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Abstract

Contact lens wear is known to induce change in
both the cornea and refractive state. Often a shift
towards increased myopia is noted. Historically
investigations into the effects of contact lenses on
refractive state have often been incomplete in terms
of statistical analysis whereby nearest equivalent
sphere is used or the spherical, cylindrical and axis
components are analyzed in isolation. The aim of
this study was to investigate the short-term effects
of silicone hydrogel contact lenses on refractive be-
haviour. Seven volunteers agreed to wear a silicone
hydrogel lens on one eye for a period of thirty min-

utes. Prior to lens wear, after ten minutes of lens
wear and after thirty minutes of lens wear 50 au-
torefractor measurements were taken of refractive
state from each subject. Data were analyzed using
multivariate statistical methods. Scatter plots and
other multivariate statistics are used to show how
lens wear influences refractive behaviour. The
results of this study show that silicone hydrogel
contact lenses do influence refractive behaviour in
both a spherical as well as an antistigmatic (astig-
matism) fashion. (S Afrr Optom 2012 71(2) 78-85)
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Introduction

It has been well documented over the years that
contact lenses have an effect on, and can change, the
state of refraction of an eye!-S. Rengstroff and Nils-
son?, using spherical equivalents to express their
data, found that long-term extended wear of hydro-
gel lenses introduced clinically insignificant changes
in refraction compared with refraction taken prior to
extended wear of the lenses. Over seven days follow-
ing removal of the extended wear lenses, however,
there was a trend towards reducing levels of myopia
as well as an increase in against-the-rule astigmatism.
Phillips and Stone? and Ruben and Guillon* state that
hydrogel lenses result in changes in the levels of myo-
pia of wearers. Individuals wearing silicone lenses (as
opposed to silicone hydrogels) showed little change in
refraction while hydrogel lens wearers showed an in-
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crease in myopia during one year of lens wear>. Wal-
line et al® showed that over a three year period, soft
contact lens wear resulted in more myopia progres-
sion than shown by rigid gas permeable lens wearers.
A short-coming of early efforts to understand changes
induced in refractive state when wearing hydrogel
contact lenses was that incomplete methods of ana-
lyzing changes in refractive state were used (sphere
and cylinder were analyzed separately or spherical
equivalents were used). Gillan’ has shown evidence
suggesting that silicone hydrogel contact lenses may
result in increased levels of myopia over a six month
wearing period. More recently studies investigating
the effects of contact lenses on the higher-order aber-
rations of the eye have been published®!!. Clinically
(and anecdotally) contact lens practitioners know that
a contact lens takes time to settle once it has been
placed on an eye. Just how long the lens takes to settle
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and the characteristics of the settling process have, as
far as I know, not been investigated making use of the
methods of analysis that are to be used in this study:.

Making use of auto-refractors to determine refrac-
tive state is common practice among researchers!2-17,
The accuracy and validity of the autorefractor has
also been shown!2 15-16, The aim of this study was to
investigate the effects that short-term wear of silicone
hydrogel contact lenses might have on refractive be-
haviour.

Method

Seven volunteers (four female, three male), aged
between 21 and 25, studying optometry at the Uni-
versity of Johannesburg were recruited for this study.
Ethical clearance for the study was obtained. In-
formed consent was received from each subject after
the purpose of the study was presented. Exclusion cri-
teria included any ocular pathology, dry eye, contact
lens wear and/or previous ocular surgery. Only one
eye from each subject was fitted with a contact lens.
The eye wearing the contact lens was chosen random-
ly. A Nidek ARK-700 autorefractor was used to take
fifty measurements of refractive state prior to having
a plano powered Bausch and Lomb Purevision 2 sili-
cone hydrogel contact lens placed on the relevant eye.
After ten minutes and at thirty minutes of lens wear
a further fifty measurements of refractive state were
obtained (while still wearing the contact lenses), re-
sulting in a total of 150 measurements of refractive
state for each subject. Subjects sat at leisure in the
intervals between measurements. The autorefractor
was refocused after each measurement and a print-out
of the data was done after every ten measurements.
The autorefractor was adjusted to measure refractive
state at the corneal plane (vertex distance of zero),
in 0.01 D and 1° increments. Fifty measurements of
refractive state were taken of a test eye prior to any
measurements being taken on subjects. This was done
in an attempt to ensure accuracy of the autorefractor
and to evaluate variation in the measurements taken
of the test eye.

Refractive data were analyzed by converting meas-
urements in sphere, cylinder and axis to component
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notation (stigmatic, ortho-anti-stigmatic and oblique
anti-stigmatic components). Methods developed by
Harris and Keating and software by Harris and Ma-
lan!8-21 modified by Rubin, were used in the analysis
of the data.

Results

Figure 1 shows a stereo-pair scatter plot of the fifty
measurements taken of the test eye. By converging to
a point in front of the page and fusing the two scat-
ter plots, the reader will be able to perceive a three
dimensional representation of the scatter plot (this
applies to all scatter plots in this article). A tight clus-
ter, seen as a black oval situated around the origin of
the axes, contains the fifty measurements taken of the
test eye. The origin of the axes represents the mean
of the fifty measurements. Each axis is one dioptre in
length. The size (and tightness) of the cluster suggests
that little variation occurred in the 50 measurements
taken of the test eye, especially when compared to
the increased variation that took place in the meas-
urements of refractive state of the subjects. Table 1
shows the descriptive statistics of the data collected
from the test eye. The variance between the stigmatic,
ortho-antistigmatic and oblique antistigmatic compo-
nents is indicated by S,;, S,, and S;; while the stig-
matic-ortho-antistigmatic, stigmatic-oblique antistig-
matic and ortho-oblique antistigmatic covariances are
shown by S,,, S;5 and S,; respectively.

Figure 1: Sterco-pair scatter plot of fifty measurements of
refractive state taken from a test eye. The origin is at the mean
of the data and the axis length is one dioptre. By converging to
a point in front of the page the reader will be able to fuse the
two halves of the scatter plot and be able to appreciate a three
dimensional percept of the figure (this applies to all scatter plots
in this article).
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Table 1: Mean refractive state of the test eye given in conventional (sphere, cylinder and axis) and component notation (I, J and K).
Included are the variances and covariances.

Conv. notation | Comp. notation | Su | Sa2 | Sa3 | Sz | Si3 | Sa3
~5.04-0.70x 95 | -5.04-0.03-0.01 |[00004 [0.000017 |0.000019 |0.00007 |-0.00017 [ 0.00001

Figures 2 and 3 show stereo-pair scatter plots for
the data collected from subjects 1 and 2. Data col-
lected prior to lens wear are indicated by red points,
data collected after ten minutes of lens wear by green
points and data collected after thirty minutes of lens
wear by blue points (this applies to all further scatter
plots in this article). In both Figures 2 and 3 the data
collected after ten minutes of lens wear (green points)
appears different to the before and after thirty min- Figure 2: Stereo-pair scatter plot of fifty measurements of re-
utes of lens wear data. The difference is indicated by fractive state taken from subject 1. The origin of the axes is at
the altered orientation of the green ellipsoid (which — 11 D. Red, green and blue data points represent measurements
is also positioned slightly higher than the remaining taken before, after ten minutes and after thirty minutes of lens
ellipsoids) in Figure 2 and the larger green ellipsoid —Wear respectively (this applies to all scatter plots in this article).
(when compared with the red and blue ellipsoids) seen
in Figure 3. The slightly higher position of the green
ellipsoid in Figure 2 is an indication of a hyperopic
increase in refractive state, a perception supported by
the data in Table 2. The larger green ellipsoid in Figure
3 indicates increased variation in the measurements
of refractive state collected from subject 2 after ten
minutes of lens wear. The increased variation is also
shown in Table 3 where the variance-covariances for
the three sets of data collected from subject 2 are pre-
sented (the variance-covariance parameters for data
collected after ten minutes of wear are .greate‘r R Figure 3: Stereo-pair scatter plot of fifty measurements of re-
the data collected before, and after thirty minutes, of fractive state taken from subject 2. The origin of the axes is at
wear). In both Figures 2 and 3 the red and blue sets of ;.
data are similar in terms of size and orientation.

Table 2: Mean refractive state for the seven subjects before contact lens wear, after ten minutes of contact lens wear and after thirty
minutes of contact lens wear given in conventional notation (sphere, cylinder and axis) and in component notation. Lenses worn
were plano Bausch and Lomb Purevision 2 silicone hydrogel lenses.

Subject | Before wear Ten minutes after Thirty minutes after

| -0.55-0.63x 123 -0.45-031x 131 -0.65-0.56 x 118
-0.87 -0.12 -0.29 -0.61 -0.20 -0.16 -0.93 -0.16 -0.23

. -0.82-0.64x 12 -0.86 -0.79x 16 -0.70 -0.80 x 14
-1.150.290.13 -1.24 0.320.21 -1.11 0.360.19

3 -0.14-046 x 11 0.15 -0.72x5 0.06 -0.58x 12
—-0.370.21 0.09 -0.20 0.350.09 -0.23 0.260.11

4 056 -0.51x7 0.63 0.57x5 071 -0.64x2
0.310.25 0.06 0.34 0.28 0.05 0.39 0.320.02

5 0.84 -039x 10 076 040x2 1.05-0.58x 172
0.64 0.18 0.07 0.55 0.200.01 0.76 0.28 -0.08

6 0.23-0.53x 89 1.10 -1.27 x 80 0.64 -0.84 x 83
-0.04 -0.27 0.02 046 -0.600.22 0.23 -0.410.10

7 0.74 -0.10 x 147 0.97 -0.36 x 168 -0.40-0.33x 179
0.69 0.02 -0.05 0.79 0.17 -0.07 -0.56 0.16-0.01
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Table 3: Variance-covariance (units D?) for the three sets of data collected from subject 2.

Wear period | SH Sgg 833 ‘ Slz | Sl3 ‘ 823
Before 0.038 0.004 0.004 | -0.005 | -0.003 [ -0.000
After 10 0.071 0.012 0.011 | -0.009 | -0.001 | 0.003
After 30 0.033 0.0036 0.006 | -0.002 |0.003 |[-0.000

Figures 4 and 5, showing scatter plots for data col-
lected from subjects 3 and 4, reveal a different sce-
nario. In both figures the green and blue ellipsoids are
larger than the red ellipsoids, indicating that greater
variation occurred in the measurements taken after
ten and thirty minutes of lens wear. The size, shape
and orientation of the green and blue ellipsoids are,
respectively, similar to each other in the two figures.
Table 2 shows the mean refractive state for each of
the fifty measurements collected for subjects 3 and 4.
In both instances (Figures 4 and 5) the greatest vari-
ation in all sets of data is predominantly stigmatic
(spherical) in nature (shown by the major axis of each
ellipsoid being oriented along, or mostly along, the
stigmatic axis). In both Figures 4 and 5 the “waist” of
each green and blue ellipsoid is larger than the waist
of the red ellipsoid (the minor diameter). The larg-
er “waist” is indicative of a relative increase in the
amount of anti-stigmatic variation that occurred in the
measurements during and after lens wear (essentially
an increase in the astigmatic component of the meas-
urements was caused by the wear of this lens).

Figures 6, 7 and 8 show the data collected from
subjects 5, 6 and 7 respectively. Figure 6 shows an
essentially spherical-appearing green ellipsoid sug-
gesting that variation in measurements occurred in
the stigmatic and antistigmatic plane equally. The red
and blue ellipsoids have an elliptical shape with the
predominant variation occurring along the stigmatic
axis. The shapes of the ellipsoids suggest that the
type of variation in refractive state before, after ten
minutes and at thirty minutes was different. The other
notable aspect of Figure 6 is that both the green and
blue ellipsoids are larger than the red ellipsoid indi-
cating greater variation in refractive measurements
after ten and thirty minutes of lens wear. Figure 7 too
indicates that greater variation occurred after ten and
thirty minutes of lens wear. In Figure 7, however, the
green and blue ellipsoids are larger than the red, sug-
gesting much greater variation in refractive state af-
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ter ten and thirty minutes compared with that seen in
Figure 6. Figure 8, showing data for subject 7, has an
axis length of 6 D which was necessary for all three
ellipsoids to be seen on one set of axes. Subject 7
manifested extreme variation in refractive state after
thirty minutes of lens wear. The red and green ellip-
soids are small and obscured by the blue ellipsoid.
The blue ellipsoid (indicating measurements taken af-
ter thirty minutes of lens wear) is elongated predomi-
nantly along the stigmatic axis (suggesting primarily
spherical variation). The length of the axis gives an
indication of the magnitude of the variation in meas-
urements. The descriptive statistics for subjects 5, 6
and 7 can be seen in Table 2.

Figure 4: Stereo-pair scatter plot of fifty measurements of re-
fractive state taken from subject 3. The origin of the axes is at

—0.5ID.

Figure 5: Stereo-pair scatter plot of fifty measurements of re-
fractive state taken from subject 4. The origin of the axes is at

0.5ID.
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Figure 6: Stereo-pair scatter plot of fifty measurements of refractive
state taken from subject 5. The origin of the axes is at 0.51 D.

Figure 7: Stereo-pair scatter plot of fifty measurements of refractive
state taken from subject 6. The origin of the axes is at 0.51 D.

Figure 8: Stereo-pair scatter plot of fifty measurements of refractive
state taken from subject 7. The origin of the axes is at 1I D. Axis length
is six dioptres, necessary to place all three ellipsoids on one set of axes.
The red and green ellipsoids are partially obscured by the blue ellipsoid

and are located near the origin of the axes.

A multivariate analysis of variance (MANOVA) was
conducted on the data for each subject, testing the null hy-
pothesis that there is no difference between the variance-
covariances of the data collected before, after ten minutes
and at thirty minutes of lens wear. The null hypothesis that
there is no difference in variance-covariance between the
before, after ten minutes and at thirty minutes of lens wear
sets of measurements is rejected for all subjects.

A MANOVA was also conducted to test the null hypoth-
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esis that there is no difference between the means of the three
sets of data collected from the seven subjects. The null
hypothesis that there is no difference between the mean
refractive states before, after ten minutes and after thirty
minutes is rejected for all subjects.

Because of the large variation in measures of refrac-
tive state at thirty minutes of lens wear found in subjects
5, 6 and 7 it was decided to let these three subjects wear
another brand of silicone hydrogel contact lens to see if
similar changes occurred. The three subjects were fitted
with Cooper vision Biofinity silicone hydrogel lenses.

Figure 9: Stereo-pair scatter plot of fifty measurements of refractive
stte taken from subject 5 wearing a Biofinity silicone hydrogel lens.
The origin of the axes is at 0.51 D.

Figure 10: Stereo-pair scatter plot of fifty measurements of refrac-
tive state taken from subject 6 wearing a Biofinity silicone hydrogel
lens. The origin of the axes is at 0.5I D.

Figure 11: Stereo-pair scatter plot of fifty measurements of refrac-
tive state taken from subject 7 wearing a Biofinity silicone hydrogel
lens. The origin of the axes is at 1I D. Axis length is six dioptres,

necessary to place all thee ellipsoids on one set of axes.
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Table 4: Mean refractive state for three subjects (showing extreme changes wearing

Subject Before wear Ten minutes after Thirty minutes after

5 0.66 -0.46x6 0.86 -0.56 x 173 0.86 -0.56 x 175
0.44 0.23 0.05 0.56 0.29 -0.07 0.58 0.28 -0.04

6 0.37-0.63 x 83 0.63 -0.65x 73 0.65 -0.61 x 83
0.05-0300.8 0.30 -0.270.18 0.35 -0.30 0.08

7 0.44 -0.11 x 157 -0.21 -0.06 x 35 -1.10-0.15x 2
0.380.04 -0.04 -0.24 0.01 0.03 -1.170.08 0.01

Figures 9, 10 and 11 show scatter plots of data
collected from subjects 5, 6 and 7, when wearing a
Biofinity silicone hydrogel lens, respectively. Table
4 gives the mean refractive state, in conventional as
well as component notation, for the three subjects be-
fore wear, after ten minutes of lens wear and at thir-
ty minutes of lens wear. Figures 9, 10 and 11 show
a similar pattern to that seen in Figures 6, 7 and 8
where greater variation occurs in the fifty measure-
ments taken after ten and thirty minutes of lens wear.
A MANOVA was conducted testing whether the
variance-covariances were different before, after ten
minutes and after thirty minutes for the three subjects
wearing the biofinity lenses. The null hypothesis that
there is no difference in the variance-covariances is
rejected for all three subjects.

MANOVA testing whether the means for the three
subjects were different between the before, after ten
minutes and after thirty minutes of lens wear allows
the null hypothesis, that there is no difference be-
tween means, to be rejected for all three subjects.

Discussion

This study was conducted to investigate the effects
of short-term wear of silicone hydrogel contact lenses
on refractive behaviour. Seven subjects volunteered
to wear Bausch and Lomb Purevision 2 silicone hy-
drogel lenses for a period of thirty minutes. Fifty
measures of refractive state, using a Nidek ARK-700
autorefractor, were taken before lens wear, after ten
minutes of lens wear and after thirty minutes of lens
wear. A further fifty measurements of refractive state
were taken, before any measures were taken from the
seven subjects, of a test eye in order to evaluate the
accuracy and repeatability of the autorefractor when
measuring a static, inanimate test eye. The fifty meas-
ures of refractive state taken of the test eye show little
variation, especially when compared with the vari-
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ation of the measurements obtained from the seven
subjects. A stereo-pair scatter plot depicting the varia-
tion found in the test eye can be seen in Figure 1. The
refractive state of the test eye is stated to be —5.00DS
by the manufacturer. The mean refractive state of the
test eye as determined by fifty measures of refractive
state using the autorefractor was found to be —5.04
—0.70 x 95 (see Table 1). The variance-covariance of
the test eye data can also be found in Table 1. The data
obtained from the test eye suggest that the autorefrac-
tor gives an accurate and repeatable indication of the
refractive state as well as any variation that might be
occurring in the test eye-autorefractor system. This
contention is supported by other researchers!2-17.
Figures 2 and 3 show scatter plots of the data col-
lected from subjects 1 and 2. The mean refractive state
for these two subjects can be seen in Table 2. Both
subjects 1 and 2 show increased, or altered, variation
in the fifty measures of refractive state obtained after
ten minutes of lens wear and this altered variation can
be noticed in Figures 2 and 3. At thirty minutes of lens
wear the scatter plots suggest that the character of the
variation of the measurements is similar to the before
measurements. This observation might be explained
by the fact that the lenses take longer than ten minutes
to settle on the eye. Figures 4 and 5 show the scatter
plots for subjects 3 and 4. In these two subjects there
is increased variation in measurements of refractive
state at ten minutes after, as well as thirty minutes
after lens wear. The suggestion here is that subjects 3
and 4 take longer than thirty minutes for the lenses to
settle on the eye. It is also possible that the greater var-
iation found in these subjects at ten and thirty minutes
of lens wear might remain and that the lenses might
not settle adequately. Data collected from subjects
5, 6 and 7 are shown in Figures 6, 7 and 8. In these
instances the amount of variation occurring in the
measures of refractive state taken at thirty minutes is
greater than that seen in other subjects. Subjects 6 and



S Afr Optom 2012 71(2) 78-85

7 reveal large changes in refractive variation in data
collected at thirty minutes. The relative increases in
variation can be seen in Figures 6, 7 and 8§ when com-
paring the red, green and blue ellipsoids in the scatter
plots. Figure 8 (subject 7) had to be plotted on axes
that are 6 D in length in order to fit all three ellipsoids
on one set of axes. This suggests that extreme chang-
es in variation of the measures of refractive state oc-
curred at thirty minutes of lens wear (compare the red
and green ellipsoids with the blue ellipsoid in Figure
8). A negative aspect of this study is that no attempt
was made to measure the sight of the subjects (for ex-
ample with a logMAR acuity chart) meaning that we
have no idea of how this variation in measurements
seen in subjects 5, 6 and 7 might affect their sight.
MANOVA’s were conducted investigating whether
the variance-covariance and means of the data col-
lected for the seven subjects were significantly differ-
ent and both the means and the variance-covariances
were found to be different for the seven subjects when
wearing the Purevision 2 lenses. Subjects 5, 6 and 7,
because of the large amount of change in refractive
behaviour wearing the Purevision 2 lens, also wore
Biofinity lenses for thirty minutes. Figures 9, 10 and
11 present the data collected from subjects wearing
the Biofinity lens prior to, at 10 minutes and at thirty
minutes of wear. Comparing Figures 6, 7, and 8 with
Figures 9, 10 and 11 respectively one can see similar
changes occurring in subjects 5, 6, and 7 wearing Bi-
ofinity lenses. However, the magnitude of the chang-
es in subjects 5 and 6 was smaller when wearing the
Biofinity lens. Subject 7 (Figures 8 and 11) showed
increased change when wearing the Biofinity lens at
the ten minute point compared to when wearing the
Purevision 2 lens. The change in refractive behaviour
at thirty minutes is similar. MANOVA was conducted
on the data collected when wearing the Biofinity lens
and the variance-covariances as well as the means
were shown to be significantly different prior to, at
ten minutes and at thirty minutes of lens wear. The
influence of these changes (seen in subjects 5, 6 and
7) on the ability of the subjects to wear contact lenses
successfully (in terms of visual acuity) would make
an interesting study.

Negative aspects of this study include the follow-
ing: subject numbers were small, no attempt was
made to evaluate the fit of each lens (however, the
chances that two silicone lenses, with limited base
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curve parameters, would both fit so poorly as to in-
duce the changes shown here is highly unlikely), only
silicone hydrogel lenses were used (how low Dk/L
hydrogel lenses might influence refractive behav-
iour was not investigated), a control group who were
measured before and after no lens wear was not used
and no attempt was made to measure visual acuity
with the lenses. Further research, taking cognisance
of the limitations of this study, needs to be conducted
to enhance our understanding of the effects of hydro-
gel contact lenses of refractive behaviour. The exact
cause of, in some instances, large amounts of varia-
tion in measures of refractive state through silicone
contact lenses is not clear at present. However, possi-
bilities include: changes in the tear layer (on both sur-
faces of the lens), poor lens fit, blink characteristics
and lens parameter changes.

In conclusion, this preliminary study has shown
that silicone hydrogel contact lenses do have an effect
on refractive behaviour in the short term with some
subjects showing extreme changes induced by these
lenses.
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