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Abstract: Purpose: The number of presbyopia-correcting (premium) intraocular lenses (IOLs) is
growing steadily as the desire for spectacle independence after cataract surgery increases. The aim of
this laboratory study was to evaluate a newly launched hydrophobic, acrylic, polyfocal, refractive
intraocular lens with a new optical design and geometry. This polyfocal IOL has three different zones
(within the optic) with radially asymmetric design. Methods: We performed optical bench tests to
calculate the optical characteristics of the sample. The optical performance and quality of IOLs based
on ISO 11979-2 and 11979-9 requirements were analyzed with the NIMO TR0815 (Lambda-X). In
addition, optical quality metrics were evaluated with the IOLA MFD device (Rotlex). Sphere, Add,
modulation transfer function (MTF), the energy distribution between the modes and the MTF along
the whole range from far to near were analyzed. Results: The power histogram showed that the tested
IOL has the characteristics of a polyfocal IOL with a wide range of optical power between 20.5 and
24.5 diopters. Two distinct peaks were observed, indicating bifocal functionality. In the radial and
axial power surface map, all three zones, stated by the company, could be detected. Larger apertures
lead to a significant increase in MTF at the far peak, indicating better visual acuity for distant objects
under low-light conditions. It was observed that in small aperture sizes, intermediate vision seems
to be dominant. The energy distribution remained almost constant with increasing aperture size.
Conclusions: This laboratory study was able to confirm the properties of the polyfocal lens stated by
the company. Three optical zones could be identified. However, further optical bench tests should be
performed to evaluate the new lens under tilted and decentered conditions. Clinical studies have
to confirm that the presbyopia-correcting, polyfocal lens can achieve good clinical results with high
patient satisfaction without disturbing side effects.

Keywords: presbyopia-correcting intraocular lens; polyfocal; optical bench; modulation transfer
function; optical quality

1. Introduction

The extraction of the cloudy crystalline lens and implantation of an intraocular lens
(IOL) is routinely performed in age-related cataracts. This procedure has evolved continu-
ously since the first IOL implantation by Sir Harold Ridley in November 1949 [1,2]. The
surgical technique and the properties of the implant have improved steadily in the last
75 years [3,4]. This has led to a further increase in postoperative patient satisfaction. The
improvements in regard to preoperative measurements of the eye (biometry) and more
precise results due to new IOL power calculation formulas were decisive.

The implantation of a monofocal IOL results in an inability to accommodate for
different distances. In more than 90% of cases (>30 million surgeries performed each year
worldwide) so-called “standard monofocal lenses” are used [5]. However, the number
of implanted premium lenses is growing as the desire for spectacle independence has
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grown in recent years. Cataract surgeries are often performed at an earlier stage of lens
opacification due to the fact that the risk of surgical complications has decreased as a result
of advances in technology [6–8]. New generations of IOL power calculation formulas
have enormously increased the accuracy of the desired target refraction [9]. In addition
to “classic” cataract surgery and the removal of the cloudy lens, refractive procedures
known as “clear lens extractions” are becoming increasingly common to improve quality
of life. Presbyopia-correcting or “premium” intraocular lenses have additional features
such as astigmatism correction or multifocality of the optics to mimic the ability to see
clearly at various distances by a simultaneous overlay of several images. Patients who
desire spectacle independence usually have very high demands and expectations. The
development of new optics in intraocular lenses together with improvements in biometry
and better calculation formulas led to the success of those surgical procedures. By definition,
multifocal IOLs incorporate multiple powers simultaneously, enabling different focal points
at different distances. There are a variety of different presbyopia-correcting lenses with
different optical principles on the market [10–14]. However, the large number of IOLs on
the market and incomplete information from manufacturers on optical properties with
advantages and disadvantages make it difficult for ophthalmologists/surgeons to select
the best option in the individual case. In recent years, a large number of new IOLs with
complex designs such as multifocal/polyfocal lenses, Extended Depth of Focus (EDOF)
IOLs, and monofocal plus lenses with more and more subtypes based on their optical
properties have been launched. It seems necessary for ophthalmologists to have a good
overview of the available technologies in order to select the best option in each individual
case. Therefore, the scientific, objective, and company-independent examination of these
IOLs with laboratory studies and optical bench tests is crucial. However, these lab findings
must always be seen in context with clinical studies and results from real-world scenarios.
A recent study demonstrated a close correlation between laboratory-derived defocus curves
and clinical outcomes [15].

The concept of trifocality has evolved considerably in recent times. Various designs
have been presented. Multifocality in IOLs is achieved through refractive or diffractive
optical approaches. Diffractive IOLs induce diffraction so that the waves exiting the lens
will have constructive interference and several object planes are mapped to the same focus.
Zonal refractive IOLs shape the waves exiting the lens from different annular regions where
they converge. According to current knowledge, the leading approach of the last years
appeared to be diffractive designs [16–19]. IOL models that try to utilize both principles
are called hybrid diffractive-refractive lenses. Each lens model has its own characteristics
that distinguish trifocality. This depends on the position of the intermediate and near
points, which is determined by the distance between the refractive rings. In addition,
the distribution of the light energy, which can be modulated by the height of the steps,
determines overall performance. Pupil size also plays an important role in influencing
the energy distribution (elimination of diffractive structures in mydriasis). In addition to
correcting spherical corneal aberration, current lens designs also aim to influence chromatic
aberration. In recent laboratory studies, trifocal IOLs have been assessed and their features
have been identified. Optical quality was assessed using the modulation transfer function.
Simulated defocus curves were derived from a non-linear formula [14]. The authors
showed that these IOLs could be differentiated according to the position of the secondary
foci position, light-energy distribution, and pupil-size-related behavior. It was stated that
the add power of trifocal lenses and the exact location of intermediate and near focus
were the main factors differentiating the tested IOLs. Some of the tested IOLs provided
improved intermediate distance while others favored reading distance.

The aim of this laboratory study was to evaluate a newly launched polyfocal, refractive
intraocular lens with a new optical design and geometry dimensions. The optical bench
analysis was intended to illustrate the special features and properties (positive and negative)
of the lens prior to the first clinical studies.
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2. Material and Methods
2.1. Intraocular Lens

The Spirant AutofocusPro (Model No VVB10SCA by Lifeline Medical Devices Pvt.Ltd,
Shendra, Aurangabad, India) intraocular lens with a power of 21.0 D was evaluated. It
is a recently launched single-piece, hydrophobic, acrylic intraocular lens with an optical
diameter of 6.0 mm and an overall diameter of 13.0 mm. According to the manufacturer’s
specifications, the lens is made of a UV-absorbing material with a refractive index of 1.49
and an Abbe number of 43. The material of the IOL is produced by Contamac Ltd., Saffron
Walden, United Kingdom. The lens has a 360◦ square edge design and is available in a
power range of +3.0 D to +40.0 D. It has a theoretical A-constant of 118.5 and suggested
A-constant (SRK/T 118.7, BARRETT’S LF 1.73). The oval-shaped optic aims to cover a
larger area of the visual field, especially the temporal field of vision when the lens is placed
horizontally. However, the recommended clear corneal incision size is 2.6 mm due to
its special design. The lens is equipped with a novel, special haptic design (“zig-zag L-
loop”) to provide (regarding the manufacturer’s claims) higher friction and solid rotational
stability due to the high contact with the capsule. The anterior side of the optic is divided
into 3 zones (Figure 1). The first zone (180–210◦) for far distance, the second zone (5–15◦) for
intermediate distance, and the third zone (110–155◦) for near distance. The diopter range
for the second zone is (add +1.5 to 2.0 D). The posterior side of the lens has an aspheric
design with a single zone.
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Figure 1. Schematic drawing of the newly launched hydrophobic, acrylic, polyfocal presbyopia-
correcting intraocular lens (AutofocusPro, ModelNo VVB10SCA) showing the three optical zones
and the “zig-zag L-loop” haptic design.

2.2. Metrology Setup

Three identical lenses with the same power (21.0 D) were analyzed. We analyzed the
samples on the optical bench using different systems and measuring devices to obtain
objective and versatile results.

2.3. Optical Quality Metrics with NIMO TR0815

The NIMO TR0815, developed by Lambda-X (Nivelles, Belgium), is an advanced
optical metrology instrument utilized for the precise characterization of intraocular lenses.
This device employs state-of-the-art interferometry and wavefront analysis techniques to
deliver high-resolution measurements of critical optical parameters. Specifically designed
for refractive IOLs, the NIMO TR0815 provides comprehensive data on focal length, radius
of curvature, and surface form error, among other parameters. Its integration of modu-
lation transfer function (MTF) analysis further enhances its capability to assess optical
performance and quality based on ISO 11979-2 and 11979-9 requirements.

The mechanism behind the NIMO TR0815 is based on the phase shifting princi-
ple (Interferometry), where a coherent light source (green) is split into two beams. One
beam is directed towards the optical component under test, while the other serves as a
reference. The two beams are then recombined, creating an interference pattern that is
sensitive to minute deviations in the optical path length. This interference pattern, or
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interferogram, is captured by a high-resolution sensor and analyzed using sophisticated
wavefront reconstruction algorithms. These algorithms enable the precise measurement of
the wavefront aberrations introduced by the IOL, allowing for detailed characterization of
its optical properties.

The calibration of the PMTF (power modulation transfer function) in optical metrol-
ogy devices like the NIMO TR0815 and IOLA MFD involves ensuring that the devices
provide accurate and reliable measurements of the modulation transfer function (MTF),
which is critical for characterizing the optical performance of lenses or optical systems. The
NIMO TR0815 and the IOLA MFD device use software calibration systems to compare the
measured PMTF to known standards and apply corrections. Both devices typically follow
standardized procedures for calibration, which may involve reference optical components,
alignment checks, and software algorithms for data correction. Regular calibration is essen-
tial to maintain the accuracy and repeatability of PMTF measurements in optical metrology.

Metrology:
To calculate the optical characteristics of the samples under investigation, the following

procedure was performed: first, the IOL sample was mounted carefully on the device’s sam-
ple holder, ensuring that it was securely positioned and free from any obstructions. Next,
the optical axis of the IOL with the interferometer’s measurement beam was aligned. After
calibration, the measurement process was initiated through the device’s user interface. The
software captured the interferogram and applied wavefront reconstruction algorithms to
analyze the optical characteristics of the sample, such as its power and spherical aberration.

2.4. Optical Quality Metrics Evaluated with the IOLA MFD Device

In evaluating optical performance, the following quantities were evaluated at any
aperture: sphere, add, modulation transfer function (MTF) at each mode, and the energy
distribution between the modes and the MTF along the whole range from far to near.

The IOLA MFD (Rotlex, Omer, Israel) is a model eye inspection system for IOLs. It
consists of a point source on a moving rail and a pair of gratings that create a shearing
interferometer. The software moves the point source to a position that is roughly the focal
point of the IOL, thus yielding a pseudo-collimated beam after the cornea. The beam passes
through the shearing gratings, thus creating a fringe pattern, which is processed by the
software. The software utilizes the pupil correlation method for calculating the MTF and
other proprietary mathematical methods for calculating the power map. Also, the unique
optical design enables the scanning of MTF along 6–7 diopters in one shot, without moving
the point source.

This allows for a detailed assessment of the optical quality and performance of the
IOL samples. The Rotlex system’s sophisticated software facilitates comprehensive data
analysis, visualization, and reporting. High-resolution wavefront reconstruction algorithms
process the captured interferograms to quantify the optical properties of the IOLs, such as
power, MTF, and aberrations.

3. Results

Optical Quality Assessment
The optical power map showed different results based on the analysis. Since this IOL

has different zones (within the optic) with a radially asymmetric design, the radial power
profile seemed to be not the most accurate way to analyze it. Therefore, it was necessary to
evaluate in a specific mode, the so-called “multifocal mode” of the device.

The power histogram showed that the tested IOL has the characteristics of a polyfocal
IOL with a wide range of optical power. In the radial and axial power surface map, it
is possible to identify all three optical zones. However, in the spherical and cylindrical
power surface map, it is only possible to identify different zones. Using a multi-aperture
through-focus modulation transfer function (MTF) scan reveals that visual performance is
affected by the aperture size.
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Figure 2 is a multi-aperture modulation transfer function (MTF) scan and through-
focus MTF scan at several apertures. The red curve in the figure represents the modulation
transfer function (MTF) at the smallest aperture, 1.00 mm. This curve shows moderate
performance across the range of dioptric powers, with a peak at around 24.01 D. However,
even at its highest point, the MTF value does not exceed 0.5, suggesting that the lens
provides moderate contrast transfer at this aperture. The performance across other focal
points is lower, with several minor peaks visible between 20 D and 30 D. Overall, at an
aperture of 1.00 mm, the optical system demonstrates limited sharpness and less effective
contrast transfer across various distances.
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Figure 2. Multi-aperture MTF and power analysis for near and far focus. This figure presents the
modulation transfer function (MTF) and optical power for both near and far focal points as a function
of aperture size. The far power is represented by the green curve, while the near power is shown in
orange. The red and blue lines correspond to the MTF at far and near focal points, respectively. The
trends indicate how the optical performance and power vary with changes in aperture, highlighting
the differences between near and far focus through various aperture sizes.

The green line, which corresponds to an aperture of 2.00 mm, exhibits higher MTF
performance compared to the red line. The most pronounced peak occurs at 24.80 D,
where the MTF value exceeds 0.5. This suggests that the lens provides sharper focus and
better contrast transfer at this focal point. However, beyond this peak, the MTF decreases
significantly, indicating that the lens’s sharp focus is confined to a relatively narrow range
of defocus powers. At lower dioptric powers (between 16 D and 20 D), the performance
is minimal. Thus, the lens at an aperture of 2.00 mm is most effective near 24.80 D, likely
optimizing focus for intermediate or near vision distances.

The blue curve, representing an aperture of 3.00 mm, shows a complex pattern with
several distinct peaks. The highest MTF values occur at around 20.84 D, 23.22 D, and
24.80 D, suggesting multiple focal points across the defocus range. The peak values
approach 0.4, indicating reasonable contrast transfer, though not as high as with the green
or pink lines. This aperture provides a balance between intermediate and far vision focal
points but does not show the strongest performance in terms of sharpness. The contrast
transfer quality drops off sharply beyond 25 D, suggesting limited effectiveness for more
distant focus points.

The orange curve, corresponding to an aperture of 4.00 mm, shows a strong peak
at around 21.63 D, where the MTF value approaches 0.5. This suggests that the lens is
well-optimized for contrast transfer at this focal point. A secondary peak is also observed
near 24.80 D, but the MTF values are lower compared to the primary peak. The orange line
indicates better performance for intermediate distances but shows a more limited range of
high MTF values, with sharp declines in performance both at higher and lower dioptric
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powers. Overall, the lens seems to provide reasonable focus at intermediate distances but
lacks versatility across the entire defocus range.

The pink line, representing the largest aperture (5.00 mm), demonstrates the best
overall performance, with multiple prominent peaks and the highest MTF values. The
sharpest focus occurs at around 23.22 D, where the MTF value reaches 0.6, suggesting strong
contrast transfer. This aperture performs well across a broader range of defocus powers
compared to the others, with significant peaks between 22.42 D and 24.01 D. The lens’s
optical performance at this aperture suggests that it is particularly effective at providing
multifocal capabilities, delivering sharp focus over a broad range of powers.

In summary, the performance of the lens across different apertures varies, with larger
apertures, such as 5.00 mm, showing better contrast transfer and a wider range of focal
points. All apertures show peak performance between 20 D and 25 D, highlighting the
distances for which the multifocal lens is optimized. Smaller apertures, such as 1.00 mm,
provide less effective contrast transfer, while larger apertures demonstrate higher MTF
values and better optical performance, especially under conditions with larger pupil sizes
or brighter light. This variation across apertures reflects the multifocal nature of the lens
and its capacity to provide sharp focus at multiple distances.

Figure 3 represents a multi-aperture analysis showing the MTF and power (dioptric
value) of a multifocal lens across varying aperture sizes from 1.00 mm to 5.00 mm. There
are four curves presented: two power curves (far and near vision) and two MTF curves (far
and near), corresponding to the lens’s performance at different focal points.

Vision 2024, 8, x FOR PEER REVIEW 6 of 12 
 

 

quality drops off sharply beyond 25 D, suggesting limited effectiveness for more distant 
focus points. 

The orange curve, corresponding to an aperture of 4.00 mm, shows a strong peak at 
around 21.63 D, where the MTF value approaches 0.5. This suggests that the lens is well-
optimized for contrast transfer at this focal point. A secondary peak is also observed near 
24.80 D, but the MTF values are lower compared to the primary peak. The orange line 
indicates better performance for intermediate distances but shows a more limited range 
of high MTF values, with sharp declines in performance both at higher and lower dioptric 
powers. Overall, the lens seems to provide reasonable focus at intermediate distances but 
lacks versatility across the entire defocus range. 

The pink line, representing the largest aperture (5.00 mm), demonstrates the best 
overall performance, with multiple prominent peaks and the highest MTF values. The 
sharpest focus occurs at around 23.22 D, where the MTF value reaches 0.6, suggesting 
strong contrast transfer. This aperture performs well across a broader range of defocus 
powers compared to the others, with significant peaks between 22.42 D and 24.01 D. The 
lens�s optical performance at this aperture suggests that it is particularly effective at 
providing multifocal capabilities, delivering sharp focus over a broad range of powers. 

In summary, the performance of the lens across different apertures varies, with larger 
apertures, such as 5.00 mm, showing better contrast transfer and a wider range of focal 
points. All apertures show peak performance between 20 D and 25 D, highlighting the 
distances for which the multifocal lens is optimized. Smaller apertures, such as 1.00 mm, 
provide less effective contrast transfer, while larger apertures demonstrate higher MTF 
values and better optical performance, especially under conditions with larger pupil sizes 
or brighter light. This variation across apertures reflects the multifocal nature of the lens 
and its capacity to provide sharp focus at multiple distances. 

Figure 3 represents a multi-aperture analysis showing the MTF and power (dioptric 
value) of a multifocal lens across varying aperture sizes from 1.00 mm to 5.00 mm. There 
are four curves presented: two power curves (far and near vision) and two MTF curves 
(far and near), corresponding to the lens�s performance at different focal points. 

 
Figure 3. Relative intensity distribution for far and near vision across aperture sizes. This figure 
shows the relative intensity distribution (RNI) between far (red) and near (green) focal points as a 
function of aperture size. As aperture size increases, the near intensity decreases while the far inten-
sity increases, crossing at approximately 3.4 mm. The results indicate a shift in energy distribution 
favoring distance vision at larger apertures. 

The green line shows the power for near vision across the aperture range. This curve 
remains relatively stable, increasing slightly from about 24.98 D at 1.00 mm to 25.74 D at 
5.00 mm. The minimal variation indicates that the lens�s near vision power is highly 

Figure 3. Relative intensity distribution for far and near vision across aperture sizes. This figure shows
the relative intensity distribution (RNI) between far (red) and near (green) focal points as a function of
aperture size. As aperture size increases, the near intensity decreases while the far intensity increases,
crossing at approximately 3.4 mm. The results indicate a shift in energy distribution favoring distance
vision at larger apertures.

The green line shows the power for near vision across the aperture range. This curve
remains relatively stable, increasing slightly from about 24.98 D at 1.00 mm to 25.74 D
at 5.00 mm. The minimal variation indicates that the lens’s near vision power is highly
consistent across different aperture sizes, suggesting stable refractive performance for
near objects.

The red line corresponds to the power for far vision. The power value for far vision
starts at about 21.34 D at the smallest aperture (1.00 mm) and steadily increases as the
aperture widens, reaching around 21.74 D at 5.00 mm. This slight increase in power
suggests a small shift in far vision focal power as the aperture enlarges, which could be
due to changes in the lens’s optical properties when more of the lens surface is exposed.

The orange line represents the MTF for near vision. The MTF remains relatively stable
across the aperture sizes, starting around 0.34 at 1.00 mm and showing a slight increase,
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reaching about 0.37 at 5.00 mm. This indicates that the lens’s ability to transfer contrast
for near vision remains consistent and improves slightly as the aperture size increases.
However, it seems that it does not change drastically across the range.

The blue line corresponds to the MTF for far vision. At 1.00 mm, the MTF for far vision
is around 0.17, and it steadily increases as the aperture widens, reaching approximately
0.34 at 5.00 mm. This suggests that the lens performs better for far vision at larger apertures.
It seems that as more light enters through a larger aperture, the lens is able to transfer more
contrast, improving vision quality at far distances.

In summary, this figure demonstrates that both near and far vision power remains
relatively stable across all aperture sizes, with slight increases in both as the aperture
widens. The MTF for far vision shows significant improvement with larger apertures, while
the MTF for near vision remains relatively consistent with only a minor improvement. This
behavior highlights the lens’s ability to maintain good optical performance across a range
of aperture sizes, with improved contrast transfer for far vision at larger apertures.

Figure 4 presents the Through Focus Resolution (TFR) of a bifocal multifocal lens,
displaying modulation transfer function (MTF) values along two perpendicular meridians
(axis 0◦ and 90◦) with an aperture of 3.00 mm. The MTF data are plotted against dioptric
power, showing the lens’s optical performance at various focal points.
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Figure 4. Through-focus modulation transfer function of a multifocal lens. This figure illustrates the
through-focus modulation transfer function (MTF) for a bifocal multifocal lens along two perpendic-
ular meridians, at 0◦ (dark red line) and 90◦ (light red line). Peaks in the MTF curves correspond to
the near and far focal points. The optical power ranges between 16.26 D to 28.2 D, with higher MTF
values indicating better resolution at those specific focal points.

Two sets of MTF curves are shown for axes 0◦ and 90◦, representing different orienta-
tions of the lens. Each meridian has corresponding MTF peaks at different dioptric powers,
indicating focal points where the lens provides higher contrast transfer.

The darker red curve represents the MTF along the 0◦ axis. For this meridian, the
MTF has a prominent peak at approximately 21.27 D, corresponding to far vision. Another
noticeable peak appears at around 25.28 D, which corresponds to near vision. These peaks
demonstrate the bifocal design’s ability to focus on two distinct distances—far and near—as
intended by the lens design.

The lighter red curve corresponds to the 90◦ axis. This meridian has a similar overall
pattern but shows slightly reduced MTF values at both far and near vision peaks. For the
far focal point at 21.38 D, the MTF is lower than for the 0◦ axis, and the near vision peak
around 25.28 D is also somewhat lower. This indicates some asymmetry in the optical
performance between the two meridians, which could be attributed to differences in the
design or possible optical aberrations.
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The table at the top of Figure 4 summarizes the key performance metrics for the
two meridians. The power (Pwr) values for far vision are 21.27 D and 21.38 D for the 0◦ and
90◦ meridians, respectively. The add power (Add), which indicates the additional power
for near vision, is approximately 3.83 D for the 0◦ meridian and 3.92 D for the 90◦ meridian.
The MTF values for far and near vision show higher contrast transfer for the 0◦ meridian,
with MTF(F) = 0.36 and MTF(N) = 0.44. For the 90◦ meridian, these values are lower, with
MTF(F) = 0.22 and MTF(N) = 0.27.

In summary, Figure 4 illustrates the TFR of a bifocal multifocal lens, showing that the
lens performs better along the 0◦ meridian than the 90◦ meridian in terms of MTF for both
far and near vision. The peaks in the MTF curves at around 21.27 D and 25.28 D for both
meridians clearly correspond to the far and near focal points, as expected for a bifocal lens.

Figure 5 represents the relative energy distribution (RNI) of light between far and
near focal points in a bifocal lens system as a function of aperture size (measured in mm).
Two curves are plotted: red for far vision and green for near vision.
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Figure 5. Power and Energy Distribution for Near and Far Focus with Aperture Size. This figure
shows the distribution of optical energy between the near (green) and far (red) focal points as aperture
size changes. The near energy distribution de-creases with increasing aperture, while far energy
increases, demonstrating how optical performance for both distances is affected by aperture size.

The green curve indicates the relative energy distribution for near vision, which starts
at a higher value when the aperture is small (around 1.0 mm), signifying that a greater
proportion of light energy is directed towards the near focus for smaller apertures. As the
aperture size increases, the energy distribution gradually decreases, reaching a minimum
at around 3.40 mm where it crosses the red curve.

The red curve represents the relative energy distribution for far vision, which starts at
a lower value compared to near vision for small apertures. As the aperture increases, the
energy distributed to far vision grows steadily and surpasses the near energy distribution at
approximately 3.40 mm. For apertures larger than 3.40 mm, the far vision energy continues
to rise, stabilizing beyond 4.0 mm.

The crossing point of the two curves at around 3.40 mm indicates an equilibrium
where the energy distribution between far and near is approximately equal. For smaller
apertures, more energy is allocated to near vision, while for larger apertures, more energy
is directed towards far vision.

4. Discussion

With 2 mm and 3 mm apertures, the MTF scan showed improved bifocal performance
characterized by pronounced double peaks. This suggests that these apertures are even
more effective in providing clear vision at multiple focal distances. Under conditions of
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dim illumination, which causes the pupil to dilate to diameters of 4 mm or 5 mm, there
is a notable enhancement in MTF across the entire range of vision, spanning from distant
to near (intermediate) vision. This dilation (large aperture) leads to a significant increase
in MTF at the far peak, indicating better visual acuity for distant objects under low light
conditions. The characteristic behavior of the tested polyfocal lens aligns with the optical
design of multifocal lenses, where energy distribution varies with aperture size, affecting
the lens’s focal priorities.

The MTF peaks for multi-aperture mode exhibited a gradual increase with the aperture
size, indicating that the quality of vision remains stable even as illumination decreases.
This characteristic could be advantageous, particularly because it is accompanied by an
improvement in intermediate vision. However, clinical tests must confirm this.

Trifocal IOLs are an emerging technology that offer intermediate vision in addition to
distance and near. It is well known that trifocal IOL models use different technologies and
designs. The aim is always to improve intermediate and near vision without deteriorating
distance vision systematically. Avoiding and reducing disruptive side effects such as halo,
glare, starburst, and reduced contrast should be the overriding principle. Various designs
have been introduced in recent years, leading to different results with advantages and
disadvantages. The main distinction between the different optical approaches to achieve
multifocality is that the out-of-focus light in the diffractive IOLs tends to be spread out
uniformly over a larger area and is thereby less noticeable. The out-of-focus light in zonal
refractive multifocal lenses is concentrated into rings around the objects and cannot be
easily suppressed. As a result, diffractive IOLs have replaced zonal refractive multifocal
lenses in many cases.

It is well known from the literature that side effects such as halo, glare, starburst and
blurred vision with reduced contrast sensitivity have to be evaluated and compared. In the
past, many clinical studies mainly reported visual acuity and did not consider side effects.
In other studies, the number of cases was relatively small. Therefore, optical bench studies
are required to obtain objective data on new IOL designs. This is particularly important
for IOLs that are newly launched. Recently, a study investigated and compared the optical
performance of five, new trifocal intraocular lenses following the ISO 11979-2 standards,
analyzing the impact of tilt and decentration [20]. The five tested IOLs had different optical
principles. In-vitro optical quality analysis was performed with the Lambda PMTF system
and the VisIOLA system (Rotlex) and measurements were performed on-axis, with 5◦ of IOL
tilt and with 0.5 mm of IOL decentration using 543 nm monochromatic light. The authors
summarized that there were differences in the optical performance according to the aperture
of the five tested IOLs and that tilt and decentration significantly affected the performance of
all IOLs at the intermediate vision range. Decentration and tilt lead to a significant reduction
in the modulation transfer function (MTF) and, depending on the optical design, to less
or more interference in the near/intermediate or far range. Another study determined
the impact of spherical and aspheric IOL tilt and decentration on optical quality after
cataract surgery [21]. Tilt and decentration of the IOLs were measured using Scheimpflug
photography and the effect of tilt and decentration on higher-order aberrations and optical
quality was assessed using multiple regression analysis. The authors found a mean optic tilt
of 2.85 degrees ± 1.36 and a mean decentration of 0.27 mm ± 0.16. It is most important for
IOLs to function within the commonly occurring range of tilt and decentration. According
to simulations and considering aspects such as corneal aberrations, pupil function, and
other factors influencing visual performance, IOL decentrations of >0.5 mm can lead
to significant visual degradation [22]. Another paper reported that optical quality was
significantly reduced at all distances for diffractive bifocal and trifocal IOLs if the IOL
decentration exceeded 0.75 mm, with intermediate focus showing the least reduction [23].
It was proven by optical bench tests that monofocal, aberration-correcting IOLs perform
best when perfectly centered [24]. The optical performance of monofocal, aberration-
correcting IOLs was markedly downgraded by misalignment. Another experiment showed
that tilt and decentration also had a major impact on non-diffractive extended range of
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vision intraocular lenses with larger aperture sizes [25]. Experiments have also shown that
the design and geometry of the lens, including the optic-haptic junction and the shape of
the haptics may affect the behavior of the IOL in different radial zones [26]. This fact seems
to be important as it affects the contact of the lens to the capsule in real-world scenarios.
This is apparently crucial for stable positioning of the IOL and a lower probability of
tilt/decentration. However, laboratory experiments cannot represent real life, which is
why multicenter clinical studies are particularly important. Overall, it is clear that the
technology of presbyopia-correcting IOLs has developed enormously in recent years. It
is an advantage for the user/ophthalmologist and the recipient/patient that there are so
many different models of IOLs with different optical principles on the market. It gives the
opportunity to choose the best option for the individual case. However, an appropriate
background knowledge of the working principle and the differences between designs
is required. Moreover, it has been shown that side effects such as halos and glare still
occur. This is also the reason why selecting different lens types for two eyes as a “mix-and-
match approach” exists to exploit advantages and reduce disadvantages. Recently, a study
confirmed that combining an EDOF IOL (dominant eye) and a typical multifocal lens (non-
dominant eye) was well tolerated by subjects and provided some potential benefits relative
to bilateral implantation of either lens [27]. Visual acuity was very satisfying but halos were
still the disturbance reported most frequently and reported as most bothersome, with some
difficulty driving at night as the most common visual function issue. Similar studies using
this “mix-and-match approach” reported less severe visual disturbances [28–31]. When
new IOLs are launched, independent laboratory experiments are important to demonstrate
the properties of the IOL. However, clinical evaluations that follow are just as important for
making statements about quality, properties, and indications. Conclusive recommendations
on the use of new lenses can only be made after considering all of the results.

Limitations of the study
Our optical bench study is only an initial analysis of the optics of this newly launched

polyfocal lens. Further optical bench tests have to be performed to show optical perfor-
mance under tilted/decentered conditions. No statements can be made regarding clinical
performance (neither positive properties nor negative side effects).

5. Conclusions

Our laboratory study was able to confirm the features and properties of a polyfocal
lens with a wider range of optical power as stated by the manufacturer. In the radial
and axial power surface map, it was possible to identify all three optical zones. The data
showed that in small aperture sizes (1 to 3 mm), intermediate vision seems to be dominant.
When it comes to larger aperture sizes, far vision seems more dominant and the energy
distribution remained almost constant. However, there remain some limitations in the most
accurate measurement of such polyfocal lenses. Furthermore, our results cannot be directly
transferred to clinical practice as these are purely experimental data. Clinical studies
are recommended with long-term observation to evaluate = overall performance and
patient satisfaction. Moreover, this study demonstrates the important context of aperture
size/pupil size and visual performance. The results highlight how lighting conditions can
impact the quality of vision through changes in the MTF.

Author Contributions: Conceptualization, A.F.B. and E.-M.B.; methodology, A.F.B., E.-M.B., P.O. and
A.L.; software, A.F.B., E.-M.B., P.O. and A.L.; validation, A.F.B., E.-M.B., P.O. and A.L.; formal analysis,
A.F.B., E.-M.B., P.O. and A.L.; investigation, A.F.B., E.-M.B., P.O. and A.L.; resources, A.F.B., E.-M.B.,
P.O. and A.L.; data curation, A.F.B., E.-M.B., P.O. and A.L.; writing—original draft preparation, A.F.B.;
writing—review and editing, A.F.B., E.-M.B., P.O. and A.L.; visualization, A.F.B., E.-M.B., P.O. and
A.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Vision 2024, 8, 66 11 of 12

Institutional Review Board Statement: The local ethics committee (Ethikkommission der Ärztekam-
mer des Saarlandes) waived ethical approval for this study (registration number 157/21) as it was an
optical bench evaluation. No humans or animals were involved in the lab study.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Apple, D.J.; Mamalis, N.; Loftfield, K.; Googe, J.M.; Novak, L.C.; Kavka-Van Norman, D.; Brady, S.E.; Olson, R.J. Complications of

intraocular lenses. A historical and histopathological review. Surv. Ophthalmol. 1984, 29, 1–54. [CrossRef] [PubMed]
2. Olson, R.J. Cataract Surgery From 1918 to the Present and Future-Just Imagine! Am. J. Ophthalmol. 2018, 185, 10–13. [CrossRef]

[PubMed]
3. Auffarth, G.U.; Apple, D.J. Zur Entwicklungsgeschichte der Intraokularlinsen [History of the development of intraocular lenses].

Ophthalmologe 2001, 98, 1017–1031. [CrossRef] [PubMed]
4. David, J.A. Foldable Intraocular Lenses: Evolution, Clinicopathologic Correlations, and Complications; Slack Incorporated: Thorofare, NJ,

USA, 2000.
5. PC-IOL Demand Rises Modestly, Soars in a Few Countries|OBN. 2022. Available online: https://ophthalmologybreakingnews.

com/market-scope--global-pc-iol-demand-rises-modestly-soars-in-a-few-countries (accessed on 5 January 2024).
6. Chen, A.; Dun, C.; Schein, O.D.; Srikumaran, D.; Zafar, S.; Makary, M.; Woreta, F. Endophthalmitis rates and risk factors following

intraocular surgeries in the medicare population from 2016 to 2019. Br. J. Ophthalmol. 2023, 108, 232–237. [CrossRef] [PubMed]
7. Zhu, Y.; Chen, X.; Chen, P.; Wu, J.; Hua, H.; Yao, K. The occurrence rate of acute-onset postoperative endophthalmitis after cataract

surgery in Chinese small- and medium-scale departments of ophthalmology. Sci. Rep. 2017, 7, 40776. [CrossRef] [PubMed]
[PubMed Central]

8. Kelly, S.P.; Astbury, N.J. Patient safety in cataract surgery. Eye 2006, 20, 275–282. [CrossRef] [PubMed]
9. Stopyra, W.; Langenbucher, A.; Grzybowski, A. Intraocular Lens Power Calculation Formulas—A Systematic Review. Ophthalmol.

Ther. 2023, 12, 2881–2902. [CrossRef] [PubMed] [PubMed Central]
10. Whang, W.J.; Kim, T.I.; Tchah, H.; Koh, K. Clinical outcomes of a new four-haptic hydrophobic presbyopia-correcting intraocular

lens. Sci. Rep. 2023, 13, 8357. [CrossRef] [PubMed] [PubMed Central]
11. Böhm, M.; Petermann, K.; Hemkeppler, E.; Kohnen, T. Defocus curves of 4 presbyopia-correcting IOL designs: Diffractive

panfocal, diffractive trifocal, segmental refractive, and extended-depth-of-focus. J. Cataract Refract. Surg. 2019, 45, 1625–1636.
[CrossRef] [PubMed]

12. Romano, V.; Madrid-Costa, D.; Alfonso, J.F.; Alio, J.; Allan, B.; Angunawela, R.; Auffarth, G.; Carones, F.; Khoramnia, R.; Moore,
J.; et al. Recommendation for Presbyopia-Correcting Intraocular Lenses: A Delphi Consensus Statement by the ESASO Study
Group. Am. J. Ophthalmol. 2023, 253, 169–180. [CrossRef] [PubMed]

13. Zamora-de La Cruz, D.; Bartlett, J.; Gutierrez, M.; Ng, S.M. Trifocal intraocular lenses versus bifocal intraocular lenses after
cataract extraction among participants with presbyopia. Cochrane Database Syst. Rev. 2023, 1, CD012648. [CrossRef] [PubMed]
[PubMed Central]

14. Łabuz, G.; Yan, W.; Baur, I.D.; Khoramnia, R.; Auffarth, G.U. Comparison of Five Presbyopia-Correcting Intraocular Lenses:
Optical-Bench Assessment with Visual-Quality Simulation. J. Clin. Med. 2023, 12, 2523. [CrossRef] [PubMed] [PubMed Central]

15. Yan, W.; Auffarth, G.U.; Khoramnia, R.; Łabuz, G. Spectral Effects and Range of Focus in a Multizonal-Refractive Intraocular Lens
Compared with a Standard Trifocal Diffractive Design. Ophthalmol. Ther. 2023, 12, 1621–1634. [CrossRef] [PubMed] [PubMed
Central]

16. Gatinel, D.; Pagnoulle, C.; Houbrechts, Y.; Gobin, L. Design and qualification of a diffractive trifocal optical profile for intraocular
lenses. J. Cataract Refract. Surg. 2011, 37, 2060–2067. [CrossRef] [PubMed]

17. Łabuz, G.; Auffarth, G.U.; Knorz, M.C.; Son, H.S.; Yildirim, T.M.; Khoramnia, R. Trifocality Achieved Through Polypseudophakia:
Optical Quality and Light Loss Compared With a Single Trifocal Intraocular Lens. J. Refract. Surg. 2020, 36, 570–577. [CrossRef]
[PubMed]

18. Kim, J.W.; Eom, Y.; Park, W.; Song, J.S.; Jeong, J.W.; Park, S.K.; Kim, H.M. Comparison of visual outcomes after two types of
mix-and-match implanted trifocal extended-depth-of-focus and trifocal intraocular lenses. Graefes Arch. Clin. Exp. Ophthalmol.
2022, 260, 3275–3283. [CrossRef] [PubMed]

19. Naujokaitis, T.; Auffarth, G.U.; Khoramnia, R.; Łabuz, G. Complementary system vs conventional trifocal intraocular lens:
Comparison of optical quality metrics and unwanted light distribution. J. Cataract Refract. Surg. 2023, 49, 84–90. [CrossRef]
[PubMed] [PubMed Central]

20. Can, E.; Senel, E.C.; Holmström, S.T.S.; Piñero, D.P. Comparison of the optical behaviour of five different multifocal diffractive
intraocular lenses in a model eye. Sci. Rep. 2023, 13, 19646. [CrossRef] [PubMed] [PubMed Central]

https://doi.org/10.1016/0039-6257(84)90113-9
https://www.ncbi.nlm.nih.gov/pubmed/6390763
https://doi.org/10.1016/j.ajo.2017.08.020
https://www.ncbi.nlm.nih.gov/pubmed/28887114
https://doi.org/10.1007/s003470170020
https://www.ncbi.nlm.nih.gov/pubmed/11729732
https://ophthalmologybreakingnews.com/market-scope--global-pc-iol-demand-rises-modestly-soars-in-a-few-countries
https://ophthalmologybreakingnews.com/market-scope--global-pc-iol-demand-rises-modestly-soars-in-a-few-countries
https://doi.org/10.1136/bjo-2023-323865
https://www.ncbi.nlm.nih.gov/pubmed/37734768
https://doi.org/10.1038/srep40776
https://www.ncbi.nlm.nih.gov/pubmed/28094301
https://pmc.ncbi.nlm.nih.gov/articles/PMC5240098
https://doi.org/10.1038/sj.eye.6701987
https://www.ncbi.nlm.nih.gov/pubmed/15999127
https://doi.org/10.1007/s40123-023-00799-6
https://www.ncbi.nlm.nih.gov/pubmed/37698825
https://pmc.ncbi.nlm.nih.gov/articles/PMC10640516
https://doi.org/10.1038/s41598-023-35377-0
https://www.ncbi.nlm.nih.gov/pubmed/37225829
https://pmc.ncbi.nlm.nih.gov/articles/PMC10209048
https://doi.org/10.1016/j.jcrs.2019.07.014
https://www.ncbi.nlm.nih.gov/pubmed/31706517
https://doi.org/10.1016/j.ajo.2023.05.002
https://www.ncbi.nlm.nih.gov/pubmed/37236521
https://doi.org/10.1002/14651858.CD012648.pub3
https://www.ncbi.nlm.nih.gov/pubmed/36705482
https://pmc.ncbi.nlm.nih.gov/articles/PMC9881452
https://doi.org/10.3390/jcm12072523
https://www.ncbi.nlm.nih.gov/pubmed/37048607
https://pmc.ncbi.nlm.nih.gov/articles/PMC10095001
https://doi.org/10.1007/s40123-023-00679-z
https://www.ncbi.nlm.nih.gov/pubmed/36890349
https://pmc.ncbi.nlm.nih.gov/articles/PMC10164215
https://pmc.ncbi.nlm.nih.gov/articles/PMC10164215
https://doi.org/10.1016/j.jcrs.2011.05.047
https://www.ncbi.nlm.nih.gov/pubmed/22018368
https://doi.org/10.3928/1081597X-20200715-01
https://www.ncbi.nlm.nih.gov/pubmed/32901823
https://doi.org/10.1007/s00417-022-05710-w
https://www.ncbi.nlm.nih.gov/pubmed/35633381
https://doi.org/10.1097/j.jcrs.0000000000001082
https://www.ncbi.nlm.nih.gov/pubmed/36325833
https://pmc.ncbi.nlm.nih.gov/articles/PMC9794130
https://doi.org/10.1038/s41598-023-47102-y
https://www.ncbi.nlm.nih.gov/pubmed/37950090
https://pmc.ncbi.nlm.nih.gov/articles/PMC10638301


Vision 2024, 8, 66 12 of 12

21. Baumeister, M.; Bühren, J.; Kohnen, T. Tilt and decentration of spherical and aspheric intraocular lenses: Effect on higher-order
aberrations. J. Cataract Refract. Surg. 2009, 35, 1006–1012. [CrossRef] [PubMed]

22. Lawu, T.; Mukai, K.; Matsushima, H.; Senoo, T. Effects of decentration and tilt on the optical performance of 6 aspheric intraocular
lens designs in a model eye. J. Cataract Refract. Surg. 2019, 45, 662–668. [CrossRef] [PubMed]

23. Tandogan, T.; Son, H.S.; Choi, C.Y.; Knorz, M.C.; Auffarth, G.U.; Khoramnia, R. Laboratory Evaluation of the Influence of
Decentration and Pupil Size on the Optical Performance of a Monofocal, Bifocal, and Trifocal Intraocular Lens. J. Refract. Surg.
2017, 33, 808–812. [CrossRef] [PubMed]

24. Borkenstein, A.F.; Borkenstein, E.M.; Luedtke, H.; Schmid, R. Impact of Decentration and Tilt on Spherical, Aberration Correcting,
and Specific Aspherical Intraocular Lenses: An Optical Bench Analysis. Ophthalmic Res. 2022, 65, 425–436. [CrossRef] [PubMed]

25. Schmid, R.; Luedtke, H.; Borkenstein, A.F. Effect of decentration and tilt on four novel extended range of vision intraocular lenses
regarding far distance. Eur. J. Ophthalmol. 2022, 33, 933–942. [CrossRef] [PubMed]

26. Borkenstein, A.F.; Borkenstein, E.M. Geometry of Acrylic, Hydrophobic IOLs and Changes in Haptic-Capsular Bag Relationship
According to Compression and Different Well Diameters: A Bench Study Using Computed Tomography. Ophthalmol. Ther. 2022,
11, 711–727. [CrossRef] [PubMed]

27. Soscia, W.L.; DeRojas, J.O.; Mathews, P.M.; Brutsky, A.; Solomon, K.D.; Potvin, R.; Sandoval, H.P. Clinical performance after
implantation of the Symfony extended depth of focus intraocular lens in the dominant eye and the Synergy presbyopia correcting
intraocular lens in the non-dominant eye. J. Cataract Refract. Surg. 2024, 50, 578–584. [CrossRef] [PubMed]

28. Sandoval, H.P.; Potvin, R.; Solomon, K.D. Visual Acuity, Defocus Curve, Reading Speed and Patient Satisfaction with a Combined
Extended Depth of Focus Intraocular Lens and Multifocal Intraocular Lens Modality. Clin. Ophthalmol. 2020, 14, 2667–2677.
[CrossRef] [PubMed]

29. Tarib, I.; Kasier, I.; Herbers, C.; Hagen, P.; Breyer, D.; Kaymak, H.; Klabe, K.; Lucchesi, R.; Teisch, S.; Diakonis, V.F.; et al.
Comparison of Visual Outcomes and Patient Satisfaction After Bilateral Implantation of an EDOF IOL and a Mix-and-Match
Approach. J. Refract. Surg. 2019, 35, 408–416. [CrossRef] [PubMed]

30. Wendelstein, J.A.; Casazza, M.; Reifeltshammer, S.; Riaz, K.; Pantanelli, S.; Mariacher, S.; Seiler, T.G.; Kohnen, T.; Bolz, M.
Unilateral intraindividual comparison and bilateral performance of a monofocal spherical and diffractive extended depth of field
intraocular lens mix-and-match approach. Clin. Exp. Ophthalmol. 2024, 52, 31–41. [CrossRef] [PubMed]

31. Danzinger, V.; Schartmüller, D.; Schwarzenbacher, L.; Röggla, V.; Abela-Formanek, C.; Menapace, R.; Leydolt, C. Clinical
prospective intra-individual comparison after mix-and-match implantation of a monofocal EDOF and a diffractive trifocal IOL.
Eye 2024, 38, 321–327. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jcrs.2009.01.023
https://www.ncbi.nlm.nih.gov/pubmed/19465285
https://doi.org/10.1016/j.jcrs.2018.10.049
https://www.ncbi.nlm.nih.gov/pubmed/30876781
https://doi.org/10.3928/1081597X-20171004-02
https://www.ncbi.nlm.nih.gov/pubmed/29227508
https://doi.org/10.1159/000522510
https://www.ncbi.nlm.nih.gov/pubmed/35144263
https://doi.org/10.1177/11206721221128864
https://www.ncbi.nlm.nih.gov/pubmed/36163687
https://doi.org/10.1007/s40123-022-00469-z
https://www.ncbi.nlm.nih.gov/pubmed/35122227
https://doi.org/10.1097/j.jcrs.0000000000001412
https://www.ncbi.nlm.nih.gov/pubmed/38305420
https://doi.org/10.2147/OPTH.S276120
https://www.ncbi.nlm.nih.gov/pubmed/32982159
https://doi.org/10.3928/1081597X-20190417-02
https://www.ncbi.nlm.nih.gov/pubmed/31298720
https://doi.org/10.1111/ceo.14315
https://www.ncbi.nlm.nih.gov/pubmed/38050340
https://doi.org/10.1038/s41433-023-02682-x
https://www.ncbi.nlm.nih.gov/pubmed/37524833

	Introduction 
	Material and Methods 
	Intraocular Lens 
	Metrology Setup 
	Optical Quality Metrics with NIMO TR0815 
	Optical Quality Metrics Evaluated with the IOLA MFD Device 

	Results 
	Discussion 
	Conclusions 
	References

