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SUMMARY

Retro-illumination photography has potential for the
monitoring of cortical and posterior subcapsular cataract
formation. Variations in the individual illumination
results have limited accurate quantification of opacities
within such images. We present a new image analysis
technique which minimises the effect of uneven and vary-
ing retro-illumination. The new technique has been tested
for variation between photographers and over a short
time period. We believe it is of value in lens assessment in
combination with a semi-quantitative grading system.

Senile cataract can be broadly divided into three types:
nuclear, subcapsular and cortical. To follow the develop-
ment of cataract, measurement of each of these should be
repeatable. Slit-image (Scheimpflug) photography is of
proven use in biometry of the human lens."* Accurate data
on nuclear lens changes can be obtained in this way but it
is unsuitable for measurement of cortical and subcapsular
opacities.’ The features of both cortical and subcapsular
lens opacities are demonstrated well by retro-illumination
photography.* Quantification of the opacities from retro-
illumination photographs would give a measure of catar-
act for use in natural history, anti-cataract intervention and
toxicity studies.

The technique of retro-illumination photography for
recording disorders of the optical media of the eye was
described in 1950 by adaptation of a fundus camera.’ A slit
lamp version was presented in 1955 by Fincham and this
has been the basis of all further instruments.® The ill-
umination and viewing axes are united by a 45° glass plate.
Fincham describes the use of a deep orange filter to reduce
the light scattered from opacities and to increase the image
contrast. The introduction of crossed polarisers by Kawara
and Obazawa reduced the unwanted corneal reflection.’
The Oxford retro-illumination camera described by
Brown® tackles the problem of image alignment by the
introduction of fixation targets at the front of the camera.
These are placed at 15° from the visual axis so that the
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optic nerve head, the most reflective part of the normal
fundus, becomes the source of retro-illumination in the
average eye. The latest Brown design of camera incor-
porates a “CD (charged couple device) to give a digital
picture output. The last remaining corneal reflection
which passes even the best-quality polarisers has been
excluded by the introduction of a blocking device in the
illumination path. The image acquired is a 512 x 512
pixel, 0-255 grey level picture and can be stored as a com-
puter file on magnetic or optical media.

Despite the progress made in the camera field the pic-
tures which are acquired by the retro-illumination tech-
nique show uneven illumination due to the corneal
‘Maltese cross’ (a polarisation effect). In longitudinal
studies there is variability of the retro-illumination. This
variability is due to small changes in ocular alignment and
to other factors in the eye. The eyes can move in the hori-
zontal or vertical axes or by cyclotorsion; even when fix-
ation is good the eyes are never entirely still. The other
factors in the eye are small differences in pupil size on dif-
ferent visits and changes in the cataract affecting fundal
illumination. Whilst the introduction of the fixation device
has undoubtedly helped, the displacements used are based
on the position of the optic nerve head relative to the visual
axis in the average eye. Each individual eye will display
similar retro-illumination characteristics but treated as a
group there is variation. In addition, the lens increases in
width with age. It is not practical to have a camera with a
depth of focus to include the lens only of each individual
eye. The exact focusing of the camera is therefore impor-
tant in follow-up studies.

In this report we describe the background to and repeat-
ability of a specifically designed image analysis technique
which minimises the effect of uneven and of varying
retro-illumination.

MATERIALS AND METHODS

All the images used in this study were acquired with the
Oxford CCD retro-illumination camera (Marcher Enter-
prises, Rotherwas Industrial Estate, Hereford, UK). The
camera was focused at the pupil plane. The camera image
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Fig. 1. (a) Example of six raw histograms to show the grey level distributions in retro-illumination photographs.

(b) The same six histograms after application of the illumination compensation algorithm.
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Fig. 2. Processed histograms of two cataract photographs of the same eye taken by different photographers on the same day.

is relayed to a framestore in an IBM-type PC. The image is
fixed in the framestore by a frame grabber which functions
in one-thirtieth of a second. The fixed image is 512 x 512
pixels; using the standard 8-bit system there are poten-
tially 256 grey levels. The image files are stored on optical
media using a write once read many (WORM) drive. The
image analysis is performed on the same PC. The analyser
defines the region of interest (ROI) by viewing the image
to be analysed on a video display unit; the centre of the
largest possible circular region within the pupil area is
found, the X,Y coordinates and horizontal radius are
defined and form the input for the program.

The algorithm employed here uses the approach of mor-
phological surface fitting” to overcome the illumination
problem and define the background function for each
image. Inspection of cataract images showed that:

1. Opacities are dark and fall below the image surface.

2. The background illumination (i.e. that which would
have been detected if opacities were absent) varies
gradually across the images.

3. The reflections from vacuole-type opacities are bright
and above the surface.

To define the image surface two interpolation steps are
performed, firstly to eliminate the influence of vacuoles
and then to close off the cataract regions. These two steps
‘produce a smooth image surface which gives a value for
the retro-illumination at each point. The processed image
can then be compared with the original image to give the
lens transmittance ratio (LTR):

Theal‘h/T actual — LTR

The output is a histogram of LTR units."” For clinically
clear lenses these histograms have a regular distribution
and for cataractous images the histograms are skewed to
the left.

We have applied this technique in a two-part study. In
part 1, the clear lens study, we defined the normal clear
lens histogram. In part 2, the cataract lens study, the results
of the clear lens analyses were applied to define the catar-
act cut-off point. The repeatability of the cataract
measurement so derived was tested.

Clear Lens Study

In order to define a cut-off point between clear and catar-
actous areas of the histogram, 53 clear lens images were
processed to define the dimensions of the ideal clear lens
histogram. These pictures were taken from a collection of
normal images displaying no opacities. The subjects
include staff of the Clinical Cataract Research Unit, col-
leagues from the Oxford Eye Hospital and spouses of
patients attending the research unit.

All eyes were examined at the biomicroscope prior to
imaging to establish clarity. Grading by the Oxford classi-
fication'' was performed and all lenses were grade O for all
cortical and subcapsular features. Nuclear brunescence
and white scatter of greater than grade 2 led to exclusion
from the clear lens study.
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Fig. 3b.

Cataract Lens Study

To test the repeatability of the analysis 48 pairs of images
were analysed by the same method. Twenty-four of the
images were taken of cataractous lenses by two photogra-
phers on the same day. The subjects sat back from the
equipment between photographic sessions. The remaining
24 pairs were photographed at a 3-month interval by the
same photographer.

RESULTS

Clear Lens Study

Fig. 1 demonstrates the effect of processing on clear lens
pictures in a representative sample of six. In Fig. 1a the
varying histograms from the original ROIs are shown. In
Fig. 1b the histograms for the processed images demon-
strate normalisation around the mode illuminance trans-
mission (ILT) ratio of 1; values above and below the mode

Fig. 3c.

Fig. 3. (a) Digital image as stored direct from camera. Note
the uneven background illumination. (b) The same image after
illumination compensation. (c¢) Compiiter decision on the
cataractous areas of the photograph.

represent noise in the system, including the ‘Maltese
cross’ polarisation effect. To define a cut-off point for the
following cataract analysis, the distance from the mode to
the point where the pixel count fell below 100 was found
for each of the 53 processed histograms. The mean and
standard deviation for this measurement was calculated
(mean = 0.130, SD = 0.027). The cut-off point was
defined as: group mode of the processed histo-
grams + mean measurement to the 100 pixel
level + 1.67 x standard deviation of that measurement,
i.e. 95% level on a one-tailed probability test. In the cal-
culations performed on the cataract histograms all pixels
beyond this level are defined as cataract and expressed as a
percentage of the ROI. As this value is not the total per-
centage of opacities within the lens (part of the lens always
being hidden behind the iris), we have called this value the
cataract index.

Cataract Lens Study

Fig. 2 demonstrates the effect of image processing on a
pair of cataract photographs. The processed histogram is
no longer a regular distribution but, typically as here,
shows skew to the left. Fig. 3a and 3b show one of the
equivalent images before processing and after illumina-
tion compensation, respectively; Fig. 3¢ shows the areas
which the computer defines as cataract.

To test the variability we chose to use the coefficient of
variation and have also calculated the measurement error
of the system under each set of circumstances.'> The coef-
ficient of variation for the 24 pairs taken by different pho-
tographers during the same session was 5.95%. The
measurement error for the system, expressed as the value
below which the difference between the two measure-
ments will lie with a probability of 0.95 (2.8 s)is 1.51. For
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the between-session data, assuming no change in cataract
index over a 3-month period, the coefficient of variation
was 15.83%; 2.8 s was 3.98. In practical terms a differ-
ence of >3.98 units represents significant change by this
method.

DISCUSSION

The introduction of a new form of clinical measurement
requires an analysis of the repeatability of the method.
Variations in the method of retro-illumination photogra-
phy can be split into those arising during image acqui-
sition and those caused by subsequent processing. The
development of a CCD camera system allows the quality
of the image to be gauged at the time of photography. This
helps in the training of camera operators and should
reduce the incidence of photographs taken at varying focal
planes. In addition, the instant production of a digital
image removes the potential for variation arising from the
use of film (lack of constancy of supply and development).
Long-term storage of images in digital format is more
reliable and convenient than storing processed film. All
these factors make the CCD camera system a more satis-
factory method of image acquisition. Our between-session
variations suggest that there is significant variation occur-
ring with time in the image acquisition system. The cam-
era system runs off a stabilised power supply and the
reliability of the standard PC computer is well established.
However, the CCD receiver is sensitive to alterations in
room temperature. During the period of this study the
system was calibrated on a weekly basis; we now rou-
tinely calibrate the system prior to each photographic ses-
sion, and a software subroutine has been incorporated to
make this easier.

Previous techniques for the analysis of retro-illum-
ination have usually depended upon the operator defining
the clear lens areas. They have varied in complexity from
manual grid counting methods to interactive computer
analysis techniques. The global histogram technique
described by Maclean and Taylor'® has been improved by
dividing the ROI into grids that are either square'* or seg-
ments of a circle.”” Sparrow, working in this unit, pro-
duced a repeatable automated technique.'® His images
taken with the film using retro-illumination camera were
digitised by a CCD camera over a Bowen’s illumitran."
We found that working with the live CCD images pro-
duced by the latest generation of cameras this algorithm
was no longer applicable. The current algorithm is

designed to minimise the operator interaction and leave
the computer to calculate the area of cataract in the image.
The operator has only to define the ROI, which is per-
formed easily and quickly using a computer mouse; this
represents the only remaining processing variable. We are
currently working on a way to register (superimpose) fol-
low-up photographs by converting the OLIVIA algo-
rithm'® to PC usage, and expect that this will reduce
variation further.

The cataract lens study ‘demonstrates a repeatable
method sensitive to a change. The alternative to photo-
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graphic analysis for longitudinal cataract studies is to use
a grading system, of which there are a growing
number.'*'*?° All of these systems use a series of photo-
graphs and/or diagrams to categorise different types of
lens opacities to give a semi-quantitative measure of opa-
cification. In order to keep these systems simple and
repeatable the number of grades is usually 4 or 5. Whilst
very useful in cross-sectional studies, it is questionable
whether this arrangement is the best for the detection of
small changes with time.” The cataract index has a great
advantage over grading systems in this respect, but the
index alone tells us nothing about the nature of the opa-
cities. Recent epidemiological studies have been able to
distinguish different risk factors for various cataract
types.”>” We do not think that retro-illumination pho-
tography can replace careful clinical examination and
classification of opacities, but see the two approaches as
being complementary, enabling clinical researchers to fol-
low the progress of cataract with increased accuracy.

Key words: Cataract, Clinical measurement, Photography, Progression
analysis.
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