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RESEARCH ON CORNEAL STRUCTURE 

A strong interplay between theory and experiment is a key feature in our continuing development of 
light scattering as a probe of corneal structure. A general theory for predicting scattering from the struc
tures depicted in electron micrographs of abnormal corneas is reviewed, and an experimental test verify
ing that collagen fibrils are the primary scattering elements in the cornea is presented. 

INTRODUCTION 

The Milton S. Eisenhower Research Center has a long
standing interest in understanding the properties of the 
cornea. Earlier investigations were reviewed in two previ
ous Technical Digest articles. 1,2 The initial work 1 demon
strated that the order in the spatial arrangements of the 
fibrillar ultrastructure depicted in electron micrographs 
could produce the interference effects needed to explain 
transparency, and that macromolecular models in which 
fibrils are linked by mucoprotein bridges were consis
tent with the electron micrographs. In a subsequent 
study, 2 a strong interplay between theory and experi
ment was used to develop light scattering as a probe of 
the ultrastructure in fresh corneal tissue and to explain 
infrared damage to corneal cells. In what follows, we 
review briefly a general theory that we developed to pre
dict light scattering using electron micrographs of ab
normal corneas 3 and an experimental verification that 
fibrils are the primary scattering elements. 4 The theory 
applies to arbitrary inhomogeneous distributions of par
allel fibrils having an arbitrary distribution of fibril di
ameters. The experimental test is based on the prediction 
that the differential scattering cross section, normalized 
appropriately, should follow a universal curve that de
pends on wavelength A and scattering angle Os, only 
through the combination A/sin (Os/2). 

BACKGROUND 
The cornea is the transparent part of the eye's outer 

sheath (Fig. 1) and the primary refractive element in the 
optical system of the eye. Indeed, its curved interface 
with the air provides three-fourths of the eye's focusing 
power (the remainder being provided by the lens). Main
tenance of its curvature and clarity is therefore essential 
for good vision. The structural elements that give the 
cornea the strength to preserve its proper curvature while 
withstanding the intraocular pressure (typically 14 to 
18 mm Hg) are located within its stromal region, which 
constitutes 900/0 of the cornea's thickness. 5 The stroma 
comprises many layers of stacked sheets called lamellae, 
which average = 2 !lm in thickness. A few flat cells (ker
atocytes) are dispersed between the lamellae, and these 
occupy 3% to 5% of the stromal volume. Each lamella 
is composed of a parallel array of collagen fibrils sur
rounded by an optically homogeneous solution consist
ing of water, mucoproteins, and various salts 5 (see 
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Figure 1. A diagram of the eye showing the location of the 
curved, transparent cornea. 

Figs. 2 and 3). The fibrils have nearly uniform diameters, 
averaging = 30 run in man, and extend entirely across 
the cornea (lying essentially parallel to its surface), where 
they enlarge and blend into the white sclera at the lim
bus. The fibril axes in adjacent lamellae tend to make 
large angles with one another. This fibrillar structure 
gives the cornea its required strength. 

The refractive index of the fibrils differs from that 
of their surroundings; most estimates of the relative in
dex m range from 1.05 to 1.10. 1,2,5-7 Because of this 
difference and because the fibrils are so numerous, it 
was recognized long ago that if they acted as indepen
dent scattering elements, they would scatter so much light 
that the cornea would be opaque. 8 Thus, modern the
ories predict that the cornea's transparency results from 
an ordered spatial arrangement of the fibrils that cre
ates essentially complete destructive interference among 
the waves scattered in all but the forward direction. 1,5-14 

The visibility of the cornea in the ophthalmologist's 
slit lamp demonstrates that it is not perfectly transpar
ent. In fact, the cornea actually scatters about 2% of 
the red light and about 10% of the blue light incident 
on it. 15 The characteristics of this small amount of scat
tered light contain information about the structural ele-
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Figure 2. A schematic illustration of several lamellae from a 
normal cornea. The collagen fibrils are of uniform diameter and, 
within a given lamella, are all parallel to each other and run the 
entire breadth of the cornea. The lamellae are oriented at vari· 
ous angles with respect to each other. Three keratocytes are 
also shown between the lamellae. (Reprinted, with permission, 
from Hogan, M. J. , Alvarado, J . A. , and Weddell , J . E., Histolo
gy of the Human Eye, p. 93, Philadelphia, 1971 ; © 1971 by 
W. B. Saunders.) 

Figure 3. Electron micrograph showing the fibrils within the 
stroma of a normal rabbit cornea. 

ments from which the light is scattered, thereby permit
ting us to combine theory and experiment to develop 
light scattering as a tool for probing the stroma's ultra
structure. 2

,4, 12-16 The general approach, which has been 
quite successful, is to characterize corneas through mea
surement and analysis of their light scattering proper
ties. By comparing experimental scattering data and 
theoretical predictions based on structures depicted in 
electron micrographs, model structures, or both, we can 
test the validity of the structures. 

Previously we devised methods to calculate the scat
tering expected from the distributions of collagen fibrils 
depicted in electron micrographs of the normal cornea, 
such as that shown in Figure 3. 1

,6,7 We showed that the 
fibril positions could be described by a radial distribu-
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Figure 4. The radial distribution function , g(r), for the fibrils 
shown in Figure 6. This function is the ratio of the local num
ber density of fibrils at a distance r from an arbitrary fibril to 
the overall bulk number density; it represents the probability 
of finding a fibril a distance r from any given fibril and goes 
to unity at large distances. 

tion function, g(r), an example of which is presented 
in Figure 4. Thus, the theory developed for X-ray scat
tering in liquids 17, 18 could be applied. In swollen or 
damaged corneas, however, we cannot describe fibril dis
tributions in this way, and consequently the earlier the
ory is not valid. The following section describes our 
efforts to devise a calculation procedure based on a di
rect summation of fields from the measured positions 
of fibril centers in electron micrographs. 3 This proce
dure would be applicable to swollen or damaged cor
neas as well as normal corneas, and would also enable 
one to account explicitly in the calculations for the wide 
variability of fibril diameters that has been reported in 
certain types of scars. 19 

The various models developed to explain corneal trans
parency; as well as our development of light scattering 
as a probe of fibrillar structure, rest on the fundamen
tal assumption that the collagen fibrils are the primary 
source of scattering in the stroma. On the basis of this 
assumption, models to explain corneal transparency and 
its loss when the cornea swells have been analyzed and 
tests devised to discern among them, especially on the 
basis of the predicted wavelength dependencies of scat
tering. 2

, 12,15 Although experiments continue to support 
the theories that are based on the structures revealed by 
electron microscopy, we must remember that stromal 
structure is complex, and other potential sources of scat
tering, such as cells, are present. Such an important 
hypothesis, therefore, should be subjected to whatever 
tests can be devised. In a subsequent section of this ar
ticle, we examine the experimental conditions for which 
the hypothesis is valid (and those for which it is not, 
viz ., specular scattering), and describe an experimental 
test of a theoretical prediction of how angular scatter
ing scales with light wavelength and scattering angle. 4 

Experiments confirm the predicted scaling relationship, 
which provides additional strong support for the idea 
that the collagen fibrils are the principal scatterers, ex
cept at specular scattering angles. 4 
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DIRECT SUMMATION-OF-FIELDS METHOD 
The underlying problem is to calculate the field that 

would be scattered by L stacked sheets composed of 
fibrils embedded in a ground substance. In general, the 
total scattered field Es can be written as 

(1) 

where Es (I) is the field scattered by the fibrils in the Ith 
lamella. The scattered intensity equals the absolute 
square of the scattered field, so that 

L L L 

I = E I Es (I) 12 + E E Es (I) . E/ (m) , 
' =1 ' = 1 m = 1 

m~' 

where * denotes complex conjugation. 

(2) 

As with the Zernike-Prins-type analysis developed in 
Ref. 6, we evaluate the average intensity for an ensem
ble of corneas of a given type. We assume that the lth 
lamella of the corneas in the ensemble all have the same 
bulk number density of fibril axes and the fibril posi
tions and diameters are distributed similarly, but that 
the specific position of fibrils, in general, differs through
out the ensemble. The field scattered from the lth lamella 
can depend on that from the mth lamella in two ways, 
namely, if the positions of their fibrils are correlated or 
if multiple scattering is important. For the cornea, fibril 
positions in different lamellae are uncorrelated, and we 
are primarily interested in semitransparent tissues for 
which multiple scattering can be neglected. Thus, the 
Born approximation in which the field experienced by 
the fibrils is replaced by the incident field can be used, 
and one finds 

L L 

(I) E ( I DEs (l) 12 ) + I (E Es (I» 12 (3a) 
' =1 ' =1 

where ( ) denotes the ensemble average, and 

Although the members of the ensemble have similar spa
tial distributions of fibrils, the actual positions in differ
ent members of the ensemble are uncorrelated. Thus, 
( E 7=1 Es (I» is the field that would be scattered by a 
perfectly homogeneous cornea. Its absolute square rep
resents the diffraction that would arise from the finite
sized illuminated region. This diffraction term depends 
only on the overall size and shape of the illuminated re
gion and is negligible (except in the forward direction) 
for typical profiles of the incident beam intensity. 

We obtain the scattering from fibrils by neglecting the 
second term in Equation 3a, so that 
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(I) E Q(I) (4a) 
'=1 

with 
(4b) 

In principle, we could evaluate Q(/) by averaging over 
many corneas; however, we devised a method for ap
proximating it from an electron micrograph of a single 
lamella. We first place a grid consisting of M(I) rectan
gular boxes over the lth lamella (cf. Fig. 5) and write 
DE, as 

M (I) 

DE, = E DE, U) , 
) =1 

(5) 

where, analogous with Equation 3b, DE,U) is the field 
scattered by the fibrils in the jth box minus the ensem
ble average field that would be scattered by fibrils with
in such a box. If the boxes are made large compared 
with the correlation length, then correlations among 
fibrils in different boxes can be neglected, and Equa
tion 4b can be written as 

M(I) 

Q(I) E (IDE?) 12) (6a) 
)=1 

Figure 5. Hypothetical grid placed over a lamella. The fixed , 
arbitrary coordinate system is used to locate fibril centers Pi 
and boxes Rm . An illustrative translation is shown for box 1 
and box m; box 1 corresponds to the reference box. 
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where we have used the facts that the ensemble average 
of 1 oE, U) 12 is independent of the particular box, j, and 
< loE, U) 12) = < IE,U) 12 ) - I <E, U» 12. The superscript 
r in Equation 6b denotes a generic or reference rectan
gular box. 

We can approximate the ensemble average in Equa
tion 6 from the fibril distributions in the K boxes of that 
portion of the grid covering the fibrils depicted in an 
electron micrograph. Specifically, we choose one box as 
the reference rectangle and treat the other (K - 1) boxes 
as if they were the reference box from other corneas in 
the ensemble. This identification requires that the other 
boxes be translated so that they overlap the reference 
box. In the Born approximation, the field scattered by 
a fibril located at a position r) is of the form 

E - E (O) (. ) sc - sc exp lq . r) , (7) 

where E;~) is the field that would be scattered from the 
fibril if its axis were at the origin, q = k i - ks (ki and 
ks being the wave vectors of the incident and scattered 
waves), and we have assumed that the detector is not 
in the near field of the scatterer. From the form of Equa
tion 7, one can show that the effect of the above trans
lation is to introduce a phase factor exp {iq . [Rr -

Rm]} in the scattered field, where Rr and Rm locate a 
reference point (e.g., the lower left-hand corner) in the 
reference and mth box, respectively (cf. Fig. 5). Thus, 
an unbiased estimate for Q(l) can be obtained from 

Q(I) 
M(I)K 

(K - 1) 
(8a) 

where the bars denote sample average, specifically, 

and 

(8c) 

The phase factor eiq . (Rr - Rm) is included in Equation 8b 
to emphasize the translation, and the factor KI(K - 1) in 
Equation 8a arises because the sample average field Er 
differs from the ensemble average field <Er ). 

The field scattered by the fibrils within the mth box, 
Em' is the sum of the fields scattered by the individual 
fibrils within it. The latter fields depend on fibril posi
tions through the phase factor in Equation 7, and their 
dependence on the fibril diameter and refractive index 
is contained in E2) (of that equation), which can be cal
culated from the series solution. For the normal and 
swollen corneas discussed here, all fibrils have essentially 
the same diameter and refractive index, and the field 
Em is given by 
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(m) 

Em E;~) E eiq
. r) == E;~) Sm (A,Os ) , (9) 

)= 1 

where the summation is over the N(m) fibrils in the mth 
box, and Sm (A,Os ) is the phase sum, which depends on 
scattering angle Os and light wavelength A. 

The application of Equation 4a to calculate transmis
sion through normal and swollen corneas can be sim
plified by noting that, for total scattering, the layered 
nature of the cornea can be ignored since, for unpolar
ized light, the total scattering from each fibril is inde
pendent of its azimuthal orientation. As we will empha
size in the following section, the azimuthal orientations 
profoundly affect angular scattering and must be con
sidered in analyzing measurements of angular scatter
ing. For transmission, however, the cornea can be treated 
as a single lamella whose thickness is that of the entire 
cornea. The total cross section is obtained by integrat
ing the differential (or angular) cross section over scat
tering angles. With these assumptions, the differential 
scattering cross section per fibril becomes 

ao(AO )K 
, 5 { IS (AO )21 

(K - 1)N,. r ' 5 

(10) 

where 
ao(Os) == I E~~) 12/IEo 12 is the differential scattering 
cross section for an isolated fibril, 
I Eo 12 is the intensity of the incident beam, 
the barred quantities within the brackets are sam
ple average values of the phase sums defined in 
C!...nalogy to Equations 8b and 8c, and 
N r is the sample average number of fibrils with
in the reference box. 

The calculation is performed by first recording the 
coordinates of the fibril centers from a micrograph of 
a region in a single lamella. The sample average of the 
phase sums in Equation 10 is evaluated over a series of 
angles Os between 0 and 27r for various wavelengths, 
and then asCA,Os) is integrated numerically between 0 
and 27r to obtain the total scattering cross section per 
fibril per unit length, atot • The fraction of light trans
mitted through the cornea is then found from the relation 

FT = exp ( - p!l.atot ) , (11) 

where p is the number density of fibril centers in the 
lamella, and !l. is the thickness of the cornea. 2,6-7 In 
Ref. 3, we performed this calculation for the large re
gion indicated in Figure 6 and compared the results with 
those obtained using the earlier formulation based on 
the radial distribution function. 6

,7 The results, plotted 
in Figure 7, show excellent agreement between the two 
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Figure 7. Calculated light transmission plotted as a function 
of wavelength. The c.ircles were computed by the direct sum
mation of fields for a grid with 157 fibrils per box. The squares 
were computed using the radial distribution function. 

methods. (Previously we showed that the calculations 
based on the radial distribution function agreed closely 
with experimental determinations of the fraction trans
mitted. 6,7,15) Figure 8 shows that the calculations are in
dependent of grid size, thus supporting our assumption 
that correlations between boxes could be ignored if the 
box size was larger than the correlation length. In addi
tion, Figure 8 shows that accurate results can be obtained 
from a subregion that is closer in size to typical micro
graphs (cf. Fig. 3). 

We have also used the method to calculate scattering 
from a micrograph (Fig. 9) of a cornea that was swollen 
to 1.25 times its initial thickness. 2o Again, the fibril po
sitions in swollen corneas cannot be described by a radial 
distribution function, and, therefore, scattering from 
such micrographs could not be calculated before now. 
The predicted transmission closely agrees with measured 
values (taken from Ref. 15); but, more importantly, Fig
ure 10 shows that the wavelength dependence of the to
tal scattering cross section agrees with the measured 
value. The figure shows that atot contains a term that 
varies as A - 2, which agrees with our extension of Bene
dek's lake theory. 2,9,12-15 This agreement between the 
calculated and measured values suggests that the small 
voids (or lakes) noted in the micrograph (Fig. 9) are not 
artifacts of the preparation method. 

STROMAL SCATTERING 
Specular Versus Nonspecular Scattering 

In addition to the matrix of collagen fibrils, other pos
sible sources of scattering in the stroma are cells and un-
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Figure 6. Electron micrograph of a 
region in the central stroma of a nor· 
mal rabbit cornea that was fixed 
while applying a transcorneal pres· 
sure of 18 mm Hg. The large rectan
gle indicates the area of the lamella 
used for analysis. 
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Figure 8. Calculated light transmission plotted as a function 
of wavelength. The squares were computed from the entire reo 
gion using a grid with 157 fibrils per box. The circles were com
puted from the entire region using a grid with 1262 fibrils per 
box. The triangles were computed from a subregion using a grid 
with 10 boxes containing 162 fibrils per box. The results are 
virtually identical for all three computations. 

Figure 9. Electron micrograph of the stroma from the posterior 
region of a 25% swollen rabbit cornea. 
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Figure 10. Comparison of calculated (.) and measured (.) 
values of A3 1n lFr i as a function of wavelength for a 25% 
swollen rabbit cornea. Multiplication by the cube of the wave
length removes the inverse cubic dependence that character
izes the individual fibril cross section. The straight line of 
positive slope indicates the increased effect of scattering by 
lakes in swollen corneas, which, according to our extension of 
Benedek's theory,15 contributes a term proportional to A -2. 

dulations in the lamellae that exist at low intraocular 
pressures when the tension in the fibrils is relaxed. These 
undulations are the source of the small angle scattering 
patterns that we discussed in a previous Technical Di
gest article and elsewhere. 2,16,21 To understand the rela
tive importance of these possible sources of scattering, 
it is instructive to view the cornea in the scattering ap
paratus (shown in Fig. 11) under different conditions of 
illumination. In Figure 12A the incident light is normal 
to the central cornea, and the scattering angle () s is 
1200

• The bands at the front and back surfaces are 
caused by scattering from the epithelial and endothelial 

Figure 11. Schematic diagram of the 
experimental scattering apparatus. 
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cell layers, respectively. The stromal region contains a 
few bright "flecks," which presumably are scattering 
from cells, on a diffuse background, which presumably 
represents the scattering from the fibrillar matrix. This 
appearance is typical at all scattering angles for this 
setup. Figure 12B shows the same cornea shifted later
ally to produce specular scattering at () s = 144 o. (Here, 
the incident light is no longer normal to the corneal sur
face.) In this photograph, which received 13 times less 
exposure than the one in Figure 12A, the cells in the stro
ma shine intensely against a darker background. Scat
tering from the cellular layers at the front and back of 
the cornea also is much more intense in Figure 12B. 

We obtain a similar result when we view the stroma 
with a scanning-slit specular microscope. This instru
ment, lent to us by David Maurice of Stanford Univer
sity, operates using the same principles now employed 
in confocal microscopes and, as configured here, iso
lates a thin optical section of the stroma (~2 /lm 
thick).22 Figure 12C shows a representative view in the 
stroma in which the bright ovals are keratocytes, and 
the complex background pattern arises from the lamel
lar undulations found at low intraocular pressures. Simi
lar patterns have been observed and reported by Galla
gher and Maurice.23 We see from Figures 12B and 12C 
that the flat keratocytes, which have lateral dimensions 
of several wavelengths, act like tiny mirrors under the 
condition of specular reflection and dominate the scat
tering. The specular condition must therefore be avoid
ed in scattering experiments designed to probe fibrillar 
structures. 

Tests for Fibrillar Scattering-Nonspecular 
Scattering 

The idea for a test to determine whether stromal scat
tering derives primarily from fibrils comes directly from 
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Figure 12. Three different views of a cornea. A. Scattering at 
Os = 120 0 from a rabbit cornea, with the incident light normal 
to the surface as viewed in the scattering apparatus shown in 
Figure 11. B. Scattering at Os = 144 0 from the same rabbit cor
nea, except that it has been shifted laterally; the incident light 
is no longer normal to the cornea's surface. Scattering from 
stromal cells and the front and back cellular layers of the cor
nea is much more intense. This photograph received 13 times 
less exposure than the one in Figure 12A. C. The cornea viewed 
with a scanning-slit specular microscope. The bright ovals are 
keratocytes, and the background pattern is caused by lamellar 
undulations. 

our earlier theory based on the radial distribution func
tion. As discussed in the previous section, this theory 
treated the stroma as a single lamella of parallel, infinite
ly long fibrils, which for this discussion we take to be 
aligned perpendicular to the scattering plane defined by 
the incident beam and the axis of the collection optics 
(cf. Fig. 11). We defined the azimuthal angle of this 
plane measured from the vertical to be ¢s = 7£"/ 2. We 
then showed that, if the fibril diameters were small com
pared with the wavelength, the scattering intensity (per 
unit length) could be expressed as 6 

I, (O, ,7r/2) ~o (I + BA~OS 2 0, ) [I - 27rp 
s 

X C' r dr[1 - g(r)]Jo[2kr Sin(O, /2)]] , (12) 

where 
10 is the intensity of the incident light, 
rs is the distance to the field point, 
A is a constant having dimensions Oength) , 4 which 
depends on the diameter and dielectric properties of 
the fibrils, 
B is a dimensionless constant, which depends on the 
relative refractive index of the fibrils and their sur
roundings, 
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Rc is the distance over which fibril positions are 
correlated, 
p is the number density of fibrils in the lamella, 
k is the magnitude of the incident wave vector, and 
10 is the Oth-order Bessel function of the first 
kind. 

From Equation 12 we clearly see that if the scattering 
were primarily from a single lamella of parallel fibrils, 
the quantity 

A 3[/s (05' 7£"/2)/10] 

1 + B cos 2 
Os 

(13) 

should scale with wavelength and scattering angle via an 
effective wave number 

(14) 

In a real cornea, however, the nature of scattering 
from long cylinders requires that the azimuthal orienta
tions of the fibrils in the different layers of the stroma 
be considered in deriving an expression for angular scat
tering. Scattering from an infinitely long cylinder is a 
cylindrically outgoing wave, with the wave vector of the 
scattered wave orthogonal to the cylinder axis at all points 
along its (infinite) length. For finite cylinders, the situa
tion is similar at intermediate distances, where the scat
tering is also a cylindrically outgoing wave confined to 
the narrow band, which is defined by the height of the 
illuminated region of the cylinder (assumed here to be 
much smaller than the size of the detector). In the far 
field, the scattering peaks sharply about the plane that 
is perpendicular to the cylinder axis and passes through 
its center. When using the apparatus shown in Figure 11 
to measure angular scattering, therefore, only those la
mellae whose fibrils are oriented to within a certain tilt 
angle from the scattering plane (defined by the incident 
beam and the optic axis of collection optics) will con
tribute to the measured scattering. We see this schemat
ically in Figure 13, which also shows that the number 
of these lamellae varies with the scattering angle Os . In 
Ref. 4, we used these considerations to derive the prop
er form of Equation 12, which accounts for the azimuth
al orientations of the stromal lamellae, the net result 
being that the form of the constant A is slightly differ
ent, and an additional factor of sin Os appears in the 
denominator. Thus, the quantity that should scale with 
k eff is sin Os S(A,Os ) and not simply S(A,Os ). 

We used the scattering apparatus in Figure 11 to test 
this relationship. For the measurements, the corneas were 
bathed in normal saline solution (0.154 molar concen
tration of NaCl) and maintained at an intraocular pres
sure of 18 mm Hg. Measurements were made at scatter
ing angles of 35°,40°, 500. 60° , 115°, 120°, 130°, 140°, 
and 150° and at the four strong lines in the mercury arc's 
visible spectrum, 404.7, 435.8,546.1, and 577.7 nm. Full 
experimental details can be found in Ref. 4. The results 
are plotted in Figure 14, where we used a value of 1.09 
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Figure 13. A schematic representation of scattering from a 
cylindrical fibril. A. This geometry shows the finite acceptance 
band 0 resulting from the angular acceptance of the detection 
optics. The scattering from the fibril , which is oriented perpen· 
dicular to the x-y plane, is confined to directions very near that 
plane, whose intersection with the acceptance band is indicated 
by the solid and dashed line (the angular spread of the scatter
ing out of the plane is much less than the detector acceptance 
angle f2) . Scattering from such a fibril would be detected at all 
scattering angles Os' B. Scattering from a fibril lying in the y-z 
plane, but tilted at an angle ¢c with respect to the z axis, is 
essentially confined to the plane through its center, which 
makes an angle ¢c with the x-y plane. The intersection of this 
plane with the top of the acceptance band defines the maxi
mum scattering angle in the forward direction 0smax for which 
a fibril tilted at an angle ¢c would contribute to the measured 
signal. Similarly, the intersection also defines the minimum scat
tering angle in the backward direction 7r - 0smax for which 
such a fibril would contribute (scattering angles Os are mea
sured between 0 and 7r). For scattering angles 0smax .:5 Os .:5 

7r - 0smax , the scattering misses the acceptance band. From 
these considerations, it is obvious that all fibrils (or lamellae) 
would contribute to the measured scattering at Os = 0 or 7r, 

whereas at Os = 7r/2, the number of contributing lamellae 
diminishes to those having tilt angles < f2. 

for the relative refractive index m to determine the con
stant B = 4/(m 2 + 1) in Equation 13. All of the 
values collapse to a single curve, indicating that the 
predicted scaling is observed. 
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Figure 14. Experimental measurements of the function 
sin Os S(A,Os)' defined in Equation 13, plotted as a function of 
keff · These data are the average values from four normal rab
bit corneas. The observed scaling agrees with the hypothesis 
that fibrils are the primary source of nonspecular light scatter
ing in the cornea. 

This confirmation of the scaling provides additional, 
strong evidence that the matrix of collagen fibrils is the 
primary source of scattering in the corneal stroma. Thus, 
transparency theories, which are all based on this as
sumption, remain on firm ground. Further, our con
tinued use of light scattering to probe fibrillar structures 
in the stroma is justified. 
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