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NORMAL CONTRAST SENSITIVITY IN 200 CHILDREN AGED SEVEN

TO 13 YEARS

ANNE FITZGERALD, pipAppsc({Cumb), DOBA

University of Sydney Department of Clinical Ophthalmology., Save Sight and Eye Health instituie

Abstract

The Vistech YCTS 6000 and 6500 fests are designed to accurately assess contrast sensitivity under a
specified ifumination. A normal range of contrast sensilivities was provided by Vistech for both lests based
on results from 300 subjects ranging in age from 10 to 70 years. As conlrast sensitivity varies with age
it was hypothesised that the narmals given may not have accurately reflected contrast sensitivity for chil-
dren. Two hundred children between the ages of seven and 13 years {with 6/6, N5 vision and no strabismus)
were assessed with both tests. Results show that subjects in this age group are more sensifive to low
contrast for high spatial frequency gratings than the test normals suggested.
Key words: Contrast sensitivity, Vistech chart, normais, chidren, CSF.

INTRODUCTION

As objects in the visual world are not usually
made up of black outlines on a white background
like letters on a conventional visual acuity chart,
visual acuity measurement tells the examiner
nothing about the visibility of objects larger or
smaller than the letters on the chart or objects
that are not 100% contrast. As a result contrast
sensitivity tests are being used to assess the ability
to recognise subtle shadings on low contrast
backgrounds. As the targets (gratings) vary in
size and orientation and in the number of repeats
of the pattern (spatial frequency) as well as
contrast, much more information can be gained
about visual capabilities.

Contrast refers to the differences between the
maximum and minimum luminance of the
grating, It is defined by Michelson as

¢ = (Lmax — Lonin)/ (L + Lin)
where c is contrast, L;,,, is maximum luminance
and L_; is minimum luminance. Michelson

contrast ranges from zerc (no contrast) to one
(100% contrast or black on white).*

Contrast sensitivity at high spatial frequency
(narrow gratings) is needed to see fine detail and
small print and it has been demonstrated that
high spatial frequency resolution is related to
above average Snellen acuity. Low and middle
spatial frequencies have been correlated with the
ability to see large low contrast targets. Recog-
nition of human faces depends heavily on low
spatial frequencies.?* Patients with defective low
to middle contrast sensitivity and normal high
contrast sensitivity can therefore see the bottom
line of a vision chart (which indicates normal
vision) but may not see large objects on a low
contrast background.

Assessment of contrast sensitivity is an impor-
tant diagnostic tool for assessing visual deficit
in a number of conditions. These include
amblyopias~’ refractive error and astigmatism,®
glaucoma,® cataract,'® macular disease,'
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- Figure 1: VCTS evaluation form (reproduced with permission
from Vistech Inc).

multiple sclerosis'? and optic neuritis," corneal
oedema’® and cerebral lesions.'s

There are a number of different techniques
available for the assessment of contrast sensi-
tivity, the most recently introduced are the
printed photographic test stimuli. These tech-
niques are cheaper and quicker to administer and
simpler to design than the tests that use visnal
display unit {(VDU) stimulation.

The first of the printed photographic tests was
developed by Arden and produced by the
American Optical Company and were therefore
known as the AO plates. Many investigators have
criticised the AOQO plates because they were
designed for screening thus they only tested up
to 6.2 cycles per degree. In order to test contrast
sensitivity in patients with vision that ranged
from normal to near blindness, stimulus
contrasts that ranged f{rom near normal
threshold values (0.003) to a maximum of 1.00
were needed. As the contrast range did not
extend to the very high spatial frequencies many
patients with visual problems performed
normally on the AO plates.'®

Ginsburg'” (1984) developed a set of plates
known as the Vistech VCTS system, The Vistech
VCTS 6000 and 6500 contrast sensitivity tests

measure the subjects ability to detect bands or
gratings of various spatial frequencies and
different contrasts under specified illumination
at 1/3 mand 3.05 m, respectively. The minimum
contrast at which the grating can be seen is
known as the contrast threshold and contrast
sensitivity is the reciprocal of the contrast
threshold.

The Vistech tests come with evaluation forms
(see Figure 1) and an overlay (represented by
dotted lines) showing the normal range of
contrast sensitivity in patients tested binocu-
larly."® This normal range is based on a sample
of 300 people ranging from 10 to 70 years of age
measured under specific luminance condi-
tions."-?° (For each row the mean was assessed
and the upper and lower boundaries of the
normal range represented the 5th and 95th
percentiles.)'® According to the Vistech manuais
the contrast sensitivity of normal individuals age
50 years and younger with no visual complaints,
should fall in the upper half of the normal
range.m,zo

Many authors have demonstrated that contrast
sensitivity increases throughout childhood then
decreases with old age; mostly at mid and high
spatial frequencies.*?'-3®* Another author
suggested that contrast sensitivity did not alter
with age.*

Diagnosis of reduced sensitivity in the Vistech
tests is based on the lower limit of the normal
range as indicated by the overlay. As the age
range that these normals were based on was a
predominantly older population that varied
greatly in age it was considered that the Vistech
normals may not accurately reflect the normal
contrast sensitivity for school children between
the ages of seven and 13 years. This paper
reported the findings of contrast sensitivity using
the VCTS 6000 and 6500 on 200 children in that
age range.

METHOD

Two hundred and twenty five children who
attended the same primary school were selected
to form the normal population. A random
computer allocation of the order of all testing
procedure was done for all 225 children, with
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each child being issued with a case number as
they came into the room for testing. Classes were
selected at random throughout the testing time.

Visual acuity assessment, cover test and Lang
sterco tests were performed in random order on
each child. Of the 225 children, 200 had
monocular visual acuity of 6/6 (Snellen’s linear
chart), N5 (reefding chart) with each eye without
optical correction and no strabismus, and were
thus included in the study group to have their
contrast sensitivity tested. The mean age of the
children was 10.34 years and none of the chil-
dren had had previous exposure to the tests.

Contrast sensitivity testing procedures were
exactly the same as those used by Vistech.'?®
The order of testing {ie VCTS 6000 or VCTS
6500 performed first) was randomised. Both tests
were conducted binocularly using uniform and
constant illumination between 30-50 ft-L. Light
intensity readings from one area of the chart to
another and from the VCTS 6000 to the VCTS
6500 were within 5 °© of pointer movement of this
range. As long as the readings were in this range,
results could be compared with the Vistech popu-
lation normals.

Both Vistech tests had 40 sine wave grating
targets. Each target consisted of a number of
bands (sine waves) which either pointed upwards
(0°) or were tilted 15° to the right or left of the
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Figure 2: VCTS evaluation form showing normal CSF curve.
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vertical position. Subjects were asked to identify
the orientation of the bands in each target they
could see in each row in turn. The orientation
of the bands was randomised along each row to
help control for guessing. The mean luminance
of the targets was 90 cd/m’ and the mean
luminance of the surround was 125 cd/m?.

The targets were divided into rows A, B, C,
D and E each consisting of eight targets. All the
targets in a given row had the same spatial
frequency (band width) and a different contrast.
The spatial frequencies were row A; 1.5
cycles/degree, row B; 3 cycles/degree, row C; 6
cycles/degree, row D; 12 cycles/degree and row
E; 18 cycles/degree.

The highest contrast targets (with a contrast
threshold of 0.1) were found at the left hand end
of each row (in column 1). Targets became
progressively lower in contrast across to the right
of the chart. In each row targets were numbered
one to nine with the lowest contrast targets being
in column eight. In column nine there were no
bands. .

Results of each test were recorded on Vistech
contrast sensitivity evaluation forms with the
target number marked with ““x”* in each column
corresponding to the lowest contrast target orien-
tation correctly identified by the subject in each
row. The ““x’s*’ were connected by a line forming
a curve known as the contrast sensitivity func-
tion (CSF) curve (see Figure 2). The curve was
the graphic representation of spatial contrast
sensitivity as a function of the spatial frequency
of the gratings. On the evaluation forms the
horizontal axis represented spatial frequency
with the lowest spatial frequency row (Tow A}
being on the left hand end of the axis. The
vertical scale on the left gave the log of the
contrast sensitivity. The vertical scale on the right
gave the log of contrast threshold (one/contrast
sensitivity).

To be able to directiy compare the results of
the contrast sensitivity tests to the Vistech norms
the normal range was assessed using percentiles,
The 5th and 95th percentiles were calculated for
each row of the tests.??

The nuill hypotheses were that the CSF curve.
would not be affected by whether the child was
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Figure 3a: Normal contrast sensitivity function curve, 5th
and 95th percentiles (black lines) for children aged seven to
13 years for VCTS 6500 (3.05 m).
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Figure 3b: Normal contrast sensitivity function curve, 5th
and 95th percentiles (black lines) for children aged seven to
13 years for VCTS 6000 (1/3 m).
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assessed firstly at near or distance test or by the
sex of the child (ie the independent variables).
To ascertain whether these independent vari-
ables would effect the scores analysis of variance
(ANOVA) was used. This analysis was perform-
ed using Statsoft CSS Complete Statistical
Package; Statsoft, 1987. The significance level
used was 0.05. (If p<0.05 then it was not very
likely that the result had arisen by chance.)

RESULTS

For every child the minimum contrast seen for
each different spatial frequency (that is each
different row) was recorded on an evaluation
form,

The mean score was calculated for each row
as were the 5th and 95th percentiles (see figures
3a and 3b). Scores that fell within this range were
considered to be within normal limits (see Tables
1 and 2). From the mean scores a normal con-
trast sensitivity function curve was constructed.
This normal range of scores could be directly
compared to the normal ranges of the Vistech
form.

These results have clearly demonstrated that
for children between the ages of seven and 13
years, contrast sensitivity for high spatial
frequencies (narrow bands, rows D and E) was
much higher than the range suggested by the
Vistech normals. Thus children appreciated these
targets at much lower contrasts than was previ-
ously realised. As a result the shape of the
contrast sensitivity function curve for children
differed from the shape of the curve for the 10
to 70 year old subjects tested by Vistech. These
findings agreed with the findings reported for 325
children aged six to 12 years.®

The normal range for mid spatial frequencies
{row C) showed a mixed result. The lower limit
of the normal range for both the tests were
slightly lower than the Vistech normal range. The
upper limit of normal was the same as the Vistech
normals.

The maximum sensitivity to contrast (peak
contrast) occurred at six cycles per degree for
both the VCTS 6000 and the VCTS 6500. This
maximum sensitivity is similar to the maximum
sensitivity in adults on the VCTS tests.
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TABLE 1 .
Scores, Means and 5th and 95th Percentiles of Cases Achieving Each Score for the VCTS 6500 (3.05 m}

Score* Row A Row B Row C Row D Row E
4 3 1 4 0 9
5 134 38 26 22 67
6 33 129 142 134 110
7 10 30 27 42 i3
8 0 1 L 2 i
Mean 5.350 6.005 5.975 6.120 5.645
5th percentile 4.6 4.7 4.7 5.1 4.5
95th percentile 6.5 7.2 7.2 7.3 6.9

*Score refers to the target number of the lowest contrast target seen by the subject.

Results in this study were obtained testing
subjects binocularly. Ross et al*® reported only
minimal improvement in contrast sensitivity in
adults when tested binocularly rather than
monocularly.

Analysis of variance revealed that sex had no
effect on the score in any of the rows (p>0.05)
and, in addition, the order of testing had no
statistically significant effect on the scores (anal-
ysis of variance showed p>0.05 in all rows).

DISCUSSION
The study has clearly demonstrated that for chil-
dren aged between seven and 13 years old,
contrast sensitivity to high spatial frequency
gratings is much higher than has been previously
reported. This finding has been supported by a
separate study conducted by the author in which
another population of 325 children between the
ages of six and 12 years old were assessed.®?

A number of other studies which have assessed
the contrast sensitivity in adults*?!-3° have
demonstrated a higher sensitivity at the high
spatial frequencies in young adults.

Using VDU screens, a number of authors have
demonstrated an improvement in contrast sensi-

tivity with age.*®27-3° [n the other series of 325
normal children conducted by the author, resulis
demonstrated that contrast sensitivity improved
with age up to 10 years old. In this study the
effect of age on contrast sensitivity within the
study population was not investigated as there
was an uneven distribution of cases in each age
group.

Arden®' reported that age does not influence
results in a study carried out on patients aged
from 11 to 70 years using the AQ plates monocu-
larly. Findings from most studies do not agree
with Arden’s, however, this could be explained
by the fact that the AQ test only measures
contrast at relatively low spatial frequencies from
0.2 up to 6.4 cycles/degree. The Vistech test
measured contrast sensitivity with higher spatial
frequency gratings (up to 18 cycles per degree).
The increased sensitivity in the seven to 13 year
age group occurred only in the high spatial
frequency gratings which were not used in the
AQ test.

The peak sensitivity in this study was found
to oceur at six cycles per degree for both the
VCTS 6000 (1/3 m) and the VCTS 6500 test
(3.05 m). A similar finding has been reported by

TABLE 2

Scores, Means and 5th and 95th Percentiles of Cases Achieving Each Score for the VCTS 6000 (1/3 m)
Score* Row A Row B Row C Row D Row E
4 29 3 13 0 8
5 144 67 62 12 53
6 26 113 102 176 132
7 0 15 22 11 7
8 1 0 1 1 ;
Mean 5.00 5.71 5.68 6.005 5.735
5th percentile 3.8 4.6 4.2 5.3 4.6
95th percentile 6.2 6.8 7.1 6.7 6.5

*Score refers to the target number of the lowest contrast target seen by the subject.
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several other researchers using the Vistech tests
on children and adults.?*-** However, when using
VDU display techniques to assess peak CSF a
number of authors®™?%* found the peaks
occurred at lower spatial frequencies around four
cycles per degree.

CONCLUSIONS

The finding of increased contrast sensitivity for
narrow stripes in children between the ages of
seven and 13 has obvious clinical application.
Children who had a low score in the high spatial
frequency gratings were previously thought to be
within normal limits. Following this study it is
apparent that they are not within normal limits.
Contrast sensitivity at high spatial frequency (12
to 18 cycles/degree, rows D and E) is affected
in a number of conditions commonly affecting
children. These include amblyopia, refractive
error and astigmatism. As these conditions can
cause unnecessary and permanent visual loss it
is most important that appropriate norms be
used when testing contrast sensitivity in this age
group. '
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