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The dark perimetric stimulus

Erkan Mutlukan, Bertil E Damato

Abstract
We determined the disappearance eccen-
tricities of dark and bright stimuli of equal size
in the inferonasal central visual field using the
oculokinetic perimetry technique at different
levels of surrounding illumination. The results
suggest that a dark stimulus on a bright back-
ground has a smaller 'isoptre' than an equally
bright stimulus on a dark background, and that
variation of ambient illumination and conse-
quent alteration ofbackground luminance have
less effect on the visibility of a dark stimulus
than a bright one.
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The visual field is conventionally examined with
a light stimulus on a dark background. This
choice of perimetric stimulus probably stems
from the assumption that the fundamental role of
the retina is to detect light. 1-3 However, the retina
is not merely a light sensor but is primarily
adapted for the detection of differences, both
increments and decrements, in the amount of
light in the visual field. The functional organisa-
tion and grouping in ganglion cell receptive fields
in the retina provides evidence for this. Stimula-
tion occurs only if there is a difference in the
amount of light falling on the receptive field
centre and on the surrounding area.9 One group
of the receptive fields is activated by light falling
into the field centre and is therefore called the
'on' type. Conversely, the other group, namely
the 'off' type receptive fields, activate the
ganglion cell with the cessation (decrement) of
the light.

It is believed that the visibility of a perimetric
stimulus is related to the number of overlapping
receptive fields in the corresponding part of the
retina, which is in turn related to the density of
the ganglion cells in that region."" It is now
known that nerve fibres from the retinal ganglion
cells travel to the visual cortex in two parallel
visual pathways, namely 'on' and 'off' systems
which remain morphologically, physiologically,
and pharmacologically separate until they con-

verge on single cortical neurones. 12 20

In the 25° central visual field most ganglion cell
receptive fields (60-75%) have 'on centre' organ-
isation, so that they are stimulated by a light spot
on a dimmer background (that is, 'incremental
light stimulus') and are inhibited by a central
light decrement. Conversely, with 'off centre'
ganglion cells, maximal stimulation occurs with a
dark stimulus on a brighter background.57"2152'
Whereas conventional perimetry tests on-

pathway and mainly on-centre receptive fields at
various locations across the retina, there may be
advantages in testing the off-pathway by a dark
stimulus because ofthe difference in the quantity
of reserves in both systems, as it is possible that
field defects that are missed with a conventional
light stimulus might be detected earlier in certain

conditions, such as glaucoma and intracranial
disorders affecting the visual system.
The presentation of a dark stimulus on a white

tangent screen is difficult, as it would require a
white wand which would lead to confusion by
casting a dark shadow. This technical difficulty is
overcome by using the 'oculokinetic multifixa-
tion campimetry technique,' which does not
require the stimulus to be moved on the screen,
because it is the patient's eye which moves
instead.22
The aim of our study was to identify differ-

ences between responses to dark and light peri-
metric stimuli in the central visual field by the
oculokinetic technique and to determine how
these responses vary with changes in ambient
illumination.

Material and methods
The study involved the assessment of the visual
fields of the right eyes of eight volunteers, six of
whom were male and two female. Their visual
acuities were all 6/5, and the pupil sizes ranged
between 3 and 5 mm in 150 lux room illumina-
tion. All eyes were normal.
The experiments were performed with three

different types of tangent screen: black, white,
and grey, having a light reflectance (albedo) of
5%, 95%, and 50% respectively. Each test stim-
ulus consisted of a disc attached on to the screen
which had a light reflectance of either 5% (black)
or 95% (white), creating equal but opposite
sign luminance (Weber's) contrast at a given
illuminance level (Fig 1). The fixation target
consisted of a pointer, which was moved across
the screen superotemporally by the examiner, so
that the pursuit movements of the subject's eye
induced a relative shift of the stimulus along the
2250 meridian in the central visual field. The
eccentricity from fixation at which the stimulus
was no longer seen was recorded. This procedure
was repeated five times for each target and
illuminance level, and a mean value was taken as
the final result.
The tangent screen was illuminated with a

white light halogen lamp fitted with a diffuser
and a dimmer switch which was positioned at 2
metres from the screen. The illumination of the
screen was measured and adjusted with a lux-
meter (Solex SL100). Every time the ambient
illumination was altered, 3 minutes were allowed
to elapse before the examination was begun so as
to ensure the subject's retinal light adaptation
had taken place. The subject was seated, with the
head resting on a chin rest so that the right eye
was 150 cm from the screen. The left eye was
covered with an occluder. All perimetric exam-
inations were performed by the same individual,
and all tests for each subject were completed on
the same day.
Meridional hill of vision to dark and bright
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stimuli. Four volunteers (two males and two
females; mean age 30 years, range 28-31 years)
were tested with each of five black stimuli (1, 2,
3, 4, and 5/1500 mm) against a white back-
ground, and also with white targets of the same

size on a black background. The ambient illumi-
nation was 150 lux. The peripheral visibility of
both stimulus types on the 2250 meridian was

compared.
Effect of variation in illumination on dark and

bright stimuli. The effect of variation in ambient
illumination on the eccentric visibility of black
and white stimuli on the 2250 meridian was
examined at two levels of illumination, which
were 13 and 400 lux (that is, a difference of 1[5
log units).

Eight volunteers (mean age 30 years, range 25-
39) were tested with each of the following four
stimulus-background combinations in a random
order: white-on-black, black-on-white, white-
on-grey, and black-on-grey. The grey back-
ground was employed in order to neutralise the
difference in retinal light adaptation levels to
different backgrounds, and to establish whether
the results were due to the stimulus or the
background. In each case a 1/1500 mm (2 5 min)
stimulus was employed. The percentage change
in stimulus visibility with change in illumination
was calculated with the formula:

[(I-i)li]x 100,

where I is the isoptre at 400 lux and i is the
isoptre at 13 lux. The percentage change in the
isoptre of the black stimulus was compared with
that of the white stimulus by the paired t test.

Results
Comparison of visibility of black stimuli on white
background and white stimuli on black background.
The disappearance eccentricities of the black
stimuli in the meridian tested were significantly
smaller than those of the white stimuli, the
difference being more pronounced with the
smaller stimulus sizes (paired t test, p<0l0001)
(Fig 2).

Effect of variation of illumination on black and
white stimuli. The percentage increase in white-
on-black stimulus disappearance eccentricity
was significantly more than that of black-on-
white stimulus (t test, p=0-014). Increasing the
ambient illumination from 13 lux to 400 lux
increased the isoptre of the white stimulus by
59% and the isoptre of black stimulus by 36%
(Fig 3a).

Similarly, the eccentric visibility change due to
illuminance variation was significantly more for
the white-on-grey stimulus than the black-on-
grey stimulus (t test, p=0-0016). At the higher
ambient illumination, the black and white stimuli
disappearance eccentricities increased by 75%
and 117% respectively (Fig 3b). Isoptre increases
of lower contrast black-on-grey stimulus and
white-on-grey stimulus were significantly more

pronounced than those of black-on-white (t test,
p<0 0001) and white-on-black stimuli (t test,
p=00069).

Discussion
The campimetry was performed by the oculo-
kinetic technique so as to be able to use a fixed
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test stimulus, thereby eliminating the need for
manually moving the stimulus using a wand,
which would have caused a shadow on the
background, and which could also have resulted
in tilting of the stimulus. A moving fixation
target was used instead of several printed num-
bers on the screen, as previously described, so as
to prevent bias caused by the patient memorising
the numbers associated with disappearance ofthe
stimulus.22 Contrary to routine conventional
practice, the stimulus moved centrifugally.
Although it is well known that isoptres are
different when the direction of stimulus move-
ment is from seen-to-unseen compared with
unseen-to-seen, pilot studies had indicated that,
when the percentage change in isoptre eccen-

tricity is considered according to the above
mentioned formula, the same results were
obtained whether the location of appearance or
disappearance of the stimulus was determined.
One of the principal findings of this study was

that the eccentric visibility of black stimuli was
less than that of white stimuli of equivalent size.
There are several possible explanations for this
phenomenon. Firstly, light scatter from the
bright surface into the adjacent dark surface on
the campimeter may have caused geometrical
change in the perceived sizes of the stimuli, the
apparent size of the black stimulus being smaller
compared with the white stimulus. Secondly, the
light stimuli moved through relatively dark
adapted, and correspondingly more sensitive
parts of the visual field than the dark stimuli,
which were presented to bleached parts of the
retina. This explanation is implausible in view of
the fact that the black stimulus was less visible
than the white one even with a grey background.
Furthermore, the phenomenon was observed
under photopic conditions.
An alternative explanation for the reduced

visibility ofthe dark stimulus may be the fact that
it depended mainly on off centre ganglion cells,
which in the central field are less abundant than
on centre ganglion cells (that is, in a ratio of
approximately 1-2:3). Similar psychophysical
differences between these two parallel visual
pathways have previously been reported for
foveal vision with regard to target detection rates
and reaction times.23 24 In addition, electrophysio-
logical differences between these two channels

have been observed.2526 We are unaware of a
previous report of perimetric asymmetries
between on and off pathways. If the black
perimetric stimulus is indeed testing the off
pathway, it may prove to be superior to conven-
tional luminous stimuli. Glaucoma, for example,
is believed to affect the peripheral contrast
sensitivity, which is the functional result of the
balance between on and off pathways.'927 28
The second finding of this study was that the

visibility of the black stimulus was perceived by
the subjects as being more constant under vary-
ing lighting conditions than that of the white
stimulus. This difference was observed even
when the same grey background was used for
both stimuli. One reason for this finding may be
that at the two different levels ofillumination the
differences in the amount ofthe light reflected by
the black and white stimuli surface were not
constant. However, both type of stimuli main-
tained the same equal and opposite sign lumin-
ance (Weber's) contrast at each illuminance level
(Fig 1). Therefore an alternative explanation is
that on and off systems may behave differently
with changing levels of ambient illumination.
The practical significance of this difference is
that standardisation of the ambient illumination
may be less important when perimetry is per-
formed with dark stimuli on a bright background
than vice versa. This would render the dark
perimetric stimulus superior to the conventional
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light stimulus when visual field examination is
performed in the community and in other situa-
tions where it is difficult to maintain standardised
and constant lighting conditions.

In conclusion, this study has shown that the
black perimetric stimulus is less visible and more
stable under variable lighting conditions than the
light stimulus. Whether such differences result
from the differential stimulation ofthe on and off
visual pathways merits further study.
Dr David Keating helped us on the statistical evaluation of the
results. We were financially supported by International Glaucoma
Association.
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