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Monocular deprivation boosts long-term visual plasticity
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Monocular deprivation (MD) has been widely used to measure plasticity in the early visual
system [1]. It is widely known that during an early critical period of an observer’s life, the
ocular dominance in the primary visual cortex is severely disrupted when measured
immediately after the offset of MD. In contrast, hardly any change was observed when MD
is conducted after the critical period [2]. Here we report that long-term plasticity occurred
significantly more rapidly with the non-deprived eye than with the deprived eye of human
adults when induced by training on a visual task conducted after three-day MD. Thus, the
present results challenge the long-standing view that MD has no long-term influence on the
visual function of normal adults.

The experiment consisted of pre-MD test, MD, post-MD test, and training stages (Figure
1A; see the Supplemental Information available on-line with this issue for details). In the
pre-MD and post-MD test stages, subjects’ (N = 4) performance was measured on a contrast
detection task (Supplemental Figure S1A) separately for each eye. In the MD stage, one of
the subjects’ eyes was occluded with an eye-patch for three days during which the subjects
performed no task. We found no significant effect of test (pre-MD versus post-MD tests),
eye (deprived versus non-deprived), or their interaction (Supplemental Figure S1B),
indicating no effect of MD or eyes on task performance before training.

Following the post-MD test stage, subjects underwent 12-day training on the same detection
task in a separate trial for each eye. Despite some degree of variability, the same tendency
was observed across the subjects (Figure 1B). While performance for the non-deprived eye
was generally better than for the deprived eye in the early and middle periods of the training
stage for all subjects, performance levels were similar between the eyes in the late period
(Figure 1B). Significant differences were observed in the early (paired t-test, #=0.015) and
middle (P= 0.001) periods, but no significant difference in the late period (= 0.380)
(Figure 1C). These results suggest that MD selectively modulates the speed of performance
improvement.

Did MD hoost performance for the non-deprived eye, or impair performance for the
deprived eye? To address this question, four new subjects participated in a control
experiment, in which no MD was conducted during a three-day interval between the pre-
and post-test stages. Mean performance for the non-deprived eye among the experimental
subjects was significantly better than that of control subjects in the middle period (unpaired
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t-test, P=0.039), but not in the early (P=0.124) or late (£ = 0.480) periods (Figure 1C). No
significant performance differences were observed between the deprived eyes of
experimental subjects and control subjects for any period (P> 0.315). That is, MD
selectively boosted visual plasticity for the non-deprived eye without significantly
influencing an initial level of visual performance before the onset of training. MD in adults
can modulate subsequent plasticity.

Recent studies of adult vision have reported no or only slight visual function changes after
MD [1,2]. Such changes, if any, lasted for a very short time (~3 h) [3,4]. In contrast, the
boosting effect found here lasted for several days, which was longer than previously
reported. While some studies suggest a plastic change after MD [5,6], it is unclear whether
the change was caused by MD itself or by the training imposed during the MD stage. In
contrast, our results clearly demonstrate that MD itself induced a greater degree of plasticity,
as there was no training during the MD stage and that MD’s subsequent boosting effect on
perceptual learning lasted for several days. These findings are important, because MD has
been used under the assumption that it does not change the long-term plasticity of adult
vision.

What is the underlying mechanism for the boosting effect? In a normal adult, cross-
inhibition occurs from each eye [7]. The boosting effect suggests that no cross-inhibition
from the deprived to non-deprived eyes during MD reduces effectiveness of plasticity brake,
which is usually effective after the offset of a critical period [1]. If so, the facilitation of
visual plasticity after binocular deprivation [8] may be due to the removal of mutual
inhibitions between the two eyes. Moreover, the improvement in performance with an
amblyopic eye as a result of occluding the fellow eye [5] might be at least partially
accounted for by this boosting effect, although the combination of training with an
amblyopic eye and deprivation of the fellow eye may be more effective [5,7].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Experimental design and training results after MD.

(A) Experimental procedure. (B) Training results for each subject (logistically fitted). (C)
Mean (xSEM) performance in each period for the deprived eye, non-deprived eye, and
control subjects during the training stage (see Figure S1C for performance for each eye).
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