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Abstract
Introduction: The investigation of myopia
and soft contact lenses is not new. Many reports
show that the wearing of silicone hydrogel
lenses as opposed to conventional disposable
hydrogel lenses results in little progression of
myopia in the eyes wearing silicone hydrogels.
Method: Six subjects wore a silicone hydro-
gel lens on one eye while the other eye wore a
habitual disposable hydrogel lens for six months
of daily wear. Fifty measurements of refractive
state in each eye were taken prior to the subjects
wearing a silicone lens in one eye and a conven-
tional hydrogel lens in the other eye. After six
months of daily wear another fifty measurements
of refractive state were taken for each subject.
Results: Although there is no statisti-
cal support for the findings of this study,
comet stereo-pairs are used to show the chang-
es in refractive state for each subject. Four
of the six subjects showed an increase in
myopia in the eye wearing the silicone lens.
Discussion: The increase 1in myopia
in eyes wearing a silicone hydrogel lens is
contrary to the findings of other studies.

Introduction

Myopia, its development and progression has
received a lot of attention recently'”’. Studies
investigating myopia and; susceptibility to near-
work demands®, occupation’, reading'’, and ge-
netics'' have been published. The progression of
myopia induced by the daily wear of hydrogel

contact lenses has also been investigated'* '
where it was found that a small increase in myo-
pia occurs during the initial phases of hydrogel
contact lens wear. These myopic changes have
generally been attributed to the development of
corneal oedema associated with hydrogel contact
lens wear'®'®, Fulk' et al have shown that chil-
dren who switched from wearing spectacles to
soft contact lenses manifested an increased rate
of myopia progression that was three times fast-
er than those children who retained their spec-
tacles. Douthwaite, Ford and Stone*, however,
state that hydrogel lenses have little effect on
the refractive state of the eye due to the uniform
nature of the swelling across the whole cornea.
Bruce and Brennan?' suggest that little change
in refractive state occurs in association with cor-
neal oedema that has a uniform area of greater
than 8 mm in diameter. Efron and Fitzgerald®*,
however, have shown that corneal oxygenation
is dependent on the lens thickness profile. What
effects might the differential supply of oxygen
to the cornea, induced by a negative-power hy-
drogel contact lens, have on the topography of
the cornea? Gillan® published an anecdotal ac-
count of two patients who terminated hydrogel
contact lens wear for more than 18 months who
then presented with an, extreme, reduction in
myopia. Dumbleton et al** have shown that con-
tinuous wear of high oxygen permeable silicone
hydrogel lenses has no impact on refractive state
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compared with low oxygen permeable hydrogel
lenses when worn over a nine month period.
They showed that there was an increase in myo-
pia in the subjects who were wearing low-Dk
lenses (— 0.30 £0.45 D). Long et al* , inves-
tigating refractive changes in subjects wearing
silicone lenses for three years, found that there
was little increase in myopia over their study pe-
riod and support the finding of Dumbleton and
co-workers®**. A four month randomized study
conducted by Fonn et a/*® found a significant in-
crease in myopia in eyes wearing low Dk lenses
while eyes wearing high Dk silicone hydrogel
lenses showed an insignificant increase in my-
opia. A study conducted by Jalbert et al*’” also
revealed an increase in myopia in subjects wear-
ing low DK lenses. Subjects wearing high Dk
lenses revealed a regression in myopia. [ am not
aware of any studies investigating the effects of
daily wear of silicone hydrogels versus low-Dk
hydrogel lenses on myopic change. This study
was conducted to investigate changes in refrac-
tive behavior induced by low and high oxygen
permeable contact lenses worn on a daily-wear
basis for six months.

Method

Nine fourth-year optometry students (average
age: 22 years) in the Department of Optometry
at the Rand Afrikaans University volunteered as
potential subjects for this study. The study pro-
tocol was explained to them and they gave their
informed consent to be included in the study.
All subjects were treated according to the tenets
of the Declaration of Helsinki. All subjects
were screened prior to inclusion in the study.
All subjects had to be habitual daily wearers
of spherical, disposable hydrogel (not includ-
ing silicone hydrogels) contact lenses who had
been wearing lenses for a minimum of two
years. Subjects had to have an aided habitual
VA of 6/6 (20/20) or better. All habitual lenses
had to fit adequately (according to usual clinical
criteria) and induce no striae, folds, staining or
obvious microcystic oedema. It should be noted
that all subjects, with the exception of subject 3,
had neovascularization. Each subject presented
for the initial measurements of refractive state
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wearing their habitual lenses. The habitual lens-
es were removed and 50 autorefractor measure-
ments of refractive state of each eye were taken
using a Nidek ARK-700 autorefractor. The
autorefractor was refocused after each measure-
ment and measured refractive state in 0.01 D
and 1 degree increments. A print-out was made
after each set of ten measurements. The use of
an autorefractor to take multiple measurements
of refractive state and the accuracy of autore-
fractors has been well documented in the litera-
ture?®>!. The protocol of the study required that
each subject wear their habitual lens (excluding
silicone hydrogel lenses) on one eye and a sili-
cone (lotrafilcon A) hydrogel lens on the other
eye (see Table 1 for silicone lens parameters).
The eye to wear the silicone hydrogel lens was
decided by means of a coin toss. Trial lenses
were inserted and after 20 minutes the fit of the
lenses was assessed. The silicone hydrogel lens-
es fit all nine subjects well, according to normal
clinical criteria. A box of six silicone lenses was
dispensed to all nine subjects with the instruc-
tions that they had to wear the silicone lens on
the chosen eye and their habitual lens on the
remaining eye for six months of daily wear, dis-
posing of each lens at monthly intervals. Three
of the nine subjects experienced unacceptable
discomfort when wearing the silicone hydrogel
lenses and chose to terminate their participa-
tion in the study. Of the remaining six subjects
five were female. Table 2 gives the parameters
of the habitual lenses that each remaining sub-
ject was wearing prior to the dispensing of the
silicone hydrogel lenses. Subject compliance,
comfort and corneal health were monitored at
regular intervals during the six month dura-
tion of the study. Following six months of
daily silicone and conventional hydrogel lens
wear the subjects returned when a further
50 autorefractor measurements of refractive
state of each eye were taken. The eye wearing
the habitual hydrogel lens acted as a control.
Autorefractor measurements were converted
and analyzed making use of methods developed
by Harris and used extensively by the Optomet-
ric Science Research Group***’ (for a complete
exposition of the methods used in this study see
Harris***). Briefly each autorefractor measure-
ment, consisting of sphere, cylinder and axis, is
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Table 1: Silicone hydrogel lens (Lotrafilcon A) parameters

Material Lotrafilcon A
Water content 24%

DK (Barrer) 140x 107"
DK/t (ccOzsecflcmfzmmHg*1 175x 107
Base Curve (mm) 8.6

Diameter (mm) 14.0

Table 2: Subject’s habitual lens parameters

Subject | Lens Base curve | Water DK/t
(mm) content (x 1079)

1 Focus visitint | 8.9 55% 20

2 Actifresh 400 | 8.8 73% 30

3 Actifresh 400 | 8.8 73% 30

4 Focus visitint | 8.6 55% 20

5 Proclear 8.6 62% 41.5
compatible

6 Proclear 8.6 62% 41.5
compatible

converted into three coordinates (stigmatic, or-
tho-antistigmatic and oblique anti-stigmatic) of
a sub-space known as symmetric dioptric power
space. The three components give a complete rep-
resentation of the three-dimensional character of
dioptric power. It is not necessary to limit analysis
to only the spherical or cylindrical components of
refractive state or to use equivalent sphere as other
researchers have done**?® when making use of the
coordinates in symmetric dioptric power space.
Once the three coordinates of each measurement
of refractive state have been calculated it is pos-
sible to determine a mean refractive state that is
complete®™?’, variance and covariance of the data®®,
conduct hypothesis tests* and present findings by
means of three-dimensional stereo-pairs*'.

Results

Before presenting the results of this study it needs
to be stated that the findings shown here have no
statistical support... the findings could be purely
as a result of chance. This results from the small
subject base. Nevertheless, the results of the
study will be presented here, for various reasons.
The results of each subject are going to be shown
individually making use of three-dimensional
scatter plots. Each scatter plot shows the mean of
fifty measurements before and after the wearing
of a lens for six months (including a 95% con-
fidence ellipsoid around each mean). What each
scatter plot shows is a pure representation of the
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data with no assumptions of normality or equiva-
lence of variance needed. Each scatter plot shows
the means of the data as they were recorded, in
symmetric dioptric power space. The methods
used to convert, analyze and present the refrac-
tive state data have not been used when dealing
with contact lens related data before (as far as I
am aware). This article will show that there are
individuals, who when wearing a silicone hydro-
gel lens on one eye, reveal an increase in myopia
in that eye, a finding that is contrary to the find-
ings of other researchers.

Figure 1 shows the means of the data col-
lected for subject 1 connected by a line (called
a comet) extending from the mean of the initial
set of measurements (shown by an asterisk) to
the mean of the measurements taken after six
months (a dot). The red comet represents the eye
wearing the habitual hydrogel lens for the six
months and the green comet represents the eye
wearing the silicone hydrogel lens. Each mean
is surrounded by a 95% confidence ellipsoid.
The ellipsoids of some means are tiny and are
difficult to make out. The length of each axis of
the scatter plots is 1 D with tick intervals of 0.25
D. The I axis represents the stigmatic (spheri-
cal) component of refractive state with the less
negative half of the stigmatic axis being shown
in each scatter plot. This applies to all figures in
this article. The origin of the axes in Figure 1 is
—3.50 D. Figure 1 shows that both eyes had a
mainly hyperopic shift (less myopia) in refrac-
tive state over the six months of the study period,
shown by the “upward” movement of the comet
from the asterisk to the dot (or from the mean
of data taken before the study commenced to
the mean of data collected after six months of
lens wear). The means for each set of measure-
ments can be seen in Table 3 with the differences
between the means being shown in Table 4.

Subject 2 is represented in Figure 2. The origin
of the axes is —2.50 D. A small hyperopic shift is
seen in the red comet, an indication that the eye
wearing the habitual lens underwent little change
in refractive state over the six months of the
study. The green comet, on the other hand, shows
that a larger, and mostly, hyperopic shift occurred
in the eye wearing the silicone hydrogel lens.
Tables 3 and 4 show the means, and differences
between the means, of the data, respectively.

The origin of the axes in Figure 3 is —3.00 D.
Subject 3 is represented here. Both eyes show a
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Figure 1. A comet stereo-pair for subject 1 is shown. The red
data shows the comet for data collected from the eye wearing
the habitual lens while the green data represents the eye wearing
the silicone hydrogel. The asterisk represents the mean of fifty
measurements taken before the lenses were worn and the dot
the data collected after six months of wear. A 95% confidence
ellipsoid surrounds each asterisk and dot, this applies to all the
stereo-pairs in this article. The origin of the axes is —3.50 D. A
reduction in myopia is shown in each eye.
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Figure 2. A comet stereo-pair for subject 2 is shown. The origin
of the axes is —2.50 D. A reduction in myopia is shown in each
eye with the eye wearing the silicone lens showing the greatest
hyperopic shift.
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Figure 3. A comet stereo-pair for subject 3 is shown. The origin
of the axes is —3.00 D. An increase in myopia is seen in both
eyes. The eye wearing the silicone lens (green data) reveals the
larger myopic shift.
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Figure 4. A comet stereo-pair for subject 4 is shown. The origin
of the axes is —4.00 D. Although little change is seen in either
eye, the eye wearing the silicone lens shows a small increase
in myopia while the habitual lens wearing eye shows a small
decrease in myopia.
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Figure 5. A comet stereo-pair for subject 5 is shown. The origin
of the axes is —2.00 D. Little change is seen in the eye wearing
the habitual lens (red data) with the silicone lens wearing eye
showing an increase in myopia.
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Figure 6. A comet stereo-pair for subject 6 is shown. The origin
of the axes is —5.00 D. A large shift (an increase in myopia,)
is seen in the green data (silicone lens wearing eye). The eye
wearing the habitual lens shows a decrease in myopia (hyper-
opic increase).
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Table 3. Means of 50 measurements of refractive state taken before silicone hydrogel lens wear was initiated (Cb and Eb) and after
six months of silicone hydrogel lens wear (Ca and Ea). Cb and Ca indicate the control eye (wearing habitual hydrogel lens) before
and after the six months of wear respectively. Eb and Ea indicate the experimental eye (wearing the silicone hydrogel lens ) before
and after the six months of wear respectively. Subjects are indicated by numbers 1- 6. The means are given in conventional as well
as component notation.

Subject Control / Experiment Conventional notation Component notation
Sph Cyl Axis Fist For Fob
1 Cb —3.50 —1.10 x 174 —4.06 0.54 —0.11
Ca —3.39 —0.96 x 169 —3.87 0.45 —0.17
Eb —4.19 —0.90 x 1 —4.64 0.45 0.01
Ea —4.05 —0.60 x 179 —4.35 0.30 —0.02
2 Cb —2.97 —0.49 x 87 —321 —0.24 0.03
Ca —3.00 —0.33 x 83 —3.17 —0.16 0.04
Eb —2.76 —0.06 x 129 —2.80 —0.01 —0.03
Ea —2.60 —0.12 x 143 —2.66 0.02 —0.0
3 Cb —3.25 —0.59 x 179 —3.55 0.29 —0.01
Ca —3.64 —0.47 x 171 —3.88 0.22 —0.07
Eb —3.67 —0.49 x 161 —3.92 0.19 —0.15
Ea —4.21 —0.49 x 174 —4.45 0.23 —0.05
4 Cb —4.40 —0.38 x 16 —4.59 0.16 0.10
Ca —4.32 —0.49 X 3 —4.56 0.25 0.02
Eb —3.65 —0.69 x 4 —4.00 0.34 0.05
Ea —3.75 —0.62 x 176 —4.06 0.31 —0.04
5 Cb —2.14 —0.65 x 175 —2.46 0.32 —0.06
Ca —2.15 —0.60 x 177 —245 0.30 —0.03
Eb —2.61 —0.09 x 130 —2.66 —0.01 —0.04
Ea —2.72 —0.23 x 178 —2.84 0.12 —0.01
6 Cb —5.20 —0.95 x 164 —5.68 0.40 —0.25
Ca —4.86 —0.79 x 159 —5.26 0.29 —0.27
Eb —4.22 —0.41 x 175 —4.42 0.20 —0.04
Ea —4.98 —1.07 x 166 —5.52 0.47 —0.26

Table 4. The differences between the means of the control (C) and the experimental (E) eyes is given for each subject (numbered
1- 6) in conventional as well as component notation.

Conventional notation

Component notation

Subject Control/ experiment Sph Ol xis Fst For Fob
1 C 0.30 —0.22 x 107 0.18 —0.09 —0.06
E 0.30 —0.22 x 107 0.23 —0.15 —0.03
2 C 0.14 —0.17 X 3 0.05 0.08 0.01
E 0.17 —0.07 x 154 0.13 0.02 —0.03
3 C —0.24 —0.18 x 110 —0.33 —0.07 —0.06
E —0.43 —0.20 X 34 —0.54 0.04 0.09
4 C 0.14 —0.23 x 159 0.03 0.08 —0.08
E 0.04 —0.20 x 124 —0.06 —0.04 —0.09
5 C 0.05 —0.07 X 66 0.01 —0.02 0.03
E —0.05 —0.26 X 8 —0.18 —0.12 —0.04
6 C 0.53 —0.23 X 94 0.42 —0.11 —0.01
E —0.75 —0.70 x 161 —1.10 0.27 —0.22
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myopic shift over the six months with a “down-
ward” movement of both the red and green com-
ets. The green comet is the longer of the two in-
dicating a larger myopic shift for the eye wearing
the silicone lens. The means and differences of

the measurements can be seen in Tables 3 and 4.
Figure 4 (subject 4) shows little stigmatic
(spherical) change in either eye with most of the
change being antistigmatic (put simply, astigmat-
ic). The origin of the plot is —4.00 D. However,
the eye wearing the silicone lens did have a myo-
pic shift in refractive state (see Tables 3 and 4)
while the habitual lens wearing eye had a small
hyperopic shift. The small dots at the end of
each comet show the 95% confidence ellipsoid.
Figures 5 (subject 5, origin of axes —2.00 D) and
6 (subject 6, origin of axes —5.00 D) both show
an increase in myopia in the eyes wearing the sili-
cone hydrogel lenses. Subject 5 showsa—0.18 D
stigmatic shift while subject 6 shows a —1.10 D
stigmatic shift (see Tables 3 and 4). Subject 5 re-
veals almost no shift in the habitual lens wearing
eye while subject 6 shows a reduction (0.42 D) in
myopia in the eye wearing the habitual lens.
Albeit that the sample is relatively small the
mean difference inrefractive state for eyes wearing
a habitual hydrogel lens is 0.061 —0.04J —0.04K
D in component notation while the mean differ-

ence in refractive state for eyes wearing the sili-
cone hydrogel lenses is —0.30I 0.06J —0.05K D.

Discussion

Four of the six subjects in this study show
an increase in myopia, of varying amounts, in
the eye wearing the silicone hydrogel lens on a
daily wear basis for six months. Statistically, the
changes seen in this study could be purely as a
result of chance and have no support, there were
too few subjects. The increases in myopia in the
four subjects suggest a possibility that eyes wear-
ing silicone hydrogel lenses do in fact show in-
creases in myopia, a finding that is contrary to
other studies conducted investigating continuous
wear of silicone lenses**"

An interesting observation during this study
was the apparent with drawl of blood from all
the neovascular vessels seen prior to the initia-
tion of silicone lens wear. The eyes wearing the

T

habitual lenses did not show any reduction in
the blood flow through the neovascular ves-
sels, a finding that has been reported by others.

This study needs to be repeated making use of
more subjects. It might also be prudent to include
a cross-over study design so that the effects of sil-
icone lens wear versus conventional water-based
hydrogel lens wear can be investigated more
completely. The results should prove interesting.
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