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Background: To compare the visual performance of MF30 asymmetric refractive multifocal intraocular
lenses (MIOLs) with ZMBOO all optic zone diffractive MIOLs.

Methods: This is a prospective study. Patients that underwent phacoemulsification were divided into two
groups according to the type of MIOLs used: 35 patients were implanted with asymmetric refractive MIOLs
and 35 patients with all optic zone diffractive MIOLs. Visual acuity (VA), refraction, defocus curves, objective
optical quality, and a questionnaire evaluating quality of life were measured at 3 months postoperatively.
Results: There were no significant differences between the two groups in uncorrected distance visual
acuity (UDVA), uncorrected near visual acuity (UNVA), best-corrected distance visual acuity (BCDVA), or
distance-corrected near visual acuity (DCNVA). However, the uncorrected intermediate VA was 0.24+0.10 in
the refractive group and 0.31x0.13 in the diffractive group (P<0.05), and the distance-corrected intermediate
VA was 0.2220.09 in the refractive group and 0.31x0.14 in the diffractive group (P<0.05). Defocus curves
showed two peaks of maximum vision in both groups. However, the curve between the two peaks in the
refractive group was smoother than that of the diffractive group. The modulated transfer function cut-off
frequency was 22.74+12.29 ¢/d in the refractive group and 30.50+£10.04 ¢/d in the diffractive group (P<0.05).
The Optical Quality Analysis System (OQAS) values 100% (OV100%) was 0.75+0.41 in the refractive group
and 1.02x0.34 in the diffractive group (P<0.05), while the OV20% was 0.52+0.34 in the refractive group and
0.71£0.25 in the diffractive group (P<0.05). There was no significant difference between the two groups in
overall satisfaction, spectacle independence ratio, or visual interference phenomenon.

Conclusions: Both MIOLs achieve good VA at distance and near vision. Oculentis MF30 showed better
intermediate VA, and Tecnis ZMBOO appears to have better objective visual quality.
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Introduction based on the principles of diffraction and refraction. With
Multifocal intraocular lenses (MIOLs) have become a these technologies, incoming light rays are distributed onto
widely accepted option in cataract surgery. All MIOLs near and distant focal points or onto several focal points in
developed thus far with reported clinical outcomes are order to provide patients with good vision at all distances

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(2):144 | http://dx.doi.org/10.21037/atm-20-7777


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-20-7777

Page 2 of 9

after cataract surgeries (1-7). However, these designs lead
to several consequences, such as a loss of light, which may
result in reduced contrast sensitivity, permanent overlapping
images generating halos and glare, and a loss of image
quality (8-11).

Clinically, refractive and diffractive MIOLs have proven
their own advantages and side effects (2,4). However, few
studies have been carried out to compare these two types of
MIOLs. Some researchers believe that for refractive MIOL,
after eliminating the diffraction ring, the energy loss of light
will be less, which is more beneficial to the improvement of
visual quality (12-14). Furthermore, according to the newest
design theory of refractive MIOLs, excellent objective and
subjective visual acuity (VA) can be achieved (2,3,15-17).

The aim of this study is to compare the visual quality of
the Oculentis MF30 refractive rotationally asymmetrical
MIOLs with the Tecnis ZMBOO full optic zone diffractive
MIOLs using both objective and subjective methods, and
to provide a comprehensive reference for the individualized
selection of MIOL:s in clinics.

We present the following article in accordance with the
TREND reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7777).

Methods

"This non-randomized, observational study was performed at
the Eye Hospital of Wenzhou Medical University (Zhejiang,
China), and was approved by the institutional review board
and ethics committee of Wenzhou Medical University (No.
KYK-2015-20). Practices and research were conducted in
accordance with the Declaration of Helsinki (as revise in
2013), and informed consent was obtained from all patients
prior to participation.

Patient records between October 2016 and August
2017 were evaluated, and 70 patients (70 eyes) that had
undergone phacoemulsification and IOL implantation
surgery were included. Thirty-five patients were implanted
with refractive rotationally asymmetrical MIOLs (Oculentis
MF30) and 35 patients were implanted with all optic zone
diffractive MIOL (Tecnis ZMBO00). The inclusion criteria
were as follows: (I) patients older than 50 year of age with
age-related cataract; (II) axial length between 21 and 25 mm;
and (III) IOL was implanted in the capsular bag. Patients
were excluded based on the following criteria: (I) patients
less than 50 years of age; (II) patients with corneal
astigmatism of more than 1.0 D; (III) patients with cornea
lesions or scars, macular diseases, ocular inflammation, or
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any other ocular diseases; and (IV) patients with any ocular
surgical history.

If a patient had undergone binocular cataract surgeries,
the first operated eye was selected. Visual function data was
collected by clinical researchers who did not know the type
of IOL that the patient had received.

Patient assessment

All patients received a full pre- and post-operative
ophthalmologic assessment. The preoperative examination
included refraction, uncorrected distance visual acuity
(UDVA), best-corrected distance visual acuity (BCDVA),
slit-lamp examination (SL115; Carl Zeiss, Oberkochen,
Germany), fundus examination under dilation, corneal
topography (Pentacam, Oculus, Wetzlar, Germany),
endothelial cell count (SP 2000P specular microscope,
Topcon, Norway, Europe BV), biometry (IOLMaster, Carl
Zeiss Meditec AG, Jena, Germany), and retinal optical
coherence tomography (Cirrus 4000 OCT, Carl Zeiss
Meditec AG, Jena, Germany). Patients were evaluated
at 1-day, 1-week, and 1- and 3-month. At each follow-
up visit, the UDVA and BCDVA, uncorrected near visual
acuity (UNVA) and distance-corrected near visual acuity
(DCNVA), uncorrected intermediate visual acuity (UIVA)
and distance-corrected intermediate visual acuity (DCIVA),
refraction, and Optical Quality Analysis System (OQAS) II
were measured. At the 3-month evaluation, the defocusing
curve was measured and patients were requested to
complete a purpose-developed satisfaction questionnaire.

Intraocular lens

The Lentis Mplus LS-313 MF30 (Oculentis GmbH,
Berlin, Germany) (Figure 1A) is an asymmetric refractive
MIOL that has been extensively used. This refractive
MIOL is designed with a 6.0 mm optic and a sector-shaped
3.0 diopter (D) near segment. The special principle of
this MIOL is that the light is not refracted symmetrically
around the optical axis. The ZMBO00 (Advanced Medical
Optics, Santa Ana, CA, USA) (Figure 1B) is a diffractive
MIOL with 4.0 D near segment. It has a full diffractive
optic in the posterior surface with a special margin design
that is round in the front portion and square in the back.
Optical analog diagrams stimulate the ray tracing of these
two MIOLs and show that the MF30 model has a long and
narrow blur spot (Figure 24), while the ZMB00 model has
a relatively short and wide blur spot (Figure 2B), indicating
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Figure 1 Two types of multifocal IOLs. (A) Lentis Mplus LS-313 MF30 multifocal IOL; (B) ZMB00 multifocal IOL. IOL, intraocular lens.

A

Figure 2 Ray tracing diagrams show the focal depth of each MIOL. (A) Lentis Mplus LS-313 MF30 multifocal IOL; (B) ZMB00 multifocal

IOL. MIOL, multifocal intraocular lens; IOL, intraocular lens.

that the MF30 model may have an extended focal depth
compared to the ZMB00 model.

Surgical procedures

All cataract surgeries were performed by an experienced
surgeon. The surgical procedure was the same for both
lenses. All surgeries were performed under topical
anaesthesia using a 2.2 mm transparent corneal incision.
Phacoemulsification was performed using the Infiniti
vision system unit (Alcon Laboratories, Inc., Fort Worth,
Texas, USA). Polishing of the posterior capsule was also
performed. The IOL was implanted in the capsular bag.

Outcome measurements

The UDVA and BCDVA of each selected eye were
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measured at 5 m using a standard logarithmic VA chart
with an illumination of 80 cd/m’. UNVA and DCNVA
were measured at a reading distance of 33 c¢m using a near
logarithmic VA chart. UIVA and DCIVA were measured
at a distance of 80 cm using a logarithmic VA chart. Both
intermediate and near VA were measured under photopic
conditions with an illumination of 80 cd/m’. VA results were
recorded in logarithm of the minimum angle of resolution
(logMAR).

OQAS II is a system based on a double-pass technique
to analyze the visual quality in human eyes. It analyzes all
optical information of a surface, taking into account the
influence of scattering, aberration, and diffraction, and
obtains the correct point spread function (PSF) image.
OQAS is currently the only available system to objectively
analyze visual quality (18,19). In this study, OQAS II
was used to obtain the ocular objective optical quality
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Table 1 Clinical and demographic data of patients implanted with
refractive and diffractive MIOLs (VA results were recorded in
logMAR)

Basic information Refractive Diffractive P value
MIOL MIOL

Age 69.48+8.09 68.41+8.77 0.331

Gender (male/female) 20/15 18/17 0.189

Preoperative VA 0.51+0.22 0.51+0.21 0.478

Data are expressed as the mean = standard deviation (SD)
or median (range). Differences between the groups were
analyzed by independent t test for normally distributed data
and the Mann-Whitney U test for non-normally distributed data.
Categorical data was compared using the Chi-squared (xz) test.
MIOL, multifocal intraocular lens; logMAR, logarithm of the
minimum angle of resolution; VA, visual acuity.

parameters 3 months after IOL implantation, including
the modulation transfer function (MTF) cut-off frequency,
objective scatter index (OSI), Strehl ratio (SR), and OQAS
values (OVs 100%, 20% and 9%). MTF is the ratio of
contrast between the retinal image and the original object.
The MTF cut off indicates the corresponding spatial
frequency when the MTF value is 0.01. A normal MTF
value is larger than 30, with larger values indicating better
visual quality (20). The OV100%, OV20%, and OV9%
refer to the OQAS value calculated by the system at three
contrasts, which are commonly used in ophthalmic practice.
Therefore, these three OVs are closely related to the
MTF curve. SR describes the area under the MTF curve
and reflects the sum of low, medium, and high frequency
information. The value range is 0-1; the closer this value
is to 1, the smaller the aberration. OSI is an index of
intraocular scattered light (19,21). The higher the value of
the MTF cut off, SR, and OVs, and the lower the OSI, the
better the objective optical quality. The instrument was set
to measure with an artificial pupil diameter of 4.0mm, which
is a standard size used in clinical double-pass studies (22).

Defocus curves were used to analyze the correlations
between logMAR VA and image quality measures for the
two MIOLs (23,24). This was evaluated at Sm using a
standard logarithmic VA chart. Defocus was performed
from 1.0 to -4.0 D in 0.5 D steps starting from the best
correction at distance (25).

The subjective visual quality of postoperative
patients was investigated using a Chinese version of the
National Eye Institute Visual Function Questionnaire
(CHI-VFQ-25) (26), including subjective visual evaluation,
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spectacle independence ratio, and visual disturbance
symptoms. Patients’ subjective visual quality was evaluated
on a scale of 0 to 10 points, with 10 points being full marks
and representing the highest visual quality. To calculate
the rate of spectacle independence, the need for frame
glasses or corneal contact lenses for distance, medium, and
near vision after surgery was recorded. Symptoms of visual
interference, such as glare and halo, were also investigated
in the questionnaire.

Data analysis

Statistical analysis was performed using SPSS software for
Windows (version 19.0, SPSS Inc., Chicago, IL, USA). The
Chi-squared (x’) test and Spearman rank correlation was
used for categorical data, the ¢ test and Pearson correlation
were used for measurement data, and the Mann-Whitney
U test and Spearman correlation were used when a normal
distribution was not expected. Results are presented as the
mean = standard deviation (SD). Differences with P<0.05
were considered to be statistically significant.

Sample size was determined using G*Power software.
Before the formal experiment, we measured the MTF values
of 20 patients (10 from each group) to calculate the sample
size. We assumed 0=0.05 and B=0.95 in the calculation
and found the final sample size for the experiment was
nl=n2=32 after using the G*Power sample size calculation
software to analyze the results.

Results
General data

All patients completed examinations at 3 months after
cataract surgery. No intraoperative or postoperative
complications occurred during the study. The preoperative
conditions of patients in these two groups were analyzed
including age, gender, and preoperative VA. No significant
differences were found (shown in Tuble 1).

Visual and refractive outcomes

The postoperative visual and refractive outcomes are
summarized in Table 2. No statistically significant
differences were observed between the two groups in
UDVA, UNVA, BCDVA, or DCNVA. However, the UTVA
was 0.24£0.10 in the refractive group and 0.31+0.13 in the
diffractive group (P<0.05), and the DCIVA was 0.22+0.09 in
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Table 2 Postoperative visual and refractive outcomes in the
refractive and diffractive groups at 3 months postoperatively (results

were recorded in logMAR)

Measure Refractive Diffractive P value
MIOL MIOL
Distance
Uncorrected 0.06+0.07 0.09+0.09 0.236
Best-corrected 0.05+0.06 0.03+0.05 0.337
Intermediate
Uncorrected 0.24+0.10 0.31+0.13 0.029~
Distance-corrected  0.22+0.09 0.31+£0.14 0.016*
Near
Uncorrected 0.23+0.12 0.24+0.14 0.800
Distance-corrected  0.21+0.11 0.20+0.12 0.866

Data are expressed as the mean = SD or median (range).
Differences between the groups were analyzed by independent
t test for normally distributed data and the Mann-Whitney U
test for non-normally distributed data. *, statistically significant
difference between the groups (P value <0.05). logMAR,
logarithm of the minimum angle of resolution; MIOL, multifocal
intraocular lens.

Table 3 Objective measures by OQAS II in the refractive and
diffractive groups at 3 months postoperatively (the pupil is 4 mm)

OQAS items Re,f;fgf_'ve D'f,f;fgf_'ve P value
MTF cut-off (cpd) ~ 22.74+12.29  30.50+10.04  0.014*
osl 252128  2.16:0.98  0.294
Strehl ratio 0.14+0.08 0.17+0.06 0.104
OV100% 0.75:0.41 1.02:0.34  0.011*
0V20% 052034  0.71:0.25  0.030*
0V9% 033023  0.42:015  0.100

Data are expressed as the mean + SD or median (range).
Differences between the groups were analyzed by independent
t test for normally distributed data and the Mann-Whitney U
test for non-normally distributed data. *, statistically significant
difference between the groups (P value <0.05). OQAS, optical
quality analysis system; MTF, modulation transfer function;
MIOL, multifocal intraocular lens; OSI, objective scatter index;
SR, Strehl ratio; OV, OQAS value.

the refractive group and 0.31+0.14 in the diffractive group
(P<0.05) at 3 months postoperatively. Significantly better
UIVA and DCIVA were found in the refractive group (7able 2).
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Objective optical quality outcomes

No significant differences were observed in the OSI,
SR, or OV9% between the two groups. The MTF cut-
off frequency was 22.74£12.29 c/d in the refractive group
and 30.50£10.04 c¢/d in the diffractive group (P<0.05).
The OV100% was 0.75£0.41 in the refractive group and
1.02£0.34 in the diffractive group (P<0.05), and the OV20%
was 0.52+0.34 in the refractive group and 0.71+0.25 in the
diffractive group (P<0.05). The MTF cut-off frequency,
OV100%, and OV20% were significantly better in the
diffractive group (Table 3).

Defocusing curve

As shown in the defocusing curve, both groups provide two
peaks of maximum vision. For the refractive group, one peak
was at 0 D defocus level, which corresponds to the BCDVA,
and the second peak was at -3.0 D defocus level, which
corresponds to the DCNVA. For the diffractive group, one
peak was at 0.5 D defocus level, which corresponds to the
BCDVA, and the second peak was at -3.0 D defocus level,
which corresponds to the DCNVA.

However, the curve between the two peaks was smoother
in the refractive group compared to the diffractive group,
which indicates a better intermediate VA (Figure 3).

Visual function (VF) questionnaire

Ten patients (28%) in the refractive MIOL group and eight
patients (23%) in the diffractive MIOL group developed
glare and halo after surgery. There was no statistically
significant difference between the two groups (P>0.05).
Also, no significant differences were found in the spectacle
independence ratios or overall satisfaction between the two
groups (P>0.05, Table 4).

Discussion

The MF30 refractive rotationally asymmetrical MIOLs
and the ZMBOO full optic zone diffractive MIOLs are
two popular types of MIOLs used in cataract surgery. In
this study, we mainly focused on the VA performance at
distant and near focal points, as well as the visual quality
performance of these two MIOLs.

We found the improvement of UDVA and BCDVA in
both groups to be good and similar, which is consistent
with previously reported findings. These two MIOLs
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Figure 3 Defocusing curves of refractive and diffractive groups.

Table 4 Questionnaire results in the refractive and diffractive
groups at 3 months postoperatively

Refractive Diffractive

Subjective visual quality MIOL MIOL P value
Glare/halo 10/35 8/35 0.784
Independence spectacles 21/35 27/35 0.240
ratio

Overall satisfaction (score =9) 20/35 21/35 0.971

Data are expressed as the mean + SD or median (range). Difference
2

between groups were analyzed by y test and Spearman rank

correlation. MIOL, multifocal intraocular lens.

seem to have a similar ability to successfully restore the
distance visual function after cataract surgery. Also, results
showed that both groups gained good UNVA and DCNVA,
indicating that both MIOLs are able to provide enough near
visual function at reading distance for patients post-surgery.
These results are also consistent with previous reports
(2,4,5,8,17). However, better results were observed in the
UIVA and DCIVA of the refractive group. Defocus curves
also showed a smoother curve in the refractive group than
the diffractive group, which was consistent with the visual
outcomes. These outcomes were expected. According to
the design theory, the MF30 MIOL model is based on the
concept of refractive rotational asymmetry with an inferior
surface-embedded segment. The segment with the optical
power is required for near vision and seamless transitions
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between the near and far vision zones. This design
theoretically allows this MIOL to be independent of pupil
size and ensures optimal adjustment of near and distance
vision. Therefore, we believe that the MF30 MIOL model
should provide better intermediate vision performance.

In the study, we found that the MTF cut-off frequency,
OV100%, and OV20% were significantly better in the
diffractive group with <4 mm pupil than the refractive
group, which was not consistent with some previous studies
(19,21,22). In our study, all outcomes derived from the
OQAS 1II of the diffractive group were better than the
outcomes of the refractive group (as shown in Table 3).
Moreover, the differences in MTF cut-off frequency,
OV100%, and OV20% between two groups were
statistically significant. However, differences in OSI, SR,
and OV9% between two groups were not significant, which
we believe may due to the limited case numbers. Therefore,
it seems that the all optic zone diffractive MIOLs have
better objective visual quality than the asymmetric refractive
MIOLs. In our study, only patients with a pupil diameter
of at least 4 mm were allowed to be measured, and we also
checked its repeatability prior to initiation of the study.
Therefore, we believe this subjective measurement can be
used to evaluate the MIOLs and the results of our study
are reliable. Moreover, the OQAS results of the diffractive
MIOL in this study are very similar to the results we
achieved in a previous report (5), which further highlights
the reliability of the data.
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Meanwhile, no significant differences were observed in
subjective visual quality between the two groups. We found
no differences in the glare, halo, spectacle independence,
or patient satisfaction between the groups. Previous studies
have also reported that ZMBO00 has similar subjective visual
quality with the same material monofocal IOL (1,5).

These findings indicate that the ZMB00 MIOL appears
to provide even better objective visual quality than the
MF30 MIOL. We consider that for the MF30 MIOL,
although forgoing the use of diffractive rings in the optical
zone may be beneficial to the use of light rays, the division
of the pupil area could result in the loss of light source,
which may cause impairment to objective and subjective
visual quality. For ZMB00 MIOL, the material properties
and the design of the MIOL may play important roles in
the improvement of visual quality. Recent studies have
shown that the achromatisation ability of diffractive MIOLs
could provide significant improvement in polychromatic
retinal image quality (5,27). The diffractive MIOL model
has a high Abbe number of 55.5. Therefore, the increased
contrast sensitivity when compared with other materials
may due to the lower chromatic dispersion, which could
minimize the impact of chromatic aberration. Also, the
ZMBO00 MIOL uses a posterior diffractive surface to
concentrate light instead of an anterior surface, which
may also help to provide better focus and improve visual
performance. In addition, compared with the traditional
reticular margin design, ZMB00 MIOL has a special design
with a round margin in the front and a square margin in
the back. This may help in reducing the diffraction and
refraction along the edge. We believe all these factors may
contribute to the improvement of optical quality.

However, there are several limitations of this study that
should be noted. This is a non-randomized study. We did
not implement randomization because the patients had
different visual proximity needs after cataract surgery.
Therefore, we chose two MIOLs with different near
additional power. Patients were assigned to the different
groups according to their requirement for near vision.
This is also one of the purposes of this study; we hope to
offer patients a personalized choice prior to surgery, and
observe whether postoperative visual performance and
patient satisfaction are consistent with the preoperative
choice. However, this may be a limiting factor in the study,
and the different intermediate vision performance may
also be attributed to the different near additional power. In
future studies, we will focus on comparing these two types
of MIOLs with others that have the same near additional
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power and randomized grouping should be performed.

Conclusions

In conclusion, we found that both MF30 and ZMBO00
MIOLs are able to provide good VA at distance and near
vision. The asymmetric refractive MF30 MIOLs show
better intermediate VA, while the all optic zone diffractive
ZMB00 MIOLs appear to have better objective visual
quality. These results suggest that in addition to focusing
on the improvement of the principle of focal separation, we
should also pay attention to aberrations, color differences,
IOL edge design, and the placement of the front and back
of the focal plane. In future studies, we should analyze a
larger sample of patients over a longer follow-up period.
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