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Abstract:

Background: To assess the impact of 5-degree and 10-degree rotations
in the optical quality of a trifocal toric intraocular lens (IOL) with
different amounts of cylinder.

Methods: Two Physiol Toric IOL with 1.5 diopters (D) and 3.0D of
cylinder were analyzed in three different positions: centered, 5-degrees
and 10-degrees rotated. The optical quality of the IOLs was evaluated
with the PMTF optical bench through specific perpendicular targets. The
analysis was performed by the through-focus modulation transfer
function (MTF) curves and the MTF corresponding to distance vision (0 D
of vergence).

Results: For a centered situation, the through-focus MTF curves of both
I0OLs showed the classical three peaks corresponding to the powers of
the two principal meridians of the IOLs. When 5 and 10 degrees of
rotation were induced, the three peaks were attenuated in both cases.
The case with the IOL with 3.0D of cylinder and 10 degrees of rotation
showed the worst optical quality and a significant loss of trifocality. The
MTF values obtained for distance vision also showed the worst optical
quality for the IOL with 3.0D of cylinder and 10 degrees of rotation.
Conclusion: Rotations over 5 degrees decreased the optical quality of
trifocal toric IOLs, being this reduction moderate from 5 degrees to 10
degrees for low levels of cylinder (<1.5D). For mid-high levels of cylinder
(= 3.0D), rotations over 5 degrees cause a significant loss of optical
quality at all object distances.
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ABSTRACT

Background: To assess the impact of 5-degree and 10-degree rotations in the optical quality
of a trifocal toric intraocular lens (10L) with different amounts of cylinder.

Methods: Two Physiol Toric IOL with 1.5 diopters (D) and 3.0D of cylinder were analyzed in
three different positions: centered, 5-degrees and 10-degrees rotated. The optical quality of
the I0Ls was evaluated with the PMTF optical bench through specific perpendicular targets.
The analysis was performed by the through-focus modulation transfer function (MTF) curves
and the MTF corresponding to distance vision (0 D of vergence).

Results: For a centered situation, the through-focus MTF curves of both I0Ls showed the
classical three peaks corresponding to the powers of the two principal meridians of the IOLs.
When 5 and 10 degrees of rotation were induced, the three peaks were attenuated in both
cases. The case with the IOL with 3.0D of cylinder and 10 degrees of rotation showed the
worst optical quality and a significant loss of trifocality. The MTF values obtained for
distance vision also showed the worst optical quality for the IOL with 3.0D of cylinder and 10
degrees of rotation.

Conclusion: Rotations over 5 degrees decreased the optical quality of trifocal toric IOLs,
being this reduction moderate from 5 degrees to 10 degrees for low levels of cylinder
(£1.5D). For mid-high levels of cylinder (> 3.0D), rotations over 5 degrees cause a significant

loss of optical quality at all object distances.
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INTRODUCTION

Multifocal intraocular lenses (I0OLs) were developed in order to increase depth of
focus and offer spectacle independence to patients that undergo cataract surgeries. The
working principle of these lenses was the creation of simultaneous retinal images, dividing
the incoming light into two foci.! Clinical results obtained with these bifocal designs showed
a characteristic pattern with two peaks corresponding to near and far vision plus a gap in
between for intermediate vision where optical quality rarely met the expectations of
patients.23 Today, multiple trifocal IOLs are available in the market and clinical results in
patients implanted with trifocals show three clear peaks of vision (far, intermediate, and
near) the intermediate peak overcomes the mentioned limitation of bifocals.*>

Some patients have significant amounts of corneal astigmatism: for example, cataract
removal surgical procedures induce sometimes post-surgical astigmatism. And, this
astigmatic values can alter the intended performance of I0Ls.® Therefore, trifocal toric
designs have been developed to give satisfactory visual outcomes at all distances to
astigmatic patients. Previous studies showed good clinical results with these lenses,’ the
performance being, when they are properly implanted, similar to those obtained with their
non-toric versions.>0

Two main feats have to be properly attained in order to obtain a satisfactory toric IOL
implantation and the subsequent good visual outcomes: accurate selection of the cylinder
power and proper alignment of the IOL.1! A previous study has already assessed visual
outcomes with bifocal toric and monofocal toric IOLs and has reported that misalignments
have a greater impact in vision when bifocal designs are used.'? If proper centration is more

critical when using spherical bifocal IOLs than when using monofocal IOLs, then, considering
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the importance of an accurate cylinder power calculation and a correct alignment of
multifocal toric IOLs appears to be an interesting topic.

However, in classical clinical studies that examine misalignments of the IOLs, the
potential degradation of the retinal image can be assessed only in one position, that is, the
implanted IOL cannot be rotated towards different positions to assess the potential impact
of these misalignments. Therefore, to assess the impact of several amounts of rotation by
simulating these conditions in an optical bench becomes an extremely useful and non-
invasive tool. In this study, we assess the performance of a widespread implanted trifocal
toric IOL in terms of an optical quality metric (MTF) as a function of the amounts of

prescribed cylinder in the IOL and of the amounts of rotation of the IOL.
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MATERIALS AND METHODS

Intraocular lens designs studied
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The trifocal toric IOL analyzed was the hydrophilic acrylic (26%) version of the
FineVision Toric IOL (PhyslOL; Liege, Belgium). This IOL has a refractive index of 1.46 and
13 incorporates both UV and blue-light filtration. The optical design is Biconvex, aspheric (-
0.11 pum Spherical Aberration for a 6.0 mm of pupil size), toric, trifocal, and diffractive. In the
18 toric version, trifocality is obtained as in the non-toric version, that is, the lens combines two
bifocal diffractive patterns for far/near and far/intermediate vision, respectively.!? The
23 addition powers of the lens are: +1.75 D for intermediate and +3.50D for near vision.
25 Additionally, the Physiol Toric presents an apodized design in which the step height
28 decreases toward the periphery with increasing amount of light directed to distance vision.
30 The lens shows a 360° square edge. The overall diameter of the lens is 11.40 mm while the
optic diameter is 6.00 mm. The optical power of the lens goes from +6.0 to +35.0D in 0.50 D
35 steps. For the present work, the sphere power of the lens was +20.0D. Among the cylinders
available and as a representation of low and moderate-high astigmatism,'# two cylinder

40 powers were analyzed: 1.5 and 3.00D, respectively.

45 Optical bench

47 In order to assess the optical quality of optical systems such as I0Ls, MTF

50 measurements based on eye models are considered a standard and widespread method.1>20
52 Following the methodology employed in previous investigations,'32122 the image quality of
each IOL was assessed with the PMTF optical bench (LAMBDA-X, Belgium) with Software

57 version: 1.13.6. This device complies with International Standard Organization (ISO) 11979-2
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and 11979-9 requirements and allows MTF measurements at various frequencies, at

different focal planes (through-focus) and for different pupil apertures.

Optical quality assessment
The pupil aperture chosen for the current work was 4.5 mm and the MTF was considered as
the average modulation value which is the averaged values across all frequencies within the
0.0-t0-100.0 cycles-per-millimetre range.?%2123 This value is proportional to the area under
the MTF curve between 0.0 cycles/mm and 120.0 cycles/mm.

In addition, through-focus MTF curves comprising 15 different focal points (steps of
0.5D) were calculated for a discrete spatial frequency of 50 cycles per millimetre.[14, 22]
This spatial frequency could approximately correspond to an optotype for 0.5 Snellen-
equivalent VA in white light. The higher MTF value in the curve the better optical quality of

the lens at this focal point.

Impact of rotations

In this work, the 10Ls under study were analyzed for centered and rotated positions.
For a centered position, the I0OLs were measured with the meridians aligned with specific
targets (vertical and horizontal edges) of the optical bench. These vertical and horizontal
edges simulates the principal corneal meridians. Finally, for the analysis of the impact of
misalignments and the potential degradation of the optical quality in the principal meridians,
the I0OLs were also rotated 5 and 10 degrees versus the aligned position and the optical

guality was assessed at the specific targets.
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RESULTS

Figure 1 illustrates the through-focus MTF curves for the 1.5D cylinder power lens.

oNOYTULT D WN =

9 Figure 1.A shows the results of this lens in a centered position, while figure 1.B and 1.C show
12 the results of the lens with 5 and 10 degrees of rotation versus the centered position,

14 respectively. Figure 2 (2.A, 2.B and 2.C) present the results of the IOL with 3.0D of cylinder
power. In figure 1 and figure 2, black lines represent the optical quality in one of the specific
19 targets (edges) and the dotted grey line represent the optical quality in the perpendicular
one. The space between the main peak values represents the amount of the cylinder of the

24 lens.

27 Figure 1A (1.5D cylinder - centered) shows three peaks corresponding to far,

30 intermediate and near distances of vision. Intermediate and near peaks of vision

32 correspond to the addition powers of this design: 1.75 and 3.5D. At the same time, the
lens presents a coherent difference of 1.5D between each corresponding pair of peaks (far
37 to far, intermediate to intermediate and near to near) that corresponds to the cylinder

power of the IOL.

43 In figure 1.B, when the 1.5D cylinder lens is rotated 5 degrees, the through-focus
curve shows a degradation of the optical quality at the three peaks of vision by up to a

48 50%. The larger amount of degradation occurs for the far distance peak (= 50% decrease)
50 while the intermediate (= 20% decrease) and near peaks showed (= 20% decrease) slightly

53 lower values if compared to the centered situation (figure 1.A).

56 The results for 10 degrees of rotation are presented in figure 1.C. In this case, the

overall optical quality is worse (= 58% decrease) if compared to the centered position
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(figure 1.A) and the overall optical quality show a moderate increase (additional = 10%) in
the degradation of the image if compared to the misaligned position of 5 degrees (figure
1.B). The three peaks show similar MTF values if compared to the 5 degrees situation
(figure 1.B). Then, the curves presented in figure 1 indicate an overall worsening of the

optical quality for rotations of 5 degrees that remain constant up to 10 degrees.

Figure 2 shows the trough-focus analysis for the IOL with 3.0D of cylinder
(moderate-high). The dotted grey line in this figure confirm the optical power difference
between both meridians (3.0D of cylinder power) for each pair of peaks. In this case, the
centered position (figure 2.A) also shows the three peaks placed at far, 1.75 and 3.5D, with
nearly the same values than in the low cylinder case (figure 1.A).

When the lens is rotated 5 degrees (figure 2.B), the overall optical quality decreases
in a similar way than the low cylinder case (figure 1.B). If compared to the centered
position, there is a significant worsening of the optical quality for the far distance peak (=
55% decrease) but only a slight degradation for the intermediate and near peaks (= 9%
decrease).

The rotation of 10 degrees (figure 2.C) in the moderate-high cylinder (3.0D) IOL
causes a strong deterioration of the optical quality at all vergences with significant low
values if compared to the centred situation (figure 2.A). Hence, figure 2 shows that for this
cylinder power (3.0D), the optical quality showed and abrupt deterioration from 5 to 10
degrees.

So as to analyze the degradation of the image quality for distance vision when the
trifocal toric IOL is misaligned (5 and 10 degrees), figure 3 show the respective MTF curves.

Figure 3.A and 3.B present the MTF curve of the 1.5D and 3.0D cylinder power IOLs,

https://mc.manuscriptcentral.com/ej-ophthalmology
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respectively. At the same time, table 1 summarizes the average modulation values (which
are proportional to the area under the MTF curve (the higher the area the better optical
quality) between 0.0 cycles/mm and 120.0 cycles/mm) for the far (distance) focal point in
all the situations abovementioned. In table 1, the percentage of energy loosed for
misaligned positions related to the centered one is also presented.

Figure 3.A (1.5D cylinder power) and table 1 show results in which the MTF at far
distance is better for a centered situation. When the IOL is rotated 5 degrees, the optical
quality decreases by 25% with respect to the centered situation. Similarly, with 10 degrees
of rotation the optical quality decreases by 30% with respect the centered position.
Therefore, the degradation of the optical quality for distance vision is similar between 5
and 10 degrees for the low cylinder IOL.

Figure 3.B (3.0D cylinder power) and table 1 show that the best MTF value is
reached also for the centered situation. In this case, 5 degrees of rotation induces an
optical degradation for distance vision of 28% with respect the centered situation. This
degradation is also similar to that obtained for the low cylinder IOL. However, greater
differences can be found for 10 degrees of rotation. Figure 3.B and table 1 shows that the
MTF value decreases by 46% with respect to the centered position (and 18% with respect 5

degrees of rotation) for this extreme situation.
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DISCUSSION

In the present study, the impact of two different degrees of rotation in a trifocal toric
IOL with two different cylinder powers (low and moderate-high) is assessed. By comparing
these situations, tolerance to IOL rotation was also assessed. The results of the present
study show that the amount of cylinder does not have an impact on the optical quality of the
trifocal toric IOL when it is properly aligned. However, the amount of cylinder is crucial when
the IOL is rotated because there is a strong positive correlation between the amount of
degradation of the image and the amount of the cylinder power.

The analysis of the through-focus for the IOL with 1.5D of cylinder (low cylinder) in
centered position is showed in figure 1A. As mentioned in the results, this figure shows the
characteristic three peaks of vision of trifocal IOLs. In this case, the peaks are placed at far
(0.0D), 1.75 and 3.5D of addition. These three peaks have been related to three zones with
improved visual quality of patients implanted with this IOL design.® 2*

When the lens is rotated 5 degrees, the through-focus analysis (figure 1.B) shows a
degradation of the optical quality by decreasing the three peaks of the original MTF. Despite
the overall worsening of the optical quality of the IOL, the most significant degradation
occurs for the far distance peak compared to the centered situation. When the lens was
tilted 10 degrees (figure 1.C), the three peaks showed a similar degradation if compared to
the misaligned position of 5 degrees (figure 1.B). These results suggest that rotations of 5
degrees reduce optical quality post-surgery and this decrease could have an impact on the
visual quality of patients. Besides, results also show that this drop remains constant up to
10 degrees of rotation for lenses with 1.5D of cylinder power.

For the moderate-high (3.0D) cylinder 0L, the trough-focus analysis showed that

the centered position (figure 2.A) generated the same three peaks of vision than the low
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cylinder IOL. When the lens was rotated 5 degrees (figure 2.B), the optical quality
decreases in a similar way than the low cylinder case. By contrast, the rotation of 10
degrees (figure 2.C) for the higher cylinder lens induced a significant degradation of the
optical quality at all vergences. The figure shows a trough-focus curve with significant low
values if compared to the centred situation and a significant decrease on the visual quality
at all distances should be expected for this amount of rotation. In contrast to the cylinder
of 1.5D, where the optical behaviour remained constant from 5 to 10 degrees of rotation,
for 3.0D of cylinder the optical quality decreased steeply from 5 to 10 degrees.

As it can been observed in the through focus curves, the significant worsening of the
optical quality in the far distance peak when the lenses are rotated lead into a deeper
analysis of this focal point through the MTF and the modulation averaged values. Therefore,
in order to calculate the impact of potential rotations on the optical quality at the far
distance focus, the abovementioned situations were studied in detail this crucial focal point
for the IOLs under study.

For the case of the trifocal toric IOL with low cylinder power (1.5D), figure 3.A and
table 1 show logical results in which the MTF at far distance is better for a centered
situation. When the IOL is rotated 5 and 10 degrees, the optical quality decreases by 25%
and 30%, respectively. Despite the 10 degrees of rotation being the worst situation, it is
worth noticing how the loss of optical quality between 5 and 10 degrees of rotation is
barely a 5%. Therefore, it could be suggested that tolerance to rotation with low cylinder
power IOLs is up to 10 degrees. However, it is important to note that a significantly better
optical quality at distance vision is achieved when the IOL is perfectly centered.

Observing the results of the moderate-high cylinder (3.0D) IOL (figure 3.B and table

1), there are some differences if compared to the low cylinder lens. In this case, the best

10
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MTF value is reached also for the centered situation and its value is similar to the IOL with
low cylinder. Besides, 5 degrees of rotation induced an optical degradation of 28% with
respect the centered situation, which is a similar decrease if compared to the low cylinder
case. However, figure 3.B and table 1 showed a steep deterioration for 10 degrees of
rotation (46% with respect to the centered position). Then, it could be said that for
moderate-high cylinder trifocal I1OLs, rotations over 5 degrees could have a significant
impact on distance vision.

As it was reported in previous investigations one degree of misalignment causes a
loss of approximately 3% of the effective cylinder power, and the entire toric effect is lost in
cases with 30° of misalignment.?>2% In relation to this and to the impact of rotations on
visual quality, a previous investigation analysed visual outcomes at distance vision with
multifocal toric and monofocal toric I0Ls.*?> The authors reported that misalignments have a
greater impact in vision with multifocal designs.'2 In this study, authors studied a bifocal I10L,
hence, it could be suggested that a proper implantation for trifocal toric lenses would also
be crucial.

The results of the present study showed a certain amount of tolerance to rotations
(or constant decrease of image quality) for low cylinders. However, this “tolerance” should
be taken with caution because even 5 degrees of rotation deteriorates the image quality of
both I0Ls (table 1). To correlate the optical quality and its impact on visual quality, Felipe et
al.[28] reported that a reduction over 15% in the MTF could affect visual acuity. Therefore,
the present study suggest that rotations over 5 degrees on trifocal toric IOLs could have an
impact on the optical quality of patients. However, direct comparisons between both studies

should be made with caution because Felipe et al.?” did not considered trifocal or trifocal

11
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toric I0OLs. Then, they could not estimate the optical quality as a function of the parameters
analyzed in the present study, that is, the degree of rotation and amount of cylinder.

The objective assessment of the impact of different degrees of rotations in the same
patient is not feasible under any circumstances. Therefore, an optical bench approach
becomes very useful. That being said, the results in this study do not represent real clinical
situations and present limitations related to the impact on patient’s visual quality. Still the
procedure used represents a useful and non-invasive method for the analysis of multiple
levels of astigmatic power and rotation values on equal footing.

In conclusion, even if toric IOLs show a positive trend in terms of stability, the results
of the current study show that rotations over 5 degrees in trifocal toric IOL with > 3.0D of
cylinder cause a significant loss of optical quality that may cause a significant loss of visual
quality at all distances of vision. Then, pre and intraoperative techniques are crucial for
monitoring proper centration and rotation of trifocal toric IOL implantations, especially in

IOLs with moderate-high cylinders.
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FIGURE LEGENDS

Figure 1. Through-focus MTF curves for the Physiol Toric intraocular lens with 1.5
diopters of cylinder (low cylinder) for: centered position (A), 5 degrees of rotation (B) and 10
degrees of rotation (C). Black and dotted lines represent the results obtained for each of the
two principal meridians of the IOL. The curves were calculated for a spatial frequency of 50
cycles per millimetre (cycles/mm). This spatial frequency could approximately correspond to
an optotype for 0.5 Snellen-equivalent VA in white light. The higher MTF value in the curve

the better optical quality of the lens at this focal point.

Figure 2. Through-focus MTF curves for the Physiol Toric intraocular lens with 3.0
diopters of cylinder (moderate-high cylinder) for: centered position (A), 5 degrees of rotation
(B) and 10 degrees of rotation (C). Black and dotted lines represent the results obtained for
each of the two principal meridians of the IOL. The curves were calculated for a spatial
frequency of 50 cycles per millimetre (cycles/mm). This spatial frequency could
approximately correspond to an optotype for 0.5 Snellen-equivalent VA in white light. The

higher MTF value in the curve the better optical quality of the lens at this focal point.

Figure 3. MTF curves for the three different situations (centered, 5 degrees and 10
degrees of rotation) at the far distance focal point (0.0 diopters vergence) for the Physiol
Toric intraocular lens with 1.5 diopters of cylinder (low cylinder) (A) and 3.0 diopters of

cylinder (moderate-high cylinder) (B).
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Table 1. Average modulation values at the far (distance) focal point for of the intraocular lens and

the cylinder powers under study for 4.5mm of aperture.

oNOYTULT D WN =

14 Cylinder power (D)

20 1.5D 3.0D

Centered 38.58 37.74

5 degrees 28.89 27.07

35 loss energy
36 25% 28%
37 vs centered

41 10 degrees 27.02 20.32

45 loss energy
46 30 % 46 %
47 vs centered
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Through-focus MTF curves for the Physiol Toric intraocular lens with 1.5 diopters of cylinder (low cylinder)
for: centered position (A), 5 degrees of rotation (B) and 10 degrees of rotation (C). Black and dotted lines
represent the results obtained for each of the two principal meridians of the IOL. The curves were calculated
for a spatial frequency of 50 cycles per millimetre (cycles/mm). This spatial frequency could approximately
correspond to an optotype for 0.5 Snellen-equivalent VA in white light. The higher MTF value in the curve
the better optical quality of the lens at this focal point.
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15 Through-focus MTF curves for the Physiol Toric intraocular lens with 3.0 diopters of cylinder (moderate-high

16 cylinder) for: centered position (A), 5 degrees of rotation (B) and 10 degrees of rotation (C). Black and
dotted lines represent the results obtained for each of the two principal meridians of the IOL. The curves
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were calculated for a spatial frequency of 50 cycles per millimetre (cycles/mm). This spatial frequency could

approximately correspond to an optotype for 0.5 Snellen-equivalent VA in white light. The higher MTF value

19 in the curve the better optical quality of the lens at this focal point.
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MTF curves for the three different situations (centered, 5 degrees and 10 degrees of rotation) at the far
distance focal point (0.0 diopters vergence) for the Physiol Toric intraocular lens with 1.5 diopters of cylinder

(low cylinder) (A) and 3.0 diopters of cylinder (moderate-high cylinder) (B).
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