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PURPOSE. Defocus blur imposed by positive lenses can induce hyperopia, whereas blur
imposed by diffusers induces deprivation myopia. It is unclear whether the retina can
distinguish between both conditions when the magnitude of blur is matched.

METHODS. Ten emmetropic (average 0.0 ± 0.3 diopters [D]) and 10 subjects with myopia
(−2.7 ± 0.9 D; 24 ± 4 years) watched a movie on a large screen (65 inches at 2 meters
(m) distance. The movie was presented either unfiltered (“control”), with calculated low-
pass filtering equivalent to a defocus of 2.5 D, or with binocular real optical defocus of
+2.5 D. Spatial filtering was done in real-time by software written in Visual C++. Axial
length was followed with the Lenstar LS-900 with autopositioning system.

RESULTS. Watching unfiltered movies (“control”) caused no changes in axial length. In
emmetropes, watching movies with calculated defocus caused axial eye elongation (+9.8
± 7.6 μm) while watching movies with real positive defocus caused shorter eyes (−8.8
± 9.2 μm; difference between both P < 0.0001). In addition, in myopes, calculated defo-
cus caused longer eyes (+8.4 ± 9.0 μm, P = 0.001). Strikingly, myopic eyes became
also longer with positive defocus (+9.1 ± 11.2 μm, P = 0.02). The difference between
emmetropic and myopic eyes was highly significant (−8.8 ± 9.2 μm vs. +9.1 ± 11.2 μm,
respectively, P = 0.001).

CONCLUSIONS. (1) In emmetropic human subjects, the retina is able to distinguish between
real positive defocus and calculated defocus even when the modulation transfer function
was matched, (2) in myopic eyes, the retina no longer distinguishes between both condi-
tions because the eyes became longer in both cases. Results suggest that the retina in a
myopic eye has reduced ability to detect positive defocus.
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I t is well known that low-pass filtered and low-contrast
retinal image trigger exaggerated eye growth, result-

ing in “deprivation myopia” in a variety of animal models
(chickens,1 guinea pigs,2 kestrels,3 mice,4 tree shrews,5

marmosets,6 rhesus monkeys,7 and in humans8). In addition,
negative lenses placed in front of the eye generate myopia
but, to date, it was not possible to clarify whether the under-
lying mechanism is different from the one that causes depri-
vation myopia (i.e. Thomson et al.9). Deprivation myopia
represents an open loop condition for emmetropization
while compensation of negative lenses occurs under condi-
tions of a closed loop feedback system.10 In addition, the two
mechanisms triggering myopia development, a third visually
controlled growth mechanism operates in the eye, which
acts with shorter time constants,11,12 is even more power-
ful,13 and strongly inhibits eye growth when myopic refrac-
tive errors are induced by positive lenses (guinea pigs,14 tree
shrews,15 rhesus monkeys,16 and chickens17). This mecha-
nism is so powerful that it can overwrite the growth stim-
ulating effect of diffusers. Park and colleagues found in
the chicken model that hyperopia can still be induced with
positive lenses when the retinal image was degraded by

Bangerter foils that were placed over the lenses.18 Detection
of the sign of defocus by the retina is extremely stable in
chickens: it operates successfully even when the image was
constantly severely defocused. In chickens that were indi-
vidually placed in the center of a drum where they had only
one viewing distance, and had paralyzed accommodation,
the retina could still trigger bidirectional growth changes of
the eye.19 Because both, diffusers and negative lenses, as
well as positive lenses act as low-pass filters on the retinal
image, a key question is how the retina can extract the sign
of defocus when image quality is poor.20 The question is
almost as old as animal experimentation in myopia research
but its significance for myopia development in humans is
still not clear.

Read and colleagues21 were the first to show that minia-
ture bidirectional changes in axial eye length can also be
induced in young adult human subjects when they wear
positive or negative lenses for short periods of time, such
as 1 hour. Later, it was found that the measured changes in
axial length were based on changes in choroidal thickness
rather than on changes in size of the eyeball.22 However,
such experiments can still not finally prove that the human
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FIGURE 1. Schematic illustration of the three experimental conditions. (A) An unfiltered movie presented at 2 meters distance represented
the control condition. It was watched by the subjects with their habitual optical corrections if necessary. (B) Placing a +3 D lens in front of
the eye caused +2.5 D relative defocus on the retina, assuming that subjects relaxed their accommodation to achieve the best possible focus.
(C) The movie was low-pass filtered to create an equivalent level of blur in the retinal image, using the average pupil size of the subjects of
6.5 mm.

retina distinguishes between positive and negative defocus.
There may be other cues, such as how image sharpness
changes with viewing distance and how defocus compares
in the periphery and the center. Furthermore, lenses also
cause changes in accommodation tonus and require re-
alignment of vergence with accommodation. To learn more
about sign of defocus detection in the human retina, we
have controlled visual experience in more detail. Rather than
applying diffusers, we have presented movies with calcu-
lated or real optical defocus. That deprivation myopia can
be induced by low-pass filtered movies was already shown
in chickens by Diether et al.23 More recently, Flitcroft et al.24

proposed that less energy at higher spatial frequencies, as
they found in urban visual environment, may be a reason for
the high prevalence of myopia in industrialized countries. To
limit availability of other distance cues, subjects in our study
watched movies in a dark room at defined distance of 2 m.
Spatial frequency spectra in the movies were matched for
real optical defocus and calculated low-pass filtering. Stud-
ies were done in emmetropic and myopic subjects and the
amount of imposed optical defocus on the retina was indi-
vidually controlled by different positive lenses that gener-
ated about +2.5 diopters (D) positive defocus on the retina
in all subjects.

Rather than measuring changes in choroidal thickness in
optical coherence tomography (OCT) images, as was often
done in related studies,25,26 we used low coherence inter-
ferometry (the Lenstar LS 900 with automatic positioning
feature). An advantage over OCT is that there is no need
to manually or semi-automatically segment the choroid, a

procedure that is prone to interobserver variability. A disad-
vantage is that one cannot determine whether the measured
changes in axial length were due to changes in choroidal
thickness or due to potential other changes in the eye.
However, it is likely that shorter axial lengths result from
choroidal thickening and longer axial lengths from choroidal
thinning.25,27–29

METHODS

Subjects

Twenty young adults (17 women) with an average age of 24
± 4 years and with no known ocular pathologies other than
moderate myopia (the highest myopia was −4.25 D) partic-
ipated in the study. Ten subjects were emmetropic with an
average refraction of 0.0 ± 0.3 D (range = −0.5 D to +0.5
D) and 10 were myopic with an average refraction of −2.7 ±
0.9 D (range = −1.5 D to −4.25 D). Prior to the experiment,
noncycloplegic refractive states (spheres and cylinders)
were determined by a commercial portable photorefrac-
tor (PlusOptix, Nürnberg, Germany) and converted into
spherical equivalent. None of the emmetropic subjects
needed a distance correction, while all myopic subjects had
a habitual correction. None of the subjects exhibited astig-
matism or anisometropia of more than 1 D. The project was
conducted in accordance with the tenets of the Declaration
of Helsinki and approved by the Swiss Research Ethics
Committee (EKNZ, reference 2020-01576). Written informed
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TABLE. Imposed Optical Defocus in the Myopic Subjects

Subject Refraction Addition Lens Imposed Myopic Defocus

1 −1.5 +2 +3.5
2 −2.5 – +2.5
3 −2.75 – +2.75
4 −3.25 – +3.25
5 −3 – +3
6 −4.25 −1.25 +3
7 −2 +1 +3
8 −4.25 −1.25 +3
9 −1.5 +2 +3.5
10 −2.5 – +2.5

To impose about +2.5 D of positive defocus on the retina,
myopes with refractions between −2.5 and −3.25 D watched the
movie without their habitual corrections. Subjects with lower or
higher degrees of myopia watched the movie with additional trial
lenses in front of their eyes to generate also about +2.5 D of defocus
on their retina.

consent was obtained from each subject prior to the
experiments.

Experimental Protocol

The study protocol involved 60 minutes binocular watch-
ing of a movie on the large TV screen (LG OLED65C9,
65 inch, 4K, 2019, screen luminance ranging from 100–
300 cd/m2) at 2 m distance in a dark room, on 2 separate
days. The distance of 2 m was chosen to keep the accom-
modation effort minimal because we had previously found
that watching movies at 30 cm from a regular computer
screen may cause axial elongation (unpublished observa-
tion, and ref. 30). To exclude a potential impact of diur-
nal factors, the experiments were always performed in the
morning between 9 and 11 AM. The movie watching period
was divided into two parts. During the first 30 minutes,
the subjects watched unfiltered movies with their habitual
corrections and the measured axial length changes served
as baseline for the subsequent test conditions. During test,
subjects were asked to watch the same movie again, but
this time with either +2.5 D optical defocus, or with calcu-
lated defocus, equivalent also to about 2.5 D (Fig. 1). Myopes

watched control and low-pass filtered movies with their stan-
dard corrections. To impose optical defocus, emmetropic
subjects wore spectacles with +3 D power, causing about
+2.5 D relative defocus on the retina for a viewing distance
of 2 m. Myopes with refractions between −2.5 and −3.25
D watched the movie without their habitual corrections.
Myopes with less than −2.5 D of myopia were defocused
with additional positive trial lenses. Myopes with more than
−3.25 myopia were partially corrected with negative trial
lenses to also experience +2.5 D of defocus on their retina
(Table).

Real-Time Movie Filtering

To filter movies in real-time, software was developed in
Visual C++. The software read each pixel in each movie
frame and averaged its value with the surrounding pixels in
a circular area, simulating an aberration-free condition, that
was calculated for a 6.5 mm pupil size and 2.5 D of defocus.
Filtering also included the borders of the movie frame on
the screen to exclude that higher spatial frequencies were
generated. The circular area marked in red in Figure 2 illus-
trates how the diameters of the blur circle were determined
by simple ray equation. It would not have been useful to
implement the individual higher order aberration patterns
of each subject into the calculated low pass filter because
aberrations would then be added twice, once in the filtered
movie and once in the eye.

Subsequently, the averaged pixel values were written
back to the video buffer and generated into the new movie
frame. Because the movies were in red, green, and blue
(RGB) format, the same filtering had to be done separately
for each of the three channels. We did not include chromatic
aberration in the filtering process (i.e. blue channel more
low pass filtered than green and red) because chromatic
aberration occurs in the eye and not in the visual environ-
ment. If movies were filtered according to the human chro-
matic aberration function, these effects would have been
doubled. With a video format of 1280 × 720 pixels, low-
pass filtering was possible at about 25 hertz (Hz) frame rate.
To apply the frame rates for all conditions, even focused
movies were run through the spatial filtering software, but
pixels were repeatedly read at the same positions.

FIGURE 2. Illustration of the geometry of the experimental setup and the calculation of the blur circle generated with a +3 D lens. With
a +3 D lens, an emmetropic subject was assumed to be focused at its far point to see the movie with the best possible focus. With a
+3 D lens, the far point is at 330 mm distance and the diameter of the blur circle on the screen is 32.9 mm for a 6.5 mm pupil. Higher order
aberrations and the small effects of vertex distance of the lens were ignored.
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FIGURE 3. Spatial frequency spectra of the movies, as determined by Fourier analysis and radial averaging in the two-dimensional spatial
frequency amplitude plots obtained from ImageJ. (A) linear plots and (B) log-log plots of spatial frequency amplitudes plotted against spatial
frequencies. Note that differences between movies in focus (purple curves), low pass filtered movies (pink), and defocused movies (orange
and gray) were confined to the spatial frequency range between 1 and 10 cyc/deg. Note also that the calculated low pass filter (pink)
generated a spectrum similar to the targeted defocus of +2.5 D (orange).

We used a monochrome camera (1920 × 1080 pixels reso-
lution) to measure spatial frequency spectra for unfiltered,
defocused, and low-pass filtered movies. Sample pictures for
the three conditions were grabbed from 2 m distance with
the camera with similar optical parameters as the human
eye (16 mm focal length, f/# 2.6; human eye 16.7 mm focal
length, f/# 2.6 for a 6.5 mm pupil). The camera’s peak
sensitivity was around 500 nm. Because the camera lens
(Pentax B5014A, f/1.4, F = 50 mm C-mount objective) was
corrected for longitudinal chromatic aberration, its effect on
focus settings was negligible. The output of the camera was
linearized by adjusting the camera driver settings to gener-
ate an almost linear relationship between pixel output and
target luminance (DMK 33UX174, Imaging Source, Germany;
driver settings: bright 0, gain 88, exp -9, gamma 100), as
measured with a Minolta luminance meter (LS-100; Minolta
Camera Co., LTD, Tokyo, Japan). A squared area of 1080
× 1080 pixels in the center of the frames was selected
for Fourier analysis, which was done with publicly avail-
able software (ImageJ, National Institutes of Health [NIH],
https://imagej.nih.gov/ij/), and its FFT function. Software
was written in C++ for rotational averaging of the two-
dimensional spatial frequency spectra to convert them into
one-dimensional plots, as described by Flitcroft et al.24 Aver-
age pixel values obtained from rotational averaging were
normalized so that the maximum brightness value was 1
and the lowest 0 (Fig. 3A). In Figure 3B, values were loga-
rithmized as done by Flitcroft et al.24 To illustrate that our
calculated low-pass filter generated a spatial frequency spec-
trum similar to the targeted defocus (+2.5 D), data of two
further levels of defocus are also shown (+1.5 D and +4.5
D; see Fig. 3, gray lines). The linearity and correctness of the
spatial frequency scale on the x-axis in Figure 3 was verified
by measuring various sine wave gratings with known funda-
mental spatial frequencies. Different from descriptions by
Flitcroft et al.,24 the resulting spatial frequency amplitudes
showed no linear decline with increasing spatial frequencies

between 1 and 10 cyc/deg (see Fig. 3B), possibly because
of nonlinearities in the contrast distributions in the movies
and/or nonlinearities in the screen showing the movies.

Measurements of Ocular Biometry

Axial length was measured before and immediately (less
than 1 minute) after each movie watching episode, using
a commercial low coherence interferometer, the Lenstar
(Lenstar LS 900 with autopositioning system; Haag-Streit,
Koeniz, Switzerland). Five repeated measurements were
taken for each data point, which took about 2 to 3 minutes.
Standard deviations of repeated measurements were below
10 μm in all subjects.

Statistics

Normal distribution of the data was confirmed with the
Shapiro-Wilk test. Effects of the two different kinds of blur in
each subject were compared using the paired Student’s t-test,
and differences between the emmetropic and myopic group
with the unpaired Student’s t-tests. The effects of low-pass
filtering or imposed positive defocus over amount of devel-
oped refractive error were evaluated by Pearson’s correlation
coefficient. All statistical analyses were performed using a
freely available software package for statistical computing,
“R” (version R 4.0.1; R Core Team, R Foundation for Statisti-
cal Computing, Vienna, Austria). All measurements and data
analyses were done for right eyes only.

RESULTS

Effects of Watching Movies With Unfiltered,
Calculated Low-Pass, and Real Optical Defocus on
Axial Length

Watching unfiltered movies with no defocus did not elicit
significant changes in axial length, neither in emmetropes

https://imagej.nih.gov/ij/


Defocus Detection in Human Retina IOVS | March 2021 | Vol. 62 | No. 3 | Article 14 | 5

FIGURE 4. Changes in axial length in emmetropes and myopes when they watched unfiltered or low-pass filtered movies, or movies with
+3 D lenses in front of their eyes, causing +2.5 D of defocus at 2 m distance. Note that measurements were taken only at two time points
and linear changes of axial length over time were assumed. With unfiltered (sharp) movies, the length of the eyes did not change in either
group. However, the eyes became longer in emmetropes when movies were low-pass filtered and shorter when they were defocused by
+3 D lens. In myopes, both low-pass filtering and positive defocus caused similar ocular elongation. Errors bars represent SEM.

FIGURE 5. Individual data showing changes in axial length in emmetropes and myopes after watching unfiltered, low-pass filtered and
+2.5 D defocused movies. Note that +2.5 D positive defocus had, on average, the opposite effects in emmetropic and myopic eyes (right)
whereas the effects were similar with unfiltered and low-pass filtered movies (middle). Each color denotes an individual subject.

nor in myopes (on average = −0.4 ± 5.6 μm and −3.0
± 8.3 μm, respectively; Fig. 4). In emmetropes, watching
movies with calculated low-pass filtering caused axial elon-
gation (+9.8 ± 7.6 μm) while watching movies with real
positive defocus caused shorter eyes (−8.8 ± 9.2 μm; P
< 0.0001; Figs. 4, 5). In addition, in myopes, watching
low-pass filtered movies caused significant axial elongation,
compared to watching unfiltered movies (+8.4 ± 9.0 μm
vs. −3.0 ± 8.3 μm, P = 0.0017; see Figs. 4, 5). However, in
contrast to emmetropes, positive defocus did NOT reduce
the length of their eyes but rather also caused axial elonga-
tion (positive defocus: +9.1 ± 11.2 μm vs. unfiltered movie:
−3.0 ± 8.3 μm, P = 0.026; see Figs. 4, 5). Myopic eyes

elongated similarly with low-pass filtered and with opti-
cally defocused movies. The difference in response to posi-
tive optical defocus between emmetropes and myopes was
highly significant (−8.8 ± 9.2 μm vs. +9.1 ± 11.2 μm,
P = 0.001; Fig. 6).

Axial Length Changes as a Function of Individual
Refractive Errors

After the observed changes in axial length were analyzed
as a function of the individual refractive errors, it became
clear that subjects with higher myopia responded poorly to
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FIGURE 6. Comparison of the effects of positive defocus on
axial length in emmetropic and myopic subjects. Eyes of myopic
subjects elongated significantly when a movie was watched with
+2.5 D defocus for 30 minutes, whereas eyes in emmetropic subjects
become shorter. Error bars denote SEM.

both low-pass filtering and positive defocus (Fig. 7). In 9 out
of 10 emmetropic subjects, axial elongation was observed
with low-pass filtered movies while eyes became shorter in
8 of 10 emmetropic subjects when movies were watched
with +2.5 D of defocus (although this was not significant
in all individual subjects). Because data on myopia progres-
sion in the subjects were not available (they were recruited
by public announcements and could not tell about their
progression), it could not be decided whether the variability
of the effects were related to myopia progression rates.

DISCUSSION

Two main findings emerged from this study (1) the retina to
be able to distinguish between calculated defocus and real
positive defocus and (2) while most emmetropes (8 of 10)
responded to positive defocus with eye shortening (likely
due to choroidal thickening) and to calculated defocus with
axial elongation (likely due to choroidal thinning; 9 of 10),
myopic subjects displayed axial elongation (choroidal thin-
ning) in both conditions (8 of 10, for both conditions). Low

myopes showed the strongest effect, developing longer eyes
both with positive defocus and calculated low-pass filter-
ing. Two subjects with higher myopia were little responsive
to either stimulus. The findings suggest that something has
changed in the myopic retina: it can no longer respond to
positive defocus. It remains unclear why one myopic subject
unexpectedly responded to low-pass filtered movies with a
shorter eye (see Figs. 5, 7, dark gray symbols). There were
no peculiarities regarding refraction, ocular biometry, or age
in this subject.

A more general issue is whether such short-term changes
in axial length or choroidal thickness have predictive value
for future refractive development.22,31 At least baseline
choroidal thickness does not predict future myopia32 and
it must be kept in mind that changes in choroidal thick-
ness can also be dissociated from refractive development in
experiments with chickens.33–35

Potential Mechanisms for Defocus Detection

The question of how the retina can distinguish calculated
defocus from real defocus remains elusive and was the
subject of extensive earlier discussions.36 Different from
other studies where diffusers were placed in front of the
eye to degrade the retinal image1–8 with unknown opti-
cal transfer function,37 we have matched the shapes of the
low-pass filtering functions of real and calculated defo-
cus (see Fig. 3). The spatial frequency analysis permitted
to two interesting conclusions (1) as expected, the power
spectra were similar for +2.5 D of real defocus and for
2.5 D of calculated defocus, and (2) differences between
unfiltered movie and defocused or low-pass filtered movies
were limited to the low spatial frequency range between 1
and about 10 cyc/deg, indicating that this spatial frequency
range controlled the changes in axial length. A role of the
lower spatial frequency range in emmetropization was also
supported by previous experiments with Bangerter foils,
which were found to reduce the contrast at spatial frequen-
cies below 10 cyc/deg.24,38 Bangerter foils (<0.1 and “light
perception”) are also known to induce deprivation myopia
in chickens.38 Obviously, also the inhibitory effect of positive
defocus on eye length is triggered by visual information in

FIGURE 7. Changes in axial length induced by watching movies that were either low-pass filtered (left) or defocused with a similar spatial
frequency spectrum (right) in subjects with different refractive errors (myopic = filled symbols, and emmetropic = open symbols). Note
that emmetropic subjects developed shorter eyes when watching movies with positive defocus, whereas myopic subjects developed longer
eyes. Two subjects with higher myopia (gray and dark blue symbols) were poor responders. Each color denotes an individual subject, as
in Figure 5.
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the spatial frequency range below 10 cyc/deg. The finding
is in line with the idea that the periphery of the visual field,
characterized by low visual acuity, drives emmetropization.
Another open question is then how the peripheral retina can
control axial length in the center, which was the variable that
we measured with the Lenstar.

Role of Accommodation

It has previously been shown that also accommodation is
driven by spatial frequencies below 10 cyc/deg.39 There
is a striking difference in spatial frequencies needed
to drive accommodation in emmetropes and myopes.
Myopes needed around 9.33 ± 4.99 cyc/deg whereas
emmetropes accommodated appropriately with only 2.75
± 0.97 cyc/deg.39 However, the difference in the spatial
frequency components needed by myopes and emmetropes
for accommodation does not explain why they responded
in opposite directions in the current study when positive
defocus was imposed.

A small amount of accommodation of 0.5 D was proba-
bly elicited in emmetropes or corrected myopes when they
watched movies at 2 m distance. It was already shown in
1998, that eyes become slightly longer during accommo-
dation.30 However, we did not find any changes in eye
length when unfiltered movies were watched, probably
because the accommodation effort was too small. Finally,
recent publications argue against a role of accommodation
in emmetropization – accommodation appears to be largely
ignored.40–43 In summary, we believe that our results are not
explained by differences in accommodation.

Role of Higher Order Aberrations

Higher order aberrations were ignored in our calculations.
The root mean square wavefront errors induced by higher
order aberrations in eyes of young subjects with 5.7 mm
pupil are equivalent to about 0.3 D,44,45 which is about
8 times lower than for the defocus that was imposed by
positive lenses in the present study (+2.5 D). Furthermore,
the different responses in myopes and emmetropes cannot
be explained by differences in higher order aberrations
because it has been shown that there are no differences
in aberrations between refractive groups.46 It also seems
unlikely that chromatic cues provided the sign of defocus
information for the retina because the similar chromatic
cues were available with real and calculated defocus. More-
over, chromatic aberration varies very little among human
subjects.47

Speculations About the Underlying Mechanism
for the Sign of Defocus Detection

So, what could it be? A remaining difference between opti-
cally defocused movies and calculated low-pass filtered
movies is that light rays cross in front of the retina in the
first case but not in the second. There is a chance that
the retina distinguishes between these two conditions by
involving the Stiles Crawford effect. In the first case, optical
defocus would cause less stimulation of cones because light
rays reach the cone outer segments obliquely while they are
aligned with the outer segments in case of calculated low-
pass. The expected differences in detected brightness would
be small. The hypothesis would also exclude a role for the

rods because they have no Stiles Crawford effect. It may be
difficult to exclude that rods play a role because periph-
eral retina has much more rods than cones but still plays
a major role in emmetropization48,49 but has much more
rods than cones. Nevertheless, the idea of a role of the Stiles
Crawford effect in emmetropization was previously raised
by Carmichael and Vohnson50 and more recently by Collins
et al.51 Another possible cue to determine the sign of defo-
cus could be retinal image magnification, which increases
with positive lenses (about 7% with our camera). The ques-
tion was studied previously by Curry et al., who used afocal
lenses that changed magnification of the retinal image, but
not focus. However, they found no effect on eye growth.52

Another hypothesis is that eye movements are necessary
for the detection of the sign of defocus detection by the
retina. It is well known that responses of retinal ganglion
cells become much more specific when the retinal image
is in motion (first shown by Greschner et al. 200253). Bitzer
and Schaeffel have found that the ZENK protein in the retina
can no longer respond to the sign of imposed defocus when
chickens were anesthetized, having their eyes opened by lid
clamps but with no head or eye movements.54 These findings
suggest that (fixational) eye movements may be important
for the detection of the sign of defocus. However, it does not
seem very likely that the small differences in eye movements
that could exist between emmetropes and low myopes can
explain the effects. Only high myopes have been shown to
have reduced fixation stability.55

Why Were the Differences Between Myopes and
Emmetropes not Described Before?

There are a few published studies with a similar design. Read
et al.21 had investigated whether the imposed defocus can
induce short-term changes in axial length in emmetropic
and myopic young adult subjects. Although they found
bidirectional changes in axial length with positive versus
negative lenses, no differences were measured between
myopes and emmetropes. However, their data were differ-
ently analyzed. In our study, data of the emmetropic and
the myopic group were separately analyzed and the average
differences between both groups determined. In the study
by Read et al.,21 data from all subjects were averaged and
refractive errors were treated as a continuous variable. A
lack of an effect of myopic defocus on axial length was also
found by Wang et al.56 in myopic children (range = −1.5
to −6.6 D).

Potential Effects of Diurnal Changes in Ocular
Biometry

It has been previously found in humans that axial length
of the eye, as well as choroidal thickness, vary over a day.57

Although there is evidence for a thicker choroid in the morn-
ing, the changes are slow. It can be assumed that the 30-
minute time window was too short to be confounded by
diurnal choroidal thickness drifts. In addition, differences
between myopes and emmetropes were measured at the
same time on each day. We always used the same presenta-
tion sequence (first movie in focus, then low-pass filtered or
defocused), which could have influenced the attention of the
observers but differences between myopes and emmetropes
could not be explained by such factors.
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Conclusions and Implications of the Study

It has been widely speculated that short-term choroidal
thickness changes may be an index of future myopia
progression or treatment efficacy. Our study expands on this
speculation, suggesting that future myopia progression can
be predicted in each individual subject from responses of
the choroids to imposed positive defocus. Perhaps, it may
even be possible that the future success of an optical inter-
vention to slow myopia progression (multifocal optics and
Defocus Incorporate Multiple Segments [DIMS] type lenses)
can be predicted.
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