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Abstract

 

Purpose.

 

To determine the suitability and reproducibility of
optic disc morphometry performed on images focused at the
level of the lamina cribrosa, obtained by means of the scanning
laser ophthalmoscope (SLO). 

 

Methods.

 

Twenty-one eyes were imaged with argon blue and
green, helium neon red and diode infrared laser sources of a
scanning laser ophthalmoscope. Five images of the optic disc
at the level of the lamina cribrosa were taken for each patient,
digitized and traced by three trained observers, in order to
identify the external contour of the optic disc and the inner
edge of the neuroretinal rim. Dedicated software allowed the
contours to be traced on the video and an estimate of the real
sizes of optic disc parameters to be obtained according to Litt-
man’s equation. Standard deviation (SD) and coefficient of
variation (CV) were used to determine the intra- and inter-
observer reproducibility in measuring disc, dark annulus (DA),
and reflective center (RC) areas, DA area/disc area (DA/D) and
RC area/disc area (RC/D) ratios of each set of images taken
with all laser wavelengths.

 

Results.

 

A high contrast between the dark annulus of the lam-
ina and the central highly reflective area was achieved at all
laser wavelengths. The ranges of CVs for all of the observers,
using all the laser wavelengths, were as follows: disc: 0.018–
0.036; dark annulus: 0.015–0.039; reflective center: 0.014–
0.031; DA/D: 0.005–0.01; RC/D: 0.007–0.018. No significant
difference was observed between the measurements performed
on the images acquired, using the different laser wavelengths. 

 

Conclusions.

 

SLO imaging of the optic disc at the level of the
lamina cribrosa proved to be suitable and highly reproducible
at all laser wavelengths. The coefficients of variation of the
measurements of optic disc parameters obtained using this
technique are smaller than those obtained by means of con-

ventional photographic methods. Curr. Eye Res. 17: 453–461,
1998.
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Introduction

 

A reproducible documentation of the normal and glaucoma-
tous characteristics of the optic nerve may be obtained either
by means of manual planimetry or automated systems. 

However, the advantages associated with the measurements
of the optic disc parameters are hampered by the problems
related to the accurate identification of the edge of the cup.
This is particularly difficult in the case of cups with temporal
flat slopes when using manual planimetry (1–3). The identifi-
cation of cup edge may be obtained by means of photographic-
based systems such as stereophotogrammetry (4) and flicker
analysis (5), which allow assessment of the changes in the
slope of the cup wall. The identification of cup margin in auto-
mated systems that permit three dimensional reconstructions of
the disc, is obtained by means of arbitrary definitions such as

 

“the first point along the radial profile that is 150 

 

m

 

m below
the level of the disc edge on that particular profile” (6), and is
the standard definition of the optic nerve head analyzer
(ONHA). In the case of confocal laser systems, the measure-
ments of disc parameters are related to the contour of the
disc margin or to a ring that is automatically superimposed
on the imaged parapapillary region (7–14). With these sys-
tems, the definition of cup margin depends upon the local-
ization of the “reference plane.”

Imaging of the disc, focused at the level of the lamina crib-
rosa (the sharpest visualization of the lamina cribrosa pores),
may help in better identifying the border between the portion
of the lamina which is perpendicularly crossed by the ganglion
cell axons and that portion which is not crossed or where nerve
fibers run parallel to the surface of the lamina. Imaging of the
lamina cribrosa has been successfully obtained by means of an
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experimental scanning laser ophthalmoscope (15) and may be
clinically performed by means of the Rodenstock scanning
laser ophthalmoscope (SLO) (16–18), which enables high-
contrast images and a “virtual” tomography of the fundus to be
obtained using different laser sources (19, 20).

The aim of this study was to give a detailed description of
optic disc imaging at the level of the lamina cribrosa, by means
of argon blue (488 nm) and green (514 nm), helium neon red
(633 nm) and diode infrared (780 nm) scanning laser ophthal-
moscopy in normal and glaucomatous eyes, and to assess the
intra-observer and inter-observer variability of optic disc mor-
phometry performed on SLO images obtained at four different
laser wavelengths.

 

Subjects and methods

 

Eleven subjects (7 females and 4 males, age range 32–74 yrs),
for a total of 21 eyes, gave their informed consent to be
enrolled in the study, which was performed according to the
principles of the Declaration of Helsinki. The sample included
8 eyes affected by primary open angle glaucoma (POAG) at
different stages of the disease and eyes with a wide range of
disc, rim and cup sizes, and different morphological character-
istics (cups with temporal flat slopes; steep “punched-out”
cups; peripapillary atrophy). The eyes with a history of POAG
were pooled together with normal eyes in order to have a group
of eyes with completely different morphological features, such
as very narrow or very thick neuroretinal rims, enlarged cups
or absence of cups, etc., which may affect the evaluation of the
disc, particularly the assessment of the edge between the rim
and the cup, on a two-dimensional SLO image. Tilted myopic
optic discs were not included in the study.

All of the patients underwent keratometry (Javal-Schiotz),
refraction examination and axial length measurement (standard
A-scan ultrasonography), followed by scanning laser ophthal-
moscopy and standard optic disc photography. Scanning laser
examination can be routinely performed on undilated pupils.
However, a mydriasis of about 4–5 mm was preferred in order
to avoid pupillary fluctuation, which makes the adjustment of
the laser beam on the retinal and disc surfaces more difficult
and time consuming. Intraocular pressure (IOP, by Goldmann
applanation tonometry) was measured immediately after all
these procedures in order to have the closest estimate of IOP
during ophthalmoscopy. The IOP of all of the patients ranged
from 15 to 20 mm Hg. 

A scanning laser ophthalmoscope (101 Rodenstock, Otto-
brun, Germany) was used, and ophthalmoscopy was performed
by means of an argon laser (488 nm blue and 514 nm green),
a helium neon laser (633 nm red) and a diode laser (780 nm
infrared). Laser intensities ranged from 140 to 290 

 

m

 

W. A con-
focal aperture of 2 mm, a field angle of 20
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 and a preset video
gain on the automatic position were used in all cases. An
accurate setting of refraction values and an accurate focusing
of the laser beam on the corneal surface were attained before
imaging.

Fundus imaging was centered on the optic disc with the aid
of a fixation spot, which helps the examined eye to remain

still in the correct position during the examination. Initial
focusing on optic disc surface was followed by the backward
focusing on the lamina cribrosa, which was reached when the
pores of the lamina became sharp. In eyes with no cup, a back-
ward focusing of about 2–3 dptrs (which was the average
backward focusing needed for our cases) was used. In such
cups, the pores of the lamina cribrosa were not detectable.

All of the images were directly grabbed and digitized
(Targa+ 16, True Vision) with a resolution of 511 
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 476 pixels
on to the Eyelab system (Digigraphic Technologies, Treviso,
Italy). Optic disc morphometry was performed on the digitized
video image by means of dedicated software, which takes into
account refraction and keratometry, in order to obtain an esti-
mate of the real size of the objects on the fundus of the eye
according to Littman’s equations (21). The software was
developed by Digigraphic Technologies in collaboration with
one of the Authors (S. M.). Estimation of the field-size and
enlargement factor needed for any SLO instrument were cal-
culated, using simple linear measurements, and applied to the
software.

Definition of disc and cup borders was not based on contour
evaluation, but on the contrast between the peripheral dark
annulus and the bright central area, which is highly enhanced
at the level of the lamina cribrosa at all laser wavelengths.
Throughout the manuscript, the terms “dark annulus” (DA)
and  “reflective center” (RC) refer to what might be interpreted
as the rim and the cup, respectively. 

Disc border was defined as the boundary line between the
dark annulus and the area surrounding the disc (lighter than
the annulus). The border of the reflective center was defined
as the boundary line between the dark annulus and the central,
highly reflective portion of the lamina cribrosa. In the seven
cases where the edge of the reflective center was not clearly
defined (e.g. Figs. 1 and 4), its contour included all the detect-
able pores of the lamina cribrosa. If a vessel (dark) unattached
to the dark annulus was found within the reflective center, it
was recorded as a part of the reflective center and not as a part
of the dark annulus. The boundaries were marked with a con-
tinuous line traced on the video by means of a mouse. The soft-
ware automatically calculated the number of pixels within the
traced contours and provided the transformation in actual mea-
surements, according to the above mentioned methods. The
following parameters were then calculated: disc area, dark
annulus area, reflective center area, DA area/disc area ratio
(DA/D), and RC area/disc area ratio (RC/D).

To evaluate the reproducibility of the technique, scanning
laser ophthalmoscopy was repeated on five different days. Each
day three photographs were taken, and the best one (decision
based on observers’ agreement) was chosen for the analysis.

To evaluate the agreement between the measurements per-
formed on SLO and standard photographic images of the optic
disc, the absolute measurements of the optic disc images
obtained by the SLO and analyzed by observer 2 (C. L.) were
compared with photographic optic disc measurements per-
formed by the same observer. For this purpose, optic disc photog-
raphy and morphometry were performed as previously described
(22–25). The true amplitude of the planimetric optic disc area
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Figure 1. (A) Argon blue (488 nm). (B) Argon green (514 nm). (C) Helium neon red (633 nm). (D) Diode infrared (780 nm). All images are
obtained with confocal 2 mm and 208-field angle. The lamina cribrosa appears white or light greyish, allowing the pores to be identified at all
laser wavelengths. The dark annulus is much darker than the surrounding tissues and is detectable at all laser wavelengths.

 

was calculated using Littman’s equation, which takes into
account ocular axial length and keratometry. 

The intra-observer “intra-image” variability of the SLO mea-
surements of three independent observers was calculated as the
standard deviation (SD) (average of 21 cases) and the coeffi-
cient of variation (CV) of five repeated measurements of the
same image for each type of laser wavelength. The intra-
observer “inter-image” variability of the SLO measurements of
three independent observers was calculated as the SD (average
of 21 cases) and the CV of a single measurement of five differ-
ent images of the same optic nerve head for each type of laser
wavelength.

The inter-observer “intra-image” variability was calculated
as the SD (average of 21 cases) and the CV of the five mea-
surements of the same image performed by the three observers
(for a total of 15 measurements), for each type of laser wave-
length. The inter-observers “inter-image” variability was calcu-
lated as the SD (average of 21 cases) and CV of a single mea-
surement of five different images of the same optic nerve head
performed by the three observers (for a total of 15 measure-
ments), for each type of laser wavelength. 

SD and CV (standard deviation divided by the mean) were
calculated according to standard procedures (26). Nonparamet-
ric Wilcoxon and Kruskall-Wallis tests were used to compare

optic disc measurements among groups. Regression statistics
(linear regression) were used to assess relationships between
the SDs and CVs (“y”, dependent variables in the model) of the
measurements of the optic disc parameters and their sizes (“x”,
independent variables of the model). All calculations were per-
formed with SPSS (version 6.1 for Macintosh) software.

 

Results

 

Optic disc visualization was extremely sharp at all laser wave-
lengths, even with a power lower than 180 

 

m

 

W (Fig. 1). In all
cases and using all laser wavelengths, the image of the fundus
(nerve fiber bundles, superficial large vessels) tended to blur
when backward focusing. On average, a backward focusing of
2.5 dptrs was needed to focus the lamina cribrosa, which
appeared to be highly reflective white or light grey, allowing
identification of the pores in all cases. The dark annulus was
always much darker than the central portion of the lamina and
darker than the surrounding tissues. In correlation to the dark
annulus, the pores were not visible. These features were partic-
ularly clear using the infrared laser (Fig. 1, bottom right).
Regions of peripapillary atrophy were always whitish, per-
fectly distinguishable from the dark annulus. The veins
appeared as dark as the annulus, and sometimes darker, where-
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as the arteries appeared lighter than the annulus at all laser
wavelengths. It was difficult to identify the exact border between
the vessel and the dark annulus when a vessel was attached
to the annulus itself.

The optic disc size estimates were in good agreement with
the measurements performed on conventional stereophoto-
graphs (Figs. 2, 3, 4) by means of computer-assisted manual
morphometry (Table 1), the small differences between their
means being statistically not significant in all cases (Table 2).

The measurements of the optic disc parameters performed
by the three observers were consistent at each laser wave-
length, and a constant tendency to obtain progressively increas-
ing optic disc size estimates from the red to the infrared laser,
as well as dark annulus size estimates from the blue to the
infrared laser, was in fact observed in the measurements of all

three observers (Table 3); the difference in disc measurements
was statistically significant for all of the three observers (p 

 

5

 

0.01, Kruskal-Wallis test).
Low intra-observer “intra-image” and “inter-image” vari-

abilities were found for the three independent observers in the
measurement of optic disc parameters. DA/D and RC/D showed
the lowest mean SDs and CVs (Table 4). In some cases, it was
possible to obtain CVs smaller than 0.001 or larger than 0.1 for
both DA/D and RC/D (Table 5) as the result of the significant
associations between the CVs of both DA/D and RC/D with
DA area, RC area, DA/D and RC/D (Table 6). The larger the
DA area and the DA/D, the smaller the CV of DA/D measure-
ment. Conversely, the smaller the RC area and the RC/D, the
larger the CV of RC/D measurement. Such associations were
consistent among all three observers. Low inter-observer “intra-

Figure 3. (A) Black and white photograph of optic disc with temporal flat slope of the cup. (B) Infrared image of the same optic disc (208-
field angle, confocal 2 mm). SLO image of the optic disc, focused at the level of the lamina cribrosa, allows the border of the reflective center
to be easily identified.

Figure 2. (A) Black and white photograph of optic disc with “punched out” cup. (B) Infrared image of the same optic disc (208-field angle,
confocal 2 mm). In both cases the edge between the reflective center and the dark annulus is easily detectable.
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image” and “inter-image” variabilities were found in the mea-
surement of optic disc parameters, particularly for disc, DA
and DA/D (Table 7). 

 

Discussion

 

This study attempts to give a detailed description of two-
dimensional optic disc imaging at the level of the lamina crib-
rosa by means of argon blue and green, helium neon red and
diode infrared scanning laser ophthalmoscopy, and to evaluate
the intra- and inter-observer reproducibility of the measure-
ments of optic disc parameters. Our results indicate that imag-
ing of the optic nerve head at the level of the lamina cribrosa
by means of scanning laser ophthalmoscopy is feasible, and
that optic disc measurements performed by independent
observers are repeatable, reproducible and in good agreement
with planimetric measurements performed on standard optic
disc photographs.

Images of the human lamina cribrosa have already been suc-
cessfully obtained by means of a confocal scanning laser oph-
thalmoscope in order to look for regional differences in its
structure, and particularly for morphometric analysis of the
pores (15–18). This is possible, as confocal scanning laser oph-
thalmoscopy allows a virtual tomography of the fundus of the
eye to be performed: light reflected from focused surfaces
passes by and contributes to image construction, whereas scat-
tered light arising from defocused tissues or from points lying
off the optical axis of the system is excluded. Moreover, it has
been shown that a series of images of the same optic disc may
be aligned to compensate for eye movements by a combination
of automatic and interactive processing in order to reject arti-
facts and reduce noise by image averaging, thus improving the
quality of the images (17, 18).

The SLO image of the optic disc focused at the level of the
lamina cribrosa is characterized by a dark annulus and a bright
central area. Of particular importance is whether the images
correspond to known structures of the optic disc. 

Figure 4. (A) Black and white photograph of optic disc with temporal flat slope of the cup. (B) Infrared image of the same optic disc (208-
field angle, confocal 2 mm). Also in this case, SLO image of the optic disc, focused at the level of the lamina cribrosa, allows the border of the
reflective center to be easily identified. 

 

One hypothesis is that the dark annulus and the highly
reflective area at the center of the disc correspond to regions of
the lamina which are crossed or not crossed by the nerve fibers.
In fact, it is very likely that the dark band is due to the channel-

 

Table 1.

 

Optic disc sizes (mm

 

2

 

) calculated on conventional
photographs and on the video images obtained by means of the
scanning laser ophthalmoscope (Obs. 2, 21 cases, mean of five
repeated measurements)

Case no. Photo* Blue

 

†

 

Green

 

†

 

Red

 

†

 

Infrared

 

†

 

1 3.216 3.286 3.426 3.151 3.157
2 3.101 2.959 2.938 2.99 3.208
3 2.53 2.367 2.369 2.299 2.407
4 2.213 2.242 2.271 2.225 2.236
5 2.73 2.518 2.527 2.517 2.537
6 2.448 2.585 2.511 2.5 2.548
7 2.408 2.195 2.165 2.069 2.086
8 2.569 2.886 2.838 2.941 2.742
9 2.579 2.782 2.807 2.752 2.866

10 2.61 2.091 2.114 2.118 2.176
11 3.25 3.424 3.398 3.376 3.523
12 2.278 2.523 2.501 2.438 2.494
13 2.521 2.632 2.582 2.569 2.552
14 3.53 3.499 3.275 3.211 3.308
15 2.65 2.735 2.708 2.821 3.051
16 2.405 2.743 2.799 2.589 2.804
17 2.358 2.436 2.514 2.394 2.616
18 3.105 3.318 3.288 3.299 3.146
19 3.124 3.195 3.162 3.277 3.254
20 2.732 2.899 2.763 2.76 2.748

 

21

 

3.183

 

3.208

 

3.326

 

3.152

 

3.429

 

*Black & white pictures; 

 

†

 

black and white video images obtained by means of
blue argon (488 nm), green argon (514 nm), red helium neon (633 nm) and
infrared diode (780 nm).
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ling of the light into the tissue with no significant return, as the
fibers may act as fiberoptics parallel to the light. On the other
hand, the white central portion of the disc, where the pores are
detectable, may correspond to the bared portion of the lamina
itself (i.e. the bottom of the cup), which indeed is highly reflec-
tive. However, it is also likely that the highly reflective image
of this region be related to a different direction of nerve fibers
(running parallel to the surface of the lamina and transverse to
the light), thus losing their optical fiber effect. As a conse-
quence the light impinges on this surface and is scattered back-
ward thus giving a bright reflection. If this is the case, the
resulting images of these portions of the lamina and particu-
larly the border between the dark annulus and the reflective
center would heavily depend on the orientation of the fibers
and not necessarily on their presence.

Other possible interpretations are the following: (1) the central
reflective area may be related to the function of the depth of the
cup; (2) the dark annulus area may be a reflection of more blood
supply in the neuroretinal rim, whereas the central reflective area
may indicate a lack of blood supply in the depth of the cup.

Our results indicate that the estimate of the size of optic disc
structures is quite similar when using blue, green and red lights
and is slightly larger when using the infrared light, although
the images acquired with different wavelengths show some dif-
ferences, particularly in peripapillary atrophy. This further sup-
ports the hypothesis that SLO image of the optic disc is inde-
pendent of wavelength, indicating that the different optical
behaviour of the dark annulus and the reflective center is likely
one of direction. The fact that disc and dark annulus sizes are
slightly larger when using infrared light could be explained by
the higher penetration of infrared light through superficial fun-
dus tissues, allowing light radiation to pass through the thin
spur of the scleral ring and be reflected from the most periph-
eral ring of the lamina cribrosa, which is usually hidden when
ophthalmoscopy is performed using visible wavelengths.

The measurements of optic disc parameters with SLO were
in good agreement with planimetric measurements performed
on the same eyes using a conventional photographic method
(22–25). The values obtained with the two techniques were
comparable although different criteria were used to define

the “cup” and the “rim.” A real test of accuracy would require
the direct SLO examination of cadaver eyes, or an eye model.
However, our planimetric measurements, performed on red-
free photographs, using dedicated software, have been vali-
dated by a comparison with measurements performed on
cadaver human eyes (24).

 

Table 2.

 

Average measurements (SD) of optic disc parameters performed on conventional photo-
graphs and on the video images obtained by means of all of the laser wavelengths of the scanning
laser ophthalmoscope (observer 2, 21 cases)

Area of photo Photo* Blue

 

#

 

Green

 

#

 

Red

 

#

 

Infrared

 

#

 

Disc area 2.74 (0.38) 2.79 (0.42) 2.77 (0.41) 2.74 (0.41) 2.80 (0.42)
DA area 1.86 (0.61) 1.81 (0.67) 1.82 (0.65) 1.83 (0.63) 1.87 (0.62)
RC area 0.92 (0.68) 0.97 (0.76) 0.95 (0.74) 0.94 (0.67) 0.93 (0.74)
DA/D 0.68 (0.24) 0.65 (0.25) 0.66 (0.25) 0.67 (0.24) 0.67 (0.24)

 

RC/D

 

0.32 (0.24)

 

0.34 (0.25)

 

0.34 (0.25)

 

0.33 (0.24)

 

0.32 (0.24)

 

*Black and white pictures; 

 

#

 

SLO video images are obtained by means of blue argon (488 nm), green argon (514 nm), red
helium neon (633) and infrared diode (780). Disc, DA and RC areas are presented in mm

 

2

 

. None of the differences between
SLO measurements and photographic measurements resulted to be statistically significant at the level of 0.05 (Wilcoxon test).

 

Table 3.

 

Average measurements (SD) of optic disc parame-
ters by means of the four different laser sources

Blue Green Red Infrared

Obs 1
Disc 2.78 (0.41) 2.82 (0.46) 2.77 (0.43) 2.84 (0.43)
DA 1.74 (0.65) 1.78 (0.64) 1.77 (0.62) 1.81 (0.64)
RC 1.05 (0.80) 1.03 (0.80) 1.00 (0.81) 1.03 (0.83)
DA/D 0.64 (0.27) 0.65 (0.26) 0.66 (0.26) 0.66 (0.26)
RC/D 0.36 (0.27) 0.35 (0.26) 0.34 (0.26) 0.34 (0.26)

Obs 2
Disc 2.79 (0.42) 2.77 (0.41) 2.74 (0.41) 2.80 (0.42)
DA 1.81 (0.67) 1.82 (0.65) 1.83 (0.63) 1.87 (0.62)
RC 0.97 (0.76) 0.95 (0.74) 0.94 (0.67) 0.93 (0.74)
DA/D 0.65 (0.25) 0.66 (0.25) 0.67 (0.24) 0.67 (0.24)
RC/D 0.34 (0.25) 0.34 (0.25) 0.33 (0.24) 0.32 (0.24)

Obs 3
Disc 2.78 (0.39) 2.78 (0.40) 2.76 (0.39) 2.82 (0.40)
DA 1.77 (0.68) 1.78 (0.67) 1.79 (0.67) 1.81 (0.66)
RC 1.01 (0.79) 1.00 (0.81) 0.97 (0.79) 1.01 (0.82)
DA/D 0.65 (0.27) 0.65 (0.27) 0.66 (0.26) 0.66 (0.26)
RC/D 0.35 (0.27) 0.34 (0.27) 0.34 (0.26) 0.34 (0.26)

Overall
Disc 2.78 (0.41) 2.79 (0.42) 2.75 (0.41) 2.82 (0.42)
DA 1.77 (0.66) 1.79 (0.65) 1.79 (0.64) 1.83 (0.64)
RC 1.01 (0.78) 0.99 (0.77) 0.95 (0.74) 0.98 (0.79)
DA/D 0.64 (0.26) 0.65 (0.26) 0.66 (0.25) 0.66 (0.25)

 

RC/D

 

0.35 (0.26)

 

0.34 (0.26)

 

0.33 (0.25)

 

0.33 (0.25)

 

DA: dark annulus; RC: reflective center; DA/D: dark annulus area/disc area
ratio; RC/D: reflective center area/disc area ratio. Disc, DA and RC are in mm

 

2

 

.



 

SLO of the optic disc

 

459

The SLO image of the optic disc, focused at the level of the
lamina cribrosa, yields a dark annulus with a contrast which
surpasses that of conventional fundus photography. Assess-
ment of the edge of the reflective center is then obtained by
evaluating image contrasts and not by evaluating contours,
which allowed the border line between the two portions of the
lamina to be identified in all of the eyes investigated. In our
study, the same holds for the identification of disc border,
which was clearly distinguishable from the surrounding tis-
sues, for all laser sources. As a consequence of this, the identi-
fication of the edge of the reflective center in cups with tempo-
ral flat slopes (a condition which frequently hampers the
evaluation of conventional optic disc photographs (1–3)) may
be more easily achieved (Figs. 3 and 4). This is reflected by the
substantial improvement in CVs of the measurement of optic
disc parameters obtained in our study (range 0.008–0.035),
with respect to those obtained using conventional photography
and manual planimetry (range 0.02–0.04) (24, 25).

The similar intra-observer “intra-image” and “inter-image”
variabilities reported by the three observers indicate that the
variability of the measurements does not depend on variations
in image acquisition at different times, but arises from the vari-
ability in identifying and tracing the outlines of disc parame-
ters on the video (pure observer variability). This is consistent
with the values of inter-observer variability, which are higher
than those obtained for intra-observer variability. Actually, the

precise setting of the instrument allows substantially identical
images of optic disc structures to be obtained at different times.

As far as the intra-image variability is concerned, the CVs of
relative measurements (DA/D and RC/D) were smaller than the
CVs of absolute measurements (disc, DA and RC areas), this
being consistent for all the observers and at all laser wave-
lengths. A possible explanation may rely on the fact that an
even variability in the measurements of structures with differ-
ent sizes (disc, DA and RC) is associated with different abso-
lute changes (i.e. large for the disc, small for the RC). Conse-
quently, in the case of DA/D, given the substantial differences
between disc and RC areas, the variations in disc and DA areas
(the latter being obtained by subtracting the RC from the disc
area) on repeated measurements tend to be in the same direc-
tion (increase or decrease), and their variability is greater than
the variability of their relative ratios.

Moreover, the CVs of DA/D and the RC/D were strongly

 

Table 5.

 

Intra-observer “intra-image variability” for infrared
images: ranges of SD and CV of five repeated measurements of
the same image of each of the 21 cases.

Obs. 1 Obs. 2 Obs. 3

Disc  (SD) 0.015–0.081 0.006–0.067 0.006–0.081
 (CV) 0.001–0.025 0.006–0.031 0.001–0.031

DA  (SD) 0.011–0.064 0.01–0.054 0.007–0.064
 (CV) 0.005–0.045 0.006–0.051 0.002–0.028

RC  (SD) 0.003–0.072 0.005–0.057 0.002–0.058
 (CV) 0.007–0.194 0.011–0.103 0.004–0.062

DA/D  (SD) 0.0008–0.016 0.002–0.011 0.0007–0.01
 (CV) 0.001–0.042 0.001–0.035 0.001–0.020

RC/D  (SD) 0.0009–0.011 0.002–0.011 0.0006–0.01

 

 

 

 (CV)

 

0.004–0.199

 

0.006–0.113

 

0.003–0.045

Intra-observer “inter-image variability”: ranges of SD and CV
of a single measurement of five different images of 21 cases

Obs. 1 Obs. 2 Obs. 3

Disc  (SD) 0.018–0.07 0.008–0.099 0.01–0.081
 (CV) 0.002–0.033 0.007–0.025 0.004–0.031

DA  (SD) 0.011–0.064 0.008–0.053 0.006–0.064
 (CV) 0.006–0.062 0.007–0.032 0.003–0.029

RC  (SD) 0.002–0.053 0.005–0.099 0.0008–0.058
 (CV) 0.007–0.100 0.011–0.149 0.006–0.063

DA/D  (SD) 0.0004–0.016 0.002–0.018 0.0005–0.010
 (CV) 0.002–0.052 0.0005–0.028 0.0006–0.023

RC/D  (SD) 0.0004–0.011 0.002–0.018 0.0003–0.010

 

 (CV)

 

0.007–0.105

 

0.003–0.148

 

0.004–0.058

 

DA: dark annulus; RC: reflective center; DA/D: dark annulus area/disc area
ratio; RC/D: reflective center area/disc area ratio. SDs of Disc, DA and RC are
in mm

 

2

 

. Results obtained with the other laser wavelengths are not reported in
the Table as they are very similar to those obtained with infrared light.

 

Table 4.

 

Intra-observer “intra-image variability” for infrared
images: standard deviation, average of the 21 cases. Coeffi-
cient of variation is reported in parenthesis. Results obtained
with the other laser wavelengths are not reported in the Table
as they are very similar to those obtained with infrared light.

Obs. 1 Obs. 2 Obs. 3

Disc 0.044 (0.016) 0.028 (0.010) 0.025 (0.009)
DA 0.032 (0.018) 0.024 (0.015) 0.018 (0.011)
RC 0.024 (0.036) 0.021 (0.036) 0.015 (0.025)
DA/D 0.006 (0.011) 0.005 (0.011) 0.004 (0.007)

 

RC/D

 

0.005 (0.029)

 

0.005 (0.034)

 

0.004 (0.020)

Intra-observer “inter-image variability” for infrared images:
standard deviation, average of the 21 cases. Coefficient of vari-
ation is reported in parenthesis. Results obtained with the other
laser wavelengths are not reported in the Table as they are very
similar to those obtained with infrared light.

Obs. 1 Obs. 2 Obs. 3

Disc 0.041 (0.015) 0.037 (0.013) 0.030 (0.011)
DA 0.030 (0.017) 0.027 (0.018) 0.020 (0.012)
RC 0.020 (0.033) 0.026 (0.035) 0.017 (0.026)
DA/D 0.004 (0.008) 0.006 (0.013) 0.004 (0.008)

 

RC/D

 

0.004 (0.027)

 

0.006 (0.030)

 

0.004 (0.021)

 

Disc (mm

 

2

 

); DA: dark annulus (mm

 

2

 

); RC: reflective center (mm

 

2

 

); DA/D:
dark annulus area/disc area ratio; RC/D: reflective center area/disc area ratio. 
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associated with the DA and the RC areas. As optic disc of nor-
mal and glaucomatous eyes may be differentiated on the basis
of “rim” and “cup” areas, the above mentioned association
suggests the possibility of some distinctions in evaluating nor-
mal and glaucomatous eyes.

The results of this study are different from those reported in
a previous report that used only blue and green laser wave-
lengths (27). We found no underestimation of disc area in com-
parison with conventional photographic techniques, and the
intra-observer CVs of the measurements of optic disc parame-
ters were smaller than those previously reported (range 0.005–
0.039 vs. 0.029–0.085 respectively) (27). Such a difference
may be explained by the different methodology used in the two
studies. In fact, we evaluated images focused at the lamina crib-
rosa, whereas Chihara 

 

et al.

 

 (27) evaluated images focused at
the level of the scleral ring, and we performed the measure-
ments directly on the digitalized video image by means of ded-
icated software, whereas they performed their measurements
on hard copies made with a videoprinter. Measurements per-
formed on hard copies may be negatively affected by the low

quality of the images, unlike those directly performed on a
video, which have a higher resolution image.

A possible limitation of this technique of imaging the optic
disc may be the potential backward bowing of the lamina crib-
rosa, which has been observed in both experimental acute
hypertension (28, 29) and experimental, long-standing hyper-
tension in primate eyes (30, 31). It has also been described in
the optic nerve of an infant with uncontrolled congenital glau-
coma (32) and in the later stages of adult glaucoma (33, 34). In
our study, we verified that intraocular pressure at the time of
imaging was within normal values, in order to rule out the pos-
sibility of  “acute” changes in IOP, such as modification of the
position of the lamina cribrosa at the time of imaging. Only
prospective studies can evaluate such a possible bias in the
morphometry of the optic disc at the level of the lamina crib-
rosa in cases with chronic progressive posterior bowing.

A second possible limitation of our study is the inclusion of
only Caucasian subjects, as the technique described may well
be affected by racial differences in fundus pigmentation, which
may give rise to different tissue reflectivity.

Optic disc evaluation and morphometry by means of scan-
ning laser ophthalmoscopy focused at the level of the lamina
cribrosa was suitable and highly reproducible when the evaluation
was repeated by well-trained observers. The use of long wave-
length laser sources (red and infrared) allows optic disc evalua-
tion to be performed in most cases with severe media opacities.
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