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SUMMARY 

Purpose: To assess the inter-observer agreement of the 
measurement of optic disc dimensions by two observers 
using a modified 60 dioptre (D) fundus examination 
lens. 
Method: The vertical disc and cup diameters of 29 eyes 
were measured by two independent observers using a 
60 D lens modified by incorporation of a 0.1 millimetre 
scale graticule. The vertical cup/disc ratio was calcu
lated. Inter-observer agreement was assessed by calcu
lation of the inter-observer differences and by the 
weighted kappa statistic. 
Results: The two observers showed good agreement for 
the measurement of disc diameter (mean difference 
-0.04; range -0.04, 0.2) and for cup diameter (mean 
difference -0.03; range 0.3, 0.2). Closer agreement for 
the vertical cup/disc ratio was achieved (mean kappa 
0.96; 95% confidence limits 0.90, 1.0). The 95% 
confidence limit for the mean inter-observer difference 
in cup/disc ratio was 0.11, suggesting that a change of 
> 0.1 in the assessment of the cup/disc ratio by this 
technique is significant at the 5% level. 
Conclusion: High inter-observer agreement of optic 
disc measurement can be achieved with this technique. 
The method has the potential to improve the clinical 
evaluation of the optic disc and the precision and 
accuracy of the clinical measurement of other fundal 
structures. 

Assessment of the optic disc, combined with tono
metry and visual field analysis, forms a fundamental 
part of the evaluation of the patient with glaucoma 
and of the glaucoma suspect. Assessment of the optic 
disc should be accurate and repeatable so that 
change can be detected with confidence. However, 
clinical assessment, which includes study of disc size 
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and neuroretinal rim contour and colour, is sub
jective. The vertical cup/disc (C/D) ratio1 has been 
used both in diagnosis and in follow-up, in conjunc
tion with other features of glaucomatous damage. 
Unfortunately the usefulness of the c/D ratio is 
limited by inter- and intra-observer errors?,3 Even 
amongst glaucoma experts there is often disagree
ment.4,5 Several techniques have been proposed to 
improve the accuracy of optic disc assessment by 
clinical, photographic and automated image analysis 
systems.6-9 The scanning laser ophthalmoscope is the 
latest instrument to be developed for this purpose, 
but it is not yet in widespread clinical use.1O-12 A 
recent report suggests that despite the limitations of 
clinical assessment of the optic disc it compares 
favourably with some of the currently available 
quantitative techniques.13 

Most clinical ophthalmologists do not have access 
to archived photographs of the optic disc or to image 
analysers, so there is still a need for a repeatable 
clinical examination technique. In this study the 
vertical diameters of the optic disc and the cup were 
measured by two independent observers using a 60 
dioptre (D) lens, modified by incorporation of a 

graticule. The results were used to calculate the c/D 
ratio. The aim of the study was to assess the inter
observer agreement of this technique. 

METHOD 
The Modified 60 D lens (Fig. 1) 

A standard 60 D (Volk) indirect fundus examination 
lens for slit lamp use was removed from its mount and 
incorporated into one end of a barrel. The barrel was 

in two halves, united by a screw thread. A 0.1 
millimetre scale graticule (Peake Instruments) was 

fixed at the other end of the barrel. Stereo-biomicro
scopy is performed by holding the modified lens close 
to the subject's eye in the conventional way. After 
focusing on the fundal structure (the optic disc in this 
case), a focused image of the millimetre scale is 
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superimposed on the fundal image by rotating the 
anterior portion of the barrel with respect to the fixed 
posterior portion at the screw thread. Fixation of the 
subject's fellow eye assists in correct alignment of 
images of the fundus and of the scale. 

(a) 

(b) 

(c) 

Fig. 1. (a) The modified 60 D lens. (b) The two parts of 
the modified 60 D lens screw together. The distance between 
the two lenses can be varied. (c) The modified lens is held in 
the conventional way. 
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Subjects 

Twenty-nine eyes of 15 patients were examined 
consecutively from a group who had undergone 
pupillary dilation in the course of their attendance at 
a general ophthalmic clinic. The observers were 
unaware of any clinical information. Each observer 
independently examined each optic disc and 
recorded the vertical disc and cup measurements to 
the nearest 0.1 mm. The vertical C/D ratio was 
calculated from these values. Units were not ascribed 
to the measurements. The diameter of the optic disc 
was defined by the inner border of the scleral canal, 
but in order to simulate the normal clinical situation 
and in recognition of the difficulties of interpreting 
definitions of the cup/rim boundary, the cup/rim 
boundary was not strictly defined. However, change 
in contour was judged more important than change 
in colour. The same slit lamp was used for each 
examination. 

Statistical Analysis 

Two methods were used to assess inter-observer 
agreement: 

1. Calculation of the difference between the 
measurements made by each observer for each disc 
and calculation of the mean of those two measure
ments.14 From these, the 95% confidence limits for 
the inter-observer difference were calculated, as 
1.96x the standard deviation of the differences.14,15 

This analysis can be presented as a plot of the inter
observer differences against their means, plus 95% 
confidence limits. The bias, that is the tendency for 
one observer to underestimate a measurement 
compared with the other observer, was assessed by 
comparing the mean of the differences against zero 
(single t-test).15 

2. The weighted kappa test is an appropriate test 
for categorical data16 and has been used before to 
assess the agreement of the vertical cup/disc ratio.3 

Clinical importance is improved by deriving a 
weighted score. Following calculation of the differ
ence in the C/D ratio as measured by the two 
observers for each disc, the weighted kappa score 
was derived as 1 minus the difference. 

RESULTS 
Vertical Disc Diameter 

The mean vertical disc diameter was 2.13 (range 1.75, 
2.80). The mean difference was -0.04 (range -0.4, 
0.2; standard deviation 0.16; 95% confidence limit 
0.31). This mean (the bias) was not significant 
(p = 0.21). Fig. 2 is the plot of the inter-observer 
differences against their means. 

Vertical Cup Diameter 

The mean vertical cup diameter was 0.95 (range 0, 
2.05). The mean difference was -0.03 (range -0.3, 
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Fig. 2. Scatter diagram showing inter-observer difference (in millimetres) plotted against the mean of the observers' 
measurement of the vertical disc diameter (in millimetres). The 95 % confidence limits are plotted. The x, y intercept represents 
the mean inter-observer difference (the bias). 

0.2; standard deviation 0.12; 95% confidence limit 
0.24). The bias was not significant (p = 0.84). Fig. 3 is 
the plot of the inter-observer differences against their 
means. 

Cup/Disc Ratio 

The mean c/D ratio was 0.45 (range 0, 0.92). The 
mean difference in c/D ratio was 0.0 (range -0.1, 
0.13; standard deviation 0.06; 95% confidence limit 
0.11). The mean kappa statistic was 0.96 (standard 
deviation 0.03; 95% confidence limit 0.063). Agree
ment to within 0.1 was achieved in all but one eye. 
Fig. 4 is the plot of the inter-observer differences 
against their means. 

DISCUSSION 

The purpose of this study was to test inter-observer 
agreement in the measurement of the vertical optic 
disc and cup diameter and of the vertical c/D ratio 
using a modified 60 D fundus examination lens. 

0.3 

Agreement for disc and cup diameter is good but not 
exceptional (95% confidence limits of 0.31 and 0.24 
on means of 2.13 and 0.95, respectively). However, 
agreement for c/D ratio is exceptionally good, with 
95% confidence limit of 0.11. This suggests that 
although the two observers disagreed on the actual 
cup and disc diameter, they agreed on the relation
ship between them. In addition, it suggests that if a 
change in C/D ratio of more than 0.1 is found during 
follow-up, the likelihood of this change being false is 
less than 5 %. The mean weighted kappa score of 0.95 
for inter-observer difference in C/D ratio is better 
than that of any previously published study,z,3,5.17 

Varma et al.5 demonstrated the advantages of a 
stereoscopic view in assessing the c/D ratio from 
optic disc photographs. This method offers that 
benefit. 

A potential problem in any measurement meth
odology is variation in error across the range of 
measurements. This does not seem to be a problem 

I 
0.2k---------------------------�------�---------------------------------

� 
0.1 

" 
.. 

J ..0.4 

e 
..0.1 

I ..0.2 

..0.3 

0.0 

• 

0.4 
• • 

• 

• 

0.8 

• 

• 

1.2 

• 

• • 

mean of observer measurements (mm) 

• 

1.6 2.0 
• 

Fig. 3. Scatter diagram showing inter-observer difference (in millimetres) plotted against the mean of the observers' 
measurement of the vertical cup diameter (in millimetres). The 95% confidence intervals are plotted. The x, y intercept 
represents the mean inter-observer difference (the bias). 
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Fig. 4. Scatter diagram showing inter-observer difference plotted against the mean of the observers' measurement of the cup/ 
disc ratio, The 95% confidence limits are plotted, The x,y intercept represents the mean inter-observer difference (the bias), 

here, as shown by the scatter of the differences about 
the mean difference in Figs. 2-4. This was confirmed 
by linear regression (not charted). In particular, the 
agreement in C/D ratio was not worse for those discs 
in which change may be most difficult to detect and 
yet most important in clinical terms, i.e. in the 0.3-0.8 
range. However the C/D ratio is being used as a 
surrogate for neuroretinal rim measurement and the 
relationship between C/D ratio and neuroretinal rim 
is non-linear.18 At high values of c/D ratio a small 
change in C/D ratio represents a large change in 
neuroretinal rim. 

There are several techniques for the analysis of 
measurement agreement, including the correlation 
coefficient and the coefficient of variation (standard 
deviation/mean). The former is to be avoided as a 
measure of association rather than agreement14.15.19 

and the latter fails to demonstrate fully the range of 
disagreement. Further analysis of our data reveals 
coefficients of variation of 4.4%, 8% and 8.2% for 
disc diameter, cup diameter and C/D ratio, respec
tively. These would all be acceptable compared with 
other studies using a variety of optic disc examina
tion techniques.8,7,2o-23 

One problem in the assessment of optic disc 
cupping is that different observers may not agree 
on the interpretation of the cup. This study does not 
attempt to resolve this problem. In fact, the act of 
measuring the disc and cup dimensions against a 
scale forces the examiner to pay more attention to 
disc details. This might explain the good agreement 
between the two observers and might lead to 
improvement in the elevation of other features of 
the optic disc. The value of assessing the CID ratio is 
limited since many optic discs have a large physio
logical cup with a normal neuroretinal rim area. 
Larger discs have larger physiological CUpS.24 Hence 
it is important to estimate the size of the disc as well 
as the relationship between neuroretinal rim area 
and cup area. Estimation of optic disc size can be 

achieved by indirect biomicroscopy, using the 
variable height of the slip lamp beam projected 
onto the disc through a 90 D lens?5 This method, 
analysed by correlation for intra-observer repro
ducibility alone, was advocated to identify rapidly the 
small disc with an abnormal though small cup and the 
large disc with a physiologically normal but large 
cup. Spencer and Vernon26 used a 78 D lens and 
found good intra-observer reproducibility for disc 
size. Neither study estimated C/D ratio. This study is 
the first to report inter-observer agreement for cup 
diameter and c/D ratio as well as for disc diameter 
using a simple clinical approach. Montgomery7 

proposed a neuroretinal rim index to take into 
account the normal variations in disc and cup size. 
This could be calculated using our measurement 
technique. 

Accuracy (closeness of the measurements to the 
true value) must also be considered. Ruben25 used 
planimetric data to calculate a nomogram for 
derivation of actual values from the slit beam height. 
However, the clinical usefulness of this has been 
questioned.28 The 78 D lens was found to over
estimate disc size by 0.12 mm when compared with 
planimetry, and 30% of values differed from the 
planimetric result by 0.2 mm or more.26 Jonas and 
Papastathopoulo�9 measured the disc parameters 
using a Goldmann lens and slit beam height and 
found that this underestimated disc size when 
compared with planimetry. Image analysers require 
data about refraction, or keratometry and axial 
length, for calculation of actual values. Measurement 
of several parameters, each with its own measure
ment error, for the purpose of calculating a final 
measurement may increase the likelihood that the 
final value is not accurate, if measurement errors are 
large. It therefore becomes increasingly important 
that measurement error be minimised the greater the 
number of parameters that are being measured. 



696 

Given that the optical system of the emmetropic 
eye has a total refractive power of approximately 60 
D,30 measurements made through a 60 D lens will be 
accurate. In refractive ametropia there is no change 
in image size. There will be no change in image size 
between examination sessions with the development 
of cataract-induced myopia. In axial ametropia, 1 D 
of ametropia alters image size by 1.66% in a linear 
manner. Emmetropic eyes of power other than 60 D 
will produce images of different size?O Thus in many 
eyes, the method described here will yield absolute 
values of the size of a fundus structure. That would 
be a definite advantage over other techniques. In 
other eyes, with knowledge of keratometry and 
refraction, absolute values could be derived from a 
correction factor. 

C. O'Brien (personal communication) measured 
disc diameters with the scanning laser ophthalmo
scope (HRT, Heidelberg Instruments) and by slit 
lamp biomicroscopy with the 60 D lens. Regression 
of the HRT measurement on the 60 D lens 
measurement produced a formula of y = 0.85x + 

0.06, indicating that the 60 D lens magnifies the 
image by approximately 17% compared with the 
HRT. Using this formula, our mean vertical disc 
diameter is 1.87, similar to that quoted by Jonas and 
Papastathopouloi9 from photographs corrected for 
magnification and similar to O'Brien's results. 

Associated with ametropia is displacement of the 
fundus image?O This modification of the 60 D lens 
permits the simultaneous visualisation of focused 
images of the fundus structure and of the measure
ment scale. This is an improvement over other 
systems in which the graticule is at a fixed distance 
from the lens, particularly in ametropia and in 
emmetropia in situations in which the lens and the 
eye cannot be correctly positioned in relation to each 
other. 

Even if absolute values cannot be measured, it is 
still useful to be able to make reproducible measure
ments for within-subject longitudinal study. In 
addition, it is an advantage to be able to complete 
a clinical measurement at the time of an examination, 
avoiding problems associated with the acquisition of 
digitised or photographic images which may not be 
apparent until later, such as poor quality, movement 
or equipment failure. Selection bias, towards certain 
types and sizes of disc, has been avoided, particularly 
with regard to c/D ratio (range 0, 0.92). 

As a fundus lens, the modified lens is not difficult 
to use. Focusing one-handed requires some practice 
and could be improved by reducing friction of the 
screw thread. Subject eye movement was a problem, 
but was helped by fixation of the fellow eye on a 
suitable target, such as the fixation target on the slit 
lamp. Use of this target also helped in superimposing 
the millimetre scale on the disc. Awkward reflections 

R. S. HASLETT ET AL. 

from the scale occurred and might be reduced by 
multicoating. The scale was orientated vertically, but 
can be rotated into any position. Thus disc measure
ment at other meridians can be made. Measurement 
was achieved in eyes with various degrees of cataract 
and through intraocular lens implants. 

This study indicates that precise (reproducible) 
optic disc measurements can be made using a 60 D 
lens modified by incorporation of a focus able 
millimetre scale. Using this lens it may for the first 
time be possible to quantify optic disc parameters for 
follow-up examination and to detect real, clinically 
important change. The conventional 60 D lens is 
already in use by optometrists and technicians. Use 
of the modified lens by such personnel might 
improve the quality of screening programmes and 
follow-up visits. The modified lens can also be used 
in the measurement of other fundal structures, such 
as choroidal naevi, and in the assessment of macular 
disease, by measuring the distance between the 
pathology and the centre of the macula. The fact 
that the graticule can be rotated easily simplifies the 
measurement of any structure in any meridian at the 
posterior pole. We plan further studies to investigate 
these potential applications. 

Key words: Inter-observer agreement, Optic disc, Measurement, 
Clinical. 
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