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INTRODUCTION

A.BOUT two years ago otir attention wvas drawn to glassy ring-like
structtures at the periplhery of the posterior sturface of tlle cornea.
It soon becamne evident that these bands corresponded to the so-
called posterior emnl)ryotoxon of the cornea (Emlbryotoxon corneae
posteritns, Axenfeld, i), posterior marginal dysplasia of the cornea
(Streiff, 2), congenital lhyaline membranes on the posterior suirface
of the cornea (Nlann, 3), or periplheral refractile postcorneal rim
(Graves, 4A. Once our interest in tlis stubject was awvakened, wve
gave close sttildy to the limibus of all patients whloin wve sawv during
this period and perforimied a slit-lamp gonioscopic exaimination in
those whlio presented to external slit-lamp study an tunuisual appear-
ance of the limibtus or of the periphery of the cornea.
These clinical investigations wvere followved by a careftil study of

(ioo patlhologic specimens of eyes, and this sttudy in tturn prompted
uis to extend ouir investioations to the chamber angle of the eyes of
pigs, dogs, rabbits, and cattle anid to the embryology of this region
in man. Inevitably all this led uis also to the problemi of juvenile
laulcoma.
* From the 1Departnient of Ophthalmnology, College of Mledicine, State University

of Iowa.
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FIGURE 1. EXTERNAL APPEARANCE, UNDER SLIT-LAMP EXAMINATION, OF

AVERAGE TRABECULAR BAND, TEMPORAL SIDE

A B

FIGURE 2. LEFT: WN'IDELY EXPOSED TRABECULAR BAND, WITHOUT PROMINENT

BORDER, OF A TWNENTY-ONE-YEAR-OLD GIRL. RIGHT: A SIMILAR BAND IN

ANOTHER PATIENT
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In the presenit paper the resuilts ol otur clinical wvork wNTill be pre-
senited. Its otlher aspects will be publislied elsewhere and wvill be
mentioned hiere only insofar as necessary to support ouir evidence.

CLINICAL FINDINGS IN NORMIAI EY:ES

Before discussinog thie embryotoxon, a description of the appear-
anice of the niormual liml)al areas at slit-lamiip examiiniation wvill be
given, inisofai ais it lhas a bearing On the stll)ject under (on-

slderation.
XVIhen one focuises a vrery narrow slit beaIm on the sclera to the

nasal or teimporal side of the globe and slowvly moves the beam
towNTard the limbus, there will studdenly appear, wvlen the beam is
near the linIibus but still iu nonotransparent tissie, a golden glov in
the reogion of the chamber angle wvlliclh is in its clharacter coIll-
parable to the yellowish-golden appearance wvhiiclh is noted wvhlen
observing ocuilar tissues in specular reflection (Fig. 1, lelt). As thle
beam is moved futrtlher corneaward on the limbts, one observes
invariably, if the beami is carefully focused on the posterior corneal
silli-ace, a muore or less translutcent condensation of tisstue wvlich
presents a fine regular or criss-cross striation (Fig. I, center). In the
majority of cases thiis band is perlhaps one-third to one-lhalf milli-
mleter wvide, in a fewv it is only a smiall fraction of a millimneter wvide,
anlcl in otlhers it may be m-ore than one millimeter in wvidth. Be-
cause of the vertical orientation- of the slit beam and the widtlh of
the externlal scleral limbus in the tipper and lower part of the cor-
neal circumiference, this band is best observed on tile nasal and
temnporal sides.

Peripherally this band, as it appears to blend wvitlh the tissuie of
the scleral septtumii (Busacca, 5), hlas no discernible border and dis-
appears behlindl the wedge of the external scleral limbbus, btut to-
wvard its corneal side it nearly always ends in a rather wvell-defined
edge (Fig. iC). As a rtule this edg-e is notlhing nmore than a line de-
limiting the band of reltucenit tisstue. Occasionally it wvas seen
to consist of a distinct whitish line, concentric withl the limbus,
clearly tlhickened, sometimnes slightly wvavy, and in the more pro-
nouinced cases obvious in focal illuminationI7 witlhouit the aid of
mnagnificationi. It miutlst be emiiplhasized that this line appears whitislh
only in direct focal illumination against the darker iris. XVIhen
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seen in retrograde illuimination the line is always tranislucent and
r-eftractile.
The lower teml)poi-al portion of the lelt eye of a twcnity-one-year-

old girl wlho was seeni inl otur clinic lor retractioni is picttured in
FiguLre 2A. Shie lhad an unusually broad band of reltucent tissue at
the posterior corneal surface in the limbal area. Tlis tissue feath-
(red out to a thin, almost indistingutislhable edge on the corneal
side. It had no prominent border, except for a possible very sliglht
indication in the uipper temiporal region. JuLst central to tlle edge
of thie relucent tisstue there wvere in Desceimet's imiembrane fine
circular lines wvlhichi appeared refractile by retro-illtumination btit
were sliglhtly reluLcent in direct illtuimination. Figutre 21B contrasts
the appearance noted in this patient wvitlh that in a patient in
whlom the reltucent tisstue, of wvlhiclh there is a similarly broad

FIGURE 3.PRO'MINENT REFRACTILE LINE ON POSTERIOR CORNEA!.
SURFACE. LEFT: TLEMPORAL (WADRANT OF RIGHT FIYiE RIGHT:

NASAL QUTADRANT OF RIGHTr EN-

expanse, is delimited by a distinct, wivitishi, somewhlat prominent
line.

This retractile line is seen in some patients only along, a shiort
stretchi of the circumference, usually in the lowver tem-poral or

lowver nasal periphiery. It may extend along, the grreater part of thle
temporal or nasal periphery, or bothi (Fig. ) n in some cases i

...~~~~~~n 3,ad i
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is contintuouLs, leaving free only the regionflrom i i:oo to i:oo
o'clock, whliere we lhave seeni it externally onily in exceptional cases.
Slhort stretches of a promiinent line are frequiently noted, btut illore
extensive lines are by Ino Imieans rare. After seeillg More than (3o
patients witlh mlore or less extensive prominent linies, the pattern
was so wvell established that wve continued usinig gon ioscopy only
on eyes in whlliclh featuires of special interest warranted stuclh ex-
aimimation.

NVhien a promiinent line is present, observation wvitlh the slit lamp
creates the definite impression that the line constittutes the edge of
a hliyaline" mnembrane adlherent to the posterior corneal surface
and extending into the clhamiber angle. The pictture agrees wvitlh
that of the entity described as posterior embryotoxon of the
cornea, as posterior muarginal dysplasia of the cornea, or as con-
genital lhyaline mlemlbraine on the posterior sturface of the cornea.
The simiilarity to tlis clinical entity wvas fturtlher enllanced by

the frequient finiding of simiall pigmnent dots on the proiminent edge
of the membrane or opacity, and of fine strands of iris tisstue insert-
ing on it wvlhicll wvere occasionally visible wvitlh the slit lamp.
When the translucent band was pronounced, thle corneas wvere

uistually a little snmaller in the lhorizontal diamleter than normal.
The condition also occturs, however, in corneas of normal size, and
wve have even observed it in two cases of megalocornea. Often there
ivas also, some lhypoplasia of the anterior imesoderimal layer of tlle
iris. This lhypoplasia wvas as a ruLle mild, buit was quite evident in
certain patients. Most of our patients lad pgray or bluie irises, but
there were also soimie wvith dark-brown irises and we lhave seen the
anomaly in two colored individtuals. Most patients in ouir clinic
are of Central Euiropean or Scandinavian stock; very fewv are
colored. Sttudies on clinical imaterial in wvhiclh patients of Southern
European stock or colored patients are prevalent are likely to showv
that the anomaly occturs wvith equal frequiency in these patients.
Biozzi and Lugli (6)xwere able to collect in a short period i6 cases
in the Clinic in Bologna, Italy.

Aside from the hypoplasia of the iris, none of the eyes wvhiiclh wve
examined showved diseased conditions which couild in any wvay be
connected wvith the embryotoxon, except for a grotup of patients
in wvhom an extreme development of this anomaly was fouind, to-
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oetlier wvitlh iris atroplhy and glatucoma. These cases vill be dis-
ctussed later on.
The question arose, WVhat is the anatomic substratum of the

opacity or membrane and of the prominent line seen at its edge?
NVe expected and obtained an answver to this question from gonio-
scopic examination.
These examuinationis revealed that the strtuctures of the clhal)ebr

angle wvere well visualized and that they hiad their uisual appear-
ance. There definitely wvas no abnorimial nmeimibranie of any kind
covering the structures of the clhainber angle or the periphery of
the cornea. In the patient whlose slit-lamp picture is reproduced in
Figure 2A, thie trabecular region vas perfectly normal for a person
of lher age, although it appeared slightly broader than usual, espe-
cially in certain areas. Thie region of Schlemiml's canal slhowved a
normal gray appearance. Ahead of this region, still wvithin the
trabecular area, there wvas a whiter band which blended softly into
another gray region just behind the anterior edge of the trabecular
zone. In this patient no prominent line wvas visible anywvhere. In
those patients, lhowvever, whlo presented externally a prominent
line, it wvas noted, whlen followving the anterior border of tlle
trabecular band, that along a greater or smaller portion of the
angle the anterior border of this band became a prominent, pearly-
wvhite line. In some patients clumps of pigment vere seen on this
line and a certain number of iris processes inserted on or belowv
the line. There were variations as to extent and promninence of
the line and as to the amount of pigment, but the basic pattern was
essentially the same in every one of the many cases wvlicli wve hiave
observed.
From our gonioscopic findings it wvas evident that wvlhat wve lhad

taken in the external slit-lamp examination of these patients to be
a hyaline membrane wvas nothing else than the trabecular area, and
that the prominent ring was the anterior border-ring of this area,
or ring of Schwvalbe.
We thereupon wvent back to an investigation of patients vlho

did not slhowv an embryotoxon, and wvere soon convinced that the
trabecular region can be visualized externally vitlh the slit lamp in
every patient at the nasal and temporal portions of the limbus.
The golden glow at the limbus is produced by illumination of the
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trabecular region, and more peripherally of the scieral septum, in
specular reflection, and the opacity seen in direct illumination and
described at the beginning of this paper is, in fact, due to the
vistualization of the trabecular zone.

Because of the great tuniformity of our findings it would not be
vorth while to discuss in detail the nuimerous patients with em-
bryotoxon and otherwise normal eyes whliotm wve lhave seen and the
minor variations whilichi vere encountered. WVe shall restrict our-
selves to a somewhliat more extensive description of one case.

CASE 1. A twenty-nine-year-old schoolteacher requested a refraction be-
cause of eyestrain and headaches. He had no other complaints and there
was no history of ocular disease. Examination produced no evidence of
ocular anomalies except for the slit-lamp findings described below.
Intraocular pressure: O.D. 17 mmii. Hg (Schidjtz), O.S. 15 mm. Hg
(Schiotz). Refraction: O.D. +1.00 cyl. ax. 1750 6/6 + 2; O.S. +.50
sph. 4-.50 cyl. ax. 1700 6/6 + 6. Visual fields: normal.
The left cornea was slightly smaller than the right one, measuring

i i mm. in horizontal diameter against 12 mm. in the right eye (Fig. 4A).
In the left eye there was noted at the periphery of the cornea extending
from about i:oo o'clock arotund the temporal, lower, and nasal circum-
ference up to about io:oo o'clock what appeared to be a hyaline mem-
brane on the posterior surface of the cornea. This "membrane" was
clearly visible in oblique illumination without magnification (Fig. 4B).
Under slit-lamp illumination this membrane had a scalloped edge pro-
truding into the anterior chamber (Figs. 4C and 4D). Clumps of pig-
ment were seen on this edge and a few iris processes were noted insert-
ing on it. The iris was grayish-brown and there was some hypoplasia
of the anterior mesodermal layer. The limbal area of the right eye
showed no particular anomaly (Fig. 4E).

In gonioscopic view (Fig,. 4F) of the left eye, it was found that the
ring seen externally with the slit lamp corresponded to a prominent,
pearly-white line sittuatedl at the end of Descemet's membrane where
one would expect to encounlter the anterior border of the trabecular
zone. Round and elongated pigment clumps were seen on the line and
fine pigment granules were scattered over the trabecular area. When
the sketch for the drawing of the lower quadrant of the chamber angle
reproduced in Figure 1F was made, the canal of Schlemm happened to
be filled with blood, thus giving an addlitional lanidmark for the identi-
fication of the structures of the chamber angle. The iris processes were
seen inserting on the trabecular region and on the prominent line, some
of them bridging the chamber angle. The scleral spur and the ciliary
body band were readily seen and there was no indicationi whatever of a
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FIGURE 4. CASE I
A. Photograph of patient's eyes, showing corniea of left eye to be siimaller than cornea
of right eye. B. Enilargedl view of left eye, showing prominienit bands nasally and
temporally. C. Lowver niasal quadranit of limbus of left eye, seen in direct illumiiina-
tion; note prominenit rinig (a). D. Temiiporal limnbos of left eye with prominelnt ring
(a) seen in sclerotic scatter. E. Nasal limbus, right eye, without prominent ring. F.
Gonioscopic view of lower angle, left eye; (a) corneal wedge; (b) prominent anterior
border-ring of Schwalbe, wvith pigment clumps; (c) blood-filled canial of Schlemm;

(d) scleral spur; (e) ciliary body band; (f) bridging iris processes.
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congenital or pathologic membrane overlying any of the structures of
the chamber angle.

Clearly then, the thickened line seen with the slit lamp was the
prominent anterior border ring of Schwalbe, and what was interpreted
as a membrane oIn the posterior corneal surface was actually the
trabecular band.

CLINICAI FINDINGS IN GLAUCOMATOUS EYES

While the majority of the eyes in which we noted by external
slit-lamp study a prominent anterior border-ring of Schwalbe were
clinically normal, except for an occasional hypoplasia of the an-
terior stromal layer of the iris, we have observed such a ring also
in a number of eyes witlh glaucoma and other associated anomalies.
Some of these cases will now be described.

CASE 2. A fifty-four-year-old white female, known to have had glaucoma
for a number of years. The corneas of both eyes showed a membrane-
like tissue with slightly promninent edge at the periphery of the pos-
terior surface. The anterior chambers were deep. The iris was very

FIGURE 5 CASE 2. RIGHT EYE, SHOWING PROMINENT RING
WVITH ATROP'HIC IRIS AND OVAL PUPIL

markedly atrophic, but without holes. Tlhe pupils (which were under
the influence of pilocarpine when the patient was seen) were oval in
shape (Fig. 5). The lenses and the vitreous were clear; both discs showed
deep glaucomatous cupping and the visual fields an advanced deteriora-

7 * r 1 r 1 . . 7 X I
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tioIn, especiallv the field of the riglit eye. Itraocilar) presslure: 0.1).
so mmnii. Hg (Scliditz), O.S. 3u mnm. Hg (Schi5tz). V'isual actuity (with
correctionl): O.D. 6/6 - 4, O.S. 6/6.
Gonioscopy showed the angles to be open; the findings were essen-

tially the same itn the differenit regions of the chamnlber anigles. The view

FIGURE 6. LEFT: CASE 2. LOWER ANGLE, RIGHT EYE. CENTER: CASE 3. LOWER
ANGLE, RIGHT EYEF. RIGHT: CASE 4. UPPER ANGLE, RIGHT EYE (REVERSED)

of the lower angle of the right eye is illustrated in Figure 6, left. As can
be seen from this figure, the iris is atrophic. From its root many fine,
almost transparent processes bridge the angle to the trabecular region.
In the very apex of the angle at the root of the iris, and apparently
close to the broad ciliary body band, there appears an undulating vessel
wvhich we take to be an abnormal exposure of the major circle of the
iris. The scleral spur is moderately prominent. The trabecular zone
varies in width and has in some areas deposits of fine pigment over the
region of Schlemm's canal. The anterior border of the trabecular area
is somnewhat irregularly wavy and is marked by a fine pearly-white line.
The patient volunteered the information that her daughter (Case 3)

and grandson (Case 4) "had eyes like hers," andl the two were stubse-
quently examnine(d by us.

CASE 3. The (laughter of the patient in Case 2, a woman thirty years of
age, had no ocular complaints. With correction for her myopic astigma-
tism, she had a visual acuity of 6/6 in each eye. The media were clear,
the fundi normiial, as were the limits of the visual fields. Intraocular
pressure: 20( mm. Hg (Schidtz) in each eye.
However, UpOIl external examination, there was found to be a

translucent band at the corneal periphery of both eyes, with a promi-
nent e(lge on which pigment was noted. There were also some strands
of iris tisstuc fotund inserting on the promiinent ring: a particularly
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(lense group of such fibers was locate(i at -:oo o'clock in the righlt eye.
The anterior layer of the iris wras evenly atrophic in both eyes, witl
some prominent bands of iris tissue going radially.
The gonioscopic appearance of the lower quadrant of the right chamii-

ber angle can be seen from Figure 6, center. At the extreme basal margin
of the moderately atrophic iris, patches of marked atrophy were found.
At the root of the iris there was seen an undulating vessel connecting
in one area wvith translucenit, yellowish, bridging iris p)rocesses. On the
temporal side the externally seen, dense group of iris processes bri(dg-
ing to the trabecular area was identified. This area appeared essentially
normal in width and structture, but its anterior border was formed by
a heavy, elevated white ring. Two lines of pigment were seen, a wide
one over the region of Schlemm's canal and a very narrow one niear the
anterior border of the trabecular zone. It was of interest to note that no
anterior ciliary vessels could be detected at the corneal margin of the
limbius.

CASE 4. The grandsoin, aged seven years, also showedl in both e-es the
translucent band on the posterior surface of the corneal periphery,
ending in a prominent edge, and moderate iris atrophy. Otherwise the
eyes appeared normal. Uncorrected vision: 6/9 in each eye. Intraocla7r
pressure: O.D. 25 mm. Hg (Schidtz), O.S. 17-19 mmn. Hg (Schi(itz).
By gonioscopy (upper quadrant O.D., Fig. 6, right) the miioderately

atrophic iris showed occasional small areas of mlarke(d atrophy at its
root, which had in the apex of the angle a transltucent orange-yellow
coloration. Within this yellow area, and extending in places onto the
corneoscleral region, an abnormal vessel was seen. Neither the ciliary
body band nor the scleral spur could be identified, and the area of
Schlemm's canal did not have the normal gray color. In the optical
section a double reflex similar to that described in normnal trabectular
regions by Busacca (5) indicated probably an unusual transparency of
this area. Corresponding in position to the anterior border of the
trabecular zone there was a white, heavy, elevated cord-like strticture.

Thus these last tlhree patients have a nuimber of inter-esting
anomalies in common. All tlhree lhave an iris atroplhy, wvhiiclh in the
grandmother is associated wvith advanced glaucoma; all tlhree have
an abnormal vessel, probably an exposed major circle located at
the apex of the angle, and present a line of Schivalbe of varying
prominence. The grandm-othe_r and the imotlher slhowv a ntulmiber of
coarse and fine irisC processes bridaing the angle of the anterior
clhamber, and each of the tlhree offers otlher individual deviations
from the tusuial appearanice of tlhe chamber angle.
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A
FIGURE 7. LEFT: CASE 5. EXTERNAL VIEW OF RIGHT EYE, SHOWING PROMI-

NENT RING AND MARKED IRIS ATROPHY, WITH HOLE FORMATION. RIGHT:

CASE 6. SIMILAR VIEW

B -:m.m u_ _
FIGURE 8

A. Case 5. Gonioscopic view of lower quadrant of right eye; (a) point at which ring
of Schwalbe becomes detached. B. Case 5. Upper quadrant of chamber angle, left

eye. C. Case 6. Upper quadrant of chamber angle, right eye.
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Especially prominent rings wvere seen in the eyes of two brothers,
both of wvlhomlhad an essential iris atrophy and advanced glaucomia.

CASE 5. The older of two brothers with these rings, aged thirty-eight,
presented externally the typical appearance of a very prominent ring
and membrane-like formationi at the posterior corneal circumference of
each eye. In addition he hadl a very pronounced iris atrophy with hole
formation (Fig. 7, left). The right eye had an intraocular pressure of 40
mm. Hg (Schidtz) and was blind. The pupil was large and there were
incipient lenticular opacities and a deep glauconmatous cup of the optic
disc with very large atrophic halo. The cornea and( iris of the left eye
had much the same appearance as in the riglht eye, but the pupil was
normal in size and the lens clear. The disc showed some cupping, a
nasal displacement of the vessels, and a glauicomatous halo. The intra-
ocular pressure was 25 mm. Hg (Schiotz), the visual field showed an
enlarged blind spot and a very pronounced constriction of the 1/1,200
isopter, but the vision was 6/6 + 4. The horizontal diameter of the
right cornea was 9.5 mm., that of the left cornea io.5 mm.
The results of the gonioscopic study of the eyes of this patient were

especially noteworthy. In all views the iris appeared very atrophic, and
in most views of both eyes the trabecular zone seemed whiter and
broader than normal, with an undtulating vessel appearing in that
region and near the end of the corneal wedge in the upper and temporal
quadranits of the right chamber aIngle. In the upper quadrant of the
right eye the area of the anterior border of the trabecular band was
occupied by a heavy white elevation. At 12:00 o'clock this elevation
appeared as a sheet-like extension of the tissue peripheral to it, but to
each side it took on a more strand-like character and actually seemed
to separate from the cornea on the temuporal side of the view. In this
area, there was a broadlperiphercl anterior synechia.

In the lower quadlrant of the right chamber angle (Fig. 8A) the
atrophy of the iris with hole formuation was very evident. No ciliary
body band or scleral sptir couLld be identifiedl. A heavy, white, markedly
elevated strand-like structure extended in what seemed to correspond
to the region of Schwalbe's line fromii the temporal side to about 6:oo
o'clock, where it suddenly separated from the overlying corneal tissue
as a round strand and terminated at about the 5:3o o'clock position
with a small translucent yellow ball near its free end. A patch of pig-
ment was seen to lie on the corneal surface just anterior to this end.
Nasally the wlhite line was seenl to recur in a position continuous with
the line on the temporal side.
The upper quadrant of the left chainber angle (Fig. 8B) was of in-

terest insofar as it showed very clearly the hole formation in the atrophic
iris. It was similar to the other quadrants in that it presented through-
out its entire extent a heavy, white cord-like strand in the position
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where the ring of Schwalbe is expectedl to be found. Some pigment wvas
seen on this ring- and scattered u1lon1 the tissue posterior to it. This
area of the chamber angle was furtlherimiore remarkable in that the
trabecular region was unLusually transparent, as indicated by the two-
fold reflex of the narrow beam of the slit lamp.

CASE 6. TIhe younger of the two brothers, aged thirty-six, who also
showed on external examination the typical ring and( membrane-like
formations on the p)osterior corneal sturface (Fig. 7B), lhad considerable
iris atrophy, btut witlhouit hole fornmation. His eyes were otherwise
essentially nornal, except for baring of the blind spot an(d restriction
of the 1/1,200 isopter an(l an increased intraocular pressure-O.D. 32
mm. Hg (Schi6tz), O.S. 37 mm. Hg (Schi6tz). Vision: O.D. +4.0o sph.
+.75 cyl. ax. i800 = 6/6 -i; O.S. + 1.oo sph. +.75 cyl. ax. 1800 - 6/9.
The gonioscopic pictujre confirmied the iris atrophy. The ciliary band

was not clearly visualized, nor was the scleral spur seen. The area of the
canal of Schlemm cotldl not be i(lentifie(l. In the upper quadrant of the
chamber angle of the right eye (Fig. 8C), as well as in its lower quladrant,
many irregtularly formed iris processes extended forward onto an(d
across the area exl)ected to be occupied by the trabecular meshwork.
The anterior miargini of the supposed trabecular band was marked by
an elevated, thick white strand on wlhiclh inserted bridging iris fibers.
One abnormality found(l in this patient, in both the upper and lower

quadrants, was that the slit beam demloinstrating, the corneal wedge in
optical section exten(le(l across what wvais aissumed to be the trabecular
region to the iris root in the lower aingle, and halfway to the iris root
in the upper angle. It is particularly instrutctive to compare the rela-
tionship of the chamiber angle strtuctujrcs to the corneal wedge of this
patient with that in Case 7.

CASE 7. A thirty-seven-year-old white m1ianI, suffering fromli tuberculosis,
and referred from a sanatorium becauise of eyestrain in reading, had a
visual acuitv of 6//6 in each eve, norimal fields and normal intraoctular
pressure (O.D. 20 mnm. Hg [Schidtz], O.S. 22 mm. Hg [Schidtz], after
dilatation of pupils). He showed some thinning of the iris stroma,
cerulean opacities of the lenses, and snmall punctate opacities of the
cornea extendingc to limbus (wvhite limbus girdle of Vogt). In addition,
the external slit-lamp) examination revealed what might be interpreted
as a membrane or membrane-like formiiation at the periphery of the
corneal endothelitim arounld the entire limbus of both eyes (Fig. 9).
The most striking featuLre in the chamber angle (Fig. ioA) in each

eye was a very opaque, elevated, cord-like band of tissue at the anterior
margin of the trabecular zone. Posterior to this band the trabecular
area had a smoothlgray-tan color. The scleral spur and ciliary body
band were not seeIn. Iris processes of varying lengths extended onto the

402
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trabecular region and patches of pigment were seen lying on it and on
the white border-line. The optical section had a peculiar angular break
where the anterior corneal surface met the posterior surface of the
limbus, but the corneal wedge had the usual nicely rounded form

FIGURE 9. CASE 7. EXTERNAL VIEW, SHOWING PROMI-
NENT RING WVHICH IS EXTERNALLY VISIBLE AROUND

ENTIRE LIMBUS

where it presumably coincided with the anterior border of the trabecu-
lar zone and the prominent ring of Schwalbe.

The shape of the corneal wvedge in Case 7 vas in marked contrast
to the shape of the corneal wvedge of the patient reported as Case 6
(Fig. ioB), in wvliom it formed an acute angle extending far beyond
the prominent ring. Figures ioC and ioD show in a schematic
cross section the situation wvhich obtains in each of these two
patients.

Reoarding the family history of the patients in Cases 5 and 6,
it must be added that they have an older sister, fifty years of age,
who has always had eye trouble and wvlho frequently sees an oph-
thalmologist. WVe did not have the opporttLinity to examine her,
nor did we see the five-year-old son of the patient in Case 6, who,
accordina to the report received from an ophtlhalmologist, has "a
pronounced emnbryotoxon associated wvith glaucoma in one eye."
To complete this series of our observations wve shall briefly men-

tion three other cases.
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A B

D
FIGURE 10

A. Case 7. Chamber angle; (a) end of corneal wedge. B. Case 6. Chamber angle;
(a) end of corneal w,edge. C. Schematic interpretation of the prol)able cross section
of the chamber angle in Case 7, with cornea of relatively normal width; (a) normnally
located prominent ring of Schwalbe; (b) trabecular band of normal extent; (c)
normally shapedl corneoscleral jtunction and external scleral limbus. D. Schematic
interpretation of the probahle cross section of the chamber angle in Case 6, with a
relative microcornea; (a) centrally located prominent ring of Schwalbe; (b) long,
thin forward extension of uveal portion of trabecular meshwork; (c) abnormal
corneal wedge forming an acute angle due to peculiar distribution of scleral tissue.
Note forward position of iris root (D, d) in Case 6, and greater distance between

apex of angle and Schlemm's canal (C, e) in Case 7.

CASE 8. The patient was an eighty-three-year-old man who had been
under observation in our clinic since 1949 because of chronic simple
glaucoma. On external slit-lamp examination he showed on the pos-
terior corneal surface in each eye, parallel to the limbus, a line of pig-
ment along with a band of refractile tissue, extending from this line
peripherally into the angle. Just anterior to the place where the ex-
ternal limbus hid the corneal wedge, there could be seen in the lower
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The Ring of Schlwalbe and the Trabecul/ar Zone
half of the corneal circumiiference a second smoother, denser line of
pigment. From there out to the point where the corneal wedge was no
longer visible the typical golden glow of the trabecular zone was ob-
served. Gonioscopy confirmed the finding that the first pigment line
was situated along the anterior border of the trabecular area. In
gonioscopy, a third pigment band, not visiblc externally, was positively
identified as a dense deposit over the area of Schlemm's canal.

CASE 9. This twenty-five-year-old white womnan had been seen in ouI
clinic since she was fourteen years of age because of congenital glau-
coma. In the lower and temporal areas a line paralleling the limbus
had been noted in each eye. The gonioscopic view of the lower quad-

9 ~ '

FIGURE 11. CASE 9. GONIOSCOPIC VIEW OF LOWER QUADRANT OF LEFT EYE
Corneal wedge disappears behind iris tissue.

rant of the left eye (Fig. 1 i) demonstrates massive iris processes similar
to the heaviest band of pectinate ligament in certain lower animals,
adhering to a prominent but narrow pearly-white line bordered on
each side by pigment granules. The corneal wedge shows a behavior
similar to that in Case 6, forming a very acute angle and reaching a
plane apparently near the root of the iris.

CASE 10. A two-and-a-half-year-old girl presented large corneas (O.D.
12 mm., O.S. 13 mm. in horizontal diameter), a ring of tissue on the
posterior surface of both corneas near the limbus, an atrophy of the
iris, and an upward and outward displacement of her pupils. The
intraocular pressure was O.D. 32 mm. Hg (Schiotz), O.S. 34 mm. Hg
(Schiotz). Gonioscopy was not done.

MICROSCOPIC ANATONIY OF THE CHAMIBER ANGLE

As was pointed out in the introduction to this paper a careful
histologic study of the region of the chamber angle has been made
in 6oo eyes available to us in our collection of histologic specimens.
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Of Imlost of these eyes wve lhad at out disposal a number of sections
stained wvitlh henmatoxylin-eosin and wvith the Held-van Gieson and
Mallory stains. lhe resuilt of these studies as they relate to the
trabecuilar zone and its anterior border wvill nowv be summarized.

TRABECULAR MIESHWORK

The elemlents of the trabecular meslhivork are distributed in
typical faslhion, and its fibers can be divided into several groups on
the basis of the course of the fibers and their relationship to adja-
cent tissues. Thle fibers of the various groups differ also wvrith regard
to their constituent parts.
The followving four groups of fibers can be distinguished; Group i

represents the corneoscleral group, while Groups 2 to 4 belong to
the tiveal meshwvork according to the terminology introduced by
Virchow (7).

I. The corneoscleral grouip. This is an outer group of fibers
wvlich have their anterior termination in the cornea, but which
are possibly also related to the circular fibers of the scleral septum.
These fibers generally run internally to Schlemm's canal, but
occasionally will surround it, so that twvo or tlhree layers are recog-
nizable on its external surface and six to seven on its internal
surface. In mlost cases these fibers appear to take a criss-cross direc-
tion. They are usually rather finer in texture than the otlher fibers
of the trabeculumn.

2. Fibers of i-veal mneshwork relating to meridional fibers of the
ciliary mt iscle. This rotup has one terminal in the most posterior
layers of the corneal stroma, frequently extending towvard the
center of the cornea wvell beyond thie edge of Descemet's membrane
(1/1i0 mm.). The posterior term-ination varies. Occasionally all
fibers of this group seem to pass into the base of the scleral groove
at the tip of the scleral spur, but just as frequently about 1/3 to 1/2
of the fibers continue past the tip of the spur to blend wzith the
connective tissue surrounding, the meridional fibers of the ciliary
mtuscle. Even in the cases where all fibers seem to enter the tip of
the spuir, there appears to be some connection, either directly or
indirectly by a fibrillary extension, through the spur wvith the
ciliary mutscle. There are approximnately five layers of fibers in this
group. These fibers take the most direct meridional course of any
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of the trabecular fibers. In meridional sections of the eyes it is
common to find one or more fibers shown nearly in its entire
length. These fibers are usually somewhat thicker than the corneo-
scleral ones and their collagen and Descemet's layer are somewvhat
more distinctly seen.

3. Fibers of the uveal meshwork relating to the radial and circu-
lar fibers of the ciliary mutscle. This next, more internal, group has
its anterior termination just behind the edge of Descemet's mem-
brane, at wvhiclh point the fibers generally take a circular course.
The posterior termination of these fibers is typically in the tra-
beculo-connective tissue surrounding the radial and circular fibers
of the ciliary muscle. Hovever, in the presence of an anomalously
placed vessel, usually the major circle of the iris, some of the fibers
may terminate by joining with the connective tissue surrounding
the vessel. There are usually three to six layers of fibers in this
group.

4. Fibers of the iiveal meshwork relating to the root of the iris.
This last group of fibers may or may not be present, and in our
experience it is entirely absent in many eyes. WVhen present it
usually does not form a constant layer, but is represented by iso-
lated fibers or groups of fibers scattered sparsely over the inner
surface of Group 3. It may consist of collagen fibers wvith, or usually
wvitlhout, a Descemet's covering. The position of its anterior termi-
nation varies; it may be on the endothelial surface of the edge of
Descemet's membrane, on the anterior border-ring of Schlvalbe, if
one is present, or on the internal surface of thie fibers of Group 3,
anywhere from the edge of Descemet's membrane to the apex of
the angle. Its posterior termination is in the root of the iris and
most frequently it appears to be contintuous wvitlh the most stuper-
ficial layers of the iris stroma. This group ordinarily is one fiber in
thickness, and in the eyes in our pathologic collection is never
more than two to three fibers thick at the level of the scleral spur.
This group may lie in its entire course against the fibers of
Group 3, or it nmay be separated from Grotp 3 in part of its course,
forming a bridge. In the fori-er case it lhas an endotlhelial and
somletimies pigimmented covering oni its internal sturface; if it bridges,
there is endotlhelial coveringy wTithl associated pigment on its entire
surface,
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FIGURE 12
A. Histologic section of chamber angle of normal right eye of fifty-seven-year-old
man. (Desc., Descemet's membrane; S. sep., scleral septum; Schl., canal of Schlemm;
Tr., C.S., corneoscleral trabecular fibers; Tr., U. (mer.), fibers of the uveal meshwork
related to the meridional ciliary muscle fibers; Tr., U. (cir.), fibers of the uveal mesh-
work related to the radial and circular ciliarv muscle fibers; S. sp., scleral spur.)

B. Goniioscopic drawving of the same region previous to enucleation.

NVith regard to the constitution of the trabecular fibers it must
be briefly mentioned that these fibers contain a collagen core, a
Descemet's layer, and a tlhin endothelial covering (Salzmann, 8). It
has been stated that the trabecular fibers also contain a layer of
elastic tissue. Howvever, in our experience and judging by the ob-
servation of others (Anderson, 9), only the fibers of Groups i and 2
consistently contain elastic elements. Except in rare instances, the
fibers of Groups 3 and 4 do not contain elastic material.
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Figure 1 2A slhows thie hiistologic section of the clhamber angle of
a normal righlt eye, removed as part of an exenteration of the orbit
because of carcinoma of the inaxillary sinus extending into the
orbit. The patient wvas a fifty-seven-year-old wvhiite muan; the globe
was clinically normal, the vision 6/9. The features of the chamber
angle are clearly visible and are indicated in the illulstration. The
specimen is of particular interest since wve hiad seen the eye gonio-
scopically prior to its removal (Fig. 12B).

1THE ANTERIOR BORDER-RING OF SCHWALBE

The anterior border-ring of the trabecular ar-ea is commonly
described (Schwalbe, io; Salzmlann, 8, and otlhers) as a buindle of
fibrillated connective fibers stupported by elastic tissue, lying just
beyond the edge of Desceimet's membrane. Tlis ring is clearly seen
in preparations of the clhamber anale of mlainy anim-als (Fritz, 1),
but in man it is as a rtule not a densely packed groLup of fibers, but
ratlher consists of fibers lying in fairly close proximity. In sagittal
sections the fibers are ctut across so that they are seen end on; they
are seen to be separated by slighlt spaces. Tlhere is im'uchl variation
in this group of fibers. Onie extreime, not fturtlher- considered here,
is represented by cases in wlhiclh circular fibers coimiparable to those
in the border-ring are fotund distributed over the inner surface of
the trabeculuim so that they do not constitute a ring. At the other
extreme are the cases in which all the circtular fibers are gathered
into a ring hIliclh may be of suchi size that it forms an actual promi-
nence extending into the anterior clhamber.

WVIhen there is a prominent ring, it is inade up of closely packed
collagen fibers and may contain a greater or smaller amount of
elastic tissue, indicated by small black-stained flecks wvhen the
Held-van Gieson stain is used. Occasionally wve lhave noted a cell
ntcleus in the btundle, anid more rarely still the inclusion of ma-
terial appearingi to stemi froIm Descemet's memnbrane. XVitlh all
stains the bundle takes the same deep stain as the scleral spur and
the scleral septum, in contrast to the corneal tisstue. The ring may
appear as a sinole buindle or it inay be divided inlto two distinctly
recognizable portionis. One of tihe two portions lies tistually more
initernally tlhan the otlher, and the internal portion tends to sur-
rouind the other portion at its extremity directed toward the center
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of the cornea. Ordinarily Descemet's membrane splits just as it
reaches the ring, one portion going over the chamber side of the
ring but thinning so as to be soon lost to viev; the otlher portion
follows a similar course on the corneal side of the ring. In some
cases Descemet's membrane'appears only on one side of the ring,
either the internal side or the external. From the point wvhere
Descemet's membrane stops, the ring, is covered only by a single
layer of endotheliurn, identified by the isolated, thin, flat cell
nuclei.
Such a prominent ring and its associated chamber angle are

shown in Figure i3A. Figure 13B is a more magnified view of the

FIGURE 13
A. Histologic section of chamber angle of normal left eve of forty-six-year-old man.
(Desc., Descemet's membrane; Schw., ring of Schwalbe; 'S. sep., scieral septum; Schl.,
Schlemm's canal; Tr., C.S., corneoscleral trabecular fibers; Tr., U. (miier.), uveal
trabecular fibers related to the meridional ciliary muscle fibers; Tr., U. (cir.), uveal
trabecular fibers related to the radial an(d circular ciliarv muscle fibers; S. sp., scleral
spur.) B. Photograph by oil immiinersion of another section of the same ring of

Schwalbe as in A.
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ring. In this ring the two portions which were mentioned before
show up well; however, it contains only a small amount of elastic
tissue.

Figures 13A and 13B (normal left eye of a forty-six-year-old
man, enucleated because of epithelioma of lids and orbit), also
show quite well the connections between the bundle of circular
fibers and the trabecular fibers. These connections vary in different
cases, but we were able to establish a certain pattern. On the
corneal side, fibers belonging to the corneoscleral part of the
trabecular fibers (Group 1) are seen which in our specimens were
never incorporated into the ring. Internal to Group i are the fibers
(Group 2) which are most closely associated with the tip of the

S.sep.

/7/
Tr.,C.S/

Tr.,U.(mer.)
(pe

Tr.,U.(cir.)

FIGURE 14. SEMISCHEMATIC REPRESENTATION OF THE CHAMBER ANGLE

STRUCTURES AS THEY FREQUENTLY RELATE IN THE PRESENCE OF A PROMI-

NENT RING OF SCHWALBE
(D. endo., Descemet's endothelium; Desc., Descemet's membrane; Schw., ring of
Schwalbe bulging into anterior chamber; S. sep., scleral septum; Tr., C.S., corneo-
scleral trabecular fibers, relating to the spur and septum with a few fibers at corneal
end wedging between septum and uveal trabecular meshwork; Tr., U. (mer.), uveal
meshwork. one end relating to meridional ciliarv muscle fibers and tip of spur, and
other wedging between corneoscleral meshwork and Descemet's membrane, some
fibers also entering ring of Schwalbe; I. f., iris fiber [iris process or pectinate strand],
inconstant in presence, thickness, and extent upon trabeculum, sometimes bridging

as atavistic pectinate fiber; S. sp., scleral spur.)
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scleral sptur and meridional fibers of the ciliary mutscle. One or
more of these may extend about 0.05 to 0.1 mm. beyond the ring,
betwveen the corneal stronma and Descemet's membrane. T'lhe re-
Imaining layers (reduced at this level to twvo or tlhree in number)
are incorporated into thie ring. Occasionally a fiber enters thle ring
froIm the side adjacent to Desceimet's inemibrane, btut imost of theIm
enter it froml the side toward the scleral sptur and the mleridional
fibers of the ciliary muitscle. On the chamber side of the ring, fibers
are seen whTliclh have tlheir origin tolvard the inner or anterior
clhamber aspect of the ring. They lie against its iimass and are con-
tintmotus with thie trabectilar fibers of Grotup . (tlhose associated
wvitlh the radial and circtular fibers of the ciliary inmuscle). Trabecu-
lar fibers appearing to arise from the posterior part of the circtum-
ference of the ring may come to lie eitlher in Grotup 2 or Group 3.
Also associated in soime manner wvith tile ring are tile less regutlar
trabecular fibers of Group 4 (associated at tleir other insertion
wNTitlh the root of tlhe iris). These fibers may liave their origin on the
inner sturface of the ring or from its mass. When only one portion
of tlhe ring contains elastic fibers it is alwvays the part from wJlihich
tlhe fibers of Grotlp 2 emnerge. At timles the entire rinig contains
elastic elemnents, but in ouir sections these never extended into the
inner uiveal layers of the trabecuilar ileslhNwork (Groups 3 and 4).

Otur findings wvitlh regard to tlhe various portions of the trabecu-
lar region whvlen a prominent ring is seen in the section are suim-
Imiarized in a scilematic drawving of the cliamber angle (Fig. 14).

Aimiong the 6oo eyes whiclh wve examined wve fouind 72 (or 15 per-
cent) wilichi showed a prominent ring. This is in surprisingly close
agreement wvitli our clinical observations wvitlh the slit lamp. WVe
divided thle 72 cases into touir grotups (+ to ++++) according to
the degree of promineric, and oted a illloderately proninien-t rino

i timies, a proiinent ring 21 times, a very promiiinent ring 28
tiunies, and an extremely proiminent rino 12 tiimes.

WVe rated tie prominence of the ring in tle eye of tle next
patient as l)eing ++ (Fig. 15A). The rigllt eye of this seventy-nine-
year-old Iflila was enlicleated becatuse of a tuimor of the ciloroid.
Prior to enutcleation we saw a proininent ring at tile periphery of
Iiis cornea in external slit-lamp exanlination and obtained a gonio-
scopic view. In tlhe viewv of the tupper angle reproduLced in Figure
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15B the pearly-white line is well visualized; it is more prominent
in some regions than in others. At 12:00 o'clock there is an anoma-
lous vessel at the root of the iris and there are two wide, abnormal,
obliquely coursing vessels at the external corneoscleral limbus. The
blunt, bulging displacement of the anterior line of the corneal

FIGURE 15. CASE OF A SEVENTY-NINE-YEAR-OLD MAN
A. Histologic section of upper chamber angle, right eye. (Desc., Descemet's mem-
brane; Schw., ring of Schwalbe; S. sep., scleral septum; Schl., canal of Schlemm;
Tr., C.S., corneoscleral meshwork; Tr., U. (mer.), uveal trabecular fibers related to
the meridional ciliary muscle fibers; Tr., U. (cir.), uveal trabecular fibers related to
the radial and circular ciliary muscle fibers; S. sp., scleral spur.) B. Gonioscopic view
of same region previous to enticleation, showing narrowing of the angle due to
ciliary body ttimor; (a) moderately prominent ring of Schwalbe; (b) engorgement of

two limbal vessels; (c) a typical gerontoxon.
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FIGURE 16. CASE OF A SEVENTY-FOUR-YEAR-OLD MAN
Histologic section of chamber angle of left eye, with bridging iris process. (Desc.,
Descemet's membrane; Schw., ring of Schwalbe; S. sep., scleral septum; Schl., canal
of Schlemm; Tr., C.S., corneoscleral meshwork; Tr., U. (mer.), uveal trabecular fibers
related to the meridional ciliary muscle fibers; Tr., U. (cir.), uveal trabecular fibers

related to the radial and circular ciliary muscle fibers; S. sp., scleral spur.)

wvedge is due to an atypical gerontoxon. The angle shows some
narrowing, especially between i :oo and 2:00 o'clock, where the
iris root was pushed forward at a point corresponding to the site of
the tumor. The histologic section (Fig. 15A) goes through this
inarrowed area of the angle; the forward displacement of ciliary
body and iris root is clearly seen.

Another example of a prominent ring, but one of lesser degree

FIGURE 17. HISTOLOGIC SECTION OF THE CHAMBER ANGLE, WITH PIG-

MENT CLUMP ANTERIOR TO THE RING OF SCHWALBE



The Ring of Schwalbe and the Trabecular Zonie

(+) is seen in Fi-g-ure i6. This section (left eye of a seventy-four-
year-old man, enucleated becauise of clhronic iridocyclitis wvith
secondary glauicoma followvinga cataract extraction) showvs an un-
tusually long trabecular zone and also demonstrates the bridging of
the trabecular fibers of Group 4, wvlich hias been discussed before.
Thle fiber does not lie against the fibers of Groups 3 and 4 at the
clhamber angle, but rests against a loose meshwlzsork wvitlh resulting
open spaces, giving to the angle an appearance comparable to that
seen in the eyes of some animals. As wvill be pointed out elsewllere,
we consider this to be an atavistic formation. This bridging fiber
whiiich reaclhes the fibers of Group 3 midwNay up the trabecular area
undoubtedly corresponds to the bridging iris processes which wve
observed gonioscopicallv.
The pigment seen so frequently on and around the prominent

ring wvith the gonioscope is also to be found histologically, as can
be seen from Figuire 17, whiclh represents thie section of the clham-
ber angle of a patient wvho had a chronic iridocyclitis and an iris
bombe. The pigmnent is not of inflammatory origin.

E'MBRYOLOGY OF THE TRABECULAR AREA ANLD

OF THE PRO3MINENT RING

The results of our embryologic studies wvill be indicated lhere
only in a fewv words.

NVe have been able to find in embryos as small as 9i mnm. a dif-
ferentiation of cells adequtate to indicate broadly the grouiping of
the trabecular fibers wvhiclh is to take place. At a point just beyond
the end of Descemet's endotlheliutm there wvere cells wvitlh large,
round, grantular nuclei wvliclh produce the trabecular fibers of the
adult. The archiitecture of the corneoscleral trabecular fibers was
already defined in a rudimentary wvay, whliereas the layers internal
to it wvere jtist beginning to appear grouiped. In some embryos
there wvas an excessive concentration of cell nuclei, in otlhers they
wvere fewver and they wvere more evenly distributed.

Evidence was gained that the chamber angle develops by a
process of active cleavTage and relative growrth rather than by
atrophy and resorption of mesodermal tissue. If this is correct, the
cell concentrations wvhiclh wve have seen would not disappear, but
would continue developmenit and wvould eitlher produce the normal
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adult imiass, or, being in excess and hiiglh concentration, wvould
produice an excessive miass and promiinence in whatever position
they wvere laid dowvn.

DISCUSSION

hlie accessibility of the trabecular region to external view lde-
pends on two or miiore factors: on the developiient of the sciera at
the liimbus, and on lhowv far forwvard the trabecular region extends,
and possibly on additional factors, so far undetermined, regarding
a dysgenesis wvliclh might linit the extent of the posterior corneal
stroma and Descemiiet's membrane. The relationslhip betwveen cor-
nea and sclera at the limbus is usually described as being such that
the cornea fits like a watch glass into a groove formiied by tlle sciera, so
that the anterior edge of the scleral bevel extends farther forwvard
than the posterior edge, tlhus effectively blocking the structulres of
the chamiiber angle to external view. This description undoulbtedly
fits the sittuation in many instan-ces. WVe hiave seen, hiowvever, that it
is not universally applicable. It is not rare to encounter, especially
on the nasal and tenmporal sides, a narrov crescentic extension ot
the cornieal tisstue so that in these areas the outer scleral edge does
not reachi as far forwvard as in otlher parts of the limibus. Th)is wvas
noted and described by Kraupa (i 2), wvho stated that he lhad found
it in mnaniy eyes and added that in this region the deep layers of the
cornea wvere not clear, but thiat a striated grayish tissue extended
into themn. He considered this band to correspond to the posterior
scleral wvedge. It is of interest that Kraupa had seen this anomaly
occasionally combined vitlh otlher anomalies, one of wvhichi wvas
corectopia. Kayser (1i.3) has also reported a case of posterior em-
bryotoxon in wvlhich the cornea extended in one eye mtuch farther
peripherally than is normally seen, so that lhe could survey the
chamnber angle freely. He gave no description of lhowv it appeared,
btut Ascher (14) has reported a case of partial coloboma of the
scleral limubtus hliiclh permitted hiim to visualize Schleinm's canal
by external examination. Thus far wve lhave not been favored wvitl
finding SuLCh an extreime case and Asclher's case remains unique.
There can be no doubt that wlhat these authors noted is essen-

tially the sanmie as wlhat we lhave observed. The possibility, howv-
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ever, miust be entertained that in certain instances the external
visibility of the trabecular area is due not to a colobomatous for-
matioll of the sclera at the limnbuis, but ratlher to an abinorimial
forwvard extension of the trabecular zone relative to the limbus.
B3otlh gonioscopic and hlistologic findings point to this possibility.

It does nlot seeimi worth wvlile to reviewv lhere the wvhole literature
on the posterior embryotoxon of the cornea, particularly since
tlhere exist able and relatively recent surveys of thle subject (Streiff,
2; Paufiqque, Etienne, and Bonnet, 1r5; and otlhers). A fewv remarks
must, lhowvever, be made.

First, the enmbryotoxon is mnuclh more frequent than Vould ap-
pear froim the literature. That it is by no means rare hlas already
been emnplhasized by Graves (4) and Streiff (2), altlhoughi the forimer
did not recoognize the identity of hiis finding wvitlh that of Axenfeld
(i). Even the most coimiplete surveys do not cover all cases in wvhiclh
stuclh an appearance of the corneal margin is described. Leafing
tlhrouglh the oplhtlhalmic jouirnials, one finds lhere and there a refer-
ence to whliat is undoubtedly a formation belonging to this group
in papers wvlliclh are not necessarily related to the subject, as for
iinstance in Botteri's report (i6) of an unusual case of polycoria.
However, even if all reported cases wvere collected their numiber
wvould still be small com-pared to the frequency wvitli wvlichi the
transparent bands are seen whilen looked for.

It shouLld furtlhermore be noted that Axenfeld (i), in lhis original
description of the emlbryotoxon corneae posterius, described the
fine strands of iris tisstue whiliclh insert into the wvlitislh ring on the
posterior corneal surface, bridging the normally deep clhamber
angle, and suggested that the wvlhole formation mighlt possibly be
termed a rudimentary pectinate ligament in man. It should be
emphasized that Axenfeld's view is much more correct than that of
older and newver authlors who insist on speaking of "goniosyn-
eclhias" (Remky, 17; Paufique, et al., 15; &akh9, i8; and others).
The strands of iris tissue and iris processes extending from the iris
root to the anterior border-ring, sometimes lying flat, at other
times bridging the angle, are not synechias, even if they are closely
packed (Fig. 11 ), btut abnormal iris tissue which wve considered to
be an atavistic forimation, as lhas been stated above.
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The translucen-t hands on the posterior corneal sturface have also
been described as hyaliine membranes (Mann, 3), and they do in-
deed frequently impress one as suchi on external slit-lamup exami-
nation. However, closer inspection not only reveals the grouind-
glass, striated appearance of these structtures, btut gonioscopic and
histologic examination lhas definitely established thiat thiere are no
abnormial memibranes of any kind correspondino to the externally
seen bands. At least the first twvo cases reported by Ida Mlann dotubt-
less belong in the grotup of cases disctussed lhere, aind it wvouild,
tlherefore, seeimi desirable to drop the designation "congenital
hyaline membranes on the posterior surface of the cornea," since
such membranes seem not to exist in the limbal region as con-
genital anomalies. In a recent paper Francesclhetti and Rickli (19)
have reported a case of eccentric lenticonus in wvhiichi they hiad
noted externally, and later also histologically (20), an embryotoxon
as an incidental finding. The histologic section showTs a beautifl
example of the trabecular region and the prominent ring of
Schwalbe, but we cannot agree wvitlh the interpretation given by the
authors, wvho speak of a membrane on the posterior corneal stur-
face in this area.

A. A. Knapp (21) reported in 1930 a case of corectopia with
embryotoxon, and mentioned in his paper that Troncoso lhad
studied the case wvith the gonioscope. Howvever, the description
given by Knapp is insufficient to permit conclusions as to the ap-
pearance of the chamber angle. The same is trtue of the descriptioln
given by Patufique, Etienne, and Bonnet (15). The first and thutis
far only competent description of the clhamber angle of a case wvitl
embryotoxon lhas been given by Busacca and Pinticart (22). These
authors sawv a case of embryotoxon wvith hypoplasia of the iris and
slight corectopia. Gonioscopically they found an irregutlar enlarge-
ment of the trabecular zone and, in the region wvlhere the embryo-
toxon existed, a slight prominence of the anterior white limiting
line (in Busacca's terminology; the anterior border-ring of Schwalbe
in the terminology wve use). They believed, howvever, in accord-
ance wvith Busacca's interpretation of the anterior border-ring, that
the pearly-wvhite prominent line is made up of a tlhickening of the
scleral septtum, not of the border of Descemet's membrane. WVe
agree that it is not a tlhickening of the border of Desceimet's mieiim-
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brane, but wvill state below our reason why we do not think that
the prominent ring consists of scleral tissue.
As regards the anatomic substratum, Saba (23) expressed the

idea that the prominent ring might be formed by irregular, ab-
normally developed sclerocorneal trabecular fibers. Biozzi and
Lugli (6), although not recognizing that they were dealing with
the posterior corneal embryotoxon, brought up the possibility that
the prominent line was the anterior border-ring of Schwalbe and
the opacity extending into the chamber angle was the corneoscleral
trabecular zone, both visible at slit-lamp examination because of a
more central location than is usual. Bloch's suggestion (24f) that
the prominent ring is nothing else than an atypically located
branch of Schlemm's canal is not supported by any evidence. It is
not quite clear what position Streiff (2) takes with regard to the
anatomic substratum of the structures under discussion. He does
not express himself concerning the band of relucent tissue, but
definitely states at one place that the prominent line is the anterior
border-ring of Schwalbe. He goes on to say, however, that normally
the anterior part of the scleral meshwork is bounded by the an-
terior border-ring of Schwalbe, and that if it is bordered by a
prominent line of hyaline aspect, we are then dealing with a pos-
terior marginal dysplasia of the cornea.

Streiff (2) is also one of the few who have published a description
of a histologic section of one of these prominent rings. In his de-
scription he speaks again of a hyaline spur protruding into the
anterior chamber. This description is not correct in that the
prominence is not hyaline, but differs in its staining characteristics
from hyaline material. It is made up of collagen fibers and a greater
or smaller amount of elastic material. This has been seen by Fritz
(1 i), who was the first to note and depict such a prominent ring,
and by Seefelder (25), who discussed them in ig9o.
The prominence was positively identified as the ring of Schwalbe

by A. Fuchs (26), who gave an excellent description of it. Fuchs
noted that the thickness of the ring showed wide variations in the
same eye and was entirely absent over short stretches of the cham-
ber angle. In one of his eyes the area of a section of the ring varied
from 570 m[12 to 6,oi8 m,i2, where it was present, but at one point it
had the exceptionally large area of 1 1,092 mp12. It is furthermore of
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interest to note that FuLclhs observed, as wve did, that the ring mlay
consist of twvo parts which are as a rtule so closely packed togetlher
that they actually form a single ring. In other areas of the same eye
the two parts mnay, however, be comnpletely separated. Fuichs also
described radial fibers wvlhich entered the ring or passed belhind it,
but apparently did not consider them to be part of the uiveal
trabectultinm as wve do.

Otherwise, no onie appears to lhave paid particuilar attention to
the prominience, whliichi sturely mutst lhave been seen relatively fre-
quiently, until Loewvensteini, in 1948 (27), again called attention to

it. He did attemnpt to bring the prominence into coinnection wvitlh
Schlvalbe's ring, but came to the conclusion that this aonioscopic
landmnark wvas dtue to tlhickening and bulging of thie corneal tissuie
towvard the anterior clhamber and that the "knoblike promninence"
hlad notlhino' to do wvitlh it. In 1950, Loewenstein returned to the
subject (28) and puiblislhed a number of histologic sections of
prominent rings. He clhanged hiis position somnewvhlat in that lie
nowv considered botlh a wvhite line at the border of the trabectular
zone and the prominent rings to be representative of the ring of
Schvwalbe, buit explained both as swvelling of posterior corneal
lamnellas by aqutieouis entering the cornea at a gap between the end
of Desceimet's membrane and the trabectular zonie. There is no
reason to accept Loewenstein's explanation, as there is no evidence
to stupport lis claimis that there is a gap in this region, that aqutteouis
enters at tlis point, or that the closely packed circtular fibers of the
ring are svollen cornieal laimellas. The case of muitistard-gas injutry
to the cor-nea wvitlh swvelling of the corneal lamellas which Loewven-
stein cites as evidence slhowvs, on the contrary, that the prominience
does not partake of the swvelling. It is, in tact, additional stupport
for ouir observation that the pronminent ring is singutlarly immunltliie
froimi miorbicl processes sturroundinig it. Even in eyes with sionlls of
severe iniflaimmation or extensive infiltration with imalignanit cells
in the surroundings of the ring, wve have never fotund inflammiatory
or nmalignant cells wlitlhin it.
As to the iiiaterial miiaking up time pronminenit rinig, wve thiniik it

doubtful that it is scleral in origin and that the proiminence seen
gyonioscopically is a buLlge in the scleral septumn. Whllile the circtular
fibers take the same stain as the scleral septum and scleral spuir, and
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even stain a little more darkly, the anterior layers of the gTroup, of
trabecular fibers relating to the meridional position of the ciliary
mtuscle (Groulp 2) insert betwveen the scleral system and the ring in
so positive a faslion that they form a regular wvedge, so that there
can not be an actual connection betwveen septuim and ring (Fig. 14).
Also, the trabecular fibers of GrouLp 3, relating to the circtular and
radial ciliary mtuscle fibers, are continuouis wvitlh the fibers within
the ring, suoggesting that its fibers belong to the trabectular system.

WNre have indicated otir views of the genesis of the prominent ring
of Schwivalbe in an earlier section of this paper and shall elaborate
them in a suibseqtuent paper on the basis of comparative anatomic
and embryologic studies. XVe mtust, howivever, mention hiere briefly
tlhat, in general, there exist two tlhoulghts wvithi reoard to the origin
of the anomaly; one is that it is due to abnorimally prolon,ged con-
tact of the corneal periplhery witlh mesodermnal tisstue during de-
velopment, tlhe otlher that it is the result of inadequtiate resorption
of mesodermal tisstue in tile formation of the anterior clhamber
(Thlier, 2q; Remnky, 17; Mann, 3; Rieger, 3o; Hagedoorn, 3i; and
otllers). The thouiglhts are closely connected, and derive fromn the
atteimpt at explaining lhyaline mnlembranes, hiyaline rings, or corneal
opacities assuLmiled to exist on the basis of clinical observation. Since
there actuLally are no suiclh imembranes or opacities in these cases,
tile tlheories tlhus far expressed miss the mark.

Altlhotugh hle too was seeking an explanation for "opacification
of peripheral areas of Descemet's membrane," Tlier (29) never-
tlheless camie to an interesting conclusion in the case hie reported.
He hiad seen a twventy-twvo-year-old female patient wvitlh uinilateral
embryotoxon and miarked lhypoplasia of the iris stromla and thread-
like adlhesions of iris tissuie to the prominent ring in the affected
eye. He rejected in this case tlhe liypotlhesis that tlhe iris anoilmaly
was explainied by excessive resorption of iris tissuie, but stigiested
that a meclhanical transposition of the anterior stromal leaf had
taken place; whrlat was missing in the ptipillary region wvas present
in excess in the periplhery.
The question of the genesis of the prominent ring is of impor-

tance in that a ring- is often fouLnd in eyes in which there are other
congenital anoinialies, suclh as lhypoplasia of the iris stroma, corec-
topia, polycoria, extensive remnants of the pupillary membrane,
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and so on. The association of the prominent ring wvitlh these anom-
alies is too frequent to be purely coincidental, and Streiff (2) is
doubtless correct in bringing all these anomalies under one hiead-
ing, classifying tlhemn into three grades: (i) a prominent ring in
essentially normal eyes; (2) a prominent ring in eyes wvith other
congenital anomalies of mild degree; and (.) a prominent ring
associated with congenital anoimalies which mst be looked upon
as malforimations. Conseqtuently, the eluicidation of the genesis of
the prominent ring would also slhed lialit on the genesis of otlher
mnalformiations.
An evaluation of the connection betwveen the proiminent ring

and glaucoma is miore difficult than the evaluation of its connec-
tion wvith otlher congenital anomnalies. WVe have seen a ntumber of
patients in wvhomn the combination withl glaucom-a existed, and the
followv-up of these cases slhowved that the management of the glau-
coma vas very difficult. Othier auitlhors have also reported on pa-
tients wvitlh glaucoma and prominent ring. However, the number
of patients wvlho have a prominent ringy and no glaucoma is very
much larger, and in all cases wvitlh glauicoma the iris atrophy wvas
severe and there wNere otlher associated anoimalies. The case of
Sakic (i8) is interesting in this respect, since the patient hiad a
bilateral glaucomna, but iris atrophy and a prominent ring were
found only in the left eye. AWe consider it dotubtfuil, therefore, that
thie ring, as stuch is responsible for the glatucoma, and think rather
that wvlhere it exists it is dtue to associated abnormnalities of iris
and chamber anole.
There can be no doubt that broad trabectular areas vith promi-

nent rings are not only congenital btut also famlilial. Rieger (3o),
Biozzi and Lug,li (6), Asclher (14', Thleodore (32), Braendstrup
(g) and Falls (34-) lhave all reported its familial occturrence, and
wve have seen it not only in the families reported in this paper,
but in its tuncomlplicated form in otlher families not specifically
mentioned hiere.
A fewv words imutst, finally, be said regarding( the incidence and

the terminology. XVe have found that the trabecular zone is visible
in external slit-laimp exaimiination in almost ev-eryone, and that
a broad trabecular zone with a proimiinent thickened edge is seen
in about 15 percent of all patients. WVe fouind it just as frequiently
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in our histologic material, namely in 72 out of 6oo sectioned eyes
wvhich wve examined. Streiff (2) ptuts the clinical incidence hiigher,
namely at 20 to 3o percent, l)ut he has seen it only rarely in sec-
tions, having made no systenmatic search. XVlhy such seasoned pa-
thologists as Seefelder (25) and Loewenstein (27), who doubtless
had access to a large number of specimens, found the prominence
to be suchi a rarity in the sections, wve do not knowv.
As to the terminolo,gy, we have already stated that the term

"congenital hyaline membranes on the posterior corneal suirface"
is inadequate and should be discarded. The term "embryotoxon"
is meaningless once the nature of the condition is understood, and
is ambiguous insofar as it has been used by some authors inter-
changeably for the prominent ring and the faint ring-like opacity
formed by the trabecular region. The expression "posterior mar-
ginal dysplasia of the cornea" suggested by Streiff (2) is not quite
correct, since we are not actually dealing wivith a corneal dysplasia,
and is even less correct wvhen it is used to include the more severe
mesodermal abnormalities of iris and chamber angle. In this respect
the designation "dysgenesis mesodermalis corneae et iridis" of
Rieger (30), or, if one accepts Hagedoorn's criticism (3 i), "dysgene-
sis mesostromalis corneae et iridis," wvould seem to be preferable,
although they might seem somewvlhat formidable names for the fre-
quently seen simple form of a prominent ring. WVe are awvare that
severe abnorinalities may be associated wvith it and that the trabecu-
lar zone may be abnormally wvide and the ring very prominent, but
wve have no single term to offer to cover all abnormalities. WVe sug-
gest that these structures be called what they actually are: the
trabecular zone and a prominent line of SchwNralbe.

SUNIMARY

1. The trabecular region is visible at the periphery of the pos-
terior corneal surface in almnost every person in external slit-lamp
examination, appearing in broad direct focal illumination as a
band of grayish, translucent tissue shoving fine criss-cross or regu-
lar striations. This band considerably differs in wsTidth in different
individuals and in different regions of the limbus. This same
tissue appears to have a "golden glow' wvhen studied with a very
narrov slit-lamp beam.
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2. In about 15 pe-cent of all patients examiined, the trabecular
region ended corneaward in a more or less prominent whitish line,
often learing cltumllps of pigmnent.

3. Tlis line wvas identified by gonioscopy as a prominent an-
terior border-ring of Sclhwalbe.

4. A promiinent anterior border-ring is often associated wvitlh
imild to severe hypoplasia of the anterior stromal layer of the iris
and otlher conoenital anomialies, such as corectopia and polycoria.
It is congenital and familial.

5. A prominent ring may be associated wvith glaucoma, but it is
our iimpression that the ring itself is not causally related to the
glaucoimia.

6. Histologic sttudies of the trabecular region are presented.
Aimong 6oo sectioned eyes a promnient anterior border-ring wvas
seen 72 times and its histologic features are reported.

7. XVitlh regard to the genesis of the prominent ring, it is otur
conclusion- from enmbryologic investigations that it is due to an
excessive laying dowvn of cells and excessive relative growvtlh, not to
a lack of resorption of mesodermal tissue. Abnornmal iris processes
bridging from the iris root to the trabectular meslhwvork and pronmi-
nent ring are an atavistic formation.

8. "Congenital lhyaline membranes -.t the posterior corneal stir-
face," as applied to the forimations described in this paper, do not
exist and this terii slhould be dropped. The terml "embryotoxon"
is ambiguous and stuperfluouis; "posterior mnarginal dysplasia of
the cornea" is not an entirely correct designation; "dysgenesis
nmesoderimialis [or imiesostromnalis] corneae et iridis" is better, but
wve stuggest that the structures under consideration slhould simply
be referred to as "trabecular zone" and "proiminent anterior
border-ring of Sclhivalbe."
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DSUSSION~DIS1CUSIO\T
DR. ROBERT N. SHAFFER. It is a privilege to be askedl to liscCuss this
excellent paper. The painstaking correlation of biomicroscopic, gonio-
scopic, and microscopic anatomy wvill be of great valuie in the future to
all who are interested in pathologic changes of the chamiiber angle.
\Vhen the eye physician finds such a case, it becom-nes a mnatter of real
importance to dletermine wlhethier the finding is ain abnormal (levelop-
ment or nmerely a variation of the normnal.

It is probable that the prominent aniterior border ring of Schwalbe
an(l the unustially visible trabecular area reporte(l in the first part of
this paper are variations of a nornmal pattern and not to be considered
as p)athologic formations. However, there must be transition forms
which will challenge the diagnostic skill of the cye physician.

It is a well-known fact that the full-blown syndrome of Axenfeld
presents an extremely varied picture of (listurbe(l develop)ment of the
mesodermnal elements of the iris and chamber angle. Falls reports one
faimily pedigree of fouLr generations exhibiting variedl combiniations of
the following anomalies: embryotoxon, corneal opacities, corectopia,
pseudopolycoriat, slit-pupil, iridotasis, (lyscoria, ectopia ptupillae,
ectopia lentis, anterior polar cataract, and( congenital glaucomna. As in
the cases reportedl in this lpaper, there is a (lefinite (lominant paittern
to the heredity. Iherefore, even thouglh the patient un(ler conisi(lera-
tion may have a benign type of mnalformiiation, it is the (Iuty of the
pJhysician to check other memnbers of the family for imiorc seriotts coIli-
plications. The childlren should be examuinedl releatelly, as the glau-
coma associated with this syndrome is usually delayed in onset-a so-
called juvenile glaucoma. Affectedl members of families having such a
genetic pattern should be strongly warned of the dangers of passing on
the defect to succeeding gencrations.

If the sytudromiie of Axenfteld frequently produces a juvenile glauicoma
which is based upon faulty angle development, it mlust also merge in
the younnger age groul) witlh the true congenital infantile glaucomas.
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In this group of cases, angle studies, especially by Maumeniec, also fail
to show abnormal hyaline membranes or mesodermal reticulum filling
the angle. In the miiicroscopic sections, the iris inserts quite high on the
uveal portion of the trabecular area. This high insertion is not the
whole story of the etiology of congenital glauconma, however, as
Schlemm's canal can be filled in almost all cases, and can be seen above
the insertion point of the iris, as has been pointed out, especially by
Scheie. It would seem that there must be a relative impermeability of
the trabecular area in these cases. In their studies on glatucomiiatous
cases, have the essayists been able to (letermine anly qutalitative or
qtuanititative (lifference in the physical structuire of the trabecultum of a
niormiial eye and(I that of an eye with either congenital or juvenile
glatuconia?

In adldition to congratulating Doctors Burian and Braley on their
excellenit presentation of the subject matter, it wotuld be remiiiss nlot to
commend Mr. Lee Allen for the magnificent angle drawings which we
have all enjoyed.

1)R. HAROID F. FALLS. This extremely worth1-while PreseIltation merits
ouir most.careftul atten tion.
A rather significant percentage of my patients, subljected to routine

biomicroscopic stu(ly, exhibit this proniInenlce of the temuporal (and
elsewhere) teriminationi of the ring of Schwalbe. It is not uncommon to
observe this mild entitv occurring in the eyes of close relatives; in fact,
I had the opporttunity of seeinig the trait bilaterally in the eyes of a
chronic simple glatucomatouis individual and his normll-Ki twelve-year-old
(laughter the (lay before I left for this trip.
The authors are correct in insisting that the (lescril)tive word "em-

bryotoxon" is basically imeaningless. I sincerely trust that the writers
will be able to present uis witlh a more satisfactory termi iology.
A rather severe mlaniifestationi of this entity has beeni frequently re-

ported, at least in the European literatture, uinder the name "Axenfeld's
syndrome." This syndrome includes a wide range of anterior ocular
segment anomalies: (lyscoria, pseudo and trtue polycoria, corectopia,
iridotasis, iris dlehisceinces, proi11inence of the iris sphincter, aplasia of
the mesodermal leaf of the iris, ectropion uiveae, as well as congenital
corneal opacification or edenma. Tlhe above features vairy greatly in
degree of expressivity amiionig the affected individuals. That this de-
velopmental aberration can be determined by (lifferent gene mecha-
nisms is suggested by the fact that features of Axenfeld's synidrome have
been exhibited in both autosomal dominlant an(l sex-linikedl recessive
patterns of transm-issioni.
Hydrophthalmos is, in my experience, a nmuclh different entity 1)oth

clinically and genietically. Its genetic determination is (life to an auto-
somal recessive gene having a heightened incidence in the miale sex. I
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have not been able to demonstrate anomalies of development of the iris
or Schwalbe's ring in the eyes of the parents of hydrophthalmic children.

DR. HERMANN M. BURIAN. I wish to thank Dr. Shaffer for his very kind
words, and Dr. Falls for his most illuminating discussion. Both added
a great deal to what we have presented. I would like to say that I am
not altogether familiar with the "syndrome of Axenfeld." I only know
from the original page-and-a-half report of Axenfeld's that he described
the line which we have shown and called it embryotoxon corneae pos-
terius. Among his cases there was nothing but the very simplest form.
The association with more severe anomalies came up later, but I am
sure if anyone wishes to give Axenfeld credit by calling it the "syndrome
of Axenfeld" that will be nice. I have never heard of it.

I wish to say, regarding the pictures which Dr. Shaffer showed, that
he has no reason to apologize for them-on the contrary! Having tried
with considerably less success than he has had to photograph the cham-
ber angle, I must say they are wonderful. I wish we could do as well.
As to the matter of hydrophthalmos and the anterior chamber, an-

ticipating what we expect to describe in another place, I would like to
say that the anterior chamber does not open in normal development by
a resorption of mesoderm, but rather by cleavage, by the formation of
a cleft in the mesoderm, and that instead of being resorbed, actually
the mesoderm seems to grow. If such a cleft does not take place, and the
relative growth of the structures does not occur normally, other pic-
tures may form, such as those of hydrophthalmos which Dr. Shaffer
showed. Evidence for what I have said now will be presented at an-
other place. To what extent the hydrophthalmos is to be separated
genetically from the things we have described I would not presume to
say. I certainly take Dr. Falls' word for it. It seems to us in looking over
our histologic slides that these may well be tied together from the
morphologic standpoint.
As for hyaline formations in the chamber angle, we are aware of their

existence, and have them in our collection. They are the result of the
secretion or, at any rate, the product of the endothelial covering of the
anterior chamber, as shown by Reese and others. These membranes are
a secondary formation; they are not congenital hyaline membranes.
As to the nature of the trabecular zone in glaucoma in children or

adults, this is a subject into which we have not gone, because it is some-
what removed from our immediate purpose here. However, we are of
course aware of the sclerosing and other processes in the trabecular area
which were yesterday so beautifully shown by Dr. Theobald in the
slides which she projected in one of her discussions.

I believe this covers the points which were brought up, and I will
again take the opportunity to thank the discussers.
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