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SUMMARY 
Scheimpftug photography has been proven to be a useful 

method for documentation of opacification of the lens 
nucleus. In the present study, a common lens nuclear area 
(CNA) is established for photometry of nuclear cataract 
on Scheimpftug photographs. Using the established 
method, one measurement for one photograph, and one 
photograph for each subject is enough for the photometry 
of nuclear density. Further, this method allows detection 
of a 10% change in nuclear density between two occasions 
with a group of at least 7 subjects, and for independent 
groups with at least 95 subjects in each group (ex = 0.05, 
� = 0.10). It is anticipated that the CNA will provide a 

l,lseful tool for quantitative determination of nuclear 
cataract. 

In epidemiological studies on cataract and for evaluation 
of the efficiency of anti-cataract drugs, a standard system 
for quantitative recording of lens opacities is needed. 
Scheimpflug photography is a method for objective 
recording of lens opacification. Cortical opacities mani
fest considerable rotational asymmetry in density. 1,2 How
ever, human nuclear cataracts show considerable 
symmetry around the anterior-posterior pole, and one 
Scheimpflug photographic section is believed to represent 
the nuclear density with high precision.I,3 Therefore, 
Scheimpflug photography has been used for quantitative 
documentation of lens nuclear cataract. 2-5 Various 
methods for measuring lens nuclear opacity on Scheim
pflug photographs have been proposed.3-8 

Densitometry of Scheimpflug photographs was intro
duced by Hockwin et aZY The photograph was scanned 
along the optical axis of the lens, and the amplitude of the 
density and the integral of the density within an interval 
along the axis were estimated.4,5 However, a single densi
tometric scan samples only a small fraction of the nuclear 
region of the image and the result may be affected by the 
choice of line position by the analyst. Multilinear scans 
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generate large amounts of data and therefore require con
siderable computer capacity.3 

Mayer et al.6 used digital image subtraction for eval
uation of changes in a Scheimpflug image. With this 
method, two digitised Scheimpflug photographs taken on 
different occasions are superimposed and then subtracted. 
Pixels with the same brightness are cancelled out, while 
pixels with different brightness remain visible. This tech
nique assesses the changes in the density of the whole 
lens. The procedure requires sophisticated equipment. 

Chylack et al.3 defined two different nuclear masks for 
analysis of digitised Scheimpflug photographs. One was 
an outer shell which encloses all of the nucleus within the 
zones of enhanced supranuclear scatter, and the other was 
an inner shell which encloses only the fetal-embryonal 
zones of the nucleus. The mean density of the mask was 
considered as the nuclear density. 

Kashiwagi and Khu introduced7 and evaluated8 a colour 
component subtraction method for measuring nuclear 
opacification using colour Scheimpflug photographs. In 
this method the colour photograph was illuminated with 
white light. Densitometries for red, green and blue colour 
of the image were performed simultaneously along the 
anterior-posterior axis of the lens within the nuclear area. 
Then, one curve was subtracted from another providing 
three different curves: red minus green, green minus blue 
and blue minus red. For each difference curve, the differ
ence in colour as a function of position was fitted to a first
order polynomial with linear regression. The regression 
coefficient estimated was considered a response variable 
for cataract. 

It is reasonable to expect variability in location and size 
of the nuclear area among lenses. Moreover, the border 
between the cortex and nucleus is usually indistinguish
able on Scheimpflug photographs. These factors make it 
difficult to settle a general rule for the selection of a 
nuclear area for density measurements. A common lens 
nuclear area (CNA), w:hich does not contain the cortex, 
could facilitate evaluation of nuclear opacity for epidemi
ological studies of nuclear cataract. 

In order to record any change of density in the nuclear 
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area, the CNA should be as large as possible. However, the 
cortex must be excluded in order to obtain high precision. 
The purpose of the present study was to determine a CNA 
that fulfils these requirements of photometry of nuclear 
cataract in Scheimpftug photographs. 

MATERIAL S AND METHOD S 
Calibration of Dimension on a Scheimpflug 
Photograph 

A microscopic metric scale was photographed with the 
Scheimpftug camera. The magnification of the size of the 
lens on a Scheimpftug photograph was determined by 
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Fig. 1. (a) Scheimpflug image. The dashed line corresponds to 
stepwise scanning along the anatomical lens axis with a pho
tometer. (b) Unfiltered scans of density along the anatomical 
lens axis in three different lenses. (c) Filtered scans of density. 
Filled circles, the point of transition between anterior cortex 
and nucleus; open circles, the point of transition between pos
terior cortex and nucleus. 
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comparing the image of the scale with the original. This 
allowed calibration of the Scheimpftug image to metric 
scale. 

Determination of a Common Lens Nuclear Area 
(CNA) 

Lens photographs were taken with a Topcon SL-45 slit 
lamp camera with a built-in reference system consisting of 
a five-step grey scale. Kodak TX 5063 film was used. All 
films were developed according to a standard procedure.9 
Ten Scheimpftug photographs, each from a different per
son (aged 52-70 years, 8 males and 2 females), were 
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selected randomly from a continuing clinical project. All 
selected lenses were clear at slit lamp examination. 

To determine a point of transition between anterior cor
tex and nucleus, and between posterior cortex and 
nucleus, respectively, the lens image was scanned step
wise along the anatomical lens axis with a photometer 
(Fig. 1a). The photometer consisted of a photomultiplier 
incorporated into a Leitz microscope. IO The Scheimpflug 
photograph was put on a holder which was integrated into 
the microscope and combined with an X-Y coordinate 
system. The X-Y movement of the holder could be 
recorded. The magnification during measurement was 125 
times. The anatomical lens axis was determined as the 
normal to the pupillary plane intersecting the centre of the 
pupil. The measuring spot of the photometer was 
0.10 x 0.10 mm. The interval between two spots was 
0.0 1 mm. A photometric reading was converted to corres
ponding grey scale level by a third-order polynomial, 
which was derived from the grey scale reference in each 
photograph.ll Three examples of the density variation 
along the lens axis are shown in Fig. lb. 

The density along the lens axis was digitally filtered 
according to equation ( 1) to reduce the variability within a 
short distance along the axis (Fig. Ie): 

F(x) = (Xi_I + Xi + Xi +1)/3 ( 1) 

Here, F(x) is a filtered density at the (i)th point. Xi_I' XI and 
Xi+1 were the original densities at the (i - l)th, (i)th and 
(i + l)th point, respectively. 

On the filtered densitometric curve, the first inflexion 
point after the anterior cortical peak was defined as the 
point of transition between anterior cortex and nucleus 
(Fig. Ie). The first minimum in front of the posterior cor
tex peak was defined as the point of transition between 
posterior cortex and nucleus (Fig. Ie). 

A tolerance limit for the position of the transition point 
in the population was estimated considering the transition 
points in the measured lenses. For this purpose, it was 
assumed that the positions of the transition points in dif
ferent subjects belong to a normal distribution. The risk of 
wrongly including cortex in the CNA was set at 2.5% for 
anterior and posterior cortex, respectively. Tolerance lim
its were estimated with tables for small samples. 12 

To settle the anterior and posterior curvature, respect
ively, for the CNA, the shapes of both the anterior and the 
posterior cortex were estimated in the photographs. For 
these measurements, the X-axis was a tangent to the 
anterior vertex of the lens and the Y-axis coincided with 
the anatomical lens axis (Fig. 2). Each lens was scanned 
13 times parallel to the Y-axis with an inter-scan distance 
of 0.5 mm (Fig. 2). The coordinate for the density peak 
corresponding to the anterior and posterior cortex, 
respectively, was recorded. 

These coordinates were separately fitted to different 
parabolas (equation 2) for the anterior and posterior cor
tex, respectively, with regression. 

Y = a + bX2 (2) 

Adopting this model, the curvature of the cortex is deter
mined by parameter b. 
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Fig. 2. Scheimpfiug image. Filled circles, sample points for 
measurement at the anterior and posterior cortex. 

For simplicity it was assumed that the values of para
meter b for subjects belonging to the same population are 
normally distributed. On this assumption a tolerance inter
val was estimated for b in the population adopting the 
tolerance tables for small samples. 12 The highest absolute 
value in the tolerance intervals for b was selected for 
determination of the CNA. 

Analysis of Precision in Determination of Density 
in the CNA 

Analysis of Sources of Variation in Photometry of 
Nuclear Density 

Ten rolls of film, each from a different subject, were 
selected randomly from a continuing clinical project. All 
subjects had non-cataractous lenses as judged by visual 
acuity and clinical examination with a slit lamp micro
scope. From each roll, two photographs were chosen at 
random. Each photograph was measured twice. The pho
tometer used in this study limited the measuring spot to a 
square of 0 .2 x 0.2 mm. For a more extended area the ill
umination spot was not homogeneous. Considering the 
spot size used and to facilitate the measurement, a rec
tangle within the CNA, which contains 22 of those spots, 
was selected for photometry of nuclear density. The mean 
density for the spots was considered the density of the 
rectangle. A photometric reading was converted to corres
ponding grey scale level. I 1 The sources of variation for the 
photometry of nuclear density were analysed with an 
analysis of variance (Appendix 1). 

Analysis of the Variation Among Determinations of 
CNA Densities 

Independent-Croup-Comparison Design. The variance 
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Fig. 3. Schematic drawing of a lens image. The area enclosed 
by the parabolas (shadowed area) was defined as the CNA. 

for self-controlled design between two groups was esti
mated on the basis of photometry of ten pairs of lens 
images taken at two occasions in a group of subjects with 
non-cataractous lenses as judged by visual acuity and 
clinical examination with a slit lamp microscope. The 
variance components in the measurements were estimated 
with an analysis of variance (Appendix 2). 

Paired-Comparison Design. The variance for paired 
design was estimated by considering the difference 
between two occasions for one subject as one observation. 

Selection of Statistical Parameters 

The significance level (a) and the � level was set to 0.05 
and 0.10, respectively, considering the small sample size. 

RESULTS 
The image of the scale taken by the Scheimpftug camera 
was found to be 1: 1 to the original. 

The point at which there is a 2.5% risk of including the 
anterior cortex in the nuclear region is positioned 
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Fig. 4. Schematic drawing of a lens image. The rectangle 
within the CNA containing 22 small squares was selected for 
photometry. 

1.86 mm from the anterior vertex of the lens. The point at 
which there is a 2.5% risk of including the posterior cortex 
in the nuclear region is positioned 2.88 mm from the 
anterior vertex of the lens (Fig. 3). 

The parameter b determining the curvature of the para
bola (b in equation 2) limiting the CNA anteriorly was 
0.12. The parameter b determining the curvature of the 
parabola limiting the CNA posteriorly was -0.23 (Fig. 3). 

The CNA is thus defined as the area enclosed between 
the anterior parabola (Ya = 1.86 + 0.12X2) and the pos
terior parabola (Yp = 2.88 - 0.23X2) (Fig. 3). 

The result of the analysis of variance for photometry of 
nuclear density is given in Table 1. The components of 
variance were estimated from the mean squares according 
to the expected mean squares (Table I). The variance for 
measurements (a;) and photographs (a� , respectively, 
was 0.03 x 10-2 and 0.20 x 10-2 (grey scale steps? The 
variance for subjects (a� was 10.38 x 10-2 (grey scale 
steps? 

The analysis of variance for determination of CNA den
sities is given in Table II. The variance components were 

Table I. Analysis of sources of variation for photometry of nuclear density 

Source of Degrees of Sum of squares Mean square Expected mean 
variation freedom (grey scale steps? (grey scale steps)' square 

Subjects 9 37 756 x 10-4 4195
' X 10-4 (J� + n(J� + bn(Jl 

Photographs 10 430 x 10-4 43 X 10-4 (J� + n(J� 
Measurement 20 65 x 10-4 3 X 10-4 (J' E 

b, number of photographs within the same film (= 2); n, number of measurements on the same photograph (= 2). 
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Table II. Analysis of variance for determination of CNA densities 

Source of Degrees of Sum of squares 
variation freedom (grey scale steps)2 

Subjects 9 1 5 081 x 10-4 

Occasions 10 1 719 X 10-4 

n, number of occasions for the same subject (= 2). 

estimated from the mean squares according to the 
expected mean squares (Table II). The variance for sub
jects (cr� and occasions (cr;), respectively, was 7.52 x 10-2 
and 1.72 x 10-2 (grey scale stepsf 

The variance for paired design was estimated to be 
1.48 x 10-2 (grey scale steps). 2 

The minimal sample size for different experimental 
designs has been summarised in Table III. 

DISCUSSION 
In the present study, a CNA was defined for determination 
of the nuclear density of a lens in a Scheimpflug 
photograph. 

Most methods for measurement of lens nuclear cataract 
are based on linear densitometry. Then, only a narrow line 
in the nuclear zone along the lens axis is measured on the 
photograph. But an increased density may be located out
side the optical axis, especially in early-stage nuclear cat
aract. Thus, to optimise the possibility of detecting a 
density, the largest possible area in the nucleus should be 
measured on the photograph. However, the cortex must be 
excluded in order to obtain high precision.1•2 The CNA 
meets these requirements. Other techniques for measure
ment covering a nuclear area have been described.3 In 
these techniques the size of the area measured is deter
mined individually. The CNA is universal for all lens 
images, which simplifies the measurement procedure and 
allows comparison of measurements from different 
research centres. 

There is a variation of the film emulsion in Scheimpflug 
photographs.l1 It was found that this variability is negli
gible with a spot size �0.01 mm2•11 Therefore, the spot 
size for image scanning was selected to be 0.1 x 0.1 mm. 
For the measurement of the nuclear region, a square 
0.2 x 0.2 mm was selected as the measuring spot (Fig. 4). 
The spot size was limited due to restriction in the 
photometer. 

In the present study the risk of wrongly including the 
anterior cortex is 2.5%. At the same time, the risk of 
wrongly including posterior cortex is 2.5%. Therefore, the 

Mean square 
(grey scale steps)2 

1676 X 10-4 

172 X 10-4 
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Expected mean 
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established CNA has a low risk of including the cortex and 
thus should provide a reliable sample of the nuclear 
density. 

The analysis of variance for sources of variation for 
photometry of nuclear density (Table I) revealed that the 
variability among photographs and measurements, 
respectively, is negligible in relation to the variability 
among individuals. Consequently, one measurement in 
one photograph for each subject is enough for estimation 
of an average level of grey scale density in the CNA in a 
population. 

The analysis of variance for determination of CNA den
sities (Table II) showed that the variance for occasions far 
exceeds that for photographs and measurements (Table 1). 
Thus, for the self-controlled design also it is sufficient to 
take one measurement in one photograph for each subject. 

It is appreciated that in a future study the variability in 
response to an experimental factor will add to the inter
individual variability. This will reduce the precision. 
Therefore, the current estimates of sample size (Table III) 
should be considered as absolute minima. 

The striking difference, as regards the minimum 
number of subjects required, between the independent
groups-comparison design and the paired-comparison 
design reflects the variability of the baseline nuclear 
density among subjects in the population. This is a prob
lem which can not be overcome by any further improve
ment of the measurement methodology. For detection of a 
small difference in density level between two independent 
groups the only solution is using a large sample size. The 
present finding also indicates that there is a rather large 
range of backscatter in the lens nucleus without any sig
nificance for visual acuity, since all the examinees had 
normal vision. In a future evaluation of the method it 
would probably be preferable to include a stray light test, 13 
since visual acuity may not reveal a representative 
measure of visual comfort. 

The purpose of the present study was to localise a 
nuclear area that can be used universally in measurements 
of nuclear cataract. We determined a common lens nuclear 

Table III. Estimation of the minimal sample size in experiments measuring density of the common nuclear area in the crystalline lens 

Type of experimental design � (Osi ifs (OS)2 cr; (OS)2 t (%) N 

Comparison between independent groups 0.1038 0.0020 0.0003 21.2' 190 
Comparison, of differences between paired 0.0172 8. 52 32 
observations, between independent groups 
Paired comparison 0.0148 7.90 7 

if, estimated variance for indexed source (A = subjects, B = photographs and E = measurements); s, estimated standard deviation for subjects; Os, 
grey scale steps; N, least number of subjects needed (when comparing two groups, each group needs N/2) to demonstrate an experimentally induced 
alteration of 10% from baseline as statistically significant (a = 0.05, � = 0.10). 

a S, i = ) (cr � + cr � + cr �). 
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area for the age group 50-70 years. The size of the CNA 
may be influenced by sex and age; the effect of these fac
tors remains to be investigated. It is anticipated that the 
established CNA will improve the accuracy for determina
tion of lens nuclear density. This will facilitate the com
parison of nuclear density between experimental and 
control groups in studies of the effects of drugs for the pre
vention of nuclear cataract. Further, the improved accu
racy should reduce the numbers of subjects needed in 
epidemiological studies on risk factors for cataract. 

APPENDIXES 
Appendix 1. Model for Analysis of Variance for Photo
metry of Nuclear Density14 

(A. I) 
A measurement of density, Xijk, equals the expected total 
mean, 11, a factor for the random variation among subjects 
Ai (i = 1, . . .  , 10), a factor for the random variation among 
photographs Bj(i) (j = 1, ...  , 2), and a factor for the random 
variation among measurements Ek@ (k = 1, ...  , 2). 
Appendix 2. Model for Analysis of Variation Among 
Determinations of CNA Densitiesl4 

Xu = 11 + Ai + EN) (A.2) 
A measurement of density, Xu' equals the expected total 
mean, 11, a factor for the random variation among subjects 
Ai (i = 1, . . .  , 10), and a factor for the random variation 
among occasions Ej(i) (j = 1, ... , 2). 
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