
Letters

Author Response: Systematic Imaging
Experiments of Accommodation Do Not
Require Image Registration

We are writing in response to Dr. Schachar’s letter1 regarding
our two recently published studies.2,3 The issue raised by Dr.
Schachar is misleading, as he uses a portion of a figure that
was designed primarily to show the results of our contrast
agent experiments in the second study3 and not how we
collected measurements; the latter was addressed in the first
study.2

The panels we selected for the figure that Dr. Schachar
mentions (left and middle panels of Fig. 1) were chosen to
show the extent of how the triesence particles cling to the
vitreous membrane, that the anterior hyaloid bows back-
ward during accommodation, and that the cleft between
the pars plicata and the anterior hyaloid decreases with
age. The idea that the length of the cornea in the image,
and thereby the position of the ultrasound biomicroscopy
(UBM) probe with respect to the eye, could account for
the magnitude of the accommodative response or aging
change is not correct (see Supplementary Videos S1–S8 of
our paper that studies the accommodative movements of
the vitreous).3 The figure portion that Dr. Schachar repro-
duced in his letter simply shows that, despite some vari-
ability of the anterior/posterior position of the UBM probe

in relation to the eye, the results were the same. In other
words, no matter how short or long the cornea appeared in
the image, the data showed that the anterior hyaloid bows
backward during accommodation and that with age the cleft
between the pars plicata and the anterior hyaloid decreases.
Readers can also examine the dynamic videos included with
the paper to determine how stable the UBM probe is with
respect to the eye during accommodation to make their
own determinations. In addition, the video taken using an
endoscopic camera (Supplementary Video S4) also demon-
strates that the anterior hyaloid bows backward during
accommodation.

We demonstrate how the measurements were taken from
the UBM images in Figure 1 of the first (companion) paper2

and in previous publications.4–8 For both the monkeys and
the human subjects, images were systematically collected,
with the anterior/posterior ends of the ciliary body and
vitreous zonule oriented in a horizontal direction within
all images,4 and the eyes were imaged at a known level
of accommodative amplitude. Thus, with all due respect to
Dr. Schachar, we did take baseline measurements of the
intraocular structures in the resting eye using known refer-
ence points inside the eye (i.e. the distance between known
landmarks, such as the scleral spur and the posterior inser-
tion zone of the vitreous zonule) and repeated the measure-
ments in the accommodated eye. The presence of eye move-
ments or small differences in probe position relative to the

FIGURE 1. Left and Middle Panels. UBM images in the temporal quadrant in 8–, 17–, and 25-year-old rhesus monkeys in the unaccommodated
and maximally accommodated states following injection of Triesence (triamcinolone acetonide), which clings to the vitreous membrane.
Middle Panels. The anterior hyaloid relaxes/curves posteriorly during accommodation (see also Video Clips #1 and #3). The AH cleft which
lies between the ciliary processes and the anterior hyaloid is reduced in the older eyes (ages 17 and 25) vs. the young eye (age 8). Right
Panels. UBM images of the anterior segment in an 8-year-old rhesus monkey in the unaccommodated state and during various accommodative
amplitudes. Arrow indicates the anterior hyaloid. The backward bowing of the anterior hyaloid is more pronounced as the amplitude of
accommodation increases. CM=iliary muscle. CPs-ciliary processes.
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eye may result in increased variability, but the extent of the
noise introduced by eye movements or probe position (if
any) is extremely small relative to the magnitude of the
accommodative movements, and the data show significant
differences between the groups and significant changes with
age. Further, eye movements that occur with pharmacolog-
ically stimulated accommodation are not systematic but are
random in nature. The accommodative responses are the
same whether stimulated pharmacologically (humans) or by
central electrical stimulation (monkeys).2

It is very clear that Dr. Schachar and others in the
field have deeply held and conflicting views about the
basic mechanisms of accommodation and presbyopia, as
evidenced not only in his current letter but other letters
he has written, as well.9–14 The assertions by Dr. Schachar
have been made before and addressed previously15–19 and
are again addressed in this letter. Dr. Schachar’s criticism is
basically the same for any publication that reports data that
are in disagreement with his unique theory of accommoda-
tion and presbyopia.

The current letter written by Dr. Schachar is yet another
example of the passionate disagreements that exist in the
field regarding the basic mechanism of accommodation and
presbyopia. One school of thought posits that it is the
capsule that changes the shape of the lens, that the lens
diameter decreases during accommodation (Helmholtz),20

and that the lens hardens with age. Others believe that the
vitreous may be involved,21 whereas Dr. Schachar believes in
a mechanism of accommodation opposite to the commonly
accepted Helmholtz theory.22 Our goal was to help under-
stand an unappreciated aspect of the accommodative mech-
anism and provide a measure of the various accommodative
components. Our data may provide insight into the eye’s
ability to smoothly track objects in the field of view. We are
not trying to mediate a fight that exists in the field.
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