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PURPOSE. We measure neural responses associated with form and motion processing in
children with anisometropia before and after treatment with spectacles and occlusion.
METHODS. In this prospective, case-control treatment study, 10 children with anisometropia
and amblyopia and 16 age-matched visually normal children participated. Steady-state visual
evoked potentials (VEP) were recorded from electrodes over the occipital cortex. The visual
stimulus comprised a horizontal bar grating into which Vernier offsets were introduced and
withdrawn periodically at 3.75 Hz. The VEP amplitude at 3.75 Hz (first harmonic [1F]) and 7.5
Hz (second harmonic [2F]) were recorded to index the sensitivity of form/position-sensitive
versus motion/transient-sensitive neural populations, respectively. Response amplitude at 1F
and 2F were recorded over a series of 10 logarithmically spaced offset sizes before and after
treatment. Main outcome measures are VEP amplitude versus displacement functions,
interocular response amplitude differences.
RESULTS. After relaxing into spectacles (minimally-treated state), form/position-sensitive
responses in the dominant/less ametropic eye of the children with anisometropia were larger
and responses in the more ametropic eye were smaller than those of controls. Motiontransient responses were equal to those of controls in the less ametropic eye, but were
smaller than controls in the more ametropic eye. After treatment, responses did not differ
from those of controls.
CONCLUSIONS. Form and motion responses are differentially susceptible to neural deprivation
via optical blur. Form responses are more plastic than motion responses in minimally-treated
children with anisometropic amblyopia. Most treatment effects occurred above threshold
range, suggesting some treatment effects are not detected clinically.
Keywords: amblyopia, neural plasticity, anisometropia, treatment, human

symmetric visual input during early development leads to
functional losses in the deprived eye and to a lesser extent
in the fellow eye.1–3 Much of our understanding of the
mechanisms underlying such experience-dependent plasticity
has come from animal models where visual input is deprived
through experimental manipulations, such as lid suture,
induced blur, or uncorrelated visual input as in strabismus by
surgery on extraocular muscles. When visual input to one eye is
degraded via lid suture or induced blur, a number of anatomic
and functional changes have been observed in the visual
cortex4–11 and the lateral geniculate nucleus (LGN) in some
reports.6,8,9,12,13 Both manipulations remove high spatial
frequency information from the retinal image in one eye, with
much more dramatic effects occurring as a result of lid-suture.
Both methods result in preferential shrinkage of cell bodies in
the parvocellular division of the LGN and in preferential loss in
parvocellular recipient layers in striate cortex. In the case of
induced optical blur, the magnocellular division of the LGN and
its target layers in visual cortex are relatively spared.8,14
It is relatively common for humans to experience asymmetric optical input during early visual development due to
unequal refractive errors (anisometropia). Unlike the animal

A

models, the exact timing of the visual insult is unknown and an
important confounding variable in many studies of human
amblyopia is that most of what we know about visual functions
in human amblyopia comes from studies performed in adults
long after the initial visual insult and after various treatments
have already been completed. Moreover, the outcome of
amblyopia treatment is variable, adding additional uncertainty.
Thus, the picture of human amblyopia derived from studies
in the visually mature individuals is clouded by a mixture of the
effects of the initial insult, attempts to reverse it, and
assumption that no further changes have occurred between
the end of treatment and the time that the research was
conducted. Conversely, animal models are only approximations
of the human disease because they study abruptly applied
experimental manipulations, rather than naturally occurring
processes. Therefore, these shortcomings make it appropriate
to study developing humans rather than animals, to make the
measurements before treatment has occurred and to control for
the type of amblyopic insult. It also is important to use agematched typically developing individuals rather than fellow
eyes as controls.
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Neural Plasticity in Anisometropic Amblyopia
The visual insult of anisometropic blur comprises the
degradatory effect of the defocused image itself and the neural
deficiency that arises as a result. The process of wearing
spectacles itself reduces the optical defocus and alleviates
partially the magnitude of the entire deficiency. Previous work
has shown that some treatment effect occurs during the period
of wearing spectacles even before occlusion/patching is
undertaken,15,16 (a process initially termed spectacle adaptation16 and later referred to as refractive adaptation15), but
before this occurs the visual acuity can be rather variable as
judged by the fellow eye acuity initially worsening for a time.16
This period of variability usually lasts a few weeks and often is
now referred to as ‘relaxing into spectacles/glasses.’ Therefore,
the purely neural deficit of anisometropic amblyopia was made
shortly after the patient had ‘relaxed into spectacles’ and
although some neural treatment may, indeed, have already
occurred, it will most likely be minimal.
Here we use visual evoked potentials (VEPs) to study the
effects on form and motion processing caused by anisometropia soon after the removal of optical defocus. The cortical
responses we measured are generated simultaneously by a
single stimulus that elicits two distinctive response components, one of which is associated with fine position sensitivity
or the form of the stimulus and the other with motion and/or
temporal transients.17–19 The study population are children
who experienced loss of high-spatial frequency input in one
eye due to chronic optical defocus (anisometropia). Typically
developing children of similar age act as controls. We find that
form/position-specific responses are super-normal in the
dominant (nondeprived) eye and are markedly subnormal in
the nondominant (amblyopic/deprived) eye. Motion/transient
responses, on the other hand, show no difference from normal
in the dominant eye and milder losses in the nondominant eye.
After a period of spectacle and occlusion treatment of the
dominant eye, the form/position signal decreased in this eye
and increased in the nondominant eye. After occlusion, the
motion/transient signals also reduced in the dominant eye, but
no significant change occurred in the nondominant eye. Thus,
anisometropia creates bidirectional shifts in form responses,
but only losses in motion processing. Because form and motion
responses are differentially affected by the insult of anisometropic amblyopia and by treatment, it is likely they arise from
separate neural populations with different developmental
sensitivities.

METHODS
Participants
Ten children with anisometropic amblyopia (four females, aged
5.08–6.92 years, mean 5.62, SD 0.57, median 5.43) participated
in the study. Patients were considered to be anisometropic if a
difference of ‡1.0 diopter sphere in the maximum anisometropic meridian existed between each eye.20,21 Patients were
considered to be amblyopic if their interocular acuity differed
by 0.2 logMAR or more. Patients were deemed to have relaxed
into their spectacles when the acuity in the fellow/dominant
eye was equal or better than that in the unaided state.22 Once
relaxed into spectacles (average wear, 46 days; SD 18) study
data were collected. Visual acuity was measured using the Early
Treatment of Diabetic Retinopathy Study (ETDRS)-style Lea
Symbols chart (catalog number 2503, Precision Vision, Woodstock, IL, USA). The Table provides a summary of the main
characteristics of these participants during the course of the
study.
Sixteen healthy children (eight females, age 0.6–8.6 years,
mean 5.14, SD 2.38, median 5.50) acted as normal controls
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(normals). They had normal monocular and binocular vision
and no previous history of amblyopia, patching, or intermittent
strabismus. Fifteen of these children contributed data recorded
under related but different stimulus conditions than used in a
prior study.19
VEP testing in this study occurred for normal controls at the
point of recruitment, and for children with amblyopia testing
occurred immediately after full relaxation into spectacles
(‘‘initial visit’’) and then again after recognition visual acuity
of the nondominant eye failed to improve further after
continued treatment with spectacles and occlusion therapy
as needed (‘‘outcome visit’’). Local ethical committee approval
was obtained and each observer provided fully informed
consent. The research complied with the principles of the
Declaration of Helsinki.

Stimulus Generation and Apparatus
Details of the apparatus and basic signal acquisition and
processing operations have been described in detail in
previously18,19 and are described here only briefly. The
stimulus we used is a variation of a target introduced by
Zemon and Ratliff to study nonlinear spatial interactions.23 A
series of spatial offsets were introduced and withdrawn
periodically at 3.75 Hz from a collinear set of bars. Evoked
responses were measured as the magnitude of the offsets was
swept over a range of values spanning the perceptual threshold
and well beyond it. In the primary test condition, the image
alternated between a perfectly collinear pattern and a pattern
with an increasingly large set of offsets. We have shown
previously that this pattern alternation results in an evoked
response that contains even and odd harmonics of the 3.75 Hz
stimulus frequency. Furthermore, we have shown that the odd
harmonics and especially the first harmonic response (1F) are
specific to the relative form/position of the static and moving
display elements. The even harmonics and especially the
second harmonic (2F) index the motion and contrast/transient
responses.19 The even harmonics also may contain Vernierrelated activity that is nonlinear.
The stimulus used for this study is described schematically
in Figure 1 and comprised a rectangular area of 13.58 3 148.
Vernier offsets were introduced vertically within a horizontally
oriented square wave grating (2 cpd). The display comprised
equal height regions of moving and static bars, with the
distance between offsets being 0.508. The size of the offset was
swept in logarithmic steps over a 10-second recording period
divided into 1-second epochs termed ‘bins’. The sweep range
began with 0.5 to 8 arc min offsets and the range was increased
for patients with amblyopia who failed to produce a
measurable Vernier acuity threshold for the initial sweep
range. The trial began with a 1 second ‘‘prelude’’ whose value
was the same as the first bin in the sweep. The prelude was
included to eliminate the initial transient evoked response that
occurs when the pattern first appears. Three to six trials were
averaged for each stimulus condition.

Stimulus Schematic: VEP Recording and Statistical
Analysis
The EEG was amplified by 50,000 over an amplifier pass-band
of 1 to 100 Hz (6 dB) using Grass P511 amplifiers. The
sampling rate was 600 Hz (16 bits). The electrode montage
consisted of Oz, O1, and O2 each referenced to Cz. Spectrum
analysis was used to extract the amplitude and phase of the
evoked response at the first (1F) and second (2F) harmonics of
the stimulus frequency as these were the largest and most
reliable response components. The absolute values of these
complex spectral components at each displacement amplitude
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Patients 1, 7, and 10 did not provide Outcome VEP data. Dom, dominant; Nondom, nondominant; P, patient; SO, spectacle and occlusion treatment; S, spectacle treatment only.
* Referred from external clinic immediately after spectacle prescription; therefore, unaided acuity not available.
† Spectacle only treatment required of total 119 days.
‡ Defaulted from study after providing initial data, and did not provide outcome acuity data.
§ Calculation not possible as first spectacle wear commenced before initial entry to research project but had not worn spectacles before this time.
jj Did not provide outcome acuity data.
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TABLE. Summary Characteristics of Participants With Amblyopia

Refraction

Spectacle Adapted
Acuity, logMAR

Spectacle
Adaptation,
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Outcome acuity
(logMAR)
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were averaged across subjects within the two groups being
compared. Error bars were estimated by boot-strapping, taking
the standard deviation of 5000 random resamplings of subjects
with replacement within each group. The statistical significance of differences between the two groups at each
displacement was evaluated by a t-test for two samples with
unequal variance. For the response functions, a four-parameter
descriptive function was fit to the mean of each resampling of
subjects during the bootstrap procedure above. The fourparameter descriptive function for the VEP response amplitude
(y) as a function of displacement (x) was:
y ¼ ymin þ

ymax
1 þ ðxhalf =xÞm

where parameters were estimated using the Optimization
Toolbox in MATLAB (Mathworks, Natick, MA, USA).

RESULTS
Initial Visit Evoked Responses
VEP data were collected after the patients had relaxed into
their spectacles (average wear, 46 days; SD 18). At this initial
VEP visit, the children with anisometropia had best-corrected
visual acuities of 0.48 (SD 0.17) logMAR in the nondominant
eye and 0.08 (SD 0.08) logMAR in the dominant eye. Each
normal observer capable of logMAR acuity (n ¼ 12) had a mean
logMAR visual acuity of 0.05 (SD 0.11) left and 0.03 (SD 0.10)
right eye and normal stereopsis on testing with Frisby Near
stereo test plates. Mean stereo acuity in those capable (n ¼ 9)
was 29 (SD 22) arc sec.
VEP response functions plotting evoked-response amplitude versus stimulus displacement are shown in Figure 2 for
data collected at the initial visit. Figure 2A plots functions
obtained at 1F of the stimulus frequency (position/form signal).
Here the maximal response amplitudes in the dominant eyes of
the children with anisometropia (blue curve, Fig. 2A) are
approximately 7 lV at the largest displacements, compared to
approximately 4 lV in the right eye of normal-vision, agematched control eyes (black curve, Fig. 2A). By contrast, the
simultaneously recorded second harmonic (Fig. 2B) showed no
difference between the dominant eyes of the children with
anisometropia and the normal-vision controls (compare blue
versus black curves, respectively, in Fig. 2B).
The corresponding response functions for the nondominant
eyes of the children with anisometropia are shown in Figures
2C and 2D, with data from the children with anisometropia
again plotted in blue and the data from the left eyes of normalvision, age-matched controls shown in black. The response
from the nondominant (amblyopic) eyes of the children with
anisometropia showed no relationship to displacement amplitude, with the amplitude measured at 1F being approximately
2 lV at all displacements (blue curve, Fig. 2C). As noted above,
maximal amplitudes in the normal-vision eyes of the agematched controls reached approximately 4 at the largest
displacements (black curve Fig. 2C). By contrast, at 2F, the
group response function for the nondominant eye of the
children with anisometropia, curve is clearly measurable (blue
curve in Fig. 2D), but the function is shifted rightward by a
factor of approximately 2 from the normal-vision response
functions shown in black.

Initial Visit 1F/2F Dominant/Nondominant-Eye
Response Functions
To compare response patterns between the children with
anisometropia to the normal-vision age-matched controls, we
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amplitudes at 1F in the dominant eyes of the children with
anisometropia were larger than those of the normal-vision, agematched controls for the three bins (between 1 and 4 arcmin)
of the sweep (see Fig. 4A, blue curve). There were no
measurable differences between groups in the dominant eye at
this study time point for the 2F response (blue curve, Fig. 4B).
In the nondominant eyes, the responses of the children with
anisometropia were significantly lower than those of the
normal vision, age-matched controls in last five bins of the
sweep (Fig. 4C, blue curve). There were no differences
between groups in the nondominant eye 2F response (Fig.
4D, blue curve).
Taken together, the larger than normal 1F responses in the
dominant eyes and smaller than normal 1F responses in the
nondominant eyes account for the large interocular differences
shown in Figure 3A. By contrast with the 1F responses, the
amplitude differences between groups at 2F were small and
not significantly different from controls in dominant and
nondominant eyes.

Significance of Between Group Differences
FIGURE 1. Schematic illustration of the stimulus. Vernier offsets were
introduced and withdrawn from a 2 c/deg bar grating at 3.75 Hz. The
magnitude of the offsets was systematically swept over 10 equal
logarithmically spaced values over a period of 10 seconds.

first calculated response functions on the basis of ‘withinsubjects’ interocular differences in amplitude. Interocular
differences are clinically meaningful and also control for
between subject variability, making the comparison between
groups more sensitive. The use of interocular differences
reduced the comparison between groups to a test of the mean
values over stimulus displacements. As was apparent from the
dominant versus nondominant eye response curves in Figures
2A and 2C, there are large interocular differences in the
children with anisometropia at 1F. These amplitude differences
are shown in Figure 3A where positive values indicate a greater
response in the dominant versus the nondominant eyes. For
the children with anisometropia, these differences exceed a
0.05 significance threshold (dotted line) at small displacement
values just larger than 1 arcmin and continue to exceed the
significance threshold throughout the suprathreshold response
range (blue curve in Fig. 3B). As expected, there are no
significant interocular differences in the normal-vision, agematched controls (black curve, Fig. 3B). At 2F, the magnitude
of the interocular differences are smaller than those measured
at 1F (compare Figs. 3C and 3A) and these differences do not
exceed the P < 0.05 threshold at any point (blue curve in Fig.
3D), but there are multiple points with approximately P ¼ 0.10
indicative of a trend toward this response being decreased
relative to controls. Again, no significant interocular differences were measured in the normal-vision, age-matched control
children (black curve, Fig. 3D).

Initial Visit Interocular Differences 1F/2F
Response Functions and Significance Plots
The interocular differences in the children with anisometropia
just shown combine the bi-directional effect of anisometropic
deprivation on the dominant (increased amplitude) and
nondominant eyes (decreased amplitude). To assess these
effects in absolute terms relative to corresponding data from
control eyes, we made cross-group comparisons separately for
dominant and nondominant eyes. These comparisons are
shown in Figure 4 and the raw data upon which these
comparisons were made are shown in Figure 2. Response
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Outcome Visit Responses. The outcome visit recordings
occurred after an average of 201 (SD 77) days of occlusion and/
or spectacle wear. At this point of the treatment children with
anisometropia had best corrected visual acuity of 0.29 (SD
0.20) logMAR in the nondominant eye and 0.00 (SD 0.13)
logMAR in the dominant eye.
Outcome visit response functions are shown in Figure 5,
with responses from the children with anisometropia shown in
red and data from normal-vision, age-matched controls shown
in black. Here, when visual acuity has stabilized with
spectacles and patching, the dominant-eye response curve lies
above that of the controls at 1F (Fig. 5A) and below controls at
2F (Fig. 5B). In the nondominant eye, the curves of the
anisometropic children cross over the curve for the controls at
1F (Fig. 5C) and lie below controls at 2F (Fig. 5D).
Outcome Visit 1F/2F Dominant/Nondominant-Eye
Response Functions. Interocular difference functions and
corresponding significant plots for the data of Figure 5 are
shown in Figure 6. Further treatment had the effect of reducing
the interocular difference at 1F (red curves, Fig. 6A) to
nonsignificant levels (Fig. 6B). The 2F interocular differences
(red traces) were small (Fig. 6C) and nonsignificant (Fig. 6D).
Outcome Visit Interocular Differences 1F/2F Response Functions and Significance Plots (Fig. 6). We also
compared the response amplitudes for the outcome and initial
visits on a bin-by-bin basis for the children with anisometropia.
The formerly super-normal response at 1F in the dominant eye
(e.g., the blue curve Fig. 4A) is no longer measurably different
from the values recorded from the controls (shown as the red
curve in Fig. 4A). This comes about because the dominant eye
response at the Outcome visit lies between the value measured
at the initial visit and that of the controls (compare Figs. 2A and
5A). Thus, treatment reduces the larger than normal 1F
responses relative to control values. The 2F response in the
dominant eye did not differ from controls either at the
outcome (Fig. 4B, red curve) or initial (Fig. 4B, blue curve)
visits. In the nondominant eyes of the children with
anisometropia, the significantly smaller than normal response
1F has been mostly reversed post-treatment (compare nonsignificant post-treatment values along the red curve in Fig. 4C to
the significant, initial visit values along the blue curve). For the
2F response, there were sporadic differences in the nondominant eyes (Fig. 4D, red curve). These differences were the
result of the outcome visit responses being even smaller than
those of the normal children (see Fig. 5D, red versus black
curves). A similar pattern of results described in Supplemen-
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FIGURE 2. Initial visit group-average response functions. VEP amplitude versus displacement size is plotted for the dominant (A, B) and
nondominant eyes (C, D) at 1F (A, C) and 2F (B, D). Data for the age-matched normal vision control children is shown in black, with data from the
children with anisometropia shown in blue. The smooth curves are describing function fits. Error bars: SEM for response amplitude. See text for
details.

tary Materials is present when the analysis is performed within
the patient group, rather than in reference to the control
group.
Regarding the potential outlier effect of the single youngest
control subject (0.6 years old) we have made a set of analysis
with this child excluded from the data set and found no change
to the conclusions or statistical inferences.

DISCUSSION
Considering the multitude of influences that can impact upon
a developing visual system, it makes sense to examine the
deficits related to risk factors for amblyopia such as anisometropia, as early as is practicably detectable. The existence of
critical and plastic periods in neural development is widely
accepted even if there is uncertainty about their exact

Allen Press, Inc.  23 September 2019  10:43 am  Customer #IOVS-19-27005R3
//titan/Production/i/iovs/live_jobs/iovs-60/iovs-60-12/iovs-60-12-06/layouts/iovs-60-12-06.3d

timing24,25 and a complete understanding of the genesis and
natural history of amblyopia development continues to elude
the field.2 Amblyopia treatment is undertaken most effectively
during a naturally sensitive period of development. Therefore,
the importance of understanding the natural history of visual
development in amblyopia compared to typically developing
visual systems is vital.
Visual loss through blur long has been known to produce
reduced behavioral acuity and contrast sensitivity in the more
ametropic eye26–28 and reports exist of motion processing
deficits as well.29,30 However, almost all of the published data
on anisometropic amblyopia has come from studies of the
developed rather than developing and the treated versus
untreated visual system. The picture of the functional and
neural deficits seen in ‘‘late-stage’’ amblyopia is likely to be
confounded by additional variability caused by treatment
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FIGURE 3. Initial visit group average interocular difference functions. (A) 1F data (dominant eye minus nondominant eye) for children with
anisometropia (blue curve) and for normal vision, age-matched control children (black curve). The corresponding two-sample t-test significance
values are shown in (B). Interocular differences in the children with anisometropia exceed a P < 0.05 criterion (dotted line) for all values above
approximately 1 arcmin. Interocular differences are nonsignificant in the normal-vision control group. (C) The 2F data using the same conventions.
There is a nonsignificant trend for the dominant eye to have larger signals than the nondominant eye in the children with anisometropia (D). The
smooth curves in (A) and (C) are describing function fits. Error bars: SEM for response amplitude. See text for details.

effects and long-term adaptation effects that will have
inextricably modified performance.
Here we show that at the point of relaxing into spectacles
anisometropia present during early childhood has affected
position-cue related responsivity of both eyes, with a
reduction of responses in the previously deprived/amblyopic
eye and a complementary increase in response amplitude in
the nondeprived, fellow eye. 2F responses, by contrast only
show a response reduction in the previously deprived eye.
Measurements at the time of the initial visit are a conservative estimate of the full loss that is present before the
introduction of spectacles. Before spectacle introduction,
two effects can act to reduce visual responsivity—the high
refractive error itself and any consequent neural deprivation
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effects. The process of spectacle correction/relaxing into
spectacles removes the deprivation from blur and may itself
have a therapeutic effect.15,16,31–33 At the outcome visit,
continued treatment via spectacle correction and occlusion
therapy preferentially modified the position-based responses.
Taken together, our results suggested that the form system is
more susceptible to abnormal visual experience due to
anisometropia during early childhood than is the motion
system.
The enhanced Vernier VEP response of the fellow eye found
here is consistent with an early report of enhanced psychophysical Vernier acuity in adults with a history of anisometropic amblyopia34 and with two studies conducted in infancy
that have found super-normal grating acuity in the nondeprived
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FIGURE 4. Initial and outcome visit responses for between group comparisons of response amplitude in dominant (A, B) versus nondominant eyes
(C, D). Each Figure plots the result of two-sample t-tests for between group amplitude differences. Initial visit differences are plotted in blue and
outcome visit differences are plotted in red. At initial visit, the dominant eyes of children with anisometropia have larger than normal amplitudes in
their dominant eyes and smaller than normal amplitudes in their nondominant eyes (see Figs. 2A and 2C for the raw amplitude values that are the
basis of the comparison).

eye of patients with media opacities or strabismus. One of
these studies measured grating acuity behaviorally with forced
choice preferential looking and found that acuity in six infants
with visual deprivation secondary to media opacities or
strabismus was higher than expected in the fixating eye.35
The other study found that visual acuity measured for gratings
with the VEP was higher than expected in the fellow eye of
four infants with unilateral congenital cataracts or a unilateral
ocular malformation.36
Studies of monocular deprivation in animal models have
suggested functional connectivity of the deprived eye is first
weakened by synaptic depression, followed by a potentiation
of the nondeprived eye.37 If similar processes operate in
human anisometropic amblyopia, the depression and potentiation mechanism involved would predict reduced 1F responses
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in the eye that experienced deprivation via blur and enhanced
responses in the fellow eye, respectively.
Fellow eye motion sensitivity has been reported to be
reduced in patients with amblyopia, but to a lesser extent than
in the amblyopic eye, although few studies have included a
significant number of participants with anisometropic amblyopia.3 We find that fellow eye response is of normal amplitude
rather than being depressed. The 2F response reflects a
mixture of contrast transient and motion-related responses and
potentially nonlinear Vernier offset-related responses.18,19,38 It
is likely that motion/transient responses rely more on low
spatial frequency information in the stimulus than do form/
position-based responses, such as those measured at 1F.39–42
This would make motion/transient responses less susceptible
to deprivation by optical defocus. Alternatively, or in parallel, it
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FIGURE 5. Outcome visit group-average response functions. VEP amplitude versus displacement size is plotted for the dominant (A, B) and
nondominant eyes (C, D) at 1F (A, C) and 2F (B, D). Data for the age-matched normal vision control children is shown in black, with data from the
children with anisometropia shown in red. The smooth curves are describing function fits. Error bars: SEM for response amplitude. See text for
details.

is possible that the motion/transient response system has
matured to a greater degree before the onset of the optical
degradation than the position-based system indexed by the 1F
response.43 If the latter is the case, this response might be less
susceptible to deprivation due to the lessening of plasticity that
typically is associated with later stages of development making
this response component correspondingly less malleable by
treatment. Unfortunately, the timing of the onset of the visual
insult is rarely known in human studies, but a lower degree of
plasticity in the motion/transient response is supported by the
lack of observed plastic changes in this response with
treatment.
The disparate effects of initial visual insult on these 1F and
2F response components strongly suggest that they are derived
from different neural substrates. Further evidence for separate
substrates comes from the differential plasticity of these two
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components after treatment. The position signal at 1F shows
plastic changes after treatment with decreases in responsiveness of the dominant/patched eye and increases in responsiveness of the initially deprived eye. The motion signal, by
contrast is little affected. Although it is possible that the even
harmonics contain contributions from nonlinear mechanisms
associated with the processing of Vernier offsets, this
contribution—if present—is either small18 or does not share
the pattern of loss that is present at 1F.
The present functional results parallel a similar pattern of
loss in an animal model of anisometropic amblyopia in which
V1 responsiveness in parvocellular recipient laminae of V1 was
more affected than that of magnocellular recipient laminae.8,14
However, our results contrast with psychophysical work using
global motion and form tasks that have found greater deficits
on global motion than global form.44,45 The random dot stimuli
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FIGURE 6. Outcome visit group average interocular difference functions. (A) 1F data (dominant eye minus nondominant eye) for children with
anisometropia (red curve) and for normal vision, age-matched control children (black curve). The corresponding two-sample t-test significance
values are shown in (B). Interocular differences in the children with anisometropia do not exceed a P < 0.05 criterion (dotted line). Interocular
difference are nonsignificant in the normal-vision control group. (C) 2F data using the same conventions. Nine of 10 bins do not exceed significance
criterion (D). The smooth curves in (A) and (C) are describing function fits. Error bars: SEM for response amplitude. See text for details.

used in global motion and form tasks differ on many
dimensions from the stimuli used here and the psychophysical
measures index threshold, but not suprathreshold responsivity
that is measured in the VEP. Only a direct comparison of the
Vernier VEP response components and corresponding global
motion- and form-evoked responses could determine whether
the results are, indeed, in conflict.
Our study contributed to the literature on the origins of
anisometropia amblyopia in several respects. Our measure of
neural activity spans threshold and suprathreshold levels and
we find the largest effects at suprathreshold stimulus levels.
Previous behavioral studies that have focused on threshold
measures would not have detected the suprathreshold effects
we observed. Suprathreshold responsiveness is highly relevant
to vision under natural viewing conditions. Secondly, our
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paradigm provides access to form and motion/transient related
activity measured simultaneously from the same stimulus. This
advantage makes the comparison of deprivation and treatment
effects particularly precise as there are no differences in the
quality of fixation or attentional state that could modulate the
results as would be the case if separate measurements were
made at different times or if different stimulus parameters were
used for form versus motion tasks that is commonly done in
developmental studies.42,46
Our data indicated the manner in which fundamental
features of visual input, such as form and motion, demonstrate
differing susceptibilities to common modulations of input––in
the present case visual deprivation in anisometropic amblyopia
and its clinical treatment. The extension of this work to
amblyopia with strabismus and also toward investigating the
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neural effects of nonocclusive treatments also would be of
considerable clinical interest.
16.
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