






Optic disc measurement: a comparison of indirect ophthalmoscopic methods
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Figure 3 Agreement between the optic disc size measured
by the 78 D lens and by photographic estimate 3. The
difference between the two measurements is plotted against
the photographic measurement for each of the 29 eyes. The
regression line is shown.

measurements lie outside the mean difference
plus or minus 0 -1 mm (63%) and nine lie out-
side the mean plus or minus 02 mm (30%). If
the magnification factor is not applied the 78 D
lens measurements are still larger by a mean
of 012 mm and differ significantly by paired
Student's t test (p=0 0047) from the
planimetric measurements. Correlation is
unchanged and when agreement is examined
the scatter of results is also unchanged.
Agreement between the optic disc biometer

and photographic measurements (using esti-
mate 3) is demonstrated similarly in Figure 4.
The biometer measures, on average, 0-15 mm
larger than the photographic method. The
regression line (y=O0 166x+ 1 *760, r=0*2 14)
also shows a tendency for the biometer to
further overestimate the size of the smaller
optic discs but this is not significant
(p=02571). Twenty of the measurements
lie outside the mean difference plus or
minus 0 1 mm (69%) and 11 lie outside the
mean difference plus or minus 0-2 mm
(38%).

78 D lens and optic disc biometer measurements
compared
There was a stronger correlation between the
78 D lens and biometer measurements
(r=0-870, p<00001) than between either
clinical method and the photographic
measurements for all 29 eyes. If the two
methods are compared by a paired two tailed
Student's t test they show significantly differ-
ent measurements (p<O0000 1). Over all optic
disc sizes, the biometer measures smaller than
the 78 D lens, the regression line
(y=0-250x+1.925, r=0.133) is not signifi-
cant (p=0485) showing that the difference
does not vary significantly as disc size
increases.

Intraobserver variation for 78 D lens
measurements
The coefficient of variation was calculated as
the square root of the mean value of the
variance of the measurements taken three
times for each of the 29 optic discs and then
divided by the mean measured disc diameter.
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Figure 4 Agreement between the optic disc size measured
by the optic disc biometer and by photographic estimate 3.
The difference between the two measurements is plotted
against the photographic measurementfor each of the 29
eyes. The regression line is shown.

As the mean variance is 0-0027 and the
mean measured disc size is 2 119 mm, the
coefficient of variation is 00245.

Intraobserver variation for optic disc biometer
measurements
The coefficient of variation was calculated as
above using the mean value of the variance of
the measurements taken three times for each of
the 29 optic discs and then divided by the
mean measured disc diameter.
As the mean variance is 0-0034 and the

mean measured disc size is 1X860 mm, the
coefficient of variation is 0X0313.

Discussion
Both of the above clinical methods of estimat-
ing optic disc size share the same optical
principle, that of indirect ophthalmoscopy. A
real aerial inverted image is formed and this is
viewed either, if using the 78 D lens, by focus-
ing the slit-lamp biomicroscope, or the image
falls on the screen at the principal plane of the
condensing lens, if using the optic disc bio-
meter. It would therefore be expected that
both methods would yield similar readings in
individual eyes. However, this study shows
that, in our hands, the two methods differ
significantly from each other and from estab-
lished planimetric techniques.
The 78 D lens measurements were, on

average, 0-41 mm larger and the biometer
measurements 0 15 mm larger than the third
photographic estimate which uses spectacle
refraction and comeal curvature. The closest
correlation between the planimetric and
clinical methods was found using this photo-
graphic estimate as noted in previous studies
of optic disc size estimation.24 25 As the 78 D
lens measurements are so much larger than
planimetry when corrected with the manu-
facturer's magnification factor (0 86) this
suggests that their calculations for the correc-
tion factor are not correct when the lens is used
at the Haag-Streit slit-lamp biomicroscope. If
the uncorrected measurements are used the
78 D lens measures 0 12 mm larger on average
and correlation with planimetry is unchanged.
Correlation alone only shows the strength of
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the relation between the measurements, not
the agreement. Our results differ from a recent
publication22 in which the 90 D lens was used
to estimate optic disc size at the slit-lamp,
where a higher correlation with planimetric
techniques was obtained. Both methods used
in this study demonstrate marked scatter of the
results when agreement is examined26 (as in
Figs 3 and 4) and surprisingly a substantial
number of measurements were outside plus or
minus 0-2 mm from the mean difference
between the measurements (30% for the 78 D
lens and 34% for the biometer). The biometer
and 78 D lens appeared to further overestimate
the size of the smaller discs but this was not
statistically significant. This factor cannot be
compared with the 90 D lens study as agree-
ment (see above) was not assessed by the
author. It would be interesting to see the data
from that study replotted as it is likely that the
90 D lens also overestimates the smaller optic
discs.

Previous authors have described both direct
and indirect ophthalmoscopic methods of
optic disc analysis and the use of the
Goldmann fundus contact lens at the slit-
lamp.27 28 The latter method required a
graticule27 or a calculated correction factor
which varied with the refraction of the eye.28
No magnification constant was calculated for
the contact lens and the 'normal range' of optic
discs measured differed from that described
by planimetric and histological studies.8 9
Increasing refractive error is known to cause
inaccuracies in both direct and indirect
methods.27 Refractive error influences the
image size produced if the focal plane of the
condensing lens does not coincide with the
anterior focus of the eye. At the slit-lamp bio-
microscope with the 78 D lens, the image
obtained may appear 'focused' adequately to
take a reading with the slit-beam, when in fact
the lens is not exactly at the anterior focus of
the eye. This may account for some of the dis-
parity between the readings obtained with the
78 D lens and planimetry. However, for our
observer the method appears highly repeatable
as there was a low coefficient of variation. As
the 78 D lens measures greater even in the
emmetropic eye this suggests that the dispari-
ties are not merely in the position of the con-
densing lens but a correction factor for the
magnification of the eye may need to be calcu-
lated for eyes of greater refractive error. This is
supported by the significantly greater disparity
found between the measurements for the six
eyes with higher refractive errors. The small
number of eyes of higher refractive error
examined in this study does not permit the cal-
culation of correction factors for increasing
ametropia. Many glaucoma suspects are
myopic and although the majority will not have
marked ametropia this will restrict the use of
indirect ophthalmoscopic methods to estimate
disc diameter in these patients.
Montgomery in his report of the optic disc

biometer19 21 explained the importance of the
positioning of the optical spacer. The optical
spacer (which incorporates the condensing
lens) needs to be held steady at a distance from

the patient's eye where the best focus is
achieved; it requires the operator to have a
large hand span to facilitate this manoeuvre. It
is quite probable that the different results
achieved with the instrument in comparison
with planimetry are due to the lens being
moved in relation to the anterior focus of the
eye. The technique also requires coordination
of the optical spacer, the digitised calipers, and
the footswitch to take a measurement and
therefore is not as simple to perform as the
78 D lens measurement at the slit-lamp. With
increasing ametropia we would expect the dis-
parity between the biometer and planimetric
results to increase and indeed our findings con-
firm this. However, this does not account for
all the disparity with planimetry as we might
expect that operator error would induce a
marked intraobserver variation and this was
not the case. It should also be noted that no
previous publication on the biometer compares
it with established planimetric techniques.

Assessment of the size of the optic disc, even
by more sophisticated techniques, relies on the
interpretation of the optic disc boundary.
Although the two observers in this study used
two different techniques to measure the optic
disc diameter both observers were experienced
in optic disc assessment from previous
studies.2425 In addition, they had previously
shown very little interobserver variability in
identifying the optic disc boundary24 so it
would seem unlikely that the differences
between the planimetric and clinical methods
were due to great variability between the
observers' recognition of the optic disc
boundary. The optic disc biometer itself has
been assessed previously for interobserver vari-
ability29 and median interobserver difference
was shown to be 4 45%. The observer using
the 78 D lens showed a low intraobserver vari-
ability similar to that found by the same
observer using the Zeiss four mirror contact
lens to measure disc diameter25 and also con-
sistent with the previous study published using
the 90 D lens.22 Although a small error caused
by interobserver variability of the clinical
methods will affect the calculations of correla-
tion and agreement this alone would not
account for the relatively poor correlation and
agreement between the indirect ophthalmo-
scopic and planimetric measurements.

Further inaccuracies may be due to the
planimetric techniques. Bengtsson and
Krakau's previous calculations30 have been
shown to be equivalent to Littman's algorithms
to correct for the magnification factor of the
eye, when using the Zeiss fundus camera.31
This study uses their most recent planimetric
corrections23 which have been shown to corre-
late well with disc diameter measured in vivo
with the Zeiss four mirror contact lens25 and
with the Heidelberg retina tomograph (HRT)
confocal scanning laser ophthalmoscope.24
The HRT measurements were smaller than the
planimetric measurements, if the size differ-
ence is corrected for then good agreement is
achieved. All planimetric methods will include
error as at present they cannot be verified reli-
ably in living eyes. Optic disc size calculations
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using Littman's formula were shown to differ
from measurements during vitrectomy.32
Other investigators have demonstrated that
decentration of the object, alteration of the eye
to camera distance, and increasing ametropia
can cause a large variation in the measured
from the calculated magnification.33-35
However, planimetric calculations are at
present the 'gold standard' with which new
methods of optic disc measurement are com-
pared.
The 78 D lens and optic disc biometer tech-

niques both appeared to be repeatable with a
coefficient of variation of 2-45% and 3 13%
respectively. This is comparable with the
3*07% calculated from the figures given in the
90 D lens study.22 Intraobserver variation has
been assessed for the optic disc biometer pre-
viously as 2.7%.19 Both methods, therefore,
show an acceptable low variability for a clinical
technique of measurement.
Of the two techniques employed in this

study, the 78 D lens is simpler and shows a

better correlation but poorer agreement with
planimetry. Better agreement may, however,
be achieved by eliminating the manufacturer's
magnification factor from the calculations as
this reduces the mean difference between the
78 D lens and planimetry to 0 12 mm. It may
be a useful technique for a rapid assessment of
whether the optic disc is unusually large or

small, providing that the clinician knows the
normal range of disc size for this method.
Alternatively, extrapolating from our results,
we suggest that an approximation of optic disc
diameter can be obtained by dividing the disc
size, measured with the 78 D lens, by 0-86 and
subtracting 0-41 mm. One must remember
that, after this calculation, there is only likely to
be a 70°/O chance of the result obtained being
within plus or minus 0-2 mm of the planimet-
ric calculation, based on the results of .an

experienced observer.
We wish to thank Mr Ahmed Sadiq for his help with measure-
ment of the vertical optic disc diameter from photographic
slides and Mr Peter Pawson for his help with clinical data
collection.
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