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PREDICTING VISION FROM OPTICAL MEASUREMENT
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Abstract = While the main purpose ofprevious optical investigations of contact lenses has been to elucidate the effect of
differences in design, there have been no previous reports of measurements of both optical performance and visual perfrmance of
the same contact lenses. In this study optical and visual results were compared and models developed to predict visual perfrmance
from the optical performance measurements of 7igid concentricdesign bifocal contact lenses. Optical perfrmance was measured
using an EROS solid state modulation transfer function (MTF) system with apertures of 2 to 6mm and contact lens decentration of
0 to 2mm. Visual performance was measured with a monitor-based contrast sensitivity system, Pelli-Robson charts and high and
low contrast visual acuity charts. Polymethylmethacrylate (PMMA) bifocal contact lenses were made on a back-surface design in

both centredistance and centre-near designs. Central optic zone diameters wvaried from 1.8 to 3.4mm, while the peripheral optic
zone diameter was fixed at 7.5mm. Multiple regression analysis models were empirically derived to include the measured pupil
diameter, decentration and central optic zone diameter. Best predictions (adjusted multiple correlation, RZ range 0.46-0.80) of
visual perfrmance were found with the MTF measurements made with a 4mm aperture. The average measured pupil diameter of
the five preshyopic subjects was 2.8mm. These models indicated that the MTF was a usefwl measure of changes in lens design and
that, given the cowect conditions of measurement, good predictions of visual peformance could be made. Hence, changes in the
MTF of bifocal contact lenses are a useful indicator of changes in vision.
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Introduction
or visua performance is a major cause of failure
with bifocal contact lenses.!3 Hence, during the
development of new bifocal contact lenses the assess-
ment of the effect of changes in optical design upon
vision is of paramount importance. The assessment of
visual performance is amost invariably time-con-
suming, typically involving a number of subjects and
examiners. It would be desirable to reduce or eliminate
the requirement for visual testing during the develop
ment stage of new bifocal contact lens designs. Optical
performance measurement has been demonstrated to
offer a relatively quick method of assessing changes in
optical design.t If the changes in optical performance
can be related to changes in visual performance then
optical performance measurement may be used to pre-
dict viad pafomance
This study describes the development of equations to
predict visual results from optical measurements of
bifocal contact lenses for which both the optical* and
the visual® performance have previously been reported.
Such equations may be used to reduce the lengthy pro
cess Of viad teting. This woud, of couse not remove
the need finally to test a new bifocal contact lens upon
experimental subjects, but may reduce the requirement
for testing with intermediate or developmental bifocal
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contact lenses. To our knowledge there have been no
similar reports.

Optical Performance

The modulation transfer function (MTF)¢é is the most
comprehensive measure of optical performance in cur-
rent use. The MTF is a measure of the ability of an
optical system (e.g. a contact lens) to transmit optical
information. The modulation transfer (ratio of the con-
trast of the image to the contrast of the object) is
plotted against the spatial frequency of the sinusoidal
grating object. Grey and Sheridan7 demonstrated that
there was vay litle dffaence beween the MTF of va-
ious single vision contact lenses, and hence that there
was little benefit in measuring them. However, large
dffeences in the opticd pefomance of bifocd contact
lenses have been noted.#8 Lens design (centre-near or
centre-distance), back central optic zone diameter
(COZD), aperture (pupil) diameter and decentration
have been demonstrated to influence the MTF.48¢ The
changes in the MTF have been demonstrated to be
related to the changes in visual performance which
result from various bifocal contact lens parameter
changes.5

Visual Performance

Visual acuity (VA) is a measure of the resolution limit
of the visua system and is sensitive to reductions in
image quality (e.g. defocus). Contrast sensitivity (CS),
ameasure of the ability to detect contrast objects (typi-
caly snusoidal gratings of different spatial frequen-
cies) is considered a more subtle and more comprehen-
sive test of visua performance than VA Bifocal contact
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lenses reduce both VA and CS.351-12 While the rele-
vance of changes in CS to success with bifocal contact
lenses has not been clearly demonstrated, performance
at low spatial frequencies has been related to patient
mobility.}3 Lens design, back COZD, pupil diameter and
lens decentration have been demonstrated to influence
VA and CS.51

The similarities between the changes in optical per-
formance and visua performance with changes in lens
parameters suggest that optical performance measure-
ments may be used to predict visual performance.

Methods

Optical Performance

Optical performance was assessed as the MTF. The
MTF was measured using an solid state EROS MTF
analyser as described previously.+® The MTF of all con-
tact lenses was measured with apertures of 6, 5, 4, 3.5,
3, and 2mm diameter placed 3mm after the contact lens
and with the contact lens centred to the axis of the
optical system. In addition, a range of contact lenses
was decentred over apertures of 5,4,3.5 and 3mm by 2,
1.5, 1.25, 1.0, 0.75, 0.5, and 0.25mm. Further details of
the optical performance of the decentred lenses have
been published elsewhere®. Repeatability of MTF mea
surement of bifocal contact lenses was worse than a
previous report’ and the manufacturer’'s specifications
by a factor of approximately 10.°

Visual Performance

visual performance was assessed by means of (a) CS at
2, 4, 8 and 16 c.p.d. measured with a monitor-based
system; (b) Pelli-Robson threshold contrast charts!
used at 4 metres; and (c) high and low contrast Bailey-
Lovie!® VA charts.5 Mean luminance of the CS monitor
was 50 cd/m2 and the mean maximum (white) lumi-
nance of the two charts was 250 cd/m2. Repeatahility of
the visual performance measurement with bifocal con-
tact lenses was worse than previously reported with
‘norma’ subjects by a factor of approximately 2,16

Subjects

Five presbyopic subjects with ages from 57 to 65 years
wore a hifocal contact lens in one eye for visual assess-
ment. An ocular anaesthetic was also used when
requested to reduce the effects of excessive lacrima-
tion. The best refractive correction (including any astig-
matic component) for the relevant viewing distance and
bifocal contact lens was worn in a trial frame. Contact
lenses were worn for no longer than 45 minutes in a
session. Each subject wore at least 10 different bifocal
contact lens designs on a leat two occasions.

Experimental ~ Bifocal Contact  Lenses

The contact lenses, made by Piigton VisionCare
with a high precision lathe, were polymethylmethacry-
lae (PMMA) back-surface concentric-design bifocal
contact lenses with a back COZD of 34, 3.0,2.6, 2.2, o
1.8mm. The back peripheral optic zone diameter
(POZD) was fixed at 7.5mm. Contact lenses were avail-
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able in both a centre-distance (CD) and a centre-near
(CN) format with a near addition of 2.00D in vivo. The
back surface junction between the central optic zone
(COZ) and the periphera optic zone (POZ) was distinct
and less than 5um in width, with no blending for either
lens design (CD or CN). All contact lenses were a tri-
curve (C3) design with an effective back optic zone
diameter (BOZD) of 7.5mm and a calculated axia edge
lii of 0.15mm at the total diameter of 9.5mm.

When worn by the subjects the bifocal contact lenses
were fitted dightly steep to enhance centration and
care was taken to ensure that there were no bubbles
under the contact lens. The bifocal contact lenses were
made for this study and have never been available on a
commercial basis.

Pupil Diameter

Pupil diameter was determined, whilst the subject
viewed a blank white field at a range of luminances
from 0.001 to 320 4cd/m2, with an infrared pupillometer
which has a potential accuracy of 0.01.17 Repeated mea
sures indicated that the absolute pupil diameter varied
on retest by as much as 0.5mm. Each subject was mea-
sured with the range of screen luminances on at least
two occasions. A polynomia regression analysis was
performed in order to determine a line of best fit so that
the pupil diameter at the two test (CS and chart) lumi-
nances could be interpolated.

Contact Lems Decentration

Optical performance. To test the effect on the MTF
of decentration of the contact lens over the aperture the
bifocal contact lens was moved in relation to the aper-
ture, which remained centred on the optical bench. The
required decentration of the contact lens (and wet cell)
was controlled using engineering thickness gauges
with a tolerance of +).05mm.

Visual performance. An estimate of the average fit
and decentration of the COZ in relation to the pupil was
determined for each bifocal contact lens on each sub-
ject with a dlit-lamp biomicroscope fitted with a
graticule eyepiece. The decentration in relation to the
pupil centre could then be determined (test-retest 95%
confidence +0.1mm). Pupil coverage by the COZ was
then determined for each of the two test luminances
using the interpolated pupil diameters.

Multiple  Regression  Analysis  Procedures

Multiple regression analysis (MRA) is a statistical tech-
nique which investigates the influence of several inde-
pendent variables upon the (dependent) variable of
interest. It is an extension of the more common linear
regression which investigates the influence of a single
independent variable (x) upon the (dependent) variable
of interest (y) and describes the relation in terms of a
linear equation (y = a+ bx) Similarly MRA describes the
relation with an equation which involves severd inde-
pendent variables (x,, %, . . . %) in terms of a linear
equation (y = a+byx; + by, + . . . + byx,). The strength of
the relation described by the MRA eguation can be
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summarised as the multiple correlation (Hz). In addi-
tion, it is possible to determine the relative influence of
the different independent variables. The equation
derived from MRA can be considered as a model of the
relation between independent and dependent variables.

MRA was used to modd a single dependent variable
(eg. VA) in terms of both (manipulated) independent
variables (e.g. lens design, COZD) and covariates (e.g.
pupil diameter). This dlowed an assessment of the
influence of the variables and any interaction terms, but
more importantly the development of predictive
models. To facilitate the selection of appropriate models
a two-stage procedure was adopted. Initialy, al terms
were forced into the equation in a standard MRA proce-
dure, then a stepwise MRA procedure was used to
remove those terms which were statistically redundant.
MRA could have led to overoptimistic estimates of pre-
dictive power where the independent variables were
highly correlated and where the number of terms
included in the final equation was large in relation to
the sample size, 1819 Problems due to multicollinearity
(excessive correlation between the independent vari-
ables) were reduced by restricting the tolerance and
the use of the stepwise procedure.’® A range of models
was investigated for each analysis, and each mode! pre-
sented below was considered to be the most appro-
priate and most useful. All models were examined for a
range of possible errors with standard procedures and,
in particular, the model was devised to obtain an even
spread of residuals. The reported multiple correlation
(R?), adjusted for the number of terms and sample
size,V is referred to below as the adjusted R2.

Results

Empirical models of visual performance in terms of the
measured optical performance were derived using
MRA & indicated above.

Preliminary  Investigation

To reduce the possibility of incorrect results from the
MRA a number of aspects of the data were examined. If
the terms which are used in the MRA are highly corre-
lated there is a risk of an incorrect result. The correla
tion, for all MTF measurements with bifocal contact
lenses (» = 1802), between the MTF at each of the 16
spatial frequencies was very high (range: R? = 0.996
between adjacent spatial frequencies, to 2 = 0.680
between the most distant spatial frequencies). Principal
component analysis?®® indicated only a single factor
describing the modulation transfer measured at each of
the 16 spatial frequencies (i.e. no spatial frequency-
related components were present). The high correla-
tions between the measured modulation transfers at the
different spatia frequencies increased the risk of
overoptimistic estimation of the predictive power of any
derived models. Further analysis indicated that there
were only weak and inconsistent relations between the
optical performance and the visual performance at any
particular spatial frequency. It might have been
expected that each visual performance measure would

be more highly correlated with the modulation transfer
measured at a sSimilar spatial frequency. For example,
the modulation transfer at 4 c.p.d. did not correlate with
CS at 4 c.p.d. better than any other visual performance
measure.

Numerous data reductions were investigated and the
models presented here were derived with the number
of terms in the subsequent MRA restricted to the mea-
sured modulation transfer at four spatia frequencies: 4,
12, 25 and 66 c.p.d. If too many terms were included
there was arisk of an incorrect result. A stepwise MRA
procedure as described was then used to develop equa-
tions, in terms of the modulation transfer at the four
gpatial frequencies, to describe each visual perfor-
mance measure. No a priori assumptions were made
about the spatial frequency content of the optical or
visual performance measures. Terms which were
judged to be statistically redundant were removed from
the MRA equations by the stepwise procedure. A spa-
tial frequency of 4 c.p.d. is close to the peak of the
human contrast sengitivity function, 25 c.p.d. is approxi-
mately equivalent to a Snellen acuity of 6/7, while 66
c.p.d. is dightly above the human resolution limit of
approximately 6/3.

Data  Transformation
All visual performance measures were converted to a
relative measure to remove the effects of different abso-
lute visual performance levels by individual subjects,
where:

relative visid peformance = Iog,,(

visud performance with bifocd contact lens )
visud performance without bifocd contact lens

Two sets of equations modelling vision from optical
performance are reported. Initially, a series of empirica
MRA equations were derived using the measured MTF
of centred bifocal contact lenses to predict the different
visual performance measures. In a second analysis,
using the measured MTF of decentred bifocal contact
lenses and the measured on-eye decentration of the
bifocal contact lens and the measured pupil diameter, a
‘calculated’ MTF for these conditions was used to pre-
dict visud performance.

Models Using Measured MTF of Bifocal Contact Lenses
with Different Apertures

MTF measurements made with each bifocal contact
lens centred over apertures of 2 to 6mm were averaged
separately for each aperture stop and each spatial fre-
guency (minimum 4 per set). The averaged, measured
modulation transfers were then used in a stepwise MRA
to predict the relative visua performance which had
been averaged for al subjects. This is shown in Table 1
for 3,3.5,4, and 5Smm apertures.

The average measured pupil diameter of the five sub-
jects was 3.1mm when viewing the CS test and 2.6mm
when viewing the chart-based tests. A preliminary
visual examination of the data indicated that the optical
performance with bifocal contact lenses centred over
the 4mm aperture stop most closely matched the
changes in visua performance noted. As shown in
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Table 1. Prediction of visual performance with bifocal —contact
lenses. The adjusted multiple correlation (R2) for the MRA
which used the MTF measured with bhifocal contact lenses (n =
36) centred over different apertures to predict the average visud
perfrmance.

Adjusted Rz

Visual with aperture stop

performance 3mm 3.5mm  4mm 5mm
CS & 2 cpd. 0.39 0.37* 0.47 0.37
CSat 4 cpd 0.74 0.57 0.78 0.75
CS at 8 cpd. 0.52 0.37 0.55 0.51
CS at 16 cpd. 0.45 0.33" 0.46 0.42
Pelli-Robson  CS 0.61 0.54 0.80 0.79
Low contras VA 0.64 0.72 0.76 0.80
High contrast VA 051 0.54 0.47 0.50

*p <0.0005 (al others p < 0.0001)

Table 1, most visual performance measures were
dightly better predicted using the MTF measured with
the 4mm aperture.

As an example, the equations for the prediction of the
relative visual performance from the MTF measured
with a 4mm goatue wee

CSat 2cpd =-025+ 141 M,,-0.99M,; (log unity (1)

CSat 4cpd. =-0.23+ 140 M,,-0.77M,; (log units) (2)
CSat 8 cpd. = —0.31-0.24M, + 150 M,,~0.62M,s (log units) (3)
CSat 16 cpd. = -0.31-0.33M, + 1.68 M,-0.67M,;  (log units) (4)
Pelli-Robson CA = -0.20 + 1.77M,, —1.14M, (log units) ()
low contrast VA = = 157 + 10.14M,, —5.43M, (10.logMAR) (6)
high contrast VA = —0.21 + 1.19M,, —0.63M, (10.logMAR) (7)

where M,, My,, M5, My, were the measured modulation
transfers at 4, 12, 25 and 66 c.p.d. respectively. The
units are shown in brackets. These equations give the
relative visual performance, i.e. the reduction in vision
expected with a particular measured MTF.

The standardised regression coefficient () attempts
to indicate the importance of the different terms
retained in an MRA equation. The larger the B, the
more important the term. As shown in Table 2 for the

Table 2. There was a weak relation between the modulation
transfer a different spatial frequencies and the spatial frequency
content of the visual performance measures. The standardised
regression coefficients (§) terms retained by the stepwise MRA
are shown. There was a weak trend for the higher spatial fre-
quency modulation transfer terms to he retained in the equa-
tions which described visual per/-ormance measures with a
higher spatial frequency content (and vice versa). In this
example, modulation transfer was measured with the bifocal
contact lens over a 4mm aperture. Similar results were found
with the other apertures.

Standardised regression coefficients (8)

4mm aperture, the MRA equations provided limited
support for the hypothesis that the lower spatial fre-
guency visual performance measures (CS at 2 and 4
c.p.d) would be best predicted by the modulation
transfer measured at lower spatial frequencies, while
the visual performance measures with a higher spatial
frequency content (VA) would have been best pre-
dicted by the modulation transfer measured at higher
spatial frequencies. Similar results were found for the
other aperture sizes.

Models Using Calculated MTF of Decentred Bifocal
Contact Lenses
The first model used the MTF measured with the
bifocal contact lenses centred over the aperture. The
average on-eye decentration was 1.2mm and pupil diam-
eter varied considerably  between  subjects5
Decentration and pupil diameter have large effects on
both the optical performance*® and the visua perfor-
mance,® of concentric-design bifocal contact lenses.
Variations in the subject’s pupil diameter and the on-
g/e decantration wee expetted to be fadors thet would
influence the MTF which most usefully predicted the
visual performance. Hence, in the second anaysis,
MRA was first used to develop equations which
described the optical performance of the bifocal contact
lenses measured under al conditions (centred and
decentred) in tems of the COZD, opic gving the foous
(COZ or POZ), aperture size and decentration. This
equation was then used to calculate the MTF for the
actual pupil diameter and decentration of each subject
with each bifocal contact lens. The calculated modula
tion transfer at each of the four spatial frequencies was
then subject to a stepwise MRA and models developed
to predid visd pafomance

As indicated by the adjusted K2 values given in Table
3, the calculated MTF was less successful at predicting
visual performance than the measured MTF of centred
bifocal contact lenses (Table 1).

Discussion

In previous reports of the same bifocal contact lenses
the general agreement between optical performancet
and visua performance’ results was high, indicating

Table 3. Calculated modulation transfer was used to predict
visual - performance of bifocal contact lenses. The adjusted mul-
tiple correlation (R2) for MRA equations which described visual
perfrmance in terms of the modulation transfer calculated for
the measured COZD, pupil diameter and decentration. (All
equations p < 0.0001; n = 129

Visual MTF spatial frequency (c.p.d.) Visual Adjusted
perfrmance 4 12 25 66 performance R2

CSat2 cpd 5.57 5.10 CS a 2 cpd 0.36
CSat4 cpd 7.54 5.38 CSat 4 cpd. 0.36
CSat 8 cpd. 1.86 3.32 2.33 CSat 8 cpd 0.27
CS at 16 cpd. 2.18 312 214 CS at 16 cpd. 0.25
Pelli-Robson CS 105 8.85 Pelli-Robson 0.59
Low ocontrast VA 6.75 4.71 Low contrest VA 0.56
High contrad VA 184 2.02 High contrast VA 0.32
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that the MTF could be a useful index of vision. As
expected from these similarities it was possible to use
the MTF to predict visua performance with adjusted 2
values as high as 0.80. This suggests that such empiri-
caly derived models which describe visua perfor-
mance (CS, Pelli-Robson, and VA) in terms of the
measured optical performance (MTF) may be used to
investigate the effects of changes in bifocal contact lens
design. Hence the MTF is a useful tool for the optical
designer who may wish to investigate the effects of
changes in the optical design of bifocal contact lenses.
Hopefully the wider use of thistool (MTF) in the devel-
opment of bifocal contact lenses may lead to improve-
ments in the optics of bifoca contact lenses and
ultimately to optimised bifocal contact lens designs.

The only previous attempt to evauate the optical and
visual performance of the same bifocal contact lenses,
was a preliminary investigation by Freeman and
Mulen® of diffractive bifocal contact lenses. This was
limited to reporting that the overal reduction in visua
performance was less than predicted by the measured
optical  performance.

In our data there was a large amount of variability in
the measurement of both the optical and the visual per-
formance as indicated by the poor repeatability of mea
surement. As noted®6 the repeatability was much
worse than previously reported and appeared to be
related to the reduced image quality with bifocal con-
tact lenses. This variance would be expected to reduce
the ability to predict visual performance.

The empirical models relating optical and visual per-
formance were based on the MTF data measured at
four spatial frequencies. The four spatia frequencies
were chosen after a preliminary examination of the cor-
relations between visua performance and the modula-
tion transfer measured at each of the original 16 spatia
frequencies. As shown in Table 2, there was only a
weak relation between the spatial frequency content of
the visual performance measure and that of the MTF
terms retained in the stepwise MRA. This was due to
the high correlations between MTF data at the different
spatial frequencies® and the correlations between the
visual performance measures.'® The changes in bifocal
contact lens parameters were shown, in general, to
have similar effects on al spatia frequencies of the
measured MTF and on al visua performance mea
sures. Hence, visua performance was correlated almost
equaly well with measured MTF data at al the spatial
frequencies. The stepwise MRA procedure retained
those spatial frequencies with the greatest ability to
explain the variations in visua performance and, as
noted, there was often very little difference between the
different spatial frequencies. The use of the stepwise
procedure and the restriction of the number of spatial
frequencies (from 16 to 4) reduced the risk that overly
optimistic estimates of predictive ability may have been
obtained.'

Various averaging procedures and other constric-
tions of the data were investigated, and the MRA
models given were judged to be the most useful. Two

different approaches to the prediction of visual perfor-
mance with bifocal contact lenses are reported. The
first was based upon the actual measured MTF of cen-
tred bifocal contact lenses, while the second was based
upon the calculated MTF derived from MTF measure-
ments of decentred bifocal contact lenses.

Measured Optical Performance

As shown in Table 1, the measured optica performance
of centred bifocal contact lenses provided a better pre-
diction of visua performance than the more elaborate
decentred model discussed above. The average pupil
diameter was 2.8mm, and it might have been expected
that measurements of optical performance with the
3mm aperture would have proved the best predictor of
visual performance. Examination of the trends in the
data suggested that the visual performance data may
have been best predicted by optical performance with
the 4mm aperture. As can be seen in Table 1the MTF
measured with the 4mm aperture size was dightly
better than the others (range 3 to 5mm) in the predic-
tion of visual performance. This was not surprising as
the variation in optica performance with COZD and
vergence changed significantly with aperture.

Differences between the on-eye situation and the
bifocal contact lens during MTF measurement may
explain the better prediction of visual performance with
an aperture larger than the measured pupil. In the
optical apparatus used to measure the MTF, the aper-
ture stop was 3mm behind the bifocal contact lens, and
light leaving the bifocal contact lens, because of the
Badal optometer arrangement, was parallel, being
focused by a subsequent lens onto the detector array.!
Conversely, when on-eye, the effective size of COZ at
the pupil (aperture stop) would have been effectively
reduced to approximately 0.85 of the measured diam-
eter of the power of the cornea (Gullstrand-Emsley
schematic eye) %, whereas the COZD effective at the
aperture stop on the optical bench would not have
reduced. Hence, considering the area of the COZD and
the aperture stop, a measured 2.8mm pupil would be
represented by a 3.9mm aperture stop on the optical
bench (28 x 0.85-%).

MTF measurements with a 4mm aperture and equa-
tions (1) to (7) comprise the best estimate of vision
available with the bifocal contact lenses available from
this study. These equations need to be further evalu-
ated for their more general application.

Calculated Optical Performance

Aperture size and lens decentration have been shown
to influence the optical performance of bifocal contact
lenses.499 As there were differences in the size of the
pupil and bifocal contact lens decentration between
subjects, it was expected that these factors would influ-
ence the visual performance in a predictable way. Thus,
it was expected that visua performance would have
been best predicted by optical performance which had
been caculated from the measured COZD, pupil diameter
and bifocal contact lens decentration. Unfortunately,
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the MRA model derived from the calculated optical per-
formance was not as useful to predict visual perfor-
mance as the measured optical performance (Tables 1
and 3). This may have been largely due to a com-
pounding through the additional computations required
of the relatively large variance (poor repeatability) of
both the optical and the visual performance measure-
ment. Other factors may aso have influenced this
model. The on-eye situation was not entirely analogous
to the optical measurement, as the optic axis, visual
axis and pupil centre of the eye are rarely concentric.23
In addition measurement of the MTF with the bifocal
contact lens immersed in a wet cell will reduce the
effects of aberrations which would normally occur at
the air-lens interface when on-eye. The decentration
measurement was an average, whereas the bifocal con-
tact lens on-eye was constantly moving, altering the
optical performance. The direction of decentration
would be expected to influence measurement of visual
performance, particularly CS, as decentration in the
direction of the axis of the gratings (in this case ver-
tical) would be expected to have only a minimal effect.
Characteristics of lens movement have been shown to
influence visual performance and may have been a fur-
ther confounding factor in this computation.?

In the current study, variations in the optical quality
of the eyes of the individual subjects®% and variations
in pupil location with changes in pupil diameter?,
which may have influenced visual performance, were
not investigated. Future work investigating the perfor-
mance of bifocal contact lenses could usefully involve
measurement of the quality of the actual retinal image
with the bifocal contact lens in situ, either objectively or
subjectively. Physical measurement of the retinal image
by any double-pass procedure? would be very difficult
to compute, and subjective procedures® may be pre-
ferred. Further investigation of the effects of lens loca-
tion and movement may aso improve the
understanding of the quality of visual performance with
bifocd contact lenses.

The relation between the optical performance and
certain visual performance measures has been demon-
strated, with the result that reasonable models have
been developed for the prediction of visual performance
with rigid concentric-design bifocal contact lenses.
These models (equations (1) to (7)) should be tested
with another group of subjects to assess their dura-
bility. In addition, the functiona relevance of the dif-
ferent visual performance measures used in the present
study has not been demonstrated. For example, the
relation between low spatial frequency CS or Pelli-
Rohson contrast thresholds and patient success with
bifoca contact lenses has not been investigated.

Conclusions

The modulation transfer function (MTF) was demon-
strated to provide a useful means of predicting the
visual performance with concentric-design bifocal con-
tact lenses. Equations were derived which may be used
to predict vision with rigid concentric-design hifocal
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contact lenses. Further development of such models
may alow their use in the design stage of bifocal con-
tact lenses thereby reducing the requirement for labo-
rious testing of preliminary designs. This may allow for
the development of better bifocal contact lenses.
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