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ABSTRACT

Background: Among various visual functions, stereoacuity, or the ability to perceive depth, 

is the most sophisticated binocular function. Many publications discuss the influence of 

retinal image formation by multifocal intraocular lenses on glare and contrast sensitivity, 

but only a few present results of testing binocular vision in patients with multifocal intra-

ocular lenses. Objective: This article is designed to review the results of testing binocular vision 

in patients with multifocal intraocular lenses implanted in cataract surgery. Methods: This 

article was performed based on a literature review and Internet search through scien-

tific databases such as PubMed, Scopus, Web of Science, and Google Scholar. Results: 
Some reports found that patients implanted with the monofocal lens, when measured 

with a near addition, presented statistically significant better stereoacuity scores than 

those implanted with any of the multifocal intraocular lens types. When the TNO test 

was used for measurement, statistically significant better stereoacuity was disclosed 

with the refractive multifocal intraocular lens than with the diffractive-based multifocal 

intraocular lens design. Stereoacuity scores, even within the same types of lenses, were 

significantly better with the Titmus test than with the TNO test. Conclusion: Stereoacuity 

is not affected by multifocality-induced retinal blur as it is by other causes of image deg-

radation such as small residual refractive error very early opacification of ocular media 

or dry eye. Multifocal intraocular lenses do not cause more functional aniseikonia than 

would be expected with a monofocal intraocular lens. Since stereoacuity is compromised 

with unilateral multifocal intraocular lens implantation bilateral implantation should be 

attempted.

Keywords: Stereoacuity, multifocal lens, Titmus test, TNO test.

1. BACKGROUND
Among various visual functions, 

stereoacuity, or the ability to perceive 
depth, is the most sophisticated bin-
ocular function. The visual system re-
quires binocularity to achieve stereo-
acuity and retains a single represen-
tation of a world viewed through two 
eyes. Good stereoacuity is required for 
accurate hand-eye coordination when 
using tools, threading a needle, per-
forming surgery, or even using a com-
puter (1). Reduced stereoacuity may 
cause symptoms of discomfort such as 
eyestrain, headaches, and diplopia (2).

Factors related to stereoacuity in 
phakic patients are uncorrected refra-
ctive error (3, 4) (contrast reduced by 
optical blur), decreased visual acuity, 
sensory and motor fusion problems (5-

7), and age (8-11) (loss of light transmi-
ssion through ocular media). In aphakic 
and pseudophakic patients stereoacuity 
is additionally affected by the diffe-
rence in visual acuity (12, 13), spherical 
equivalent (14), astigmatism (14), the 
axial length between fellow eyes, anise-
ikonia (15-17), pupil diameter, and IOL 
decentration and tilt (18).

Stereoacuity tests
Stereoacuity testing is important in 

clinical practice because many of the 
adverse conditions that affect the visual 
system’s function will also affect ste-
reoacuity. Various tests have been pro-
posed for stereoacuity testing. Howard-
Dolman device is considered the most 
sensitive and accurate procedure to 
determine stereoacuity (19). However, 
the Howard-Dolman apparatus is ra-
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rely used in clinical practice, with clinicians opting for either 
vectographic tests, such as the Titmus Wirth test, Randot 
test, or anaglyphic tests such as TNO, which is a highly disso-
ciative stereotest that does not present monocular cues.

Stereoacuity and cataract
Age-related cataract is the most common eye disorder in 

the western world (20). Cataract (opaque lens) causes vi-
sual disability in terms of decreased visual acuity, decreased 
contrast sensitivity, anisometropia, and aniseikonia, leading 
to impaired binocular function. Impaired visual function is 
associated with an increased number of falls, decreased dri-
ving performances, and decreased quality of life (ie psycholo-
gical effects such as depression and anxiety) (21, 22).

In quality of life visual acuity is required for functional 
tasks, while stereopsis and contrast were more important de-
terminants of quality of life (23). However, stereoacuity was 
not found to be indicative of overall subjective visual diffi-
culty attributable to the lens opacity. In other words, we can 
say that stereoacuity is a psychophysical test that is affected 
by lens opacities but may not be a good reflection of the su-
bjective visual difficulty in the presence of good CDVA in the 
fellow eye (23, 24).

Multifocal intraocular lenses
With great advances in cataract surgery, as well as intrao-

cular lens design, and preoperative diagnostics much atten-
tion has been paid to improving postoperative optical quality. 
Due to those advancements postoperative anisometropia, 
astigmatism and aniseikonia are almost eliminated. To this 
day, the most frequently implanted intraocular lens (IOL) 
is a monofocal lens designed to provide excellent outcomes 
for distance, but usually, patients require refractive compen-
sation for intermediate and near activities. In comparison to 
monofocal intraocular lenses, multifocal intraocular lenses 
(MIOLs) are designed to provide patients with an expanded 
range of vision and consequently reduce spectacle depen-
dence after cataract surgery, also improving some quality of 
life aspects (25). The basic principle underlying the multifocal 
lenses is the simultaneous creation of more than one image 
point for a single object point. The corollary of this principle 

is that multiple object points (e.g. distance and near) simulta-
neously can be brought into the same image point (26). Mul-
tifocal intraocular lenses present a variety of designs: from 
purely refractive to full aperture diffractive, and hybrid di-
ffractive-refractive. Whereas refractive multifocal intraocular 
lenses provide two or more foci by varying the surface curva-
ture in the sectors defined within the lens aperture, diffractive 
multifocal intraocular lenses rely on diffractive principles to 
split the incoming light energy into two or more foci. Hybrid 
designs combine refractive and diffractive zones on the same 
surface, commonly a central diffractive zone and a refractive 
periphery (27). Currently, the majority of multifocal intra-
ocular lens models are based on a diffractive platform that 
sends light to the retina with a predefined light distribution to 
two different foci, far and near, with a near addition of + 3.00 
D or below (28). 

All multifocal intraocular lens designs lead to simulta-
neous vision, which has been documented to result in a va-
riety of photic phenomena described as halos and/or glare 
(29), with their negative impact on vision being modulated 
by several factors, such as pupil size and illumination condi-
tions, lens power and addition (30), lens design, and sensiti-
vity and possible neuroadaptation of the patient to the phe-
nomena, among others. Besides, the simultaneous imaging of 
near and distant objects, in addition to the possible presence 
of post-operative residual defocus or astigmatism, as well as 
higher-order aberrations (such as spherical aberration and 
coma), have been found to lead to a reduction in contrast sen-
sitivity (31) and may also influence the natural capability of 
human binocular vision for three-dimensional perception. 
Although, there have been reports that a new generation of 
multifocal intraocular lenses present with improvement in 
contrast sensitivity (32,33).

Preoperative planning for multifocal intraocular lens 
implantation

Although new generations of MIOLs went through several 
modifications to improve distance, intermediate, and near 
vision, reduce undesired photic phenomena (ie, glare and 
halos), and offer good contrast sensitivity in comparison with 
their predecessors, they are still far from perfect (34). Poten-
tial patients should undoubtedly be informed about potential 

Picture 1. TNO test

Picture 2. Titmus Wirt test
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adverse events because they constitute, apart from reduced 
visual acuity, the main reason for dissatisfaction after the im-
plantation of such a lens (35-37). Therefore, meticulous pre-
operative examination, careful patient selection for each of 
these technologies, and thorough preoperative information 
are key to postoperative patient satisfaction (35-37). Careful 
patient selection should not only focus on biometry, ophthal-
mologic findings, and preoperative astigmatism but also on 
personality characteristics (35-37).

Main ophthalmic inclusion criteria should be similar visual 
acuity on both eyes with binocular function within normal 
limits, clear cornea without topographic irregularities (ie 
asymmetrical astigmatism, irregular astigmatism), no ma-
cular pathology or PNO damage (ie uncontrolled glaucoma), 
and systemic diseases that might affect the postoperative vi-
sion (i.e. Uncontrolled diabetes mellitus). Biometry and cor-
neal topography are mandatory and appropriate lens design 
should be chosen according to the amount of corneal astigma-
tism (toric lenses in astigmatism > 0.75D) (34, 38).

2. OBJECTIVE
The aim of this article is to review the results of testing bi-

nocular vision in patients with multifocal intraocular lenses 
implanted in cataract surgery.

3. MATERIAL AND METHODS
This article was performed based on a literature review and 

Internet search through scientific databases such as PubMed, 
Scopus, Web of Science, and Google Scholar.

4. RESULTS
Influence of multifocality on stereoacuity
Many publications discuss the influence of retinal image 

formation by multifocal intraocular lenses on glare and con-
trast sensitivity (29-33, 39), but only a few present results of 

testing binocular vision in patients with multifocal intrao-
cular lenses (38-47).

There is some variability among results in published lite-
rature (Table 1). There are reports which found that patients 
implanted with the monofocal lens, when measured with a 
near addition, presented statistically significant better stereo-
acuity scores than those implanted with any of the multifocal 
intraocular lens types (40, 42, 45, 46). In addition, when the 
TNO test was used for measurement, statistically significant 
better stereoacuity was disclosed with the refractive mul-
tifocal intraocular lens than with the diffractive based mul-
tifocal intraocular lens design (42, 44). The differences may 
originate from the different clinical tests used (eg Titmus, 
Lang, Randot test, anaglyphic TNO test, Howard–Dolman 
test) and the different optical principles to design the lens, re-
fraction, diffraction, or hybrid, and hence the image created 
on the retina. Stereoacuity scores, even within the same types 
of lenses, were significantly better with the Titmus test than 
with the TNO test. With the Titmus test, a higher percentage 
of patients implanted with multifocal intraocular lenses re-
ached the best possible stereoacuity value that can be mea-
sured with this test (40 arc seconds). Patients implanted with 
diffractive multifocal intraocular lenses presented the worst 
stereoacuity with the TNO test and the largest between test 
differences when compared with the values of the Titmus test. 
To explain these findings, it is necessary to understand the 
mechanisms involved in distance and near image focusing of 
refractive and diffractive-based multifocal intraocular lenses. 
With refractive-based multifocal intraocular lenses, the only 
relevant factor is the chromatic dispersion of the material. 
While in diffractive-based multifocal intraocular lenses there 
is a combination of chromatic dispersion of the material and 
dependence on the wavelength of both add power and diffra-
ction efficiency. However, the majority of the reports agree 
that stereoacuty is preserved in the normal range after bino-

First author Patients
Mean 
age±SD

IOL Test Stereoacuity
Binocular 
CDVA

Binocular CNVA

Häring 29 70.0±11.3 Array SA-40 N Titmus
4.25±0.91 
cm*

0.01±0.17 0.31±0.30

Shoji 26 63.7±9.0 UV360M4-071optex Titmus 84.6% ≥ 60”
100%
≥ 20/20

92.3% ≥ J2
100% ≥ J3

Souza 24 68.3±9.2 AcrySof ReSTOR SA60D3 Titmus 92% ≥ 50”
0.02±0.17 
logMAR

0.02±0.10 
logMAR**

Chang
14
13

66.5±8.0
64.9±6.1

AcrySof ReSTOR SN60D3
ReZoom

Titmus
Titmus

74.1% ≥ 80”
100% ≥ 80”

0.06 logMAR
-0.04 logMAR

0.07 logMAR**
0.24 logMAR**

Cionni 15 N/A AcrySof ReSTOR SN60D3 Titmus 60 ± 30” N/A N/A

Ferrer-Blasco 15 55.2±2.7 AcrySof ReSTOR SN60D3 Titmus 48.67 ± 1.13
0.02± 0.04 
logMAR

0.03±0.04 logMAR

Chen 15 71.0±7.0 ReZoom NXG1/Tecnis ZM900 Titmus 62 ± 34
-0.04±0.09 
logMAR

N/A

Varon

24
23
25
28

68.1±7.3
69.3±10.7
67.7±7.9
68.2±7.6

ReZoom NXG1
AcrySof ReSTOR SN6ADI
AcrySof ReSTOR SN60D3
Tecnis ZMA00

Titmus/TNO
Titmus/TNO
Titmus/TNO
Titmus/TNO

240” / 55”
Figures / 60”
Figuresa / 50”
480-Figures/ 
50”

0.00 logMAR
0.02 logMAR
0.01 logMAR
0.00 logMAR

0.17 logMAR
0.12 logMAR
0.09 logMAR
0.12 logMAR

Ferrer-Blasco 30 55.43.8 AcrySof ReSTOR SN6AD3
Howard-Dolman 
method/Titmus/
Random dot

18.42±6.10”/ 
44.55±1.08”/ 
41.25±1.12”

0.04±0.05 
logMAR

0.04±0.04 logMAR

SD–standard deviation, CDVA–corrected distance visual acuity, CNVA–corrected near visual acuity, N/A–not available, “–arc seconds, *–subjective 
height quantitatively evaluated, **–at a patient-preferred distance, a–the Figures of the TNO test have stereo-acuity values > 480”

Table 1. Outcomes of several studies evaluating stereopsis after multifocal IOL implantation
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cular implantation of multifocal intraocular lenses and that 
multifocality does not cause stereoacuity to deteriorate (43).

One possible explanation for the favorable results in ste-
reoacuity, besides the improvement in optical properties (eg 
decrease in photic phenomena and increase in contrast sensi-
tivity, could be the Stiles–Crawford effect (48, 49). The refra-
ctive qualities of the multifocal intraocular lens, which lead 
to the formation of multiple retinal images, “wrap” the retinal 
receptor cells within “scattered” light. One could hypothe-
size that in this way, the multifocal intraocular lens comes 
closer to the optical performance of the natural human lens 
than unnaturally clear monofocal intraocular lenses with 
their physically perfect image formation at one focus point. 
Concerning the physiology of other vertebrates, the following 
attempt to explain this seemingly paradoxical mechanism can 
be made: birds and reptiles do not have a microtremor of the 
eyes, which in mammals prevents local adaption to the viewed 
retinal image. In mammals, the microtremor limits the qu-
ality of the retinal image. In contrast, the retinal cones of 
birds and reptiles contain tiny drops with an oily consistency, 
which focus the light within the receptor cells and hence im-
prove the quality of the retinal image. Oily drops of this kind 
would not be an advantage in mammal eyes because the mi-
crotremor inevitably causes the cones to be “wrapped” by 
light. A cortical program recognizes the limiting factors (mi-
crotremor, lateral illumination of the retinal cones) and needs 
them for the brain to actuate complex random-dot binocular 
vision. It might be assumed that, as with other visual proce-
sses, a “phylogenetic flaw” is part of the physiologic “program” 
and cannot be eliminated for the brain to recognize the “pro-
gram” (43).

In a quest to enhance visual quality and reduce unwanted 
side effects the idea of combining different types of multifocal 
intraocular lenses, the so-called “Mix and Match”, came into 
focus. The procedure usually involved implantation or refra-
ctive multifocal intraocular lens in the dominant eye and a 
diffractive multifocal intraocular lens in the non-dominant 
eye, other options included two bifocal diffractive lenses in 
which lens of lower addition is implanted in the dominant 
eye or a combination of the extended range of vision intrao-
cular lens (EDOF) in the dominant eye and diffractive bifocal 
lens in the nondominant eye. It was reported that those com-
binations could enhance reading acuity, reading speed and 
near stereoacuity without obvious photic phenomena con-

sequently decreasing the need for spectacle correction (38). 

However, combinations of the multifocal intraocular lens in 
one eye and monofocal lens in the other could compromise 
stereoacuity (41, 43). The possible reason for those findings 
could be aniseikonia (43). Although, the amount of anisei-
konia tolerated is individually variable and there is no linear 
relationship between aniseikonia and stereoacuity (17,43,49). 
The same principle can be applied in monocular multifocal in-
traocular lens implantation where the other eye is left phakic 
and stereopsis would depend on the accommodation of the 
phakic eye (41).

Postoperative follow-up and managing patients’ satisfa-
ction

Due to the visual performances of multifocal intraocular 
lenses, that is unaided vision at all distances, they came as a 
solution for presbyopia treatment with crystalline lens ex-
change. That is called refractive lens exchange (50, 51). Pa-
tients who undergo refractive lens exchange generally are yo-
unger and have higher expectations regarding refractive and 
visual outcomes than those with cataracts (51, 52). To enable 
patients to be spectacle-free while engaging in daily activities, 
the multifocal intraocular lenses must provide adequate fun-
ctional vision at various distances (51). Spectacle indepen-
dence is a useful measure of the performance of a multifocal 
intraocular lens, however good postoperative visual acuity 
cannot always guarantee patient satisfaction (35, 56, 57). 
Postoperative residual refraction and astigmatism, spectacle 
independence, visual performances under different lighting 
conditions, postoperative photic phenomena, large pupil size, 
posterior capsule opacification, and dry eye are correlated 
to postoperative patient satisfaction (35). Good binocular 
function does not always correlate with independence from 
spectacles for near vision which indicates that disturbances 
of the binocular vision or a high level of aniseikonia do not 
necessarily correspond to the dependence on spectacles for 
near vision (35, 41). In addition, patient psychometric chara-
cteristics can have a significant impact on patient satisfaction: 
compulsive checking, orderliness, competence, and dutiful-
ness are significantly correlated to the perception of halos and 

Picture 3. Randot test

Picture 4. Lang test
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glare and postoperative dissatisfaction (35). But even with ca-
reful selection and perfect surgery, some patients are not as 
satisfied as could be expected by their clinical findings (35, 
53, 54). Most unsatisfied patients reported blurred vision, 
photic phenomena, or both (35). Studies showed that patient 
motivation for spectacle independence may be the deciding 
factor if improvement outweighs the side effects of multifocal 
intraocular lenses (35, 53, 54). Studies showed that bilateral 
implantation of MIOL significantly improved distance, inter-
mediate, and near vision as a result of neural summation (55). 
Nevertheless, overall satisfaction is still high (up to 96%) (51).

5. CONCLUSION(S)
Stereoacuity is not affected by multifocality-induced re-

tinal blur as it is by other causes of image degradation such as 
small residual refractive error (3, 4) very early opacification of 
ocular media (8-11) or dry eye. Multifocal intraocular lenses 
do not cause more functional aniseikonia than would be expe-
cted with a monofocal intraocular lens. Since stereoacuity is 
compromised with unilateral multifocal intraocular lens im-
plantation bilateral implantation should be attempted.
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