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TU Dresden, Fachrichtung
Psychologie

Angelika Shamshinova
and Tamara Kaschtschenko
Helmholtz Institut Moskau

Wilfried Mascolus
TU Dresden, Fakultät Informatik

Lutz Pillunat
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ABSTRACT Introduction: The paper presents selected results of a prospective
multicenter study. The reported study was aimed at the evaluation of a software-
based stimulation method of computer training applied in addition to occlusion as
a complementary treatment for therapy-resistant cases of amblyopia. The stim-
ulus was a drifting sinusoidal grating of a spatial frequency of 0.3 cyc/deg and
a temporal frequency of 1 cyc/sec, reciprocally coordinated with each other to
a drift of 0.33 deg/sec. This pattern was implemented as a background stimulus
into simple computer games to bind attention by sensory-motor coordination
tasks. According to an earlier proposed hypothesis, the stimulation aims at the
provocation of stimulus-induced phase-coupling in order to contribute to the
refreshment of synchronization and coordination processes in the visual trans-
mission channels. Materials and Methods: To assess the outcome of the therapy,
we studied the development of the visual acuity during a period of 6 months.
Our cooperating partners of this prospective multicenter study were strabologic
departments in ophthalmic clinics and private practices as well. For the issue of
therapy control, a partial sample of 55 patients from an overall sample of 198
patients was selected, according to the criterion of strong therapy resistance.
Results: The visual acuity was increased about two logarithmic steps by an oc-
clusion combined with computer training in addition to the earlier obtained
gain of the same amount by occlusion alone. Recalculated relatively to the
duration of the therapy periods, the computer training combined with occlu-
sion was found to be about twice as effective as the preceding occlusion alone.
Discussion: The results of combined computer training and occlusion show an
additional increase of the same amount as the preceding occlusion alone, which
yielded at its end no further advantage to the development of visual acuity in
the selected sample of our 55 therapy-resistant patients. In a concluding theo-
retical note, a preliminary hypothesis about the neuronal mechanisms of the
stimulus-induced treatment effect is discussed.
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FIGURE 1 Example of a typical screenshot of the training software. In the foreground, as an example, a car game is performed by the
patient, while his or her amblyopic eye is stimulated by the sinusoidal drifting grating pattern in the background of the computer screen.

INTRODUCTION
Since Sattler (1927) re-introduced into the practice

of applied strabology the occlusion of the lazy eye, this
method was indisputably accepted as the gold standard
of amblyopia therapy. Complementary, a system of vi-
sual exercises and stimulation methods in support of
the standard occlusion treatment had been developed
(Bangerter, 1953; Campbell et al., 1978; Cüppers, 1960;
Otto & Rabethge, 1980; Otto & Stangler, 1969). The
presented report is aimed at the question of whether
a computer-based modification of such visual training
might be of value as a supportive method for the treat-
ment of therapy-resistant cases, for example, of late am-
blyopia.

Meanwhile, computers have got available at home
in our children’s disposition at home. Accordingly, the
visual training can be carried out in the private area of
the patients. In view of this, an interdisciplinary team,
including partners of the Dresden University’s ophthal-
mologic clinics, the department of psychology, and the
faculty of informatics, developed a software-based vi-
sual stimulation system for the complementary treat-
ment of amblyopia (Kämpf et al., 1996, 1997; Kämpf
et al., 1998; Kurze et al., 1996; Muchamedjarow et al.,
1997).

Figure 1 shows a screen shot of the training soft-
ware displaying a computer game in the foreground of
the monitor that demands motor coordination and/or
sensory fixation performance from the children. This
gaming activity serves for attention binding, which had
been previously proven to be a decisive factor for the
success of visual training exercise. At the same time,
background stimulation is provided by a sinusoidally
contrast-modulated drifting grating pattern of constant
spatial and temporal frequency. Due to such periodic-
ity, the drifting stimulus grating is assumed to induce
resonance within and between certain band-pass filter
systems of visual transmission channels (see Appendix).

After a successful placebo-controlled clinical pi-
lot exploration of the proposed computer training
(Kämpf et al., 2000, 2006; Kämpf & Muchamedjarow,
1996; Kämpf, Muchamedjarow, & Seiler, 2001a, 2001b;
Kämpf, Muchamedjarow, Brockmann, & Sadowicz,
1999; Kämpf, Muchamedjarow, Brockmann, Henke, &
Sadowicz, 1999), the present paper was written as a
preliminary report about selected results of a prospec-
tive multicenter study. The selection criterion for the
reported results is motivated by the issue of therapy
control. Applying PC-based training, the aim of our
study was in no way to generally challenge occlusion
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therapy as a standard method for amblyopia treatment;
rather it was aimed at the question for the value of
complementary to occlusion computer training for therapy-
resistant cases, especially for such of late amblyopia. In
accordance with this objective, our preferred condition
for the therapy control was not the usual placebo versus
treatment group design, as had been applied in earlier
clinical pilot studies (Kämpf et al., 2000, 2006; Kämpf
& Muchamedjarow, 1996; Kämpf, Muchamedjarow,
& Seiler, 2001a, 2001b; Kämpf, Muchamedjarow,
Brockmann, & Sadowicz, 1999; Kämpf, Muchamed-
jarow, Brockmann, Henke, & Sadowicz, 1999). Depart-
ing from that we chose a post-hoc design for the pur-
pose of therapy control in which a sample of patients
was selected according to the criterion of strong ther-
apy resistance, that is, achieving no further progress at
the end of a more or less long-lasting period of occlu-
sion therapy. Therefore, these patients served as their
own “matched pairs” for the comparison of standard
occlusion versus additional computer training.

MATERIALS AND METHODS
The reported results were selected from a prospective

multicenter study. A total of 198 patients participated
in the study, which was supported by a number of co-
operating ophthalmologic centers. The patients had to
fulfill an initial start-up treatment of 1 week under su-
pervision of an orthoptist in the ophthalmology depart-
ments. Subsequently, they continued the training dur-
ing 6 months at home, being monitored for evaluative
purposes by our collaborators from the study centers.

The patients trained at a distance of 60 cm from a
computer monitor. In the background of the screen a
drifting grating was presented while a computer game
was played in the foreground. The set of the games
included, for example, driving a racing car against on-
coming traffic, or maneuvering a rocket under me-
teor bombardment. The stimulation was performed
by a drifting sinusoidal grating, which was contrast-
modulated in gray nuances from black to white. Its
dynamic modulation according to the drift rate fol-
lowed a time frequency of 1 cyc/sec and a spatial fre-
quency of 0.3 cyc/deg, reciprocally coordinated with
each other to an angular drift rate of 3.33 deg/sec.
According to the prospective design of our study,
the variation of the stimulus parameters explored
was limited to the listed parametric conditions that
proved effective by the pilot research (Kämpf et al.,

2000; Kämpf et al., 2006; Kämpf & Muchamedjarow,
1996; Kämpf, Muchamedjarow, & Seiler, 2001a, 2001b;
Kämpf, Muchamedjarow, Brockmann, & Sadowicz,
1999; Kämpf, Muchamedjarow, Brockmann, Henke, &
Sadowicz, 1999; Kämpf et al., 1998; Kämpf et al., 1996,
1997; Kurze et al., 1996; Muchamedjarow et al., 1997).
The patients were to daily perform two training ses-
sions. Each session consisted of 20 minutes of training.
Additionally, the patients were occluded.

For the assessment of the so-called crowding phe-
nomenon, the test of near vision was performed
by means of the C-test (Haase & Hohmann, 1982;
Hohmann & Haase, 1981) using Landolt rings being
arranged as rows of optical characters that were laterally
and very narrowly stringed together (2,6"). For compar-
ison a measurement of singular optical characters was
carried out. The strict adherence to a distance of 40 cm
was checked up by means of a measuring tape. The test
of the far vision at 4 m distance was performed by means
of Landolt rings that were presented as singular optical
characters. If the technical conditions were appropri-
ate, the far-vision acuity was tested for comparison by
means of row optical characters as well.

For the comparison of pure occlusion treatment
and additional effects of computer training in therapy-
resistant patients, a partial sample of 55 patients were
selected from the 198 participants of our whole study
according to both of the following criteria:

1. Therapy resistance at the end of conventional treat-
ment, that is, no further treatment advances were
finally obtained under occlusion alone.

2. The visual acuity data achieved at the end of occlu-
sion treatment, thus, corresponding to the values at
the beginning of computer training, were the high-
est values they ever achieved by occlusion standard
treatment.

The computer-training results of the selected patients
were compared with their previous visual acuity data,
collected during the preceding occlusion treatment of
different duration. Therefore, we gained retrospective
data about occlusion-therapy success preceding the PC-
training study with regard to these 55 children. To the
selected group of patients belonged 32 boys and 23
girls born from 1988 to 1997 and hence representing
lately detected amblyopia. In their case, no sufficient
visual acuity enhancement could be attained through
previous conventional treatment methods, and in their
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actual situation no further progress of visual acuity was
recorded before starting PC training.

RESULTS
According to the variables of a factor design to be

described below, the geometric means of the visual
acuity data of all patients were calculated. From the
viewpoint of mathematics it is of equal value to use
the logarithmic steps of the visual-acuity data, to calcu-
late the arithmetic mean over the logarithmic steps and
to subsequently de-logarithm these arithmetic means
(Bach & Kommerell, 1980). The arithmetically addi-
tive/subtractive behavior of the logarithms allows for
the use of linear statistics; consequently the logarithmi-
cally transformed data were evaluated by a 2 # 2 # 2
analysis of variance (ANOVA) of three bipolar factors
including the following variables:

1. amblyopic versus normal eyes (AMBNORM)
2. visual-acuity test results before versus after the treat-

ment (PREPOST)
3. by occlusion alone versus together with PC training

(OCCPCS)

Figure 2 presents the mean value of the near-vision
acuity before and after occlusion alone versus before
and after subsequent computer training plus occlusion
measured by rows of optical characters for the ambly-
opic eyes. the preceding occlusion therapy alone (left
two columns) versus combined with an additional to
occlusion computer training (right two columns).

Figure 3 shows the mean value of the far-vision acuity
before and after occlusion alone versus before and after
subsequent computer training plus occlusion measured
by single optical characters for the amblyopic eyes.
Figure 4 presents the analogous data of the eyes with
normal vision for far visual acuity measured with single
optical characters. Because of an insufficient number of
near-vision data, the analysis of variance was carried out
only for far visual acuity of the normal versus ambly-
opic eyes. Table 1 shows the results of this analysis.

Complementary to the absolute visual-acuity gain,
the comparison between the effects of occlusion alone
and the additional PC training was reanalyzed on a
relativistic base. Although the PC training lasted for
a defined time period of 6 months, in contrast, the
preceding occlusion treatment differed over a consid-
erable range of individually different duration values.
The cumulated occlusion duration values for each pa-

FIGURE 2 Geometric means of near visual acuity of the am-
blyopic eyes measured by rows of optical characters before (1)
versus after (2) the preceding occlusion therapy alone (left two
columns) versus combined with an additional to occlusion com-
puter training (right two columns).

tient ranged from 1 month (minimum) up to 120
months (maximum) while the mean value for all pa-
tients amounted to 23.23 months with a standard devi-
ation of 28.80 months. To provide an approximate com-
parison we tried to normalize the results gained through
occlusion by rather different individual amounts to the
relativistic basis of a standardized span of 6 months,
that is, to the duration of our additional to occlu-
sion computer training. The increment gained by oc-
clusion (i.e., the difference between the acuity before
versus after the occlusion treatment) was multiplied
for each patient by the normative time period of the
PC training of 6 months and divided afterwards by
the cumulative number of occlusion months. (This
is, of course, only a rough estimate since we did not
take into account the pauses made between occlu-
sion treatments for individual patients, which lead to
a decrease in the cumulative duration of the therapy).
For these recalculations, we possessed sufficient data
only for the far, but not for near visual acuity. Com-
posing the new factor RELDIF, the normalized pre-
post differences of preceding occlusion alone, recal-
culated from its own absolute scale to relative values
with regard to the time scale of PC training, were
incorporated into the variable FOEDFREL and the ab-
solute pre-post differences of the combined PC training
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FIGURE 3 Geometric means of far visual acuity of the ambly-
opic eyes measured by single optical characters before (1) versus
after (2) the preceding occlusion therapy alone (left two columns)
versus combined with an additional to occlusion computer train-
ing (right two columns).

plus occlusion were incorporated into the variable
FVEDIFF. Their values were compared with the visual
acuity difference of each patient before and after the
6-month training on PC. the preceding occlusion ther-
apy alone (left two columns) versus combined with an

additional to occlusion computer training (right two
columns).

Figure 5 shows the outcome of this comparison pro-
cedure as a relative pre-post difference of visual acuity
in logarithmic steps for the preceding occlusion ther-
apy alone (left two columns) versus combined with an
additional to occlusion computer training (right two
columns).

Table 2 shows the test of contrasts for this difference.
Table 3 shows the geometric mean and standard de-

viation of the normalized relative differences between
the results of preceding occlusion therapy alone versus
combined with computer training.

DISCUSSION
The most important of the reported results was the

increase of about two logarithmic visual-acuity steps
in the pre-/post-comparison for the amblyopic eyes,
which was approximately of the same amount for the
6 months of PC training combined with occlusion as
for the whole occlusion-alone treatment before. In or-
der to correctly estimate this result, one should keep
in mind that the preceding occlusion alone produced
at its end, that is, at the beginning of the PC train-
ing, no further progress to the development of visual
acuity in the selected sample of our 55 therapy-resistant
patients.

FIGURE 4 Geometric means of far visual acuity of the normal eyes measured by single optical characters before (1) versus after (2)
the preceding occlusion therapy alone (left two columns) versus combined with an additional to occlusion computer training (right two
columns).
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TABLE 1 Analysis of variance for the far-vision of the amblyopic versus normal eye (AMBNORM) measured by single optical characters
before and after (PREPOST) occlusion therapy alone vs. combined with subsequent computer training (OCCPCS).

Effect Value F df hypothesis df error Significance

OCCPCS .642 69.930 1 39 .000 +
AMBNORM .678 82.177 1 39 .000 +
PREPOST .642 69.930 1 39 .000 +
OCCPCS by AMBNORM .519 42.084 1 39 .000 +
OCCPCS by PREPOST .014 00.543 1 39 .466 $
AMBNORM by PREPOST .519 42.084 1 39 .000 +
OCCPCS by AMBNORM by PREPOST .000 00.001 1 39 .976 $

Table 1 presents the analysis of variance, which re-
lates to the data obtained by single optical characters
for far visual acuity in comparison of the amblyopic
and normal eyes. The analysis of variance came out
in a significant main effect for the factor OCCPCS,
originating from the fact that occlusion and PC train-
ing started up from considerably different base values.
Moreover, the approximately equal difference of visual
acuity achieved from these rather different base levels
with both methods accounts for the significant main
effect in the factor PREPOST showing no significant
interaction with the factor OCCPCS. Thus, we have
to underline that the half-year PC-training support of

FIGURE 5 Pre-/post differences in logarithmic steps (dB) of the
far visual acuity assessed by single optical characters for the pre-
ceding occlusion alone normalized by recalculation in relation to
a span of 6 months (left column) versus for the computer training
combined with occlusion (right column).

continued occlusion after stagnant visual acuity devel-
opment yielded an increase of approximately the same
amount as the occlusion alone applied for many years
before. Complementary, we observed a significant in-
teraction between the factors AMBNORM and PRE-
POST, which we attribute to the fact of a selective vi-
sual acuity augmentation caused by the therapy, namely
on the amblyopic and not the normal vision eye. In
case of normal eyes it is evident that their visual acu-
ity alternations before and after the treatment, as as-
sessed by the different measurement methods, are of a
rather minor dimension if compared with amblyopic
eyes. Therefore the visual acuity of normally function-
ing eyes shows no changes during the training, since
the pre/post differences are limited to less than half of
one logarithmic visual-acuity step. Moreover, we found
a significant interaction between the factors OCCPCS
and AMBNORM resulting from the different growth
of the acuity levels of the amblyopic and not of the
normal eyes during the courses of occlusion alone ver-
sus additional computer training. The graphic analysis
of the data for normal eyes during the therapy indi-
cates that neither occlusion alone nor the additional
PC training do affect the visual acuity of the normal
eye in any negative way. Small increases in the course
of the therapy are marginal and can be ignored in the
present context.

All in all, the results of prior clinical and fur-
ther pilot investigations were confirmed and the

TABLE 2 Test of within subjects’ contrast for the relative differ-
ences of occlusion therapy alone vs. combined with subsequent
computer training

Sum Mean
Effect Square df Square F Significance

RELDIFF 16.184 1 16.184 3.935 .055
error (RELDIFF) 148.044 36 4.112
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TABLE 3 Geometric mean and standard deviation of the nor-
malized relative differences for the success of occlusion therapy
alone vs. combined with subsequent computer training

Geometric Standard Standard
Variable Mean Deviation Error

1 FVEDIFF 1.9308 1.88493 .30988
2 FOEDFREL .9955 2.59027 .42584

computer-supported visual training according to the
background-stimulation approach under attention-
binding by computer games, which was tested in a
prospective distributed multicenter study by indepen-
dent researchers, proved to be successful as a support-
ive treatment of therapy-resistant amblyopia. The direct
comparison of both therapies (before/after the treat-
ment) in the same sample of selected patients yielded no
significant interaction since the visual acuity enhanced
in both cases about two steps. However, by the com-
puter training combined with occlusion a further visual
acuity augmentation was achieved even though the pre-
ceding occlusion-alone therapy had given no further
progress at its end. Since the data for near visual acu-
ity were not sufficient to carry out an analysis of vari-
ance, the near visual acuity measured in rows of optical
characters was demonstrated only as a graph. Yet this
graph shows essentially analogous relations as seen on
the graph for far visual acuity: both the near and the far
visual acuity were improved thanks to the PC training
by an extra amount of about two steps of visual acuity.
In other words, the computer training improved stag-
nant visual acuity by an additional amount of the same
rate of increase as has been accumulated by the pre-
vious occlusion therapy. The comparative evaluation
of therapy success in the selected sample of patients
indicates that the computer-supported training under
occlusion added to the result, achieved by occlusion
only, an equally considerable augmentation of visual
acuity.

However, the visual acuity values before the begin-
ning of occlusion therapy were collected together post
hoc from patient files in ophthalmologic practices and
therapeutic centers. Since these measurements were col-
lected apart from the scientific context of our study, we
had to deal with the situation that the results of many
years of conventional therapy (often with breaks) had to
be compared with the results of 6 months’ PC training.
Therefore, we had to recalculate the absolute acuity-
gain of rather different occlusion-alone duration into

relative differences “normalized” to a span of 6 months
of occlusion combined with computer training.

Figure 5 displays the logarithmic pre-post differences
achieved by PC training plus occlusion over 6 months
in a comparison with the relative success of the pre-
ceding occlusion alone. For the assessment the latter
had been recalculated from the absolute differences to
this normative range of 1/2 year too. From the recom-
piled data it may be concluded that the rate of visual-
acuity increase achieved within the 6-month period of
PC training was about twice as high as the “normalized”
to a 6-month standard relative acuity-gain of preceding
occlusion alone. A single factor analysis of variance was
performed using the factor RELDIFF compiled from
the variables of the PREPOST-difference found out in
the relative time period with regard to occlusion alone
versus PREPOST-difference of the occlusion with ad-
ditional computer training.

Table 2 shows this factor slightly missing the signifi-
cance level of 5%.

Table 3 shows a probable cause of this failure, namely
that the standardized deviation from the normative oc-
clusion differences was considerably higher than the
deviation of the PC-training differences. This is likely
due to the heterogeneity of the occlusion periods incor-
porated into the re-calculation of the normative effect.

As seen in the absolute and the relativistic increases as
well, a straightforward conclusion can be drawn from
the comparison of occlusion and PC training in the
light of the therapy control. While the occlusion-alone
results stagnated at its end, the 6 months of PC-training
supported occlusion yielded an absolute extra amount
of visual-acuity gain of two steps, that is, of the same
amount as the preceding occlusion treatment (with a
mean of 23.23 months and a standard deviation of
28.80 months). Recompiled into a proper relation to
the treatment duration of 6 months, the relativistic ef-
ficacy of the PC training is suggested to be approxi-
mately twice as high as the result of the occlusion with-
out training.
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Wiesbaden, 1960;S.39–97.

Fries P, Roelfsema PR, Engel AK, König P, Singer W. Synchronized gamma
frequency oscillations correlate with perception during binocu-
lar rivalry in awake squinting cats. Soc Neurosci Abstr. 1996;22:
282.

Haase W. Wert und Unwert der Occlusionstherapie im Rahmen der Schiel-
behandlung. Münch Med Wochenschr. 1978;120: 99–102.

Haase W, Hohmann A. Ein neuer Test (C-Test) zur quantitativen Prüfung
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APPENDIX: A THEORETICAL NOTE
At the end of this paper, a preliminary hypothesis

about the possible neuronal mechanisms of the stim-
ulus effect will be discussed. The prototype for the
proposed computer-based background stimulation was
a repetitive-grating modification of the light stripe ther-
apy derived from a training approach that had been
originally proposed by Otto and Stangler (Otto &
Stangler, 1969). These authors described and confirmed
a beneficial effect of so-called optomotor and/or op-
tosensory stimulation on the fixation stability of am-
blyopic eyes (Otto & Rabethge, 1980; Stangler, 1974).
Modifying the original stimulus, replacing it by the wall-
projection of a cylindrical arrangement of rods turning
around an inner light source, Haase (1978) and Osterloh
(1972) found an amplification of this effect. The shad-
ows of the illuminated rotating rods were exposed to the
patients as a moving-grating pattern, superimposed to a
fixation cross. Thus, the displayed pattern was a slightly
blurred repetitive arrangement of bars, appearing as a
grating of constant spatial and temporal frequency in
continuous motion.

Due to its periodicity, such drifting stimulus grat-
ing is assumed, as a hypothesis, to induce—beyond
the optomotor stimulation effect—an optosensory res-
onance within and between certain complementary
band-pass filter systems of visual-transmission channels.
Constrained to one another in cooperative synergy,
the firing patterns of these complementary channels
are assumed to correspond—roughly speaking—to the
neuronal correlates of visually perceived form (parvo
system, sustained channels) versus motion (magno sys-
tem, transient channels) (Breitmeyer & Ganz, 1972;

Kulikowski & Tolhurst, 1973). The filters of each of
these channels are selectively tuned to a narrow band
of spatial frequencies (Blakemore & Campbell 1969;
Campbell & Robson, 1968) associated with an inversely
tuned temporal frequency range. Due to the opposite
relationship between spatial and temporal frequency
ranges for each of those systems (Kelly, 1984a, 1984b),
the filters associated with form correlates are recipro-
cally tuned, as compared with the filters of motion cor-
relates, in their spectral resolution.

In amblyopia, the transmission coherence of the
channel system, which is supposed to preferably filter
the frequency-modulated correlates of visual form, ap-
pears to be more impaired than that of the complemen-
tary system of channels for the transmission of spectrally
filtered motion correlates. Accordingly, at surface, the
amblyopic vision disorder manifests itself as a dysfunc-
tion of the form channels of high spatial versus low
temporal frequency resolution (Hess & Howell, 1977).
Motion channels of low spatial versus high temporal
frequency resolution (Rentschler et al., 1981) seem to
be comparatively less disordered.

Probably, the observable effects of this coherence
disorder in amblyopia are the so-called “spatial dis-
tortions.” They primarily affect the band pass of high
spatial-frequency filters, as compared with the com-
plementary “crowding phenomenon” within the spa-
tial low-frequency range. From the model of spectrally
filtering the visual input by spatial-frequency bands
(Blakemore & Campbell 1969; Campbell & Robson,
1968), this might be interpreted as a consequence of
coherence losses within the temporally synchronized
cooperation of the visual channels, when transmitting
the visual input’s spatial phase. According to this hy-
pothesis, the amblyopic disorder may be characterized
by decoherent interaction between different channels
rather than by malfunction of the transmission within
singular narrow-band selective channels per se. From
such point of view, the spatial-phase losses are assumed
to be caused by a distortion of the temporal synchro-
nization of this cooperation process (Hess & Bradley,
1980; Hess et al., 1980; McCana et al., 1986), while
the “machinery” of the form versus movement senses
is impaired to a various extent (Rentschler et al., 1981).

From the neuronal aspect, this might be due to an
incapability of the participating cortical clusters to co-
ordinate their excitatory activity by phase-coupling of
the oscillatory discharge patterns in the context of sys-
temic coherent population dynamics. A registration of
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the neuronal activity from the visual cortex of strabis-
mic cats demonstrated that the channels fed by the am-
blyopic eye do not “fire” less intensively than those
of the healthy eye; however, they work disharmonized
and are unable to synchronize their neuronal impulses
(König et al., 1993; Roelfsema et al., 1994). Instead of a
phase-coherent oscillatory discharge pattern, they pro-
duce chaotic discharges, possibly damaging their coop-
eration in course of the binding of visual features (Fries
et al., 1996; Roelfsema et al., 1994; von der Malsburg &
Schneider, 1986). Moreover, the coherence loss of the
neuronal discharge pattern responding to the ambly-
opic eye takes place only by stimulation from grating
patterns of high spatial frequency and not of low spatial
frequency (Roelfsema et al., 1994), so differing from the
normal eye’s discharge pattern being coherent in both
cases of stimulation.

Accordingly, the proposed stimulation (Kämpf et al.,
2001a, 2001b; Kämpf & Muchamedjarow, 1996; Kämpf
et al., 2006) is designed to affect the spatially high and
temporally low frequency-tuned form channels not di-
rectly but collaterally using the cooperative interplay
with reciprocally, that is, spatially low, and temporally
high frequency-tuned motion channels. Complemen-
tary to the fixation-stabilizing optomotoric effect of
the traditional light-stripe stimulation (Haase, 1978;
Osterloh, 1972; Otto & Rabethge, 1980; Otto & Stan-
gler, 1969) we suppose the drifting sinusoidal grating to
support the coherence of cooperative visual processing
due to an optosensoric resonance effect. In order to in-
duce such an effect, the drifting light stripe stimulation
under spatial and temporal periodicity of a limited fre-
quency bandwidth (which is, by the way, characteristic
for certain of the traditional pleoptic training too, for
example, as for the spiral pattern of the centrophor ex-
ercises [Bangerter, 1953; Cüppers et al., 1960]) should
be applied to the disturbed system’s neuronal dynam-
ics as an external order parameter. It is supposed that
the optomotoric and optosensoric effects induced by

the repetitively moving grating stimulus do mutually
interact, taking part in the self-organized cortical dy-
namics by non-linear coupling of so-called neuronal
synfire-chains (Abeles, 1982; Abeles et al., 1993). These
are precisely timed circuits of neurons of up to 500 msec
loop duration and a timing coherence of normally less
than 1 msec. The drifting-grating stimulus is expected
to externally support these processing loops in the vi-
sual brain to regain their normally highly ordered, but
desynchronized in amblyopia, internal coherence. As
a result, the complementary bandwidth-selective filters
of form channels are expected to be resynchronized in
resonance to the motion channels’ system. In view of
our preliminary hypothesis, the internal synchroniza-
tion in the form channels is externally supported via
phase coupling to the repetitive signals provided by the
motion channels.

Independently of the above-presented hypothesis,
the reference to channels of bandwidth-selective visual
filters had been already the topic of an earlier proposal
of supportive amblyopia treatment by grating stimu-
lation. This approach was developed by the British
physiologist Campbell and his team in Cambridge
(Campbell et al., 1978). However, their results were con-
troversially discussed in view of placebo-controlled un-
successful replication attempts (Koskela, 1986a, 1986b;
Linke, 1980; Mehdorn et al., 1980). The Cambridge
stimulator aimed at a direct stimulation of form chan-
nels by gratings of different spatial frequency, thus
omitting the possible synergies induced by resonance
to motion channels. On the contrary, as has been
stated above, the stimulation method we evaluated in
the present paper aims to synchronize the demonstra-
bly decoherent (Fries et al., 1986; König et al., 1993;
Roelfsema et al., 1994) internal systemic dynamics of
the form channels in a roundabout way. Namely, by
resonance-driven phase coupling to intact motion chan-
nels, that is, to their time frequency as an external order
parameter.

U. Kämpf et al. 158

St
ra

bi
sm

us
 D

ow
nl

oa
de

d 
fro

m
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

ax
-P

la
nc

k-
G

es
el

lsc
ha

ft 
on

 0
5/

12
/1

1
Fo

r p
er

so
na

l u
se

 o
nl

y.


