APPENDIX E: Pictures of Test Set-up

Figure E.1 Pressure system used to examine quasi-static and dynamic rupture pressure for eyes

Figure E.2 Pressure system showing protective cage and containing tank for eye rupture tests
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APPENDIX F: Correlation Charts for Human Tests

To show lack of correlation between (a) age and rupture pressure and (b) time from death
and rupture pressure Figures F.1 through F.4 were constructed.
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Figure F.1 Rupture pressure versus age for human quasi-static tests
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Figure F.2 Rupture pressure versus age for human dynamic tests
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Figure F.3 Rupture pressure versus time from death for human quasi-static tests
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Figure F.4 Rupture pressure versus time from death for human dynamic tests
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APPENDIX G: Age as a function of globe strength

Six porcine eyes from older pigs (4-6 years) were also analyzed quasi-statically for
rupture strength. Compared with the younger eyes more commonly used for ocular
testing (6-9 months), although the boxplots look different, in terms of rupture stress the
eyes were statistically the same (p=0.139). Diameter information is also given.
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Figure G.1 Boxplots of rupture stress for quasi-static porcine tests with different age pigs

Table G.1 Data from quasi-static porcine tests with different age pigs

Age Mean Rupture Stress Standard Deviation
(MPa) (MPa)

6-9 months 9.38 2.75

4-6 years 7.69 1.38

Table G.2 Diameters before pressurization (D1) and just prior to rupture (D2) and expansion

4-6 year old pig D1 (mm) D2 (mm) Expansion

static test (mm)
P012 28.3 30.7 2.4
P013 25.3 315 6.2
P014 24.9 29.0 4.1
P015 26.7 29.5 2.8
P016 25.4 28.3 2.9
P017 28.6 28.9 0.3
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APPENDIX H: Globe Diameters

All globe diameters were found to increase in diameter during pressurization. Values
before pressurization (D1) and immediately prior to rupture (D2) are given for all globes,
as well as the difference (globe expansion).

Table H.1 Diameters and expansion for human static tests

Human Quasi-Static D1 (mm) D2 (mm) Expansion (mm)
Test

H009 24.52 25.64 1.11
H010 26.85 27.77 0.92
HO011 30.16 30.46 0.31
H012 27.73 28.34 0.61
HO013 27.44 29.05 1.61
H020 24.84 28.30 3.45
H021 27.73 29.49 1.76
H023 27.18 29.77 2.59
H024 29.45 32.37 2.93
H026 28.40 28.59 0.19

Table H.2 Diameters and expansion for porcine static tests

Porcine Quasi-Static D1 (mm) D2 (mm) Expansion (mm)
Test

P035 23.12 2541 2.29
P036 26.65 28.92 2.26
P037 26.00 27.19 1.18
P038 27.35 28.87 1.52
P039 25.06 26.18 1.12
P040 24.42 24.98 0.57
P062 27.16 29.49 2.34
P064 26.49 28.76 2.27
P065 23.16 26.08 2.92
PO67 27.71 30.46 2.76

Table H.3 Diameters and expansion for human dynamic tests

Human Dynamic Test | D1 (mm) D2 (mm) Expansion (mm)
H002 34.19 34.64 0.45
H003 24.25 25.41 1.15
HO004 24.49 26.05 1.56
HO0O05 27.57 30.98 3.41
H006 24.98 27.87 2.89
H008 26.18 26.24 0.06
H014 28.29 28.66 0.37
HO17 25.40 28.19 2.79
H018 25.40 27.43 2.03
H019 28.00 30.22 2.22
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Table H.4 Diameters and expansion for porcine dynamic tests

Porcine Dynamic Test | D1 (mm) D2 (mm) Expansion (mm)
P048 26.89 30.86 3.97
P049 26.64 29.55 2.92
P054 32.82 34.64 1.82
P055 27.91 28.66 0.76
P056 25.95 26.79 0.84
P057 23.27 24.23 0.96
P058 28.76 34.11 5.53
P059 26.58 30.68 4.10
P060 26.00 29.46 3.46
P061 29.96 33.06 3.10
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APPENDIX I: Histology

Histology collected on 2 human and 2 porcine eyes is shown in Figures 1.1 through I.4.
Thicknesses were found at the areas of cornea, optic nerve, and equator.

Figure 1.1 Histology on human eye 1: region near the cornea (left) optic nerve (middle) equator (right)

Figure 1.2 Histology on human eye 2: region near the cornea (left) optic nerve (middle) equator (right)

Table 1.1 Thicknesses found from human eye histology

Area Human Eye 1 (mm) Human Eye 2 (mm) Average
Cornea 0.7 0.75 0.725
Optic Nerve 1.25 1.3 1.275
Equator 0.5 0.35 0.425

Figure 1.3 Histology on porcine eye 1: region near the cornea (left) optic nerve (middle) equator (right)
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Figure 1.4 Histology on porcine eye 2: region near the cornea (left) optic nerve (middle) equator (right)

Table 1.2 Thicknesses found from porcine eye histology

Area Porcine Eye 1 (mm) Porcine Eye 2 (mm) Average
Cornea 1.75 1.6 1.675
Optic Nerve 1.6 1.6 1.6
Equator 0.7 0.55 0.625
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APPENDIX J: Radius vs Time

These figures show radius versus time plots used for strain calculations.

Time vs Radius, Dynamic H017
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Figure J.1 Radius vs Time for human dynamic test HO17
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Radius (in)

Radius vs Time, Static H020
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APPENDIX K: Strain vs Time

These figures show strain versus time plots for the four eyes included in the strain

estimates.
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Figure K.1 Strain vs time for human dynamic test HO17
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Strain vs Time, Static H020

0.14

0.12 4

0.1

0.08 +

0.06 -

Strain (in/in)
3

0.04

0.02 4

0 5 10 15 20 25
Time (s)

Figure K.3 Strain vs time for human static test H020
Strain vs Time, Static H023

0.14

30

0.12

0.1

0.08

Strain (in/in)

0.06 *>

0.04 4 * o

0.02 1&

0 5 10 15 20 25
Time (s)

Figure K.4 Strain vs time for human static test H023

73

30



APPENDIX L: Pressure vs Time

These figures show pressure versus time plots used for stress-strain calculations.

Pressure vs Time, Dynamic HO17
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Pressure vs Time, Static HO20
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APPENDIX M: Stress vs Time

These figures show stress versus time plots used for stress-strain calculations.

Stress vs Time, Dynamic HO17
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Stress vs Time, Static H020
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Figure M.3 Stress vs time for human static test H020
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APPENDIX N: Stress vs Strain

Stress vs Strain, Dynamic H017
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APPENDIX O: Future Work
Lens Motion During Repressurization

Frequently during ocular research, the eye is reinflated to normal intraocular pressure
(around 20 mm) to better simulate in vivo effects. In addition, ophthalmologists and
ophthalmology students frequently use postmortem eyes that have been reinflated to
perform studies and practice procedures.

In a study including corneas only, Pinheiro (1995) infused an artificial anterior chamber
on which a cornea was mounted with saline until rupture while pressure was monitored
with an electronic pressure transducer. The corneas had undergone mini-radial
keratotomy and ruptures occurred at the incision sites. On corneas that underwent mini-
RK the average rupture pressure was 6720+/-740 mmHg whereas the corneas that did not
undergo the surgery ruptured at an average pressure of 9370+/-280 mmHg.

Auffarth (1996) was studying methods for improved preparation techniques allowing
better corneal clarity and vision into the eye for ophthalmologic surgery practice. He
recommends reinflating the eye using a 23-gauge butterfly needle through the optic
nerve, and pressurizing with a balanced salt solution. In this case the saline was injected
into the posterior chamber only, but Auffarth monitored intraocular pressure (IOP) with
tonometry or pheumotonometry, both procedures that check 10OP through the anterior
chamber. In this case, Auffarth had no reassurance that the IOP he was reading through
the anterior chamber was the same IOP as the posterior chamber. In a similar study
analyzing ocular trauma, Scott (2000) repressurized eyes by placing a 27-gauge 1V
needle through the optic nerve that was connected to a saline bag. The bag was raised to
increase I0OP, which was monitored by corneal palpation. Fernandez (2001) also
repressurized with saline via a 30-gauge needle inserted through the optic nerve when
testing a corneal topography system.

One of the few studies where IOP was not monitored through the anterior chamber while
repressurization occurred through the optic nerve was published in 1996 (Wang). In an
effort to study elastic moduli of the cornea, Wang (1996) placed a 27-gauge needle
through the optic nerve in the anterior chamber and connected this to a saline reservoir
that maintained normal IOP (30 cm H20). Again, with the saline reservoir, in a
comparison between tono-pens and manometers, eyes were connected via a needle
inserted into the anterior chamber (Hessemer, 1989). A bag of solution was used to
maintain 10P.

In another study investigating methods to best prepare postmortem eyes for surgical
practice, Eckardt (1995) does not even mention insuring a life-like situation by
repressurizing for IOP. (trephinated with a 7.0mm trephine)

Postmortem time of eyes used in studies varied. Auffarth (1996) used eyes up to 4 days

postmortem, as he believed that eyes older than 4 days have tissue changes. Fernandez
(2001) used eyes that were less than 5 days postmortem.
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Accommodation

Accommodation is the process of focusing on objects close to the face. The standard
theory of accommodation involves the ciliary muscle moving anteriorly and inward
during contraction (like a sphincter muscle), releasing tension on the zonules, which
allows the elastic-like crystalline lens to assume its naturally spherical shape [Helmholtz].
During accommodation the lens thickens axially. For disaccommodation, the ciliary
muscle relaxes and the elastic choroid pulls the ciliary muscle back to its original, resting
position. This places tension on the zonules, pulling the lens into a flatter, thinner shape.
The elastic choroid is in equilibrium with the system when the ciliary muscle is at rest.
During accommodation, the curvature of the anterior surface of the lens steepens more
rapidly than the posterior surface of the lens, however, the anterior surface curvature is
never steeper than the posterior surface curvature [Brown, 1974].

Lens motion is achieved through use of the zonules and ciliary muscles. Determined by
Scheimpflug slit-lamp photography, the lens thickens sagittally with age, but because the
distance from the cornea to the posterior surface of the lens remains the same, the center
of the lens must move anteriorly causing the anterior chamber to become shallower
[Cook, 1993]. As humans age, a number of anatomical and physiological changes take
place. With increasing age, the quantity of light scattered by the lens at high angles
increases exponentially [Cook, 1993]. Brown (1974) has shown that the central anterior
lens curvature becomes sharper with age at approximately twice the rate of the posterior
lens surface. This observation has caused quite a bit of confusion; based on Brown’s
findings, far vision should be lost with increased age whereas in fact it is near vision that
is lost with age. This phenomenon has been known as the lens paradox, and has been
examined in depth.

Koretz (1986) published a study regarding the interesting effect of aging on the human
lens known as the lens paradox. The lens paradox is the paradoxical effect where ability
to accommodate with age decreases while the central radii of curvature of lens surfaces
decreases. This information alone would suggest that far vision should be lost rather than
near vision, whereas reality gives the opposite. The lens paradox is one of Schachar’s
main examples as to why the Helmholtz theory does not hold, however a number of
reasons as to why the paradox does not cause loss of far vision have been introduced.
Koretz found that, in general, changes in surface curvature were almost exactly balanced
by changes in spacing between refractive surfaces.

Koretz (2001) found that the lens is primarily to blame for reduced ocular power with
age.

There are large quantities of excellent reviews of presybopia (Gilmartin, 1995). There
are a number of conflicting theories on the process whereby humans lose the ability to
accommodate with age (presbyopia). Presbyopia progresses from adolescence and
humans completely lose the ability to accommodate by about two thirds of the normal life
span, around age 50 to 55 years [Atchison, 1995; Croft 2001]. Presbyopia is, for humans,
the most common ocular problem [Croft, 2001]. The most widely accepted theory states
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that the lens hardens with age, losing its ability to change shape and assume its natural
spherical shape when the zonules release tension in accommodation. A more recently
developed theory was presented by Dr. Ronald Schachar. Schachar theorizes that, during
accommodation, the ciliary muscle increases rather than decreases zonular tension on the
lens. Since the lens continues to grow throughout life, presbyopia is caused by the
inability of the zonules to place tension on the lens even when the ciliary muscle is in the
contracted state. Essentially, the lens “‘crowds’ the zonules.

Ocular research has been conducted for decades, and almost all of it supports the classical
Helmholtz theory of accommaodation. In 1982 Fisher developed a machine designed to
stress the lens by the ciliary muscle/zonules. The device has 8 jaws that clamp down on
the ciliary muscle , allowing for minute movements and placing varying amounts of
tension on the zonules, and therefore on the lens. Fisher found that with increased
zonular tension on young human eyes (18 to 23 years old), the lens flattened (as seen in
disaccommodation according to the Helmholtz theory) and during decreased zonular
tension, the lens assumed a rounded shape (as during accommodation according to the
Helmholtz theory). Fisher also showed that the differences in polar movement of the lens
during accommodation is completely due to the zonular/lenticular complex rather than
the support of the vitreous and changes in vitreous pressure, as previously theorized by
Tscherning. Fisher found the same anterior/posterior pole movements as Tscherning,
however, in Fisher’s study no vitreous was present, leading to the discovery that the polar
movement is due entirely to the zonular/lenticular complex.

Fisher has completed an immense study on lens material testing (1982). He discovered
that the modulus of elasticity for the lens capsule decreases significantly with age. Fisher
also showed that the ciliary muscle does not lose its ability to contract with age; in fact,
the ciliary muscle reaches maximum contractibility around age 45. (Gilmartin) Payer
backed up that claim in a study published in 1993 where he proved that age does not
affect the ciliary muscle’s ability to contract, as based on a study of rhesus monkey
ciliary muscle strips subjected to chemical antagonists. Poyer states that any in vivo loss
of ciliary muscle mobility is due to extra-muscle factors rather than diminished muscular
contractibility.

In support of Helmholtz’s theory, Pau (1991) used a probe and dynamometer and
measured the resistance to penetration of lenses aged between 20 and 60 years, and found
that the hardening of the lens nucleus coincides with the decrease in accommodation and
the onset of presbyopia.

In support of the Helmholtz theory, Cumming (2001) investigated the successful effect of
an accommodating intraocular lens on patients where presbyopia has occurred (at least 50
years of age). The intraocular lens works with the natural physiology of the eye after
cataract removal by interacting with the intact ciliary muscle to provide excellent
uncorrected distance, intermediate, and near visual focus.

Glasser has been an adamant follower of the Helmholtz theory. He has done a lot of
work in the area of accommodation both with living rhesus monkeys and with cadaver
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tissue. A 1998 paper published by Glasser and Campbell shows the effect of stretching
the lens by pulling on the lens/ciliary body. The focal length of all lenses increased
linearly with age, and the focal length of lenses over 60 years old did not change at all,
owing credibility to the Helmholtz theory. In 1999 he published work on 19 pairs of
enucleated human eyes where the lens from one eye of the pair was tested for spherical
aberration and focal length, along with lens thickness and surface curvature (equivalent
refractive indices were calculated). The second eye of the pair was used to measure
physical resistance to deformation by compressive force. The lens capsule was also
removed and all measurements were taken again, and it was determined that age
dependent lens hardening is a factor that must be considered in presbyopia. Glasser also
points out that lens optical and physical properties change with age in a complex manner,
and that lens hardening is only one of the many changes the human eye undergoes with
age (2001). Krag (1997) also found that the lens capsule itself becomes more brittle, less
extensible, and thicker with age. The capsule helps to mold the lens into its
accommodated shape. In a young lens, when the capsule is removed, the lens assumes an
unaccommodated, relaxed shape. As the age increases, the presence/absence of the lens
capsule has less of an effect.

A live rhesus and cynomolgus monkey experiment published by Glasser in 1999 showed,
through ultrasound biomicroscopy and goniovideography, the ciliary body and lens
equator moved away from the sclera during accommodation, supporting the Helmholtz
theory. Accommodation was stimulated by electrical stimulation of implanted electrodes
in the brain of iridectomized monkeys. Iridectomy, complete removal of the irides,
allows a very clear picture of the accommodative process.

Koretz has done a great quantity of investigating the process of accommodation. In 1997
his group studied changes in the sagittal dimensions of the lens and anterior segment with
accommodation using slit-lamp photography and other standard ophthalmologic methods.
The changes were evaluated as a function of age and accommodation, and Koretz found
that the changes were independent of age. The lens became thicker and the anterior
chamber became shallower along the axis, and the anterior and posterior halves of the
lens nucleus (the portion of the lens increasing in thickness) increase in thickness at
approximately the same rate with accommodation. This study led Koretz to believe that
since changes occur along the sagittal axis of the anterior segment, and they occur with
accommodation independent of age, changes in rates of lens thickening and anterior
chamber depth with age do not explain the onset of presbyopia. He goes on to speculate
that the compensations by the eye used to preserve vision as much as possible also
preserve the rate of change of sagittal spacings. This study backed up a Koretz study
published in 1988 in which they studied the anatomical spacings along the sagittal axis.
They gathered from this study that since the lens grows throughout life while the globe
does not, the thickening of the lens completely accounts for shallowing of the anterior
chamber with age, whereas the posterior side of the lens remains fixed in position relative
to the globe.

Neider (1990) also confirmed that during accommodation (caused by a stimulating
electrode in the brain of rhesus monkeys), the lens became thicker and zonules went slack
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while the lens moved downward. This study also showed that these things all diminished
and ceased entirely with age. All images were seen with slit-lamp videography and
goniovideography.

During a study investigating ultrasound biomicroscopy (UBM), Ludwig (1999) obtained
excellent images of the accommodative processes, and concluded that the process of
accommodation follows the Helmholtz theory.

Although the support for the Helmholtz theory is widespread, a number of different
theories and findings have been reported. Heron (1999) found the amplitude of
accommodation decreased with age. Heron’s study included a number of patients from
18 to 45 years. He believes that the onset of presbyopia is due to this decline in
accommodative amplitude rather than from loss of lens elasticity, however he admits that
according to Fisher, lens capsule elasticity remains fairly constant until the age of 40.
Also, it must be considered that accommodative amplitude is vague term and the action
most likely includes lens elasticity effects. A followup study was done by Kalsi (2001)
that showed the response/stimulus curves for accommodation. The response decreased
slightly with age up to 40 and then began a marked decrease. Kalsi speculated that after
40, the human eye loses its ability to compensate by changing characteristics of the eye to
account for the loss of accommodation. Vilupuru (2002) found the rate of brain electrode
stimulated accommaodation is dictated by the amplitude, but did not include age effects in
his work.

Cook (1993) believed that presbyopia was related to the change in direction of zonular
forces applied to the lens. Alteration in forces from an anterior stress to a tangential
stress on the capsule causes a loss in mechanical advantage, as the capsule is three orders
of magnitude less elastic than the lens material.

After studying the ability of rhesus monkeys who had undergone iridectomies to
accommodate as they age, Croft (1998) found an age-related decline in ciliary body
movement with accommodation as well as an age-related decline in lens movement with
accommodation and narrowed the causes of presbyopia down to two things: the inability
of the lens to change shape due to inelasticity or hardening or the inability of the ciliary
body to pull on the lens.

Because accommodation decreases with age, a number of ‘cures’ and fixes have been
invented. Many factors contribute to the ability to accommodate, and it is extremely
difficult to determine which of the factors are effected by the “cure’.

As previously stated, currently the main opponent to the Helmholtz theory is Dr. Ronald
Schachar. He has published a very large volume of work on his theory, which states that
the lens does not harden with age; rather, presbyopia is caused by lens growth which
crowds the zonules, causing them to lose ability to place tension on the lens. He also
believes that the ciliary body contracts during accommodation, the opposite of the
Helmholtz theory. Schachar’s 1995 study showed ultrasound images of the
accommodative processes of two monkeys. Images of the eye in the accommodated state
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were superimposed on images of the eye while it changed to the unaccommodated state.
The research again proved Schachar’s theory, showing that the sclera moved away from
the lens during accommaodation, and his Scleral Expansion Band procedure produced
reversal of presbyopia in both monkeys. In 1996 Schachar used ultrasound and
investigated the equatorial diameter increase on in vivo human lenses, again finding that
the equator moved toward the sclera, indicating that Schachar’s theory is correct.

Schachar states a number of reasons for not believing the Helmholtz theory (1994). He
did not like the idea that accommodation occurred while the ciliary muscle was relaxed; it
seemed counterintuitive to him. He also did not understand how, when the zonules were
relaxed during accommaodation, the lens could be stable. Schachar found it unbelievable
that they lens would harden in a linear fashion with age, as he was unaware of any other
tissue in the body following that pattern. During cataract extraction he found it was
common to observe varying degrees of hardness with age. This combination of facts led
Schachar to examine the accommodative process, and through his studies he came to the
conclusion that presbyopia is a consequence of normal lens growth. Schachar’s research
led him to believe that the lens, during accommodation, is in tension by the zonules. The
zonules pull on the lens in a way to centrally steepen and peripherally flatten the lens. He
supports this theory using many everyday examples, such as the stretching of a mylar
balloon and the tides of the ocean (1994b,1999). Water filled lenses were studied in 1998
where upon stretching, the lens showed central steepening and peripheral flattening. In
1993 sclera-ciliary bodies of bovine eyes were stretched radially while optical power and
equatorial diameter were measured, and the results showed that an increase in diameter
produced an increase in optical power (in diopters).

Schachar also studied the ciliary body/zonular fibers hystologically in 1996. Polarized
light and transmission electron microscopy showed that there are collagen fibers in the
ciliary body stroma which could transducer the force of ciliary muscle contraction to the
zonules. The location of the collagen is consistent with the Schachar theory of
accommodation. The lens is under constant tension in the Schachar theory (1994). The
anterior and posterior zonules are passive in terms of structural support whereas the
equatorial zonules are the fibers controlling accommodation. In the Helmholtz theory, all
zonules are thought to act together. Because, under the Helmholtz theory, the lens is not
held rigid by the zonules during accommodation, theoretically the lens would be
influenced by gravity, showing different results under supine and prone positions. A
1994 study also done by Schachar measured the supine and prone position of young
human subjects and found that gravity does not influence accommodative amplitude.

Schachar has created a mathematical model to ‘prove’ his theory (1993b, 2001). With his
model he tested three scenarios; his theory where equatorial zonules are in tension during
accommaodation, the Helmholtz theory where anterior and posterior zonules are relaxed
during accommodation, and the scenario where all three sets of zonules are relaxed. The
model showed that the lens deforms in the way he theorized under the conditions he
believes. Schachar also published a full finite element model of the lens proving his
theory (2001).
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Because Schachar believes that loss of accommodation is solely caused by crowding of
the lens/zonules, he claims that he has found a cure for presbyopia where small PMMA
(polymethylmethacrylate) bands are inserted into the sclera, ‘lifting’ the sclera and
increasing the diameter of the globe at the region of the cilary body (1994). This allows
the zonules to once again establish tension on the lens, curing presbyopia almost
immediately after the implantation surgery (Cross, 2001). The Scleral Expansion Bands
(SEBs) have undergone redesign a number of times since the original SEB was
introduced. The original band was an entire 360° ring, however Schachar found that the
full ring could cut off circulation to the cornea. The second design included four separate
SEBs that were to be placed on the four quadrants around the cornea. The next design
included adding a flattened lip on the edge of the SEBs. Schachar found that with the
second design, the SEBs would occasionally flip onto their sides after implantation. In
addition to the improvements with the SEBs, Schachar also studied the best depth in the
scleral shell for the SEBs, to give the most scleral “lift’. To help in correct placement of
the SEBs, Schachar has patented a SEB insertion device.

Schachar’s Scleral Expansion Bands (SEBs) have been under quite a bit of scrutiny since
their inception, and the results are conflicting. Part of the reason for the differing
accounts is there have been very few independent studies analyzing the true effects of the
SEBs. Schachar himself has completed a number of before and after studies on the
SEBs, however, the studies have been mostly subjective and obviously Schachar has a
vested interest in the success of the SEBs. Some of the preliminary reports through
Schachar and his affiliates have been favorable (Schachar, 1992; Yang, 1997; Chynn,
1999; Cross, 2001;DuBosar, 1999; Marmer, 2001), and in Cross (2001) the entire
procedure of implanting the bands is described in detail. In 2001, Roy sent a letter to the
editor where he states that three ophthalmologists, including himself, underwent SEB
surgery and experienced an improvement in near vision.

One of the many possibilities for why Schachar’s Scleral Expansion Bands (SEBSs) have
had, preliminarily, a short-term positive effect on vision could be a multi-focal effect.
Moriera (1992) found that some operative procedures (such as radial keratotomy) caused
multi-focal effects by changing corneal refractive powers by changing the corneal
curvature. Moriera (1992) studied this effect and found that it may be possible to reduce
symptoms of presbyopia by purposely introducing a multifocal effect. Pierscionek
(2001) also found that accommodation itself may have some effect on central corneal
curvature. Singh (2000) presented a case where a patient who had undergone SEB
surgery had her SEBs removed due to chronic pain and swelling. The patient developed
axial lengthening and myopic shift, which was most likely responsible for the increased
accommaodative potential reported from this patient, as opposed to a result from the SEB
procedure.

Glasser points out major flaws in most of the supporting evidence of Schachar’s theory
and the SEBs in his study published in 1999b. Glasser shows that Schachar’s claim of
increased equatorial growth of the lens throughout life is erroneously based on
measurements taken from isolated cadaver lenses, which both theories recognize as being
different than the in vivo situation. A more recent study (Strenk) with state of the art
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MRI imaging showed that lens diameter does not increase with age in unaccommodated
lenses; only in the accommodated lens case does the equatorial diameter increase with
age. Glasser also showed how the Helmholtz theory was actually proved again by a
study done by Schachar (Glasser, 1999). Schachar published articles showing how
Glasser’s attack on HIS work was actually flawed (2001b, 2001c). Kaufman (2001) has
published an editorial requesting an objective study on the SEBs, however, Schachar has
been unwilling to help prove his theory in this manner. One of the only truly independent
studies completed on SEBs done in 2001 by Malecaze showed a temporary improvement
in three eyes out of the four subjects included in the study. The other five eyes showed
no improvement. Malecaze found the results of the surgery to be inconsistent and
unpredictable. A similar independent study by Mathews (1999) showed no evidence of
accommaodation after scleral expansion surgery when he examined three preoperative
presbyopic subjects, three postoperative preshyopic subjects, and three young control
subjects.

Although it is doubtful that Schachar’s SEBs can actually cure presbyopia, they may in
fact be useful in treating primary open angle glaucoma (POAG) (Cross, 2001).
According to Schachar (2000), since SEBs increase the tension in the ciliary muscle, this
increases trabecular meshwork pore size, allowing better flow of ocular fluid to reduce
ocular hypertension and primary open-angle glaucoma. In his studies, 11 eyes with high
intraocular pressure (IOP) between 23 mmHg and 36 mmHg had lowered 10P of between
13 mmHg and 18 mmHg six months after surgery without medication.
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