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Abstract
Aims—To compare tritan colour contrast
sensitivity (CCS), without and with glare,
in patients with refractive multifocal in-
traocular lenses (IOLs) and with monofo-
cal intraocular lenses.
Methods—Tritan CCS was determined
(Moorfields Vision System, CH Electron-
ics) in 15 eyes (14 patients, 75.7 (±6.6)
years) with a refractive multifocal IOL
(Allergan SA 40N) and in 11 eyes (10
patients, 73.7 (±6.4) years) with a monofo-
cal IOL (Allergan SI 40 NB). Measure-
ments were made monocularly under
mesopic conditions at a distance of 2
metres from the monitor with best dis-
tance refraction plus 0.5 D at 0.5, 1, 3, 6,
11.4, and 22.8 cycles per degree (cpd). The
test was then repeated for the multifocal
IOLs, adding minus 2.5 D to the best
distance refraction to force the patient to
use the near focus. Both lenses were also
investigated under glare conditions with
the same set-up and using the brightness
acuity tester (BAT).
Results—The tritan CCS function without
glare in multifocal lenses through the dis-
tance focus was nearly identical to that
through the near focus. The following sta-
tistically significant diVerences were
measured: the CCS function without glare
for the multifocal lens was worse at 0.5 cpd
and 1.0 cpd than that of the monofocal
lens. In CCS testing of the multifocal
group with glare at 6 cpd, the results
through the distance focus were better
than the results through the near focus.
For the CCS function with glare, the
values for the distance focus in the multi-
focal lens were worse than the values for
the monofocal lens at 0.5 cpd and 1 cpd. In
CCS testing with glare through the near
focus and CCS testing through the mono-
focal lens, the monofocal lens performed
better at 0.5 cpd, 1 cpd, 3 cpd, and 6 cpd.
Conclusion—Refractive multifocal in-
traocular lenses influence tritan CCS
function compared to monofocal lenses.
(Br J Ophthalmol 2001;85:811–815)

Intraocular multifocal lenses generally have
two focal points that create sharp images on
the retina of objects at infinity and at reading
distance respectively. This property provides
the patient with a pseudoaccommodation ena-
bling sharp perception of objects both far away
and at reading distance. In between these two
object distances the visual acuity remains at
approximately Snellen 0.5 because of the

increased depth of focus compared with a
monofocal lens.1–3 In everyday life the pseu-
doaccommodation gained makes the patient
independent of glasses, under the precondition
of an exact preoperative biometry.4 The
theoretical disadvantage of the multifocal con-
cept is that the incoming light is divided
between more than one focal point, leading to
a reduced “through the focus response func-
tion” (TFR).5 Moreover, sharp images on the
retina are always overlaid by out of focus
images generated by coexisting foci. Under the
circumstances of everyday life, the patient does
not perceive this out of focus image. In contra-
diction to tests on the optical bench,6–8 a large
number of clinical tests have revealed that the
distance visual acuity is similar to that of
monofocal lenses9 and that even the black and
white contrast sensitivity is comparable10 11 or
only slightly reduced compared with monofo-
cal lenses.12–23 However, the visual system deals
with colour contrast not for reasons of high
spatial discrimination but to enrich the image
in the visual scene.24 Colour vision results from
the diVerentiation of colour tone, brightness,
and saturation. The human eye is able to com-
bine these three aspects to create several
million diVerent colours. Furthermore, colour
vision is influenced by the wavelength and
intensity of the light reflected by the visualised
object, by the wavelength and intensity of the
background illumination of the object, by
the individual “bright-dark adaptation,” and
by the context in which the object appears for
the observer.24 In general, the ability to
discriminate diVerent colours is a function of
the fovea. Three diVerent cone types25 defined
by three diVerent photopigments are known.
The area of the cones reduces colour vision to
the fovea and parafoveal region. In the
innermost circle of the fovea only green and
red cones are present and no blue cones. This
circumstance is described as “foveal tritano-
pia.”26 27 Furthermore, the relatively lower
numbers of S-cones are thought to be respon-
sible for the reduced visual acuity and contrast
sensitivity in blue light.28 29 Physiologically,
CCS is highest at low spatial frequencies,
decreasing continuously at higher spatial fre-
quencies. The colour optic tract diVers from
the brightness optic tract. CCS describes the
ability to perceive an object which has diVerent
colours from its background but the same
brightness. The ability to discriminate diVerent
colours may also be influenced by ocular longi-
tudinal chromatic aberration.30

The aim of our investigations was to evaluate
how finely blue-yellow contrasts at diVerent
spatial frequencies were resolved, without and
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with glare, in patients with refractive multifocal
intraocular lenses compared with patients with
monofocal lenses.

Patients and methods
Exclusion criteria for patients were the follow-
ing: (1) corneal astigmatism over 2 D; (2)
pathologies of the cornea; (3) pupil diameter at
12 lux under 3 mm; (4) clinically relevant
opacification of the posterior capsule; and (5)
pathologies of the vitreous and retina which
could influence visual acuity.

In the first group, 15 eyes (14 patients, 75.7
(±6.6) years, range 63.3–87.1) with a refractive
multifocal IOL (SA 40N, Allergan) were
evaluated. The refractive SA 40N lens is a
biconvex, three piece silicone IOL with poly-
propylene haptics and a diameter of the optical
zone of 6 mm. Five annular aspherical zones,
incorporated into the anterior surface, evoke
the multifocal function. Each zone consists of a
continuous curve of a 3.5 D power range. The
central diameter of 2 mm is mainly used for the
distance focus, so that the light distribution
varies with pupil size. At a pupil diameter of
4 mm 50% of the light passes to the distance
focus, whereas only 35% is distributed to the
near focus and 15% to the intermediate foci. In
the second group, 11 eyes (10 patients, 73.7
(±6.4) years, range 64.1–82.0) were investi-
gated. The SI 40 NB is a monofocal lens made
of a highly refractive silicone like the SA 40N.

Distance visual acuity was determined at a
viewing distance of 6 metres by means of a
standard Snellen projector (Möller Wedel
1000) with best distance correction. The Panel
D 15 test was performed monocularly in the
multifocal groups with the best distance refrac-
tion using the near focus, and in the monofocal
group with the best distance correction plus
3.0 D to exclude patients with a possible colour
deficit. Pupil diameter was measured at 12,
170, and with the brightness acuity tester, 900
lux, with the Goldmann perimeter (Haag-
Streit) using the integrated millimetre scale.
The illumination was monitored using a
commercially available luxmeter.

Tritan CCS was evaluated by means of the
Moorfields Vision System (CH Electronics).
This is a computer system with a special
graphic card, an autocalibrating program with
a photometer head and the associated soft-
ware. A flat screen monitor was used with a
special surface coating to reduce reflections of
all kinds (MultiSync & 6FGp, NEC). All the
tests were performed by three investigators
with experience in tritan CCS testing. Flicker
fusion photometry was done to exclude the
“brightness matching error.”24 31 First green
and red light and then blue and red light flicker
were performed at a constant frequency of 15
Hz until the patient could not (or hardly)
observe a flickering. The test was performed in
duplicate to check the reliability; in the case of
large diVerences it was repeated. The results of
the test were three diVerent colours of diVerent
wavelength but the same brightness, that were
automatically the basis for the subsequent
tests. CCS testing with the Moorfields Vision
System was carried out monocularly at a

distance of 2 metres from the monitor without
dark adaptation. For the first test in the multi-
focal group, best distance refraction plus 0.5 D
for the viewing distance was used. If no refrac-
tion was necessary for the patient, glasses were
also used to standardise the testing conditions.
The magnification eVect of 1%32 of the 0.5 plus
lens was taken into account when calculating
the grating pattern for a viewing distance of 2
metres. Tritan CCS was measured at 0.5, 1, 3,
6, 11.4, and 22.8 cpd using the “forced choice”
mode in the Moorfields Vision System. The
test started at the lowest spatial frequency of
0.5 cpd with a contrast level to ensure that the
grating pattern was clearly visible for the
patient. The gratings were nominally isolumi-
nant with alternating blue and yellow bars. In
the Moorfields Vision System, the area where
the grating appears on the monitor had to be
reduced to 15×12 cm to be able to generate all
spatial frequencies. Peripheral to this area, the
monitor appears grey. In every introduction of
the test, each patient was told that the test
required the blue yellow bars to be diVerenti-
ated, but not the edges of the testing field
against the peripheral background. The con-
trast level in the “forced choice” mode was
then reduced in 2% contrast steps as long as
the patient confirmed being able to see the
bars. When the bars disappeared for the
patient, the contrast level was recorded and the
contrast further reduced. The contrast level
was then increased again and the patient asked
to state when the gratings became visible again.
The mean value of these two contrast levels
was the threshold result. The evaluated con-
trast thresholds in percentages were recorded
as tritan CCS function results (1/contrast) and
plotted on a logarithmic scale.33 The same pro-
cedure took place at all tested spatial frequen-
cies. If the patient could not detect the
gratings, the tritan CCS function was defined
as zero. Subsequently, the same test was
repeated but at best distance refraction plus
minus 2.5 D to force the patient to use the near
focus. In this case too, enlarging the sinusoidal
grating pattern by 5% equalised the diminu-
tion by the minus 2.5 D lens.32

For the monofocal group, this test was
performed analogously to the through the dis-
tance focus testing of the multifocal group.

After this test series had been completed, the
tests were repeated using the brightness acuity
tester (BAT). The BAT consists of an illumi-
nated hemispherical bowl, 60 mm in diameter,
with a central 12 mm circular aperture through
which the patient can view the gratings. The
bowl luminance was set at 300 cd/m2. The tests
were performed as described above for the
multifocal group and for the monofocal group.

The Mann-Whitney test (non-parametric
test) was used to compare the results within the
multifocal group and the results of the multi-
focal and monofocal group in CCS and CCS
with glare.

Results
In the refractive group the corrected distance
visual acuity was 0.94 (±0.14). Snellen. In the
monofocal group distance visual acuity with
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the best distance refraction was 1.0 (±0.19)
Snellen. Mean pupil diameter for both groups
was 4.75 (±0.97) mm (range 3.9–7.1) at 12
lux, 3.68 (±0.69) mm (range 2.9–5.1) at 170
lux and 1.13 (±0.35) mm (range 0.7–2.5) at
900 lux.

Table 1 shows the CCS function results. In
Figure 1, the graph of the distance focus was
comparable with the graph of the near focus
between 0.5 cpd and 6 cpd. Statistical
evaluations revealed no significant diVerences
at any spatial frequency.

In both tests, the results for the multifocal
group were below those for the monofocal
group at all spatial frequencies from 0.5 cpd to
11.4 cpd; at 0.5 cpd and 1.0 cpd the diVerence
was statistically significant. At 22.8 cpd all
three CCS graphs were below 1.

The results for CCS testing with glare are
shown in Table 1. Comparing the CCS
function with glare for the two tests in the
multifocal group (see Fig 2), the graph for the
distance focus is slightly above the graph of the
near focus at 0.5 cpd, comparable at 1.0 cpd
and further above at 3 cpd and 6 cpd. At 11.4
cpd and 22.8 cpd both graphs are below 1. The
Mann-Whitney test showed a statistically
significant diVerence at 6 cpd.

Both graphs for the multifocal groups
remained below the graph for the monofocal
group except at 22.8 cpd, where all three
graphs were below 1. Between group diVer-
ences were statistically significant at 0.5 cpd
and 1 cpd for the results from through the dis-
tance focus compared with those for the
monofocal lens, and from 0.5 cpd to 6 cpd for
the results from the monofocal lens compared
with those from near focus testing in the multi-
focal lens.

Discussion
Multifocal lenses are so far the only possibility
for overcoming the loss of accommodation
after cataract surgery. The remarkably good
results with multifocal implants in visual acuity
led to the hypothesis that the division of
incoming light between more than one focus,
leading to a retina image of reduced light
intensity,5 does not aVect the visual abilities.
One explanation for this might be that in most
cases enough light is available for image
creation as a result of the high sensitivity of the
retina. The fact that focal points are situated
behind each other in multifocal intraocular
lenses results in the sharp image being overlaid
by out of focus images on the retina. In every-
day life, light that overlays the retinal image is
not recognised by the patient probably because
of the low light intensity of the unfocused
image. Moreover, the retinal and cortical
processing of the retinal image seems to play a
part leading, for example, to an improved con-
trast impression of the retinal image.34 The dis-
advantages of the multifocal principle are
primarily of a theoretical nature and are attrib-
uted to the division of the incoming light
between more than one focal point; but there
are also clinically relevant disadvantages—for
example, slightly reduced black and white con-
trast sensitivity, halos when looking at a bright
light source by night, disadvantages in the case
of a panretinal laser, and diYculties for retinal
surgery. Some cases of vague discomfort, such
as monocular diplopia, have also been re-
ported.35 In our considerations we looked for a
further parameter of visual quality—namely,
one that can be influenced by the low light
intensities that overlay the focused image in the
multifocal situation. Tritan CCS was selected
in the expectation it would be sensitive in
patients with diabetes36–38 or chronicle glau-
coma.39 40 Furthermore, tritan CCS can be

Table 1 Results of colour contrast sensitivity function testing without and with glare in a
refractive multifocal IOL (Allergan SA 40N) through the distance focus (n = 15), through
the near focus (n = 15) and in a monofocal intraocular lens (n = 11, Allergan SI 40 NB).
(cpd = cycles per degree)

cpd SA40N distance focus SA40N near focus SI40NB

CCS function without glare in refractive multifocal IOLs and monofocal IOLs
0.5 14.59 (12.02) 15.09 (13.12) 21.37 (11.42)
1 9.45 (5.82) 10.15 (7.10) 16.20 (5.92)
3 4.24 (2.10) 4.22 (1.94) 6.76 (4.23)
6 2.97 (2.14) 2.26 (1.08) 3.63 (2.05)
11.4 0.79 (0.75) 0.95 (0.81) 1.55 (0.94)
22.8 0.27 (0.50) 0.18 (0.41) 1.11 (0.38)
CCS function with glare in refractive multifocal IOLs and monofocal IOLs
0.5 10.37 (3.75) 9.55 (2.29) 13.79 (5.22)
1 7.68 (2.64) 8.04 (3.79) 11.02 (3.29)
3 3.66 (1.34) 3.06 (2.01) 4.50 (1.87)
6 2.02 (1.08) 0.94 (0.74) 2.19 (0.69)
11.4 0.39 (0.57) 0.29 (0.52) 1.08 (0.79)
22.8 0.09 (0.30) 0.17 (0.40) 0.09 (0.30)

100

100

10

1

1

10

11.4 22.8

Spatial frequencies (cycles/degree)

Visual acuity (Snellen)

Tr
it

an
 c

o
lo

u
r 

co
n

tr
as

t 
se

n
si

ti
vi

ty
 1

/[
(L

m
ax

 –
 L

m
in

)/
(L

m
ax

 +
 L

m
in

)]

C
o

n
tr

as
t 

(%
)

630.5 1.0

ns

ns

ns

ns

ns

ns

ns

p < 0.05

p < 0.05

ns

ns

ns

p < 0.05

p < 0.05

0.38 0.760.20.10.017 0.03

Refractive multifocal IOL distance focus
Refractive multifocal IOL near focus
Monofocal IOL

Figure 1 Colour contrast sensitivity function through the distance focus (n = 15) in a
refractive multifocal IOL (Allergan SA 40N), through the near focus (n = 15) in a
refractive multifocal IOL (Allergan SA 40N), and in a monofocal IOL (n = 11, Allergan
SI 40 NB). The Mann-Whitney test was calculated between the results for the monofocal
group and the distance focus of the multifocal group (L–x),between the monofocal group
and the near focus results in the multifocal group (L–C), and between the distance focus
and the near focus results (x–C in the multifocal group (ns = not significant).
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regarded as an indicator for the brilliance of the
image impression achieved with multifocal
lenses.

The exclusion criteria for this clinical set-up
were chosen to avoid tritan CCS testing being
influenced by circumstances other than the
multifocal principle. In order to secure postop-
erative independence of glasses, patients with
an expected postoperative astigmatism over 2D
should not be provided with a multifocal
implant.4 Measurement of the pupil diameter
was important for establishing objectively that
the multifocal lens was used peripherally to the
central region, which is mainly utilised for the
distance focus. Age, which probably influences
CCS like black and white contrast sensitivity,41

was practically identical in the refractive group
and the monofocal group. The investigation of
distance visual acuity was necessary to secure a
comparable result for both groups. Panel D15
tests verified that all patients taking part
possessed normal colour perception. For pupil
diameter measurement, illumination was set at
12 lux to simulate the light conditions during
the CCS testing, at 170 lux to imitate the light
conditions under normal room luminance and
using the BAT to reproduce the pupil diameter
of tritan CCS testing with glare.

The Moorfields Vision System proved easy
to handle and stable. Autocalibration was per-
formed at the beginning of each testing day
and the monitor parameters had never to be
changed. Flicker fusion perimetry was easy to
carry out. Testing CCS turned out to be diY-
cult with a lot of variability in the results. Peo-
ple who have considerable experience in CCS
testing confirm that the result is aVected both
by the concentration of the patient and by the
tear film. Closing the eyes for tear film rebuild-
ing sometimes improves the CCS dramatically.
The BAT was used in order to evaluate a pos-
sible higher sensitivity in CCS testing to glare
in multifocal implants compared with monofo-
cal implants, as reported in the literature.13

Visual acuity was comparable in both
groups. All patients showed a comparable pupil
reaction. It is essential to note that the pupil
diameter is only 1 mm if the BAT is used. In
view of the fact that the central 2 mm of the
lens is mainly used for the distance focus, the
lens theoretically functions as a monofocal lens
using the BAT in the case of pupil diameters
up to 2 mm.

With regard to the CCS function, there are
no statistically significant diVerences between
the results in the multifocal group using the
distance focus and the results for near focus
(Fig 1). We had expected better results from
distance focus testing because, in this lens, the
light distribution provides the distance focus
with more light compared with the near focus.
Figure 1 also reveals worse values for the
multifocal lens compared with the monofocal
lens, using the distance as well as the near
focus. At 0.5 the multifocal IOL reaches about
80% of the CCS function of the multifocal
IOL. The diVerences were greater at low
spatial frequencies than at high spatial frequen-
cies and were statistically significant at 0.5 cpd
and 1 cpd. This result can be explained with
the lower TFR in multifocal lenses and the
highest physiological CCS at low spatial
frequencies.

Using the BAT, at 0.5 cpd the graph for CCS
testing through the distance focus was slightly
below the near focus graph, nearly identical at
1 cpd and showed greater diVerences at 3 cpd
and 6 cpd. We had expected much worse
results for the near focus graph because of the
missing near power of the lens for small pupil
diameters. In practice, testing using the near
focus can be regarded as testing a monofocal
lens blurring with minus 2.5 D at a distance of
2 metres. It would appear that the pinhole
eVect, which increases the depth of focus,33 is
responsible for the slight diVerences between
the distance graph and near graph at low
spatial frequencies in multifocal lenses. The
diVerences between both graphs, that were sta-
tistically significant at 6 cpd, can be explained
through the circumstance that the absence of
exact refraction when testing with minus 2.5 D
becomes more relevant at higher spatial
frequencies. At 11.4 cpd and 22.8 cpd both
multifocal graphs are nearly identical owing to

Figure 2 Colour contrast sensitivity function with glare through the distance focus (n =
15) in a refractive multifocal IOL (Allergan SA 40N), through the near focus (n = 15) in
a refractive multifocal IOL (Allergan SA 40N), and in a monofocal IOL (n = 11,
Allergan SI 40 NB). The Mann-Whitney test was calculated between the results for the
monofocal group and the distance focus of the multifocal group (♦–x) ),between the
monofocal group and the near focus results in the multifocal group (♦–C, and between the
distance focus and the near focus results (x–C in the multifocal group (ns = not
significant).

100

100

10

1

1

10

11.4 22.8

Spatial frequencies (cycles/degree)

Visual acuity (Snellen)

Tr
it

an
 c

o
lo

u
r 

co
n

tr
as

t 
se

n
si

ti
vi

ty
 1

/[
(L

m
ax

 –
 L

m
in

)/
(L

m
ax

 +
 L

m
in

)]

C
o

n
tr

as
t 

(%
)

630.5 1.0

p < 0.05

ns

ns

ns

ns

p < 0.05

p < 0.05

p < 0.05

p < 0.05

ns

ns

ns

p < 0.05

p < 0.05

0.38 0.760.20.10.017 0.03

Refractive multifocal IOL distance focus
Refractive multifocal IOL near focus
Monofocal IOL

814 Pieh, Hanselmayer, Lackner, et al

www.bjophthalmol.com

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.85.7.811 on 1 July 2001. D

ow
nloaded from

 

http://bjo.bmj.com/


the reduced CCS function at these spatial fre-
quencies. The result of comparing the multifo-
cal graphs with the monofocal graph was unex-
pected. At low spatial frequencies of 0.5 and
1.0 cpd the multifocal foci reached about 86%
of the CCS function of the monofocal IOL. We
had considered that this multifocal lens type
should have a visual function comparable to
that of a monofocal lens at a pupil diameter
under 2 mm. However, this result also
reconfirms results in black and white contrast
sensitivity testing with the previous model of
the refractive multifocal lens investigated, the
AMO Array SSM 26 NB, where the central 2
mm was used mainly for the distant focus and
partially for intermediate foci42 and also
showed reduced contrast sensitivity under
glare conditions compared with a monofocal
lens.13 An explanation therefore might be that
in this refractive lens design the central 2 mm
do not supply the distance focal point exclu-
sively, but also intermediate focal points, and
therefore the TFR in this constellation is also
reduced.

In our clinical experience, patients with
multifocal lenses, including those with a
monofocal lens in the contralateral eye, have
never reported subjectively observed contrast
deficits. It seems that the revealed diVerences
in CCS cannot be realised under everyday light
conditions but may be a disadvantage for
patients with multifocal implants at low object
contrasts.
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