iris, t he equatorial portion of t he lens, the anterior surface 

of the vitreous body, and t he inner surface of t he ciliary 

body. The posterior chamber was not as r egularly formed as 

the anterior, therefore, it was divided into three parts: 

(1) t he space bounded by the posterior surface of t he iris, 

a portion of t he anterior surface of t he lens , the anterior 

leaf of t h e zonule, and the cili ary body was called the pre-

zonular space, ( 2) the space bounded by t h e two l e av es of the 

zonule and t he equa torial zone of t he lens constitut ed tne cir-

cumlental space, and (3) t he space between t h e posterior leaf 

of t.n. e zonule aud the anterior surface of the vitreous body 

was desi gnat ed t he retrozonular space. 

I 
l 
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F· Refractive Media of t he Eye 

Tne space enclosed by the wall of the eyeball was occu-

pied by the refractive media of the eye. 'Ibese media c on-

s i sted of: {l) an anatomical structure, the lens, (2) a gel-

like mass , the vitreous body , and (3) a body fluid, the "aque-

ous huroor 11 • 

The lens was a biconvex, transparent, semisolid body 

situated immediately posterior to the iris and suspended from 

the cili ary body on all sides . It pres ented two surfaces and 

one border. The anterior surface was more c onvex than the 

posteri or surface. The midpoints of the two surfaces con-

stituted tne anterior and posterior pol es , respec t ively. An 

imaginary line connecting the two poles was desi gnated the 

axis . The border or equa tor , was the point where the anterior 

and posterior curvatures met. The border was not smooth; a 

series of dentations was seen tha t corresponded to the attach-

ments of the suspensory apparatus . A t hin , easily removed 

capsule was present. The mature lens diame t ers were found to 

be : ant erior-posterior diameter, . 4 millimet ers; vertica l 

{circumfer ential) diameter, . 9 millimeters . 

The fresh, unfixed len s was putty-sof t, and pliable . It 

was transparen t, colorless, and sparkled \.;i th the b r i lliance 

of a d i amond . 

'Ihe cut-nurface of the lens i ndicated that it was com-
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posed of at least three layers of l aminated lens material. 

The external layer was soft, almost fragile; the middle layer 

was firmer but quite pliable; the c entral mass , the nucleus , 

was hard and firm . 

Microscopically , t he lens (Fig · 3D) c onsisted of: (1) 

lens capsule, ( 2) subcapsular epithelium, and (3) l ens fibers. 

The capsule formed a transparen t , struc tureless , highly 

elastic envelope surrounding the lens proper . It was thicker 

anteriorly (70 micra) than pos teriorly (10 micra) . Diagonal 

striations were visible on its surface; these were interpreted 

as the points of attachment for the zonule fibers. 

The subcapsular epithe lium consi s ted of a single layer 

of cuboidal cells on the anterior surface of t he lens only. 

In the equatorial r egion, the epithelium was arranged in a 

serpentine pattern, t h e lens vortex of Duke-Elder (1934 ). 

The lens fibers were not intact in the specimens describ-

ed in t his study. Histologic technique so hardened the l ens 

material t hat it tore on sectioning . However, the remnants 

indicated t ha t they ~ere long , prismatic, six-sided fibers . 

They ori gin at ed at the equator and conver ged a t the poles , 

tapering during their progr ess . 

The l en s was mai ntained in posi tion by a suspensory 

apparatus , t he zonule of Zinn. Macro sc opically, the zonule 

wa s a thin membrane which origi nat ed near the equa tor of the 

len s and disappear ed in the folds of the c i li ar y proces s es . 
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Microscopically, the zonul e appeared to have two 11l eave s 11, 

an anterior one and a posterior one . The anterior leaf was 

almost perpendicula r to the equ ator. The posterior leaf de-

8Cribed a long sweeping curve which was c onc ave backwards, 

blend ing with the substance of t he pars plana and c i li ary 

process es . 

The vitreous body occupi ed the gr eater part of the in-

terior of t he eye. This structure or substance, in the fresh-

ly enuclea t ed globe, was a colorless, highly transpar ent , gel-

like mass. Unfortuna t ely, the vitreous body did not lend 

itself to any of the techniques of prep aration employed in 

this study . 

The aqu eous humor , a clear, colorless , water-like fluid 

was found in the ant erior and posterior chamber s . This fluid 

was of necessity lo s t during technical pro c edures . 

G. Post-natal Development of the Eye 

The form of t h e eyeb all a t birth wa s essenti ally sph eri-

cal (Table 1) . Th e horizontal , s agi t tal, and vertical d iam-

eters from 2- 28 we eks of age i ndicat ed t h at the gr owth pa t tern 

of t ne ey e wa s subj ec t to considerabl e var iation and that t he 

direction of gr ow t h was i nco ns t an t. From 28 weeks to 2 years 

o f age, the gros s measuremen t s of t he gl o be f ollowed a IP.or e 

st ab le p attern . The s l i ght va r i a t ions i n t h e measur ements 



45 

Table 1. Gross diameters of canine eyes from birth 
to 2 years of age (recorded in millimeters; 
formalin-fixed) 

Age Horizontal Sagittal Vertical 

Birth 8.3 8.9 
2 weeks 9 . 8 9 . 9 
4 weeks 14.0 1 2 .9 
6 weeks 13.8 13.9 13 . 4 
8 weeks 16.6 1 6 .5 14 .s 

10 weeks 15.7 15.8 1 6 .Q 
12 weeks 16.0 1 6 .8 
1 6 weeks 14.9 is.o 
20 weeks 17.1 1 9 . 9 
24 weeks 19.0 20.0 18.0 

28 weeks 21 .0 21 . a 19.0 
12 months 20 .? 21 . 8 
24 months 21 . 4 21 . 8 21 .0 

were probably due to breed di f ferenc es. The eye seemed to 

grow more rapidly during t h e first 8 weeks and r eached its 

average size at about 28 weeks of age. 

The cornea at birth (Fi g · 40) was transparent, r elatively 

large, a nd was c onsiderably more flattened than t h e adult 

cornea. The corneal epith elium was thin (10 micra) and con-

si s ted of only two l ayers of cells. The stroma was rel atively 

thin (40 micra) and contained large number s of corneal cor-

puscles. Bowman 1 s memb r ane was not vi s i bl e ; Descemet 1 s rr.em-

brane and 1 t s accompanying endo thelium wer e pres en t. From 

2-6 weeks of age (Table 2) , t he corneal ep i thelium increas ed 
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Table 2 . Thickness of the cornea f r om birth to 2 
years of age (cor neal measurements in 
millimeters, e)ithelium measured in microns; 
formalin- fixed 

Age Cornea Corneal epithel i um 

Birth 0 .40 10 
2 weeks 0 . 35 10 
4 weeks 0.37 40 
6 weeks o . 35 50 
8 weeks o.3o 50 

10 weeks 0 . 45 60 
1 2 weeks 0 . 38 60 
16 weeks o . 48 60 
20 weeks 0.3 8 60 
24 weeks o . 40 80 

28 weeks o . 50 60 
12 months 0 . 40 60 
24 months 0 .4 0 60 

in thickness and in t he number of cell layer s . The stroma 

beca~e increasingly f ibrillar at the expense of the corneal 

corpuscles. Bowman's and Descemet 1 s membranes pres en ted no 

appar ent changes . At 8 weeks of age the cornea had the 

appear ance of ma turity (Fi g . lA). 

The sclera increas ed in thickness from birth (Table 3). 

'l'he thickness characteristic of the mature eye was not 

attain ed until 28 weeks of age . The cellular compon er.ts 

reached maturi ty at 6- 8 weeks of age , ~-g., t he fiber c on tent 

increa s ed and connective tissue cells decreased until the 

sclera had the appearance of a mature collaGenous connec tive 
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Table 3. Thickness of the sclera in three regions 
from birth to 2 years of age (recorded ln 
millimeters; formalin-fixed) 

Poste r ior Anterior 
Age pole Equator one- third 

Birt h 0.1 0.2 o . 3 
2 weeks 0 . 1 0 . 15 o.3 
4 weeks 0.1 0.1 o . 4 
6 weeks 0 . 3 0 . 2 o . 3 
8 weeks 0 . 3 0 . 2 o . 6 

10 weeks o . 3 0 . 15 o . 6 
1 2 weeks 0 . 2 0 . 2 0 . 75 
1 6 weeks o . 35 o . 3 o . 95 
20 weeks 
24 weeks 0.4 o . 3 l.O 
28 weeks o.4 0 . 2 o .? 
12 months 0 . 4 0.3 o . 9 
24 months 0 . 4 o . 3 o . s 

Table 4. Thickness of the retina and choroid from 
birth to 2 years of age (recorded in milli-
meters; f or malin- fixed) 

Retina 
Age Fund us Peripheral Choroid 

Birth 0 . 25 0 . 25 0 . 2 
2 weeks 0.2 0 . 2 0 .1 
4 weeks 0 . 2 0.2 0 . 1 
6 weeks 0 . 2 0 . 15 0 . 1 
8 weeks 0 . 2 0.15 0.1 

10 we eks o.35 0 . 15 0 . 1 
1 2 weeks 0 . 2 0 . 15 0.1 
16 weeks o.3 0.2 0 . 1 
20 weeks 0.25 0.1 0 . 1 
24 weeks 0.3 0 . 15 0 . 1 

28 weeks 0.3 0 .1 0 .1 
1 2 months 0 . 2 0 .1 0 . 1 
24 months 0 . 2 0.1 0 . 1 
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tissue . At birth , pi gmen tation of the sclera was sc an ty 

(Fi g . 5B ) although t he c ells which were to con t ai n t h e pigment 

we re present. Pi ementation was fairly c omplete a t 8 weeks of 

age. 

Tn e limbus was evident at birth but was l ocated opposit e 

the ciliary body . During the fi r s t 6-8 weeks it had ffiOVed 

fo r ward to the normal position a t the corneo-scler al junction . 

The relocation was due to g r owth in the sagi t tal diameter 

and increa sed sharpness of curvature on t h e part of the cornea. 

The corneo-scleral junc tion and scleral spur were not 

visible at birth . Thes e area s were we ll- de f ined a t 2 we eks 

o f age by pigmentation a t t he zone of junction and by modifi-

ca ti on of t he c or neal stro ma. 

T!1e several components of the vascul a r tunic 1,:ere present 

at birth . The tapetum wa s c onside r abl y t hinner t han a t matu-

rity . The choro i d wa s almost twice as thick at birth (0 .15-

0 . 2 milli meters) as at maturity ( O.l milli meters at 6 weeks 

of age ). The t hickn ess was due to an extr emely va scular 

chorio-capill aris (Fig . 4D). Pi gmentation was not h eavy at 

birth but by 2 weeks of age it was as heavily pi gmented as 

t ne adult eye . 

The mature f eatures of the ciliary body were absent at 

birth . The t h r ee parts of the cili a r y mu s cle were present 

cut mesenchymal connective ti ssue was dispe r sed throu~h i ts 

ficers . Th e c iliar y pr ocesses were adheren t to t~e po s terio r 



Fig· 5. Age changes in the canine eye 

A. Retina (age : 2 weeks) (115X) 
l· Ganglion cell layer and vessels 
2 . Undifferentiated i nner nuclear 

layer 
3 . Undifferentiated outer nuclear 

l ayer 2 and 3 constitute the 
combined nuclear layer ref erred 
to in the text; in this section , 
it has just begun to divide 

B. Anterior cnamber angle (age: birth) 
( 231X) 

1. Sclera 
2 . Root of the iris 
3. Chamber angle showing the meshwork 

beginning to bridge the angle 
4 . Ciliary process 
5. Primitive pectinate ligament 

c. Equator of lens (age: birth) (231X) 
l· Capillary of fetal hyaloid vessel 

system 
2 . Lens capsule 
3 . Growing lens fibers 
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surface of the iris and the epithelium of t he processes was 

smoother than in the adult . At 6-8 weeks the ciliary body 

appeared mature. 

The muscles of the iris were present at birth. Pigmenta-

tion of t he iris was scan t y although numerous chromotophores 

were present . The anterior epithelium was present and many 

fetal blo od vessels were seen in the stroma . 

Tne anterior chamber was sh allow and its angle quite 

narrow . The meshwork of the angle was adherent to the anteri-

or boundary of the angl e (Fig · 5B). The pectinate ligament 

was formed and visible. At 2 weeks of age, the meshwork 

filled out the angle and by 6-8 weeks of age t he chambe r angle 

had the general structure of maturity. 

The retina was the least well-developed structure of the 

eye. The scalloped margin of the ora serrata was barely 

visible. From birth to 6 weeks of age, the ora serrata was 

marked by a fold , t he fold of Lange (Duke-Elder , 1934}. The 

pars plana of t he cili ary body 'l'Jas so narrow that t h e retina 

terwinated i~medi ately behind the cilia ry body . 

The inner and outer nuclear layer could not be dist in-

guished no r was t he re evidence of a nerve fiber layer (Fig · 

5A}. At 2 weeks of age t h e combined nuclear layer had divided 

a nd by 6 weeks of age t n e r et ina had a mature structure . 

1be lens was spherical at birth; its anterior curva ture 

pushed the i r is forward producing t h e shallow chamber t hat 
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was p reviously described . The anterior-posterior diameter 

at birth was 0.35 millimeters; t his value had chan ged only 

slightly at 8 weeks of age (0 . 4 millimeters) . '.I.his f igure 

r emained reasonably cons tant to 2 years of age. Th e equa-

torial diameter at birth was also 0.4 millimeters. This 

measur ement gr adually increased with age . The equatorial 

diameter at 8 weeks of age was 0.9 millimeters and remained 

unchanged at 2 years of age. 

Histologically, the anterior lens epithelium was present 

at birth; the posterior lens epithelium was incorporated in 

the lens nucleus. The lens capsule was considerably t hinner 

at birth than at maturity (Fig . 5C). 
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V. DISCUSSION 

A· Gener al Anatomic Scheme 

Walls (1942) suggested that t he eyes of placental mam-

mals conformed to a basic structure irrespec tive of species 

and that the di ff er enc es that occurred were in spec ific details 

and not in gross generalities ; ~-g· all placental mammals 

normally have a ciliary body, however, its size , mu scul a.r 

co mponents and the form of the ciliary processes will vary 

depending upon the visual requirements of the species in ques-

tion . Tne canin e ey es described in t his work c onformed to 

tnis oasic structure characteri s tic of t he placental mammal. 

Ni colas ( 1924) stated that the canine eye was spher oidal 

in form and presented sagittal, horizontal , and vertical 

a iameters to support his observations . The measurements of 

these diameters in this study compar ed favorably with Nico-

las • findings and indicated that t he canine eye has the form 

or' an o bl ate spheroid. 

B. Fiorous Tunic 

Tne canine sclera was found to be thinner than t he human 

sclera . The human sclera was thickes t at the posterior pole 

(Salzmann , 1912 ); t he canine sclera was quite t hin in this 
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region . The thinness was due in all probability to the pr es-

ence of the r et r actor muscle of the eye which inserted in the 

immediate area and pr ovided additional thickness and support. 

Histo logically, t h e most strikine differenc e between t he 

canine and human sclerae was the presence of cons i der able 

amounts of' pigment in the canine sclera, particularly at t he 

corneo-scleral junction and the lamina cribrosa . 

The r adii of curvature of the human cornea (Wo l ff , 1954) 

were not as sharp as t hose values obtained for the canine. 

Grossly, t h e cornea of the dog appeared larger t han the human 

which was in keeping with the observa tio ns of Rechon-

Dav igneaud (1943) . Histologic ally, t h e cornea showed no 

great difference from the human cornea . The only noteworthy 

item of interest was that the s t r oma mi ght have been slightly 

more c ellula r than the human. 

c. Vascul ar Tunic 

The most striking difference in the vascular tunics of 

the canine and human eye were the pre se nce of a tapetum and 

extremely h e avy pi gmenta tion of t he non- tapetal portions of 

tne vascular tunic of the dog . 'Ihe tape tum was a c ellular 

type and confo rmed to the descri p t ion given by Walls ( 1942 ) . 

Wall s (1942 ) sta t ed t hat t h e va scular p art of t h e choro i d wa s 

essenti ally t h e s ame in all ve rt ebr a tes . The choroid of t he 
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canine eye had t he same gen eral f eatures a s t he choroid of the 

human eye except th at it was t h inner and more heavily pi g-

mented . The role o f t h e t ape t um in t he vi sual process may be 

related to the heavy pigmen tation of t he surrounding choroid . 

Walls (1942) s t ated th a t the iris of carnivores is essen-

tially the same as in man . The iris of the do g , a canid carni-

vore , wa s constructed in t his mann er. The color of the iris 

r eceived no special attention in this work . Cursory examina-

tion at the time the spec i mens were collected s hm1ed no dif-

f er ence in t he color of t he two eyes. The colors ranged from 

light-brown to yellow-brown . Browns were the mo s t common 

colo r s noted by Sisson and Gros sman (19 53) . The pupil wa s 

practically round and coincid ed wi th t he shape of the optic 

papilla. Joh nson ( 1901) stated that t his was usually t h e 

case . 

The structure of t he cili a r y body differed in s ome re-

spects from tha t o f t he human. The muscle tissue did not 

stain as strongl y a s the human; t hi s was interepret ed t o i ndi-

ca te t hat it was not as funct ional. Duke-Elder (1934 ) stated 

that t he ciliar y body of lo wer mammals was not as eff icient 

as it is i n t he human. A c ons ider able amount of connective 

tis su e wa s i ncluded in t h e s t r ucture of t he c i liary muscle 

\-Jhi ch would i ndic a te fur t h er t hat the f uncti onal eff ici ency 

was lo wer t han t he human c i liar y body . 
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D. Neural Elements 

The scope of this work precluded the po ssibility of a 

cytolo gic stuay of t he ca.nine retina. Fo r s pecifi c details 

of structure , the r eader i s refe rred to the classical works 

of Schultze (1866) , Cajal (1894 ), and mo re recently to Parry 

(1953). 

The canine retina was compo sed of ten hi stologica l layers 

which conformed in general, to the structural plan typical of 

the mammalia as a group . There was no e vidence of a macula 

lutea or fo ve a centralis in t he specimens examined. Johnson 

(1901) pointed out t hat these structural modifi c ations were 

pres ent only in t h e primates. Trautmann and Fiebe i e er (1952) 

stated that the retinae of do gs hunting by sight may h ave a 

rod-free area cen t r alis or, t hat the cone-cells may be in-

crea s ed in t h e area centralis. Parry (1953), on the other 

hand, could find no histologic difference in the r e ti nae of 

do gs hunting by sight and those hunting by scent . In this 

wo r k , no evidence of a rod-free zone was observed. 

The optic papilla pr esented no noteworthy fe a t ure other 

t han t he abs ence of a physiolo gic depressi on . The ma~~alian 

eye is usually unde r a c ertain i ntra-o cul a r pr essure. Salz-

mann ( 1912) s t a ted tha t , in the human , the sclera is ~ .. : ea~est 

at the lamina cribrosa and t hat the optic nerve, in passing 

t hro uc;h the gl o ce , is rather securely a ttached to the \-.:alls 
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of t he f enestrae of t he crib ro sal plate. He stated further 

that the intra-ocular pressure pushed against this part of 

the globe causing it to bulge posteriorly; t he attachment of 

t he optic nerve to the lamina cribrosa would then pull the 

optic papilla backwar ds and produce the depression so char-

acteri stlc of t he human optic papilla. Wolff (19 54 ) stated 

that the depression is sever ely exaggerat ed by gl aucoma . 

This obs ervation would tend to support Salzmann 's explanation 

of the depression. The wr iter suggests t hat the absence of 

a ph ysiologic d epres sion in t he cani ne eye is due, at leas t 

in part, to t he retrac to r muscle of the eye which inserts in 

t he posterior hemispher e of t he globe, and t hereby adds 

s t rength to t he cribrosal area. 

E. Chambers of t he Eye 

The importance of the anterior chamber, and in particular 

the chamber angle , i n the drainage of the aqueous humor end 

t he control of intra-ocular pressure is emphasized by the cri-

tical study t his port i on o f t he mammalian eye has received in 

the pas t 50 years. Braley, Burian , and Allen (1955) described 

t he anomali es of the chamber anele of t he human and c ompared 

t hem with the chamber angl e of t he do g . The structur e of the 

ch amber angle of the do g described in t h is study f ollows ess en-

tially the d escription pre sent ed by the se wo r kers . The canal 
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of Schlemra is absent in the flo or of the internal scleral 

sulcus in t he chamber angle of t he dog . It is probably re-

placed functionally by t he plexus of Hovius ( Nicolas, 1924 ). 

The liter ature does not designate the channel which allows 

communication between t he ant erior chamber and the plexus 

of Hovius (Fig . 4A and B). The writer suggests the term: 

aqueous canal. From the structural point of vi ew, t he cham-

ber angl e of the canine eye appeared to be hi ghly functional. 

However, ex tensive physiolo gic studies are planned to defi-

nitely substantiate this observat ion . The posterior chamber 

presented no si gnificant structual differences f r om that 

observed in t h e human. 

F. Ref r active Med ia of the Eye 

Nicolas ( 1924 ) stated that t he l ens of c ar nivores is mo r e 

flatly curv ed on the anter ior surface. Duke-El der (1934) 

maintained t hat the anter ior surface is mo r e sharply curved. 

I n this work, t he anterior surface of t he l ens was f ound to 

be more shar pl y curved than the posterior surface . 

Technical di ff iculties prevent ed mo r e than a c asual 

description of the vitreous body . Kronfeld (1949 ) stated 

t hat t here are no anatomi cal procedures presently available 

t ha t a r e entirely satisfactory for vitreous studies . 

. .' ~ 
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VI. SUMMARY AND CONCLUSION 

The eyes of 16 dogs were studied macroscopically and 

microscopically to determine the structure of the mature eye, 

and to describe t he growth changes t hat occurred from birth 

to 2 years of age. The results of t his study indicate that 

t h e c anine eye i s structurally mature a t 6- 8 weeks of age . 

At birth t he eye had the form of a sphere; at the a ge of 6 

weeks it had t h e f ~rm of an oblate spheroid , t he form typical 

of t he mammalian eye . The dir ection of gr o\·1t h was not c on-

stant. The eye gr ew mos t rapidl y the fi r s t 8 weeks of post-

natal life and reached gro wt h maturity at 28 weeks of age . 

Ther e were specific de t ails of structure that vari ed 

from the human eye. The most outstanding of these were: 

1. A l arger, rrore sharply curved cornea . 

2. A cellular t ype of tape tum lucidum subserving acute 

vision. 

3. Pi gmentation was mo re conspicuous t han in the human. 

4 . A macula lutea and fov e a c entr a1is were absent in 

t he retina; a rod- free zone in the r etina was also 

absent. 

5 . A physiolo gic depres sion a s seen in the human eye 

was absent in t he optic papilla and a t heo r y f or i t s 

absenc e was advanced. 

6 . The anterior chamber angle contained a meshwork 
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partially filling the angl e and the absence of a 

true canal of Schlemm was noted. 

7. The probable function of the pl exus of Hovius was 

stated and the aqueous canals c onnec ting the ante-

rior chamber with the plexus of Hovius was described. 
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