
© 2016 Gundersen and Potvin. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology 2016:10 455–461

Clinical Ophthalmology Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
455

O r i g i n a l  r e s e a r C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/OPTH.S103375

Comparison of visual outcomes after implantation 
of diffractive trifocal toric intraocular lens and a 
diffractive apodized bifocal toric intraocular lens

Kjell gunnar gundersen1

rick Potvin2

1iFocus Øyeklinikk as, haugesund, 
norway; 2science in Vision, akron, 
nY, Usa

Purpose: The aim of this study was to compare a new diffractive trifocal toric lens with an 

apodized diffractive bifocal toric lens in terms of refractive and visual acuity (VA) outcomes, 

including low-contrast VA (LCVA), as well as the patient’s visual function 3 months after 

implantation.

Patients and methods: This is a randomized prospective study involving bilateral implantation 

of a trifocal toric or a bifocal toric lens. At 3 months postoperatively, the subject’s vision was 

tested both uncorrected and with his/her best distance correction at: distance (4 m), intermediate 

(63 cm), and near (40 cm). Binocular defocus curves were measured with no correction and 

with the subject’s best distance correction in place. Quality of vision was measured using the 

National Eye Institute Visual Function Questionnaire.

Results: A total of 22 patients were enrolled (eleven in each group). There was no statistically 

significant difference in the absolute change in measured rotation between 1 month and 3 months 

postoperatively between the two intraocular lens (IOL) groups (P=0.98). At 3 months, the 

postoperative refraction and distance VA by eye were similar between groups. There was no 

statistically significant difference in the measured LCVA between groups (P=0.39). The defocus 

curve showed that at 67 cm, the trifocal toric lens had statistically significantly better VA when 

compared to the bifocal toric lens. There were no statistically significant differences by group for 

any of the National Eye Institute Visual Function Questionnaire scores (P.0.26 in all cases).

Conclusion: The trifocal toric IOL improved the intermediate vision without negatively 

impacting visual function and distance, near, or low-contrast VA when compared to a bifocal 

toric IOL. The toric component of the trifocal lens effectively reduced astigmatism and provided 

good rotational stability.
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Introduction
A high demand for presbyopia correction at the time of cataract surgery has increased 

the implantation of multifocal intraocular lenses (IOLs). Residual astigmatism is a 

concern with these lenses, because refractive astigmatism of 1.0 D or more can nega-

tively impact visual outcomes with multifocal IOLs.1 This amount of astigmatism may 

be encountered in ∼40% of patients presenting for routine cataract surgery2 and must 

be managed in multifocal patients to reduce potential dissatisfaction with the visual 

outcome. Two of the most common approaches to reduce astigmatism at the time of 

cataract surgery are using corneal relaxing incisions and/or toric IOLs. Correcting 

astigmatism with corneal relaxing incisions can be more variable with lower effectivity, 
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predictability, and stability than with toric IOLs.3,4 As such, 

astigmatic correction with a toric multifocal IOL is a desir-

able alternative.

Some studies related to multifocal toric IOLs have been 

published in the literature, but they are limited to accommoda-

tive toric or bifocal toric designs, and we are only aware of one 

study discussing the clinical outcomes with an accommodative 

toric IOL.5 Studies of bifocal toric IOLs are more common. 

These lenses are available in a refractive and a diffractive 

design. The refractive design has specific areas in the lens 

designed for either near vision or distance vision increasing 

their dependence on pupil size and need for proper alignment. 

The diffractive design splits incoming light, with one focus for 

distance images and the other for near images; such designs 

have the potential to decrease contrast sensitivity.

One of the most studied diffractive bifocal toric 

IOLs (AcrySof ReSTOR SND1T; Novartis AG, Basel, 

Switzerland) has been shown to be effective at significantly 

improving near vision while maintaining good distance vision 

and providing similarly reliable astigmatism correction when 

compared to an aspheric monofocal toric IOL (AcrySof Toric 

SN6AT; Alcon, Inc.). Glare and halos are more common, 

and low-contrast sensitivity and low-contrast visual acuity 

(LCVA) are reported to be poorer with multifocal IOLs 

compared to monofocal IOLs, but this is unlikely related to 

the addition of the toric correction to the multifocal IOL.6,7 

A primary concern with using a bifocal IOL is that it does 

not provide an intermediate focal point; a bench study has 

demonstrated that this can reduce the potential for adequate 

intermediate vision.8 With the proliferation of handheld 

devices, intermediate vision has become a significant concern 

for patients.

The FineVision IOL (PhysIOL®; FineVision Toric, Liège, 

Belgium) is a diffractive trifocal IOL that provides an inter-

mediate focus at 1.75 D and a near focus at 3.5 D (both at the 

IOL plane). This corresponds to a nominal intermediate add 

of approximately +1.15 D and near add of about +2.25 D at 

the corneal plane, depending on the geometry of the patient’s 

eye. This intermediate focal point is expected to improve 

patient satisfaction relative to bifocal IOLs, since bifocal 

IOLs have a greater drop off in visual acuity (VA) in the 

intermediate range.9 There is a concern that the addition of a 

third focal point may increase halos.10 However, a relatively 

small percentage of energy is dedicated to intermediate vision 

when compared to distance and near vision; as such, photic 

phenomena and contrast sensitivity are unlikely to be more 

problematic with this diffractive trifocal IOL than they are 

for any other diffractive bifocal IOL.11,12 Results in 198 eyes 

of 99 patients implanted with this diffractive trifocal IOL 

show that the lens provides good near, intermediate, and 

distance vision under different illuminations with high patient 

satisfaction.13

A new diffractive trifocal toric IOL is now available 

(PhysIOL®, POD AY 26P F-T; FineVision Toric); it utilizes 

the same multifocal principles as the FineVision trifocal IOL 

and the same toric principles as the Ankoris IOL (PhysIOL®; 

Ankoris, Liège, Belgium).14 The Ankoris IOL is a hydro-

philic aspheric toric IOL utilizing double-C loop quadripode 

haptics for stabilization.15 The purpose of the current study 

is to compare the refractive and VA outcomes, including 

LCVA, as well as the patient’s visual function 3 months after 

implantation of this new diffractive trifocal toric IOL with the 

ReSTOR SND1T apodized diffractive bifocal toric IOL.

Patients and methods
This study was a single-site, single-surgeon, randomized 

prospective study involving bilateral implantation of a trifocal 

toric IOL in one group and a bifocal toric IOL in the other 

group during one session. The Regional Committees for 

Medical and Health Research Ethics (REK), Norway reviewed 

and approved the study and patient informed consent. The 

study was powered sufficiently to detect a 0.5 line difference 

in logMAR acuity based on data in the literature. A total of 

eleven subjects were enrolled in each group.

Subjects were eligible for inclusion if they were .50 years 

old, had presented for uncomplicated cataract surgery, and 

were interested in reducing their dependence on glasses for 

daily life. They had to have regular corneal astigmatism 

and have a calculated IOL power that was within the avail-

able range for each IOL type. All subjects had to be willing 

and able to sign the informed consent for the study. The 

surgeon evaluated the interest of the patient in spectacle 

independence, their affect, and their expectations. If expec-

tations were unrealistic, they were excluded from the study. 

Additional exclusion criteria included ocular pathology 

(besides cataract) and previous refractive surgery. If the 

surgeon felt there were factors that would be likely to affect 

the subject’s postoperative vision (eg, amblyopia and history 

of uveitis), the surgeon could exclude the subject.

All subjects had a preoperative examination that 

included refraction, topography, keratometry, biometry, 

and a slit-lamp examination, after which, if eligible, they 

were asked to participate. Toric IOL calculations were 

performed using the standard calculation for the Acry-

Sof lens (www.acrysoftoriccalculator.com) and for the 

Physiol lens (www.physioltoric.eu). All subjects were 
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implanted bilaterally at a single visit using the standard 

phacoemulsification procedure at the site; procedures were 

completed without any use of femtosecond laser systems. 

Any surgical complications resulted in the subject being 

exited from the study, and replaced.

At 3 months postoperatively, the subject’s vision was 

tested both uncorrected and with his/her best distance cor-

rection at: distance (4 m), intermediate (63 cm), and near 

(40 cm). The examiner was not masked to the lens type, 

but the manifest refraction was determined for both groups 

using the standard methodology for the site, including the use 

of high-contrast logMAR acuity charts. Binocular defocus 

curves were measured with no correction and with the sub-

ject’s best distance correction in place. Quality of vision was 

measured using the National Eye Institute Visual Function 

Questionnaire (NEI VFQ)-25. The NEI-VFQ was developed 

at the RAND under the sponsorship of the NEI; it provides 

a self-reported measure of visual function.16

The data were imported into an MS Access database for 

data checking, collation, and preliminary analysis (Microsoft 

Corporation, Redmond, WA, USA). Statistical analyses were 

performed using the STATISTICA data analysis software 

system, Version 12 (StatSoft, Inc., www.statsoft.com). 

Statistical testing was performed using analysis of variance on 

continuous variables and appropriate nonparametric tests on 

categorical data. Statistical significance was set at P=0.05.

Results
A total of 22 patients were successfully enrolled, with no 

complications requiring any patients to exit the study. The 

preoperative demographics for both groups are shown in 

Table 1. As can be seen, the breakdown by sex was similar. 

The average age in the trifocal group was 8 years lower 

than the bifocal group, a statistically significant difference 

(P=0.02). The trifocal group also had a statistically signifi-

cantly higher average keratometry (P=0.01), but the average 

corneal astigmatism measured in both groups was similar 

(P=0.58). There was no statistically significant difference 

in the measured axial length (P=0.57).

The surgically induced astigmatism (SIA) was calculated 

for each eye based on the difference in the measured corneal 

astigmatism preoperatively and at 3 months postoperatively. 

There was no statistically significant difference in the 

measured magnitude of the SIA between groups (P=0.07). 

The average SIA magnitude was 0.49 D ±0.36 D, while the 

calculated centroid (the vector sum of all SIA measures) for 

both groups was between 0.10 D and 0.15 D.

An intended lens orientation was available at the time of 

surgery, and lens orientation was measured at each follow-up 

visit. There were only two lenses with a measured change 

in orientation of .5° between the 1-day and 1-month post-

operative visits, one bifocal lens, and one trifocal lens; the 

maximum measured change was 7°. There was no statistically 

significant difference in the change of lens orientation 

between the 1-day and 1-month postoperative visits between 

IOL groups (P=0.07).

In three of the cases involving trifocal IOLs, the 1-month 

postop orientation of the lens was noted to be ∼10° from 

intended. A chart review showed a similar but slightly 

lower alignment error 1 day postoperatively suggesting 

an alignment error rather than actual IOL rotation. These 

three lenses were reoriented to the intended angle between 

the 1-month and 3-month postoperative visits. With these 

manual exceptions, no change of lens orientation of .5° 

was measured between the 1-month and 3-month visits for 

either lens. There was a statistically significant difference 

between the trifocal and bifocal groups in the change in lens 

orientation between the 1-month and 3-month postopera-

tive visits (P,0.01); the difference was ,2°. The bifocal 

lenses appeared to rotate slightly more clockwise and the 

trifocal lenses appeared to rotate slightly more counter-

clockwise, with average measured rotation ,1° in both 

cases. There was no statistically significant difference in 

the absolute change in measured rotation between 1 month 

and 3 months postoperatively between the two IOL groups 

(P=0.98). There was also no statistically significant correla-

tion between change in lens orientation and axial length for 

either lens (P.0.05).

Table 1 Demographics by group (n=11 in each group)

Trifocal Bifocal P-value*

sex (female/male) 6/5 6/5 1.00
age 62.1±7.5 (51–72) 70.2±7.8 (51–78) 0.02*
average preoperative keratometry (D) 44.8±1.48 (42.73–48.57) 43.44±1.83 (40.40–46.13) 0.01*
Preoperative corneal astigmatism (D) 2.11±1.11 (1.04–5.19) 1.95±0.72 (1.10–3.26) 0.58
axial length (mm) 24.43±1.49 (22.66–27.11) 24.18±1.52 (22.38–27.12) 0.57

Notes: *Statistically significantly different, P,0.05. Data is presented as mean ± sD (range).
Abbreviation: D, diopters.
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At 3 months, the postoperative refraction and distance 

VA by eye were similar between groups. Table 2 summarizes 

the data. Average uncorrected logMAR VA in the trifocal 

group was about a half line better than in the bifocal group, 

which is presumably associated with the slightly lower 

(0.19 D) residual refractive cylinder, but neither of these 

differences was statistically significant. The percentage of 

eyes with #0.5 D of refractive cylinder at 3 months was 

slightly higher in the trifocal group (82%, 18/22) relative to the 

bifocal group (68%, 15/22), but the difference was not statisti-

cally significant (Fisher’s exact test, two-tailed, P=0.48).

The distribution of uncorrected binocular VA measured 

at the three test distances is shown in Figure 1. There was 

no statistically significant difference in the measured VA 

at any distance between the groups. There was a higher 

number of subjects with 20/25 uncorrected VA at 63 cm 

in the trifocal group (ten of eleven vs seven of eleven in 

the bifocal group), but the difference was not statistically 

significant (Fisher’s exact test, one-tailed, P=0.16). Similar 

results were obtained for the best distance-corrected VA, with 

no statistically significant difference between groups at any 

distance. At 63 cm, 82% of eyes (9/11) with the trifocal toric 

IOL had a best distance-corrected VA equal to or better than 

0.1 logMAR (20/25 Snellen), compared to 64% of eyes (7/11) 

with the bifocal toric IOL; the difference was not statistically 

significant (Fisher’s exact test, one-tailed, P=0.18).

LCVA was tested binocularly with the subject’s best 

distance correction in place using a target at 4 m and a letter 

contrast of 10%. There was no statistically significant differ-

ence in the measured LCVA between groups (P=0.39).

Figure 2A shows the uncorrected binocular defocus curve, 

and Figure 2B shows the best distance-corrected binocular 

defocus curve for the two groups. Results were not statisti-

cally significantly different at any test distances except +2.0 

(not clinically relevant) and −1.5 D, corresponding to a 

reading distance of ∼67 cm. At both these levels of defocus, 

subjects implanted with the trifocal IOL had statistically 

significantly better VA.

The questionnaire results from the NEI-VFQ were tabu-

lated, and the subgroup scores for general vision, distance 

Table 2 Va and refractive data 3 months postoperatively (by eye, n=22 in each group)

Trifocal Bifocal P-value*

spherical equivalent refraction (D) 0.22±0.38 (−0.25 to 1.13) 0.09±0.42 (−0.88 to 0.88) 0.29
refractive cylinder (D) −0.30±0.26 (−0.75 to 0.00) −0.49±0.45 (−1.50 to 0.00) 0.09
Uncorrected distance Va (logMar) 0.03±−0.10 (−0.20 to 0.32) 0.08±0.13 (−0.18 to 0.42) 0.16
Corrected distance Va (logMar) −0.01±−0.06 (−0.20 to 0.10) 0.01±0.07 (−0.18 to 0.16) 0.44
low-contrast (10%) Va (logMar) 0.32±0.13 (0.18 to 0.56) 0.35±0.09 (0.12 to 0.56) 0.39

Note: *Statistically significantly different, P,0.05.
Abbreviations: Va, visual acuity; D, diopters.

Figure 1 Uncorrected binocular visual acuity by intraocular lens and test distance.
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vision, near vision, and driving were compared between 

groups. Figure 3 shows the distribution of these subgroup 

scores by the IOL group. There were no statistically signifi-

cant differences by the IOL group for any of these subgroup 

scores (P.0.26 in all cases).

Discussion
In this study, statistically significant differences in preopera-

tive average keratometry and patient age were found between 

groups, despite randomization, but the differences were not 

considered clinically significant. The small sample size is 

likely a contributing factor. More importantly, there was 

no statistically significant difference in the level of corneal 

astigmatism between groups.

The bifocal toric IOL is based on a modified L haptic 

design, while the trifocal toric IOL uses a double C-loop 

quadripod.15 Despite these design differences, the correction 

of astigmatism was effective and stable in both groups. Three 

cases in the trifocal group required reorientation because of 

minor misalignment at the time of surgery. Lens alignment 

Figure 2 Uncorrected (A) and best-corrected (B) binocular defocus curves.
Note: *Statistically significant difference (P,0.05).

Figure 3 nei-VFQ subscale scores by intraocular lens type.
Abbreviation: nei-VFQ, national eye institute Visual Function Questionnaire.
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was stable in both IOL groups, varying only within a 5° range 

up to 3 months postoperatively. Rotational stability has been 

documented previously for both IOL groups; the toric com-

ponent of the trifocal IOL has been shown to have a mean 

rotation of ∼2°.6,14

At 3 months, the postoperative astigmatism was slightly 

less (0.19 D) in the trifocal toric group when compared 

to the bifocal toric group, but the difference was not 

statistically significant. The mean postoperative astigma-

tism in the bifocal toric group in this study was consistent 

with the average of the mean postoperative astigmatism 

reported in two previous studies using the same lens.6,7 

The spherical equivalent refraction for the bifocal toric 

IOL group in the current study was also the same as that 

reported in a larger study of the same lens.7 The mean 

postoperative astigmatism in the trifocal toric group was 

0.3 D in the current study, which is slightly lower than 

the 0.4 D mean reported by a previous study of the same 

toric lens design.14

The VA results were similar between the two groups at 

all distances. The mean uncorrected distance visual acuities 

for both groups were reasonably consistent with previously 

reported values for the bifocal toric group and the multifocal 

component of the trifocal toric group.7,13 This is not unex-

pected, as both lenses use a similar diffractive multifocal 

design. It is worth noting that the additional intermediate 

focal point in the trifocal lens did not appear to negatively 

impact distance or near vision.

The binocular defocus curves in Figure 2 show that the 

trifocal toric group had statistically significantly better VA 

at −1.5 D (corresponding to the vision of a target at 67 cm) 

when compared to the bifocal toric group. A previous bench 

study comparing the multifocal component of both lenses 

found that the trifocal lens provides a true third intermediate 

focal point that is not found with the bifocal lens.8 Clinical 

studies evaluating the bifocal toric IOL and the multifocal 

component of the trifocal toric IOL provided similar defo-

cus curves to the one shown in the current study.7,13 These 

studies noted a similar drop in the intermediate vision with 

the bifocal IOL relative to the trifocal IOL.

There is always some concern that the additional focal 

point provided by a trifocal IOL may reduce visual quality 

more than bifocal IOLs, as a result of splitting the light into 

three foci.10 One objective measure of this is LCVA. In the 

current study, the VA under low contrast was similar between 

the trifocal and bifocal groups. Previous studies have found 

LCVA (10%) to be better than reported here for the trifocal 

toric IOL group and worse than reported here for the bifocal 

toric IOL group, though different testing methods may have 

been used and the previous trifocal IOL data did not include 

the toric component.6,13

Another common measure of overall visual function 

is the NEI-VFQ questionnaire; all subjects in the current 

study completed the questionnaire. The subscales for gen-

eral vision, near vision, distance vision, and driving showed 

no statistically significant differences between the bifocal 

and trifocal IOLs, with median subscore values $80 in all 

cases, suggesting high satisfaction with postoperative vision. 

A high level of satisfaction related to near vision in subjects 

undergoing bifocal toric IOL implantation has previously 

been reported.6 A high level of satisfaction based on the 

patients’ answer to whether or not they would have the same 

lens implanted again in those that underwent trifocal IOL 

implantation has also been documented.13

Conclusion
In conclusion, the trifocal toric IOL provided improved 

intermediate vision without negatively impacting distance 

or near VA when compared to a bifocal toric IOL. LCVA 

and the patient’s visual functions were comparable between 

the trifocal and bifocal toric IOL groups. The trifocal toric 

lens demonstrated good rotation stability, leaving subjects 

with low postoperative refractive astigmatism.
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