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ABSTRACT

We developed a psychophysical paradigm for the clinical assessment of the contrast sensitivity (CS) mediated by the
ON- and OFF-systems of the Magnocellular and Parvocellular pathways. We designed a stimulus considering two di-
mensions: two spatial frequencies (0.5 and 4.5 cpd) and two temporal rates of flicker (33 ms and 1500 ms). To evidence
the ON- and OFF responses, the CS was measured for two polarities of light with luminance changes of 0.6 dB steps
above and below the medium luminance grey background. We tested 38 healthy volunteers. The results shows that
Magnocellular contrast sensitivity was higher than Parvocellular for the 33 ms flickering stimulus and the Parvocellu-
lar contrast sensitivity was higher than Magnocellular for 1500 ms stimuli. The reliability of the test was checked and
confirmed. We concluded that the test performs a rapid measurement of the CS mediated by the ON and OFF systems of
Magnocellular and Parvocellular pathways. 1t is useful in clinical protocols due to its high sensitivity and good reli-

ability.
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1. Introduction

The visual system evolved to recognize objects in the
environment from patterns of light and dark in the retina
by processing the luminance differences (contrast) at the
boundaries of objects and their backgrounds. The visual
system has two main neural pathways to detect changes
in luminance. One pathway is activated by increments of
light—the ON-system; and the other pathway is activated
by decrements of light—the OFF-system [1].

An important morphological feature of the ON and
OFF retinal systems starts within the inner plexiform
layer (IPL). Two segregated layers receive the cone in-
puts in which the ON and OFF cone-bipolar cells make
their synaptic contacts with the ON and OFF ganglion
cells (Figure 1). The OFF cone-bipolar cells synapse with
the OFF ganglion cells at the more proximal sublayer
(region called sublamina a) while the cone-bipolar ON
cells synapse with the ON ganglion cells at the more dis-
tal sublayer (sublamina b) [2-4].

The differences between the pathways are also physio-
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logical and functional. Similarly to the photoreceptors,
the ON cone-bipolar cells are depolarized during the
light stimulation while the OFF cone-bipolar cells are
hyperpolarized. The origin of this difference has been
related to differences in expression of the glutamate re-
ceptors in the ON- and OFF bipolar cells’ membrane [5].
Another difference identified is regarding to the cell re-
sponse firing rate. The ON cells have a more linear and
faster response to the stimulus than the OFF cells [6].
Responses of ON and OFF systems are found in the
two major pathways involved in the luminance process-
ing: the Magnocellular (MC) and the Parvocellular (PC)
pathways [7]. Distinct characteristics of the MC and PC
responses to stimulus size and time of presentations are
reported. The MC pathway is vigorously activated by
low spatial frequencies (i.e. large stimulus elements)
whereas the PC pathway is activated by high spatial fre-
quencies (i.e. small stimulus elements) [8]. The MC path-
way activation is also related to objects with low contrast
and rapidly changing the stimuli, while the Parvocellular
pathway is relatively insensitive to rapid movement
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Figure 1. The morphological feature of the synapses strati-
fication of the ON- and OFF-bipolar cells (B) at the inner
plexiform layer (IPL) of retina. Thet respective connections
with the cones (C) and the ganglion cell (G) originates the
bright and dark detection subsystems.

changes and clearly defined patterns or objects [8]. In
addition, the psychophysical correlates of the character-
istic signature of MC and PC pathways were obtained by
manipulating the luminance and the time of the stimuli
presentation [9].

The electrophysiological demonstrations for a separate
activity of MC and PC pathways in humans were ob-
tained by varying the spatial frequencies and the time of
stimuli presentation [10]. The differential properties of
the MC and PC pathways make it possible to infer the
relative role of those pathways in the capacity to dis-
criminate contrast levels at different spatial patterns,
usually evaluated by the contrast sensitivity function mea-
surement.

Electrophysiological and psychophysical studies have
been addressed to assess the ON and OFF systems by
measuring response to motion [11-13] and contrast stim-
uli [14-16]. The conclusion of these studies is that the
role of the ON and OFF systems is to optimize the trans-
fer of changes in luminance signs from the retina to the
visual cortex.

Discrepancies between the ON and OFF responses
have been reported and point to a discretely better per-
formance of the OFF system. Contrast sensitivity thresh-
olds for the OFF stimulus measured by moving targets
reached the stable values before those for the ON stimu-
lus suggesting that the discrimination of direction is more
strongly dependent on spatial displacement for decree-
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ments than increments of light [12]. Another study illus-
trates discrepancies in detection of incremental and
decremental stimuli since responses to a rapid-off
sawtooth pattern yielded a higher contrast sensitivity than
those to a rapid-on sawtooth pattern at low and middle
temporal frequencies [14]. However, the asymmetry ob-
served between ON and OFF systems is not fully con-
firmed. Authors have been pointing out that: first—linear
ON cells could provide graded responses to decrements
of light; second—both ON and OFF cells could signal
decrement of light; third—since there are many cell types
at each level of the visual pathway it is difficult to point
precisely where the response asymmetry between the
systems arises [6].

With regard to the selective assessment of the MC and
PC visual pathways, a recent psychophysical test was
designed to measure the contrast sensitivity mediated to
MC and PC pathways [9]. However, the time to conclude
the test is very long, making it difficult to use it for
clinical purposes.

Our aim in this study is to develop a psychophysical
paradigm for the rapid assessment of contrast sensitivity
(CS) mediated by the ON- and OFF divisions of the MC
and PC pathways. Although the previous studies had
measured the Magno-Parvo contribution to contrast sen-
sitivity and other the studies measured the responses of
the ON and OFF systems, a method for the fast psycho-
physical assessment of the contrast sensitivity mediated
by the ON and OFF systems of MC and PC pathways has
not been previously suggested. Normative data based on
non-parametric tolerance limits were also calculated.

It is clinically relevant to evaluate the contrast sensi-
tivity function mediated by ON- and OFF-systems of MC
and PC pathways. There are many retina and eye dis-
eases that could affect the gross function of MC and PC
pathways [17-25] or diseases that produce selective im-
pairment in ON- or OFF-systems such as as melanoma-
associated retinopathy [18], X-linked retinitis pigmentosa
[26], congenital stationary night blindness [27,28] and
Duchenne Muscular Dystrophy [29].

2. Materials and Methods
2.1. Equipment

The stimuli were generated with the software Psycho for
Windows (v.2.36) installed in a PC with a 14-bit resolu-
tion graphic board (VSG visual stimulus generator v. 2/4)
both from Cambridge Research System (Rochester, Kent,
UK) and were displayed on a 19 in. Triniton GFD-420
(Sony, Tokyo, Japan) color monitor. The display resolu-
tion was set at 800 X 600 and the refresh rate was 100 Hz
non-interlaced. Measurements of spectral data, lumi-
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nance, chromaticity, and the correlated color temperature
for each color channel were performed with a spectrora-
diometer (CS-1000 Konica Minolta, Inc., Osaka, Japan)
with the detector flush to the screen. The luminance out-
put of the screen was calibrated using the measurements
of a luminance meter (LS-110, Konica Minolta Sensing,
Inc., Osaka, Japan). Screen uniformity was checked at
the maximum output.

2.2. Spatial and Temporal Configurations

The rationale for the measurement of the contrast sensi-
tivity mediated selectively by the Magnocellular and
Parvocellular pathways is as follows: since PC cell re-
sponses are tuned to high spatial frequencies and low
temporal rate of flickering and the MC cells have the
opposite response, i.e., they are tuned to low spatial fre-
quencies and high temporal rates of flicker [25], we de-
signed stimuli with variables in these two dimensions.
The stimuli were spatial patterns of different sizes and
could be presented at different temporal rates of flicker.
Considering the differences in the responses of cells from
the MC and PC pathways, it is assumed that the low spa-
tial frequency stimuli are more selective to the MC
pathway and that the middle to high spatial frequencies
stimuli are more selective to the PC pathway.

Luminance contrast sensitivity was measured using a
black-white checkerboard pattern. The visual stimuli
were squares of 4 x 4° visual angle presented on a back-
ground with an average luminance of 34.4 cd'm” at the
viewing test distance of 1 meter. The area of the back-
ground was 10° Two checkerboard sizes were tested: 0.5
cycles per degree (cpd) (designed for MC activation) and
4.5 cpd (designed for PC activation). The stimuli were
presented at two temporal frequencies: 1500 ms and 33
ms. Similar considerations regarding which of the visual
pathways is tuned to the spatial frequencies, apply to the
temporal domain. It is assumed that the PC pathway is
more selective to the low temporal frequencies and that
high temporal frequencies stimuli are more easily proc-
essed by the MC pathway [25]. To avoid visual adapta-
tion to the checkerboard pattern, a full-screen stimulus of
uniform gray was presented during 300 ms after each
spatial stimulus presentation.

In order to selectively activate the ON- and OFF-sys-
tems, the contrast sensitivity was measured for two light
polarities (increments and decrements of light) with lu-
minance changes in steps of 0.6 dB departing from the
medium luminance grey background. For increments of
light the stimulus varied between grey and white—ON
system. For decrements of light the stimulus varied be-
tween grey and black—OFF system. Since the polarity of
light was modulated from a fixed medium level of lumi-
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nance, the contrast was defined as a Weber contrast
(AL/l), where [ is the luminance of the grey background
and Al is the difference between the background and the
increment or decrement of light.

The test consisted of trials composed by one checker-
board spatial frequency and one modulation (between
grey and black/ white) with the two temporal conditions
33 ms (30.3 Hz) and 1500 ms (0.67 Hz): 0.5 cpd meas-
uring contrast for increment and for decrement of light;
4.5 cpd measuring contrast for increment and decrement
of light. Thus, we perfomed 4 blocks of tests (2 trials x 2
contrasts) (Figure 2).

2.3. Procedure

Subjects sat in a comfortable chair at 1 meter from the
monitor screen and they were instructed to keep their eye
fixation in a small black cross centered on the screen. No
head stabilization was used. Ophthalmological patchs
(Oftan, AMP, Sao Paulo, Brazil) were used to cover one
of the eyes. A period of five minutes of adaptation to the
mean grey luminance preceded the contrast sensitivity
measurements. The test always began with a descending
trial (starting with an infrathreshold stimulus) and was

33 0or 1500 ms

300 ms

30or 1500 ms

Figure 2. The chessboard stimuli used to assess the low fre-
quency (0.5 cpd/Magnocellular) and high frequency (4.5
cpd/Parvocellular) patterns. The ON subsystem was as-
sessed with a modulation between white and gray and the
OFF subsystem was assessed with a modulation between
black and gray (upper panel).
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followed by the ascending trial (starting with a su-
prathreshold stimulus). The temporal condition was ran-
domly chosen by the software at each stimulus presenta-
tion.

Contrast sensitivity determination was made for each
one of the 4 blocks using the method of adjustments pro-
cedure. Contrast changed in 0.6 dB steps at the rate of 1
step every 2 seconds and the subject’s task was to ver-
bally notify the examiner when the pulsing squares ap-
peared (ascending trials) or disappeared (descending tri-
als). The CS was calculated as the mean of the contrast
values measured by the three ascending and descending
trials. The test was performed monocularly in a randomly
selected eye, in a darkened room. A total 4 block tests
were performed in 10 - 15 min.

2.4. Test Reliability

Test reliability was estimated by a comparison of the
contrast sensitivity measurements in a test-retest design.
The retest of the contrast sensitivity measurements was
performed in a sample (n = 7, 4 male) of the volunteers
with a mean interval of one month (+ 4 days) between
the first and the second measurements. The retests were
also performed monocularly in the same eye and condi-
tions than the first test.

2.5. Participants

We tested 40 subjects recruited among the University of
Sdo Paulo students and staffs. They were divided ac-
cording to their age in three group: 18 - 30 yrs (n = 23;
mean = 24.0 SD = 4.6; 14 males); 31 - 45 yrs (n = 11;
mean = 38.4 SD = 4.2; 5 males); and 4 subjects aged
between 52 and 57 yrs (mean = 54.5 SD = 2.4; 2 males)
were considered as the third group. All patients under-
went a complete ophthalmological examination, include-
ing best-corrected visual acuity measurement, slit-lamp
biomicroscopy and optic disc evaluation with the pupils
dilated, with a 78-diopter lens. Inclusion criteria were
best-corrected visual acuity of 20/20 or better measured
monocularly at 4 meters using an ETDRS chart—tum-
bling E (Xenonio, Sao Paulo, Brazil), refraction of < 3.0
diopters considering the spheric equivalent of astigma-
tism values, absence of ophthalmological diseases and
absence of known neurological and systemic diseases.
Smokers and users of alcohol (defined as more than 1
daily dose) were excluded. The study was approved by
the Ethics Committee of the Institute of Psychology,
University of Sao Paulo, and all subjects gave a signed
informed consent to participate in the experiment. All
were naive to the specific experimental question. This
study is also in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki. Table 1 pre-
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sents the subjects” demographic data (leftmost columns).
3. Results

The contrast sensitivity measured for each volunteer in
each tested condition is shown in Table 1 (rightmost
column). Comparisons within groups showed statistical
differences for PC ON (H = 8.22, p = 0.016) and PC OFF
(H=9.36, p = 0.009), indicating that the older group had
lower contrast sensitivity than the other two groups. For
MC ON and MC OFF conditions we found a nonsignifi-
cant tendency of reduction of contrast sensitivity for the
older groups. These results are shown in Figure 3.

For the following analysis, we considered only the
group of subjects between 18 - 30 years, since the power
of the statistical results was very high (Power = 0.998; ¢
= 2.01 calculated for a = 0.05) compared to the 31 - 45
group (Power = 0.09; ¢ = 2.44 calculated for o = 0.05)
and to the 46 yrs group (Power = 0.07; ¢ = 3.18 for a =
0.05).

The mean contrast sensitivity did not differ between
the ON and OFF measurements for both MC and PC
conditions. This result is summarized in Table 2.

In the comparison between the MC and PC contrast
sensitivity results measured at different flicker rates, we
found statistical differences. For the 33 ms flicker, MC
contrast sensitivity was higher than for PC in both ON (¢
= 7.89; p < 0.001) and OFF (¢ = 9.19; p < 0.001) con-
ditions. For the 1500 ms flicker, the opposite effect was
observed, i.e., the PC contrast sensitivity was higher than
that measured for MC, in both ON (¢ = 11.96; p < 0.001)
and OFF (¢=10.21; p < 0.001) conditions (Figure 4).

Comparisons between the mean of the measurements
of the contrast sensitivity for the 33 ms and 1500 ms
stimulus flicker were statistically different for all condi-
tions MC ON (¢ = 5.38; p <0.001), MC OFF (¢ =4.78; p
<0.001), PC ON (¢ =15.11; p < 0.001) and PC OFF (¢ =
14.10; p < 0.001) responses (Figure 5).

Since the contrast sensitivity was higher for the low
spatial frequency stimulus at 33 ms and for the mid spa-
tial frequency stimulus at 1500 ms, we performed the
statistical analysis considering only the measurements in
which the contrast sensitivity was evidencing a stronger
MC or PC mediation: for MC (0.5 cpd) we considered
only the 33 ms stimuli and for PC (4.5 cpd) we consid-
ered the 1500 ms stimuli for both ON and OFF meas-
urements.

3.1. Tolerance Limits

Normative values were calculated based on a non-para-
metric statistics for the 18 - 30 and 31 - 45 groups, but
not for the older group due to the small number of sub-
jects (n = 4). We considered the normal range the values
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Table 1. Demographic data and contrast sensitivity results.

Controls 18 - 30 Magno-ON Magno-OFF Parvo-ON Parvo-OFF
ID Eye Gender Age VA 33ms 1500ms 33ms 1500ms 33ms 1500ms 33ms 1500 ms
1 D M 30 20/20 55.4 40.2 57.7 28.8 42.9 68.2 43.6 95.4
2 E M 29 20/20 77.5 43.4 59.4 79.8 50.5 101.0 31.3 124.0
3 D F 22 20/16 60.0 43.0 85.0 44.4 27.7 110.0 29.4 83.0
4 E F 23 20/20 40.5 35.0 51.2 46.4 37.8 85.5 233 70.0
5 D F 25 20/20 41.8 41.6 43.8 36.1 28.0 70.8 24.9 59.4
6 E F 26 20/20 44.7 433 443 42.7 25.7 77.6 23.2 83.7
7 D M 29 20/20 52.6 38.3 41.3 29.9 20.6 91.9 223 69.7
8 E M 28 20/20 41.4 32.0 31.9 26.5 242 81.4 22.0 67.7
9 D F 29 20/20 56.7 42.6 77.4 48.8 25.2 77.3 23.1 71.6
10 E M 30 20/20 75.3 48.2 84.7 40.9 28.8 108.0 334 131.0
11 D F 26 20/20 54.7 379 57.3 36.6 24.8 77.1 18.2 58.3
12 E F 25 20/16 334 28.5 39.4 27.3 31.1 108.0 19.4 91.6
13 D M 18 20/20 59.7 39.8 56.3 425 32.0 60.0 33.7 76.5
14 E M 17 20/16 58.9 41.0 74.4 43.4 30.4 99.5 324 111.0
15 E F 28 20/20 41.7 332 45.4 36.4 21.2 58.9 20.4 55.9
16 D M 29 20/20 97.7 47.4 97.5 56.1 34.4 91.0 43.6 96.9
17 E F 23 20/20 75.7 50.8 85.3 54.1 36.8 114.0 41.2 118.0
18 D M 24 20/20 40.3 38.0 43.9 422 21.7 63.9 21.4 65.1
19 E M 19 20/20 38.7 30.9 48.7 42.6 21.4 62.8 21.0 59.6
20 D F 18 20/20 41.8 41.6 43.8 36.1 28.0 70.8 24.9 69.4
21 E F 19 20/20 44.7 433 443 42.7 25.7 77.6 23.2 83.7
22 D M 18 20/20 342 20.4 35.2 23.2 31.6 77.8 334 73.1
23 E F 18 20/16 43.0 37.7 47.3 30.9 223 499 253 56.1

Controls 31 - 45 Magno-ON Magno-OFF Parvo-ON Parvo-OFF
ID Eye Gender Age VA 33ms 1500ms 33ms 1500ms 33ms 1500ms 33ms 1500 ms
24 D M 35 20/20 70.5 50.2 70.8 48.9 40.4 83.1 45.0 82.0
25 E F 34 20/20 48.2 344 51.7 43.4 42.0 93.0 32.1 94.9
26 E M 42 20/20 35.1 36.0 40.7 36.5 30.2 80.0 26.3 84.8
27 D F 35 20/20 30.5 29.6 35.4 36.6 23.8 77.3 21.92 71.7
28 E F 43 20/20 32.6 93.7 38.9 40.5 25.2 86.8 28.8 120.0
29 E F 44 20/20 32.1 36.0 35.7 39.4 29.4 93.3 25.5 83.8
30 E M 42 20/20 47.0 42.4 45.1 40.0 41.2 124.0 41.5 72.9
31 D M 41 20/20 62.3 39.1 70.6 42.6 25.7 52.6 22.5 86.7
32 D F 35 20/20 31.9 30.7 30.5 33.2 16.9 53.4 19.2 63.0
33 E F 39 20/16 48.0 473 55.0 51.3 36.4 127.0 42.3 138.0
34 E M 32 20/20 422 43.4 59.4 79.8 50.5 101.0 313 124.0

Controls + 45 Magno-ON Magno-OFF Parvo-ON Parvo-OFF

ID Eye Gender Age VA 33ms 1500ms 33ms 1500ms 33ms 1500ms 33ms 1500 ms
35 D M 57 20/20 24.1 27.0 22.0 25.7 15.1 51.1 17.6 59.8
36 E F 56 20/20 21.0 18.2 324 30.3 11.4 49.8 13.9 50.0
37 D F 53 20/20 51.1 33.8 58.5 39.8 21.0 70.7 21.8 60.6
38 E M 52 20/20 53.2 30.2 60.9 32.7 19.7 45.1 19.4 48.7
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spatial frequency (Parvo) protocols in combination with the ON and OFF paradigms. For high spatial frequency a statistical
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Table 2. Results of the mean comparison by the student t test.

Magno ON X Magno OFF Parvo ON X Parvo OFF

33 ms t=-1.85;p=0.078 t=1.25;p=0.223

1500 ms t=-0.86; p=0.398 t=0.17; p=0.864
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PON33  PONI500 POFF33 POFF1500

Figure 5. Average contrast sensitivities measured for their
MC (top) and PC (bottom) protocols. Lines connecting the
two flicker rates show opposite slopes. The steeper slope
present in the PC protocol data suggests a better isolation
for this than for the MC visual pathway.

between 5 and 95 Percentiles, corresponding to 1.96
times the standard deviation in the standard normal curve.
These values are shown in Table 3.

3.2. Test Reliability

Test-retest was performed in 7 subjects from group 18 -
30 (age mean = 25.5 £+ 3.9 yrs; 4 males). No statistical
difference was found between the contrast sensitivity of
the test and retest measurements for MC ON (7'=11.0, p
=0.611), MC OFF (T'=8.0, p=0.310), PC ON (T'= 12.0,
p = 0.735) and PC OFF (T = 10.0, p = 0.498) (Wil-
coxon Test). Table 4 shows the contrast sensitivity meas-
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ured for each subject in both test and retest conditions.
4. Discussion

A rapid assessment of the contrast sensitivity for incre-
ment and decrement of light was successfully measured
for the two spatial frequencies used, 0.5 and 4.5 cpd. The
total time to test the 4 trials was between 10 and 15 min-
utes, which is compatible with clinical applicability of
this test.

Low spatial and high temporal frequencies in lumi-
nance contrast profiles are related to the Magnocellular
function. On the other hand, high spatial and low tempo-
ral frequencies are related to Parvocellular function
[8,25]. The different stimulus sizes used in our protocol
showed to be selective for the Magnocellular and Parvo-
cellular contribution to contrast sensitivity. A detailed
account of MC and PC selectivity is presented in the fol-
lowing sections.

Clinical relevance for the study MC and PC pathways
and their respective ON and OFF subsystems is well
documented in the literature. Many diseases of eye and
retina could affect the function of MC and PC pathways.
Alterations in the contrast sensitivity mediated by the PC
pathway were evident in patients with ocular hyperten-
sive glaucoma using sinusoidal gratings but no losses in
the MC pathway were detected [19]. In another study,
however, Anderson & OBrien [17] found a reduction in
the PC and in the MC pathways measuring resolution
acuity with high spatial frequency pattern reversal grat-
ing and with stationary sinusoidal gratings. In fact, clini-
cal tests have contributed to show most of examples of
separate functioning of the MC and PC visual pathways
[8,17,19,25]. It has also been possible to successfully
isolate the MC and PC contribution to contrast sensitivity
in healthy subjects using the pedestal paradigm but the
time to complete the protocol is long [9,18,21,23,30].

Based on the results of these studies we believe that an
appropriate paradigm to measure with more selectivity
the MC and PC pathways contribution to the spatial
processing of visual stimuli needs to be introduced. An
advantage of the present paradigm over those discussed
above is to provide rapid psychophysical assessment of
the contrast sensitivity mediated by MC and PC path-
ways and their respective ON and OFF subsystems, al-
lowing its use for clinical evaluations and protocols.

4.1. Selectivity to MC and PC Pathways

Differences in the luminance spatial contrast sensitivity
between the MC and PC pathways are well described in
the literature. According to Merigan & Maunsell [8] and
Demb et al., [25] the MC pathway is tuned to detect low
spatial and high temporal frequencies whereas the PC
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Table 3. Tolerance limits of contrast sensitivity.

Percentile Magno ON Magno OFF Parvo ON Parvo OFF
Age 18- 30 95% 85.0 93.4 118.3 125.8
5% 20.2 19.3 45.4 36.9
Age 31- 45 95% 70.2 76.7 136.0 140.6
5% 17.1 20.4 40.6 46.2
Table 4. Test-retest contrast sensitivity results.
Controls 18 - 30
Magno ON Magno OFF Parvo ON Parvo OFF
'° test retest test retest test retest test Retest
1 69.7 55.4 66.3 57.7 65.0 68.2 71.5 55.4
2 79.0 77.5 64.4 59.4 80.4 101.0 71.6 118.0
4 355 41.8 40.8 43.8 58.2 70.8 59.6 69.4
5 38.5 44.7 43.4 443 106.0 77.6 71.7 83.7
10 75.3 74.7 84.7 83.3 108.0 92.9 131.0 79.7
19 40.3 41.3 439 44.8 63.9 75.9 65.1 111.0
20 38.7 46.3 48.7 47.3 62.8 70.6 59.6 85.0

pathway is tuned to high spatial and low temporal fre-
quencies.

The differences in the contrast sensitivities between
the low (0.5 cpd) and the middle (4.5 cpd) spatial fre-
quencies used suggest that our procedure measures sepa-
rately the luminance spatial contrast sensitivities medi-
ated by the MC and PC pathways. For increment and
decrements of light, the results obtained at low spatial
frequency stimuli showed higher mean contrast sensitivi-
ties for stimuli with high temporal frequency (33 ms)
compared to those with low temporal frequency (1500
ms). These results strongly suggest that our low spatial
frequency protocol is selective for the responses of the
MC pathway, which, according to Merigan & Maunsell
[8], is tuned to low spatial and high temporal frequencies
(see Figure 5). The opposite occurred for the stimuli
designed to activate the PC pathway. For increment and
decrement of light the results obtained with the high spa-
tial frequency stimulus showed mean contrast sensitivity
higher for the low temporal frequency (1500 ms) com-
pared to the high temporal frequency (33 ms). These re-
sults strongly suggest that our high spatial frequency
protocol is selective for responses of the PC pathway,
which is tuned to high spatial and low temporal frequent-
cies.

The smaller difference in the CS measurements ob-
served between the fast (33 ms) and slow (1500 ms) tem-
poral frequencies in the MC compared to the PC protocol
could be explained based on the spatial harmonics pre-
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sent in both stimuli. In the checkerboard pattern, higher
harmonics are present during stimulation. For the low
spatial frequency stimulus (0.5 cpd) the third harmonic
(1.5 cpd) could weaken the MC selectivity increasing the
CS measured for the longer temporal duration. The same
effect is, of course, present in the PC stimuli (4.5 cpd).
However, the third harmonic (13.5 cpd) is more selective
for the PC pathway and its contribution would increase
the longer temporal duration stimulus and consequently,
increase the difference between the CS measured for
faster and longer stimuli presentations.

The reduced contrast sensitivities for the older subjects
were found only for the high spatial frequency stimulus
(Figure 3). This result could indicate that the PC path-
way was more affected than the MC pathway by changes
caused by aging in the optical and retinal structures.

There is an evident relevance for the development of
clinical tools for assessment of contrast sensitivity medi-
ated by MC and PC pathways. Recently, an increasing
number of studies have shown impairment in early-stage
processing of visual information. This impairment is not
only related to retina and eye diseases like glaucoma [17,
21,31-33] ambliopia and strabismus [34], melanoma-as-
sociated retinopathy [24,18,28], X-linked retinitis pig-
mentosa [26,35], congenital stationary night blindness [28],
and neurological diseases as migraine [30] or Duchenne
Muscular Dystrophy [29], but also to the neurocognitive
or high-level of cortex processing disorders, such as
schizophrenia [36,37], autism [38-40], working memory
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impairment [41] and dyslexia [25,42-45].

An important advantage of our methodology is a fast
and reliable measurement of contrast sensitivity sepa-
rately mediated by MC and PC pathways and, in addition,
with the same measurement, we can extract the ON and
OFF subsystems light contribution to the early stage
processing of the spatial vision information.

4.2. Selectivity to ON and OFF-Systems

Light increments and decrements are processed by dif-
ferent subgroups of the visual pathways. The segregation
of the response to light begins at the level of the bipolar
cells of the retina [4]. Studies using psychophysical and
electrophysiological paradigms measured the responses
of ON-and OFF systems to motion [11-13,46] and to
contrast stimuli [16].

Although the ON and OFF systems are supposedly de-
signed to optimize the transfer of luminance changes to
the visual cortex, they are not symmetrical in their func-
tion and differences in the ON and OFF responses have
been reported. A psychophysical study measuring con-
trast sensitivity using moving targets suggested that the
direction discrimination is more strongly dependent on
spatial displacement for decrements than for increments
of light [12]. An electrophysiological study using VEP
techniques concluded there is an advantage for detection
of decrements as compared to increments of light [14].

The asymmetries in contrast sensitivity that we meas-
ured for MC and PC pathways were in line with the
asymmetries of ON and OFF responses reported by these
studies. Contrast sensitivity was higher for OFF compar-
ing to ON stimuli. Although no statistical difference was
found, a tendency for difference was clear.

The clinical relevance for the ON and OFF system
evaluation lies in the fact that there are retinal diseases
that affect only one of the systems. Melanoma-associated
retinopathy [24], X-linked retinitis pigmentosa [26],
congenital stationary night blindness [27] and Duchenne
Muscular Dystrophy [29] are examples of diseases that
affect the ON-pathway but not the OFF-pathway. A psy-
chophysical test adapted for clinical usage, with faster
and reliable protocols, could help clinicians to diagnose
and study the functional losses of these diseases.

4.3. Clinical Protocol Design

We suggest that the protocol for clinical application
should contain only the conditions in which the contrast
sensitivity maximized MC or PC activation: for the MC
condition (0.5 cpd) the 33 ms stimulus should be used
and for the PC condition (4.5 cpd), the 1500 ms stimulus
for both ON and OFF systems measurements. This sim-
plification of the procedure from the original testing pro-
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tocol reduces the testing time in almost half without loss
of the main information. It is important to stress here that
clinical tests should be easy to understand, since there are
patients with low formal education level. Also, the test-
ing time should be as short as possible, since elderly
people and chronic patients frequently have a lower fa-
tigue threshold.

Shortening of the test protocol helps to meet clinical
difficulties in psychophysical assessment of visual func-
tions. In the proposed protocol contrast sensitivity medi-
ated by the MC and PC pathways in the ON and OFF
subsystems can be measured in a 10 minute test.

The test-retest reliability was very consistent despite
the number of subjects tested. For all MC and PC medi-
ated contrast sensitivities and also for the ON and OFF
systems measurements very similar results were found.

Statistical tolerance limits are the limits in which we
expect a stated proportion of the population to lie. Tol-
erance limits of the normal range were calculated based
on the 5th and 95th Percentiles (see Table 3). However,
the number of subjects in the older group was not suffi-
cient to allow us to determine the tolerance limits and
more volunteers are need.

In conclusion, our contrast sensitivity test can provide
a rapid measurement of the Magnocellular and Parvocel-
lular pathways contribution to the contrast function. Ro-
bust responses were obtained for both Magnocellular and
Parvocellular pathways and also for the ON- and OFF-
subsystems. The protocols were adapted for clinical use
and patients could complete the tasks without difficulty.
We believe that this contrast sensitivity test can contrib-
ute to more accurate studies of the spatial vision proc-
essed at early stages of the visual pathways and also to a
more refined analysis of the retina and visual pathways
damage in disease processes.
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