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ABSTRACT

Introduction: The aim of the study was to
analyze the optical properties of a new hydro-
philic enhanced monofocal intraocular lens
(IOL) using optical bench analysis and compare
it with its monofocal counterpart.
Methods: This laboratory study investigates the
enhanced monofocal intraocular lens (L-333)
and the monofocal counterpart (L-313) IOL by
Teleon Surgical, Spankeren, Netherlands on the
optical bench, using OptiSpheric IOL PRO2
(Trioptics, Germany) in order to assess the
optical quality according to ISO 11979 with
ISO-2 Cornea. IOLs (power 22.0 D) were evalu-
ated regarding through frequency modulation
transfer function (MTF), Strehl ratio (SR), and
through focus MTF at 50 lp/mm using a 3.0-mm
and a 4.5-mm aperture. Tilt and decentration
were applied. In addition, wavefront measure-
ments were obtained using WaveMaster� IOL 2
device (Trioptics, Germany) and analyzed.
Results: Centered: The MTF (mean) at 50 lp/
mm (L-333/L-313) with 3.0 mm aperture was

0.606/0.724 and with 4.5 mm aperture 0.330/
0.409. The SR (mean) with 3.0 mm aperture was
0.586/0.809 and with 4.5 mm aperture 0.330/
0.348. Decentered by 1 mm: The MTF (mean) at
50 lp/mm (L-333/L-313) with 3.0 mm aperture
was 0.485/0.705 and with 4.5 mm aperture
0.255/0.374. The SR (mean) with 3.0 mm aper-
ture was 0.457/0.739 and with 4.5 mm aperture
0.185/0.268. Tilted by 5 degrees: The MTF
(mean) at 50 lp/mm (L-333/L-313) with 3.0 mm
aperture was 0.577/0.657 and with 4.5 mm
aperture 0.345/0.336. The SR (mean) with
3.0 mm aperture was 0.583/0.702 and with
4.5 mm aperture 0.269/0.237. In through focus
MTF and aperture of 3.0 mm, the L-333 showed
a peak of 0.41 with some enlarged depth of
power of about 2 D. For the aperture of 4.5 mm,
the MTF values of L-313 and L-333 were slightly
reduced; L-333 showed an MTF peak of 0.23 and
some reduced depth of power of about 1.5 D.
Wavefront measurements showed no major
aberrations for the L-313, while a combination
of moderate increase in Z 4-0 and Z 6-0 with
opposite sign was revealed for the L-333.
Conclusion: The enhanced monofocal Lentis
Quantum (L-333) produces some enlarged
depth of focus by combining spherical aberra-
tion of different order and opposite sign. The
Lentis Quantum performs very well in compar-
ison to the aspherical monofocal counterpart
owing to its optical design. Results with large
apertures were sufficient too, suggesting that
the lens is a good option in eyes with a wide
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pupil and thus in refractive surgeries of young
patients.

Keywords: Laboratory study; Optical bench
analysis; Enhanced monofocal intraocular lens;
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transfer function MTF; New IOL; Spectacle
independence

Key Summary Points

This is a laboratory study to investigate the
new enhanced monofocal IOL and
directly compare it to the monofocal
counterpart.

This information should make it easier for
the surgeon to select the best possible lens
for the individual case.

The results on the optical bench
confirm that the enhanced monofocal
IOL has some advantages over the
monofocal counterpart without adding
typical disadvantages like classic
multifocal IOLs.

INTRODUCTION

Cataract surgery ranks as one of the most com-
monly performed surgical procedures around
the world [1]. More than 34 million surgeries
are performed annually and monofocal
intraocular lenses (IOLs) are used in around
90% of cases. Although there are a lot of so-
called premium lenses available from various
companies, they only account for around 10%
of all cases worldwide. The significantly higher
costs are one factor that can play a role in
selecting an IOL model depending on the
region, health care system, and different cost
reimbursement systems.

There has been a paradigm shift. In the past,
surgical removal of the opacified lens and
restoration of clear vision was the primary goal
of cataract surgery. Owing to advances in the
surgery itself (technique), lower complication

rates, and innovations in implants (new IOL
types), surgeries are performed at an earlier
stage nowadays. In addition to the permanent
removal of the opacified lens, the main goal is
to achieve a refractive improvement, too. Pha-
coemulsification has evolved from a vision
restoration procedure to a refractive procedure.
The main focus is to improve quality of life and
achieve maximum patient satisfaction. As a
result of increased life expectancy and an active
lifestyle with various hobbies, an increasing
number of elderly patients are interested not
only in perfect distance vision but also in
spectacle independence in near and/or inter-
mediate distances. Presbyopia-correcting lenses
were developed to make this possible, but as a
result of their optical properties they can also
lead to undesirable effects (dysphotopsia), like
halo and glare. Three main categories of IOLs
can be distinguished: typical multifocal lenses
(MIOLs) with refractive or diffractive design,
accommodative IOLs, and enhanced depth of
focus (EDoF) IOLs [2].

The basic optical principle is to create a sin-
gle elongated focal point to enhance the depth
of focus, in contrast to monofocal IOLs (in
which light is focused on one single point) or
multifocal IOLs, which have two (bifocal) or
three (trifocal) discrete points. The goal is to
combine the advantages of both systems with-
out creating additional disadvantages, i.e., to
improve intermediate vision without degrading
distance vision compared to a typical monofo-
cal lens [3]. The aim is to avoid the overlapping
of near and distance images that occurs with
conventional MIOLs, thus avoiding the halo
effect and reduced contrast sensitivity as much
as possible. EDoF IOLs are designed to produce a
continuous range of focus without asymmetric
IOL power distribution and secondary out-of-
focus images. Therefore, EDoF IOLs do not have
secondary out-of-focus images at each focal
point like typical MIOLS. The severity of these
phenomena in MIOLs depends mainly on lens
design, power of addition, and pupil size [4–6].
Several laboratory studies and optical bench
reports have shown that EDoF IOLs provide
better optical quality than multifocal lenses
with lower risk of dysphotopsia but provide less
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improvement and (in practice) inadequate
uncorrected vision for near distance [7–12].

On the basis of the IOL technologies and
optic design, some researches have proposed to
differentiate two groups of EDoF lenses: pure
EDoF IOLs and hybrid MF-EDoF IOLs [2]. Pure
EDoF IOLs exclusively use spherical aberration-
based optics or the pinhole effect. Hybrid MF-
EDoF IOLs combine multifocality with low
addition power and the EDoF technology and
can be subdivided into diffractive EDoF IOLs,
refractive EDoF IOLs, and diffractive-refractive
EDoF IOLs.

The Lentis Quantum (L-333) by Teleon Sur-
gical (Spankeren, Netherlands) bridges the gap
between standard aspheric monofocal IOLs and
premium refractive IOLs. This enhanced
monofocal, aberration-neutral IOL is designed
with Q-zone technology, which is a progressive
surface profile that provides a smooth, stepless
transition between zones to avoid any undesir-
able visual sides effects such as halos and glare.
The basic Quantum EDoF principle is to create a
single elongated focal range to enhance depth
of focus. A ‘‘slope-dependent’’ Q-type aspheric-
ity is used for a progressive power profile.

The L-333 is a foldable, one-piece monofocal
posterior chamber lens with plate haptic design;
the size of the spherical aberration neutral optic
is 6.0 mm and the overall diameter is 11.0 mm

(Fig. 1). The optic and haptics are equipped with
a continuous posterior square edge design to
achieve a 360� barrier effect. The material of the
lens is called Hydrosmart�, a copolymer con-
sisting of hydrophilic acrylates with hydropho-
bic surface. The biconvex optical design has a
modified posterior aspherical surface. The lens
is available from 10.0 to 30.0 diopters (D), in
0.5-D increments, and the refractive index is
1.46. The recommended injector is Medicel’s
Viscojet Bio 2.2 and the lens can be implanted
through a 2.0-mm clear corneal incision. The
actual incision size is of course highly depen-
dent on the IOL injection technique used;
accordingly, it differs for wound-assisted, into-
the-wound, and into-the-bag techniques.

The L-333 is called an enhanced monofocal
IOL as it provides patients with more vision in
the intermediate distance (80 cm) compared
with traditional monofocal IOLs but with
comparable contrast sensitivity. Teleon Surgical
clearly distinguishes this new Lentis Quantum
(L-333) lens from the already available Lentis
Comfort (L-315 MF15) which is a classic EDoF
lens with sector-shaped design and a low near-
segment, intended to cover more of the 60 cm
range.

According to the American Academy of
Ophthalmology (AAO) Consensus Statement
for EDoF IOLs, an important criterion for EDoF

Fig. 1 Lentis Quantum (L-333) by Teleon Surgical
(Spankeren, Netherlands) is an enhanced monofocal,
aspherical, foldable, one-piece intraocular lens with a plate
haptic design and 360� square edges. The overall diameter
is 11.0 mm and the optic diameter is 6.0 mm (left). The
UV-absorbing material (Hydrosmart�) is a copolymer,

consisting of hydrophilic acrylates with hydrophobic
surface and a refractive index of 1.46. These specifications
are identical for the monofocal counterpart (L-313). Slit
lamp image showing the lens well positioned in the
capsular bag (right)
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IOLs is that these lenses are intended to
enhance intermediate range of vision while
maintaining high-quality distance vision and
must not offer any disadvantages to the control
group with a monofocal counterpart [13].

Therefore, we tested the L-333 on the optical
bench and compared the results to its monofo-
cal counterpart, the L-313, a classic monofocal
aspheric lens. The two tested lenses consist of
the same material and share exactly the same
dimensions and plate haptic design.

METHODS

We studied two IOL models (L-333 and L-313,
Teleon Surgical, Spankeren, Netherlands), each
having the same refractive power of ? 22.0 D,
on the optical bench with the OptiSpheric IOL
PRO 2 and the Wavemaster IOL 2 (Trioptics,
Wedel, Germany). This laboratory study is
exempt from ethics committee approval as it is
an optical bench analysis (in vitro study) with-
out humans involved.

Quality Criteria for Optical Images

The modulation transfer function (MTF)
describes the contrast sensitivity of a lens sys-
tem. The MTF is the imaging power of a lens at
different spatial frequencies in the tangential
and sagittal directions.

The Strehl number takes into account all the
small oscillations that occur on the MTF curve
and reflects the overall optical performance of
an IOL.

The Strehl ratio (SR) is a measure of the
imaging quality of an optical system over its
entire spatial frequency range compared to the
corresponding ideal (diffraction-limited) sys-
tem. Thus, a perfect IOL would have an SR value
of 1.0. The smaller the SR value, the poorer the
optical quality. To simulate photopic and
mesopic pupil conditions, measurements were
performed with two different aperture sizes (3.0
and 4.5 mm). All measurements were performed
independently by the Trioptics company
(Wedel, Germany) on its own optical bench,
and the results were confirmed with official
certificates. All devices used are considered

gold-standard and the measurements followed
the guidelines of the International Organization
for Standardization. The OptiSpheric IOL PRO 2
(Trioptics, Wedel, Germany) device was used to
assess the optical quality of the two IOL models
(L-333 and L-313). The following parameters
were used: ISO-2 cornea (? 0.28 lm),
ISO 11979/2, lens placement in situ in NaCl
with 35 �C temperature, 546 nm, and selection
of different aperture sizes (3.0 mm vs 4.5 mm).
All measurements were repeated three times
and performed on two different lenses of the
same type. For each measurement, five tangen-
tial and five sagittal measurements were
obtained and averaged. The following settings
were used: centered IOL, decentered IOL
(1.0 mm), and tilted IOL (5�).

The WaveMaster IOL 2 (Trioptics, Wedel,
Germany), a high-resolution Shack–Hartmann
sensor in reverse projection setup, was used to
evaluate the aberrations of the IOLs. An in situ
model eye was used according to ISO 11979 in
saline solution with 546 nm, mask width 4.51,
corresponding to standard settings and to a
mesopic pupil.

Zernike polynomials up to 10th order were
determined by means of the measured wave-
front that describe the optical properties of the
IOL. It should be noted that spherical aberra-
tions are caused mainly by the optical design of
the lens, and asymmetric aberrations (such as
Coma, Trifoil) can occur as a result of lens
errors. A value of Zernike coefficient greater
than 0.1 lm was defined as optically relevant.

RESULTS

Optical Quality Assessment

The through frequency MTF curves of all IOLs
measured at the best focus through the 3.0 mm
(Figs. 2, 3, 4) and 4.5 mm (Figs. 5, 6, 7) apertures
are presented (Tables 1, 2). Centered: The MTF
(mean) at 50 lp/mm (L-333/L-313) with 3.0 mm
aperture was 0.606/0.724 and with 4.5 mm
aperture 0.330/0.409. The SR (mean) with
3.0 mm aperture was 0.586/0.809 and with
4.5 mm aperture 0.330/0.348. Decentered by
1 mm: The MTF (mean) at 50 lp/mm (L-333/L-
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313) with 3.0 mm aperture was 0.485/0.705 and
with 4.5 mm aperture 0.255/0.374. The SR
(mean) with 3.0 mm aperture was 0.457/0.739
and with 4.5 mm aperture 0.185/0.268. Tilted
by 5�: The MTF (mean) at 50 lp/mm (L-333/L-
313) with 3.0 mm aperture was 0.577/0.657 and
with 4.5 mm aperture 0.345/0.336. The SR

(mean) with 3.0 mm aperture was 0.583/0.702
and with 4.5 mm aperture 0.269/0.237. Strehl
findings were in accordance with the MTF
results. This indicates, with certain limits, the
corresponding expected retinal image quality
(Tables 1, 2).

There was a minor shift of the main focus in
relation to the nominal power of each IOL. We

Fig. 2 Through frequency modulation transfer function
(MTF mean) curves with 3.0 mm aperture and centered
IOLs

Fig. 3 Through frequency modulation transfer function
(MTF mean) curves with 3.0 mm aperture and decentered
IOLs

Fig. 4 Through frequency modulation transfer function
(MTF mean) curves with 3.0 mm aperture and tilted IOLs

Fig. 5 Through frequency modulation transfer function
(MTF mean) curves with 4.5 mm aperture and centered
IOLs
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did not adjust this shift which is common in
such settings and may be due to the manufac-
turer’s tolerances or to distinct measurement
defocus because of different nominal spherical
aberration in relation to the ISO-2 cornea
applied [14].

Lentis Quantum (L-333) proved to have an
enlarged depth of focus compared to the stan-
dard monofocal optics of L-313 and could be

observed especially for the small aperture, cor-
responding to photopic pupil sizes. Tests with
large apertures, corresponding to mesopic pupil
sizes, showed that this benefit in depth-of-focus
of the L-333 slightly decreased, showing up as a
slightly reduced overall MTF performance.

Through Focus MTF

To compare the depth-of-focus performance of
both IOLs, the through focus performance was
defined as an MTF better than 0.1. For the
aperture of 3.0 mm (Fig. 8), L-313 showed a
pronounced peak in MTF of about 0.71 with a
depth of power of 1 D. L-333 showed an MTF
peak of 0.41 with some enlarged depth of power
of about 2 D and two cusps in the MTF curve.

As expected, for the aperture of 4.5 mm
(Fig. 9), the MTF values of L-313 and L-333 were
markedly reduced, with a shape of the through
focus curves roughly similar to the aperture of
3 mm. L-313 showed an MTF peak of 0.35 and
again a depth of power of about 1 D. L-333
showed an MTF peak of 0.23 and some reduced
depth of power of about 1.5 D. Note: Both
IOLs had the exact same power. During the
measurement, changes on the y-axis may occur
due to speed and temperature differences dur-
ing the measurement, but these have no influ-
ence on the curve and the actual results. One
should only pay attention to the shape of the
curve. The results have been confirmed and
validated by Trioptics.

Wavefront

The wavefront maps of L-333 and L-313 and the
Zernike coefficients are presented in Figs. 10
and 11.

For the enhanced monofocal IOL (L-333),
the spherical aberration Z 4-0 was about -

0.14 lm and the secondary spherical aberration
Z 6-0 was about 0.14 lm. No other relevant
aberration showed up. Peak-to valley (PV) was
0.53 lm and root mean square (RMS) was
0.09 lm. For the monofocal counterpart (L-
313), a spherical aberration Z 4-0 of about -

0.13 lmwas detected. Horizontal coma of about

Fig. 6 Through frequency modulation transfer function
(MTF mean) curves with 4.5 mm aperture and decentered
IOLs

Fig. 7 Through frequency modulation transfer function
(MTF mean) curves with 4.5 mm aperture and tilted IOLs
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0.15 lm and oblique astigmatism of about -

0.11 lm were revealed.

DISCUSSION

Through focus MTF curves show that the Lentis
Quantum L-333 enhances the depth of focus to
some extent compared to the monofocal coun-
terpart (L-313). Through frequency MTF and
Strehl ratio of L-333 were only slightly
decreased compared to L-313. This fact could
lead to only a minor decrease in contrast sen-
sitivity in a patient’s eyes (real-life conditions).

We have shown that the Lentis Quantum (L-
333) enhances the depth of focus seen in the
MTF curves by combining spherical aberration
(Z 4-0) and secondary spherical aberration (Z 6-
0) of opposite sign. This approach was discussed
in the literature in recent years, and is applied
to other novel IOL optics like the LuxSmart IOL
(Bausch&Lomb) [15–18].

In recent years, vision requirements for
elderly people have changed and as a result of
popular activities, such as reading or typing on
mobile phones and other devices like tablets or
using various screens, the intermediate vision
(distance of 60–80 cm) is becoming more and

Table 1 Data of MTF and Strehl with aperture of 3.0 mm and centered, decentered (1 mm), and tilted (5�) IOLs

MTFsag (50 lp/mm) MTFtan (50 lp/mm) MTFmean (50 lp/mm) Strehl(s) Strehl(t) Strehl mean

3.0 mm centered

L-333 0.610 0.602 0.606 0.594 0.577 0.586

L-313 0.724 0.724 0.724 0.817 0.801 0.809

3.0 mm decentered

L-333 0.470 0.500 0.485 0.456 0.458 0.457

L-313 0.695 0.714 0.705 0.752 0.725 0.739

3.0 mm tilted

L-333 0.532 0.622 0.577 0.535 0.631 0.583

L-313 0.625 0.689 0.657 0.664 0.740 0.702

Table 2 Data of MTF and Strehl with aperture of 4.5 mm and centered, decentered (1 mm), and tilted (5�) IOLs

MTFsag (50 lp/mm) MTFtan (50 lp/mm) MTFmean (50 lp/mm) Strehl(s) Strehl(t) Strehl mean

4.5 mm centered

L-333 0.330 0.329 0.330 0.249 0.252 0.251

L-313 0.404 0.414 0.409 0.277 0.256 0.267

4.5 mm decentered

L-333 0.245 0.264 0.255 0.181 0.188 0.185

L-313 0.370 0.378 0.374 0.283 0.253 0.268

4.5 mm tilted

L-333 0.317 0.372 0.345 0.250 0.288 0.269

L-313 0.321 0.350 0.336 0.231 0.242 0.237
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more important. Although in the last few dec-
ades the quality of typical multifocal IOLs was
improved and the implantation of these lenses
was also very successful and increased patient
satisfaction, cases with undesired side effects,

primarily occurrence of dysphotopsia, were
described. These halo and glare phenomena
have partially reduced overall patient satisfac-
tion. It is also noteworthy that in 2021 only

Fig. 8 Through focus modulation transfer function (MTF mean) with IOLs centered and aperture 3.0 mm

Fig. 9 Through focus modulation transfer function (MTF mean) with IOLs centered and aperture 4.5 mm
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10% of the lenses implanted worldwide belon-
ged to the group of so-called premium lenses.

There has been an enormous amount of
change in the sector of premium IOLs in recent
years. All manufacturing companies have
worked on the development of such lenses. A
variety of EDoF and enhanced monofocal lenses
are currently available on the market. The main
goal of enhanced monofocal IOLs is to maintain
the reliable uncorrected distance visual acuity
and low dysphotopsia rates of monofocal IOLs,
improve depth of focus for improved functional
intermediate vision performance, and increase
spectacle independence.

In direct comparison, it is necessary to
highlight some differences: there is less depth of
focus with enhanced monofocal design but
more than with pure monofocals, low halo and
glare, and good contrast. Moreover, there are
relatively large differences in price.

Pure EDoF lenses should be used as mono-
focal lenses with a minor improvement for near

vision; one can expect to achieve good or ade-
quate intermediate vision (60–80 cm) but
reduced quality of near vision (40 cm). Using
MIOL hybrid IOLs, one can achieve good dis-
tance vision and reduced quality of near vision
compared to typical MIOLs but keeping the
same quality of retinal image for intermediate
vision and at the same time decreasing the risk
of halo and glare effects. Therefore, these IOLs
are probably a good option for conservative
indications or a kind of ‘‘new standard’’ of basic
care.

However, if a patient has high demands,
especially for near/reading distance (40 cm),
then a typical MIOL is the best alternative and
possible side effects have to be discussed in
advance. It can be emphasized that each lens
optic/design shows certain advantages and dis-
advantages and the selection of the right (best)
lens model should be made according to indi-
vidual needs. Therefore, in addition to exact
preoperative measurements, the preoperative

Fig. 10 Wavefront mapping of the lens L-333. Overall
peak-to-valley (PV) and root mean square (RMS) in
micrometers (left). Measured Zernike coefficients are

presented (right). Lower- and higher-order aberrations
(HOA) up to 10th order were obtained. Values more than
0.1 lm are considered as optically relevant
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conversation between ophthalmologist and
patient is particularly important to obtain all
information for precise model selection. Labo-
ratory and optical bench studies appear to be an
enormously important tool to objectively eval-
uate the design of the multitude of lens models
on the market and provide a means of com-
parison for surgeons. Nevertheless, careful clin-
ical studies with high numbers of cases and
carefully selected measurements/parameters
have to be performed to obtain clinical data.
Thus far, very few clinical studies have heeded
the AAO’s suggestions stated in the Consensus
Statement in 2017 [13].

It seems to be especially important to discuss
the distance range with patients prior to surgery
to select the best and most suitable IOL in the
individual case. The Lentis Quantum (L-333) as
an enhanced monofocal IOL targets a focus of
approximately 80 cm, while the LS-313 MF15,
also offered by Teleon Surgical, targets a dis-
tance of 60 cm as a ‘‘true’’ EDoF IOL. Since these

lenses are otherwise identical in terms of
dimensions and material properties, a mix and
match procedure also seems very suitable. In
this way, an even wider focal range can be
achieved (binocularly) in the intermediate
range without risk of halo and glare. The
authors are currently performing clinical eval-
uations of this strategy and results will be pre-
sented soon.

Limitations of the Study

It should be emphasized that this is a laboratory
study. Clinical results and long-term outcomes
are of course equally important to assess the
overall performance of a new lens and assess the
optical design. In addition, the new enhanced
monofocal lens should be compared with other
direct competitors in the future.

Fig. 11 Wavefront mapping of the lens L-313. Overall
peak-to-valley (PV) and root mean square (RMS) in
micrometers (left). Measured Zernike coefficients are

presented (right). Lower- and higher-order aberrations
(HOA) up to 10th order were obtained. Values more than
0.1 lm are considered as optically relevant
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CONCLUSION

The results on the optical bench regarding MTF
and Strehl showed no difference between the
monofocal L-313 and the enhanced monofocal
L-333. The Lentis Quantum performs very well
in comparison to other spherical and aspherical
monofocal lenses; owing to its optical design, it
shows a kind of tolerance to decentration and
tilt compared to typical multifocal IOLs. Good
results were also seen at large apertures, making
the lens a good option in eyes with a wide pupil
and thus in refractive surgeries of young
patients.

The Lentis Quantum bridges the gap
between standard aspheric monofocal IOLs and
premium refractive IOLs. This enhanced
monofocal, aberration-neutral IOL is designed
with Q-zone technology, which is a progressive
surface profile that provides a smooth, stepless
transition between zones to avoid undesirable
visual sides effects such as halos and glare. The
IOL provides patients with more vision in the
intermediate distance (80 cm) compared with
traditional monofocal IOLs but with compara-
ble contrast sensitivity.

The knowledge of EDoF and enhanced
monofocal lenses, their optical principles, their
intended focus, and their correct use by the
surgeon are necessary to offer the patient the
best option. A uniform definition and classifi-
cation of all models on the market as well as
laboratory comparative work including multi-
center clinical studies is necessary.
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