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Abstract
Objectives: The aim of this study was to assess the clinical 
outcomes, predictability of results, efficiency of astigmatism 
correction, and rotational stability of the Bi-Flex 677TAY 
(Medicontur Medical Engineering Ltd., Zsámbék, Hungary) 
monofocal toric intraocular lens (IOL) designed for cataract 
patients with astigmatism. Methods: The IOLs were implant-
ed either mono- or binocularly, following routine cataract 
surgery. Visual and refractive outcomes, as well as off-axis 
rotation were assessed throughout a 1-year follow-up peri-
od. All clinical data for this work were collected retrospec-
tively. Vector analysis based on the Alpins method was per-
formed to assess the efficiency of astigmatism correction. 
Results: No complications or adverse events occurred dur-
ing surgery or the follow-up period. IOL implantation 
brought 88% of eyes into the ±0.50 D, and 100% into the  
± 1.00 D range compared to the target spherical equivalent 
refraction, emmetropia. Astigmatism correction brought 

similar results: 94% of eyes had a residual cylindrical error of 
not higher than ±0.50 D, and 97% were within ±1.00 D. Vec-
tor analysis resulted in a correction index of 0.96 and a differ-
ence vector of 0.17. Both refractive and visual outcomes 
showed long-term stability. During the 12-month follow-up 
period, no eyes had a rotation of > 5°. Absolute rotation after 
1 year was 1.42 ± 1.89° (median = 0°), while signed rotation 
was 1.06 ± 2.12° (median = 0°). Conclusion: The Bi-Flex 
677TAY monofocal toric IOL, designed by Medicontur Medi-
cal Engineering Ltd., represents an efficient and safe solution 
for cataract patients with astigmatism. Clinical and refractive 
outcomes are predictable, and rotational stability ensures 
long-term visual comfort. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

In recent years, cataract surgery has evolved from the 
simple removal and replacement of the opaque crystalline 
lens to high-precision refractive surgery to avoid further 
vision correction [1]. Ferrer-Blasco et al. [2], in their 
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study that included 4,540 eyes, reported that a remarkable 
87% of cataract patients had preoperative astigmatism. In 
a recent study of 13,012 eyes (i.e., of 6,506 cataract pa-
tients), it was reported that 43.5% of the eyes had a cor-
neal astigmatism of at least 1.00 diopters (D), which has 
been shown to have an adverse effect on the best achiev-
able surgical outcome, and is enough to significantly re-
duce both visual acuity and the quality of postoperative 
vision when left untreated [3].

In recent years, several toric intraocular lenses (IOLs) 
have been introduced onto the market that are all de-
signed to efficiently correct preoperative astigmatism. An 
effective toric IOL is characterized by a high level of astig-
matism-correcting ability (meaning that the refractive 
outcomes are as close as possible to the intended postop-
erative spherical and cylindrical refraction), high predict-
ability of the refractive and visual outcomes, and excellent 
rotational stability which prevents the loss of astigmatism 
correction as a result of off-axis rotation of the lens.

Apart from the latest IOL models designed with high 
precision, numerous state-of-the-art measurement de-
vices, and the latest advanced calculation formulas that 
take the results of several biometrical parameters into 
consideration, sometimes even integrating (or modeling) 
the astigmatism of the posterior corneal surface, are avail-
able [4, 5]. Precise IOL alignment is a further component 
contributing to the eventual success rate of surgical astig-
matism correction [6].

Based on a literature search for the clinical outcomes 
following the implantation of the toric IOLs, we realized 
that the majority of papers published results after a fol-
low-up period of ≤6 months [7–13]. The stability of the 
refractive and visual results over longer periods of time 
and of the IOL position are also very important, however. 
Only a small number of studies have been published on 
the Bi-Flex 677TA(Y) monofocal, toric, capsular-bag IOL 
[14, 15]. The purpose of this investigation was to assess 
the long-term efficacy and stability of the abovemen-
tioned toric lens. Our retrospective evaluation was com-
plemented with a vector analysis based on the Alpins 
method; it is expected that this will provide a more accu-
rate assessment of the astigmatism-correcting ability of 
the IOL in question.

Materials and Methods

Patient Population
This retrospective, noncomparative, one-site, one-surgeon, 

one-lens, clinical investigation involved 35 eyes (of 22 cataract pa-
tients), all of which had preoperative corneal astigmatism repre-

senting an indication for the implantation of an astigmatism-cor-
recting IOL following removal of the cataractous crystalline lens. 
The pre- and postoperative records of patients receiving mono- or 
binocular surgery performed by the same experienced surgeon 
(L.V.N.) between April 2017 and February 2019 were collected and 
evaluated. The data management and the clinical study adhered to 
the principles of the Declaration of Helsinki [16].

The subset of patients included in the assessments was selected 
carefully. Subjects with congenital eye disease, previous corneal 
laser refractive surgery, amblyopia, uveitis, eye trauma, and/or 
other corneal or intraocular pathologies were not included in the 
further assessment.

Pre- and Postoperative Assessment
Prior to surgery, a detailed ocular examination was performed 

including corneal topography, aberrometry (TRK-2P, Topcon Eu-
rope Medical B.V., Capelle aan den Ijssel, The Netherlands), ante-
rior-segment examination (Oculus Pentacam 70700, OCULUS 
Optikgeräte GmbH, Wetzlar, Germany), posterior-segment ex-
amination with a slit lamp (SL-D4, Topcon Europe Medical B.V.), 
and optical biometrics including axial length (AXL), anterior-
chamber depth (ACD), keratometry (K1, K2), and white-to-white 
measurements (IOL Master 700, Carl Zeiss Meditec AG, Jena, Ger-
many). Intraocular pressure was also measured in all cases. Mon-
ocular distance visual acuity (both uncorrected [UDVA] and cor-
rected [CDVA]) was assessed by using the SC-1600 Snellen Chart 
optotypes (Nidek Co., Ltd., Tokyo, Japan), while corrected near 
vision (CNVA) was measured with the Jaeger reading card.

The same measurements were repeated with the same proto-
cols at 1 day, 1 week, 1, 2, and 3 months, and then 1 year postop-
eratively. The surgical position of the implanted toric IOL was de-
termined and documented by slit-lamp examination during sur-
gery and at each postoperative visit, with measurement performed 
in artificial mydriasis (slit lamp SL 120 with SL imaging module, 
Carl Zeiss Meditec AG).

All pre- and postoperative measurements were performed by 
the same person (M.N.).

Rotational stability was evaluated by comparing the position of 
the IOL at each postoperative visit to the intended torus position 
(surgical position). The mean absolute rotation (focusing only on 
the degree of rotation) and signed rotation (rotation clockwise was 
counted as a negative and counter-clockwise as a positive rotation) 
were also determined. Rotation between the intended torus posi-
tion and the first postoperative visit on day 1 was regarded as mis-
alignment, and between day 1 and the following visits as toric IOL 
rotation.

The efficiency of astigmatism correction was evaluated with the 
VectrAK vector analysis software (ASSORT Pty. Ltd., Chelten-
ham, VIC, Australia) based on the Alpins method [17, 18]. The 
analysis is described in detail in the “Vector Analysis” section.

Bi-Flex 677TA(Y)
The Bi-Flex 677TA(Y) monofocal, toric IOL (Medicontur 

Medical Engineering Ltd., Zsámbék, Hungary) has an overall di-
ameter of 13.0 mm and an optic diameter of 6.0 mm. The optic is 
connected to the haptics without haptic angulation (Fig. 1). The 
double-loop haptic design ensures a large contact angle (2 × 88.8°) 
with the wall of the capsular bag [19]. The single-piece IOL is man-
ufactured from a hydrophilic acrylic copolymer with a final water 
content of 25% and a refractive index of 1.46 measured at 23  ° C 
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(Abbe No. 58). All lenses include a UV-absorber, while a blue-light 
filter is optional and depends on the model chosen (677TA repre-
sents the transparent model and 677TAY represents the yellow 
model). The IOL is aspheric with neutral asphericity and has a pat-
ented special 360° square edge to inhibit the migration of lens epi-
thelial cells and consequently prevent the development of posteri-
or-capsule opacification (PCO). The torus is marked with 2 marks 
indicating the flat axis on the edge of the optic. The lens is available 
in cylindrical powers of +1.0 to +10.0 D (IOLs outside of this range 
are produced on request).

In each case, spherical equivalent (SEQ), cylindrical power 
(CYL), and the correct position of the optimal IOL chosen for im-
plantation were determined using the online IOL calculator of the 
manufacturer [20]. All eyes were targeted to emmetropia, and the 
surgically induced astigmatism (SIA) of the surgeon was also taken 
into consideration. Calculations were performed using the Haigis 
formula [21], while the Abulafia-Koch correction recommended 
by the manufacturer was not applied [5], as posterior corneal astig-
matism had already been taken into account by the IOL Master 700 
optical biometer.

Surgical Technique
Under local anesthesia and following pupil dilation, a 2.2-mm, 

clear corneal incision was made in each case at the position recom-
mended by the IOL calculator, and the anterior chamber was filled 
with viscoelastic material (Visco-MC 2%, Medicontur Ltd.; Eye 
Gel Plus 2.4%, Kosmetik Konzept KOKO GmbH, Leichlingen, 
Germany; or Hydromel 2.5%, Unimed Pharma spol. sro., Bratisla-
va, Slovakia). Circular curvilinear capsulorhexis was performed, 
and the opaque crystalline lens was removed by phacoemulsifica-
tion in all cases. The tested IOLs were folded and implanted with 
the MedJet B1B or MA 2.2 injector (Medicontur Ltd.). In-the-bag 
implantation with sutureless wound closure was performed in all 
cases. After the implantation and the removal of the ophthalmic 
viscosurgical device, the IOL was rotated to its final position by ac-
curately aligning the toric reference marking of the IOL, according 
to the markerless toric IOL alignment tool of the Callisto eye sys-
tem (Carl Zeiss Meditec AG).

Antibiotic and antimicrobial eye drops were administered in-
traoperatively in each case to reduce the risk of surgical infection, 
while antibiotic and anti-inflammatory eye drops were adminis-
tered postoperatively.

In the case of binocular implantation, a 1-week interval was 
maintained between the 2 surgeries.

Vector Analysis
Vector analysis and graphical displays were performed using 

the Alpins method [17, 18], facilitated by the VECTrAK astigma-
tism analysis program v2.4.6 (ASSORT Pty., Ltd.). Analysis was 
performed according to the protocol previously described by 
Bachernegg et al. [15]; briefly, based on manifest refraction and 
topographic astigmatism, astigmatism to the corneal plane was 
calculated in each case, and preoperative values were compared to 
the results measured 12 months postoperatively.

Three fundamental vectors and the relationship among them 
were examined. These are the target-induced astigmatism vector 
(TIA), the surgically induced astigmatism vector (SIA), and the 
difference vector (DV) [17, 18].

TIA represents the astigmatic change (by magnitude and axis) 
the surgery was intended to induce, so the actual measured preop-
erative corneal topographic astigmatism was used. SIA refers to the 
astigmatic change (by magnitude and axis) that the surgery actu-
ally induced. The SIA is a quantity calculated by subtracting the 
phacoemulsification-adjusted preoperative corneal astigmatism 
from the postoperative refractive cylinder calculated to the cor-
neal plane. Based on these 2 vectors, the correction index (CI) can 
be determined. The CI is calculated by dividing SIA by TIA. The 
CI value is preferably 1.0. It is > 1.0 if overcorrection occurs and  
< 1.0 if there is undercorrection.

The induced astigmatic change (by magnitude and axis) that 
enables the initial surgery to achieve its intended target is described 
by the third fundamental vector, the DV. The DV is the actual mea-
sured postoperative refraction remaining after treatment. It is an 
absolute measure of success and is preferably zero.

The cumulative histogram of the magnitudes of the preopera-
tive corneal astigmatism and postoperative refractive astigmatism 
at the corneal plane, and the double-angle plots of preoperative 
and postoperative refractive astigmatism (including centroid val-
ues with SDs and 95% confidence ellipses of the dataset and of the 
centroid values) were plotted according to the method presented 
by Abulafia et al. [22].

Fig. 1. The Bi-Flex 677 monofocal toric IOL is available as trans-
parent (677TA) and with a blue-light filter (677TAY).
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Statistical Analysis
All data were collected in Microsoft Excel (Microsoft Inc., Red-

mond, WA, USA), and later evaluated using GraphPad Prism 
v8.3.0 software (GraphPad Software Inc., San Diego, CA, USA). 
All pre- and postoperative data collected during the study are 
available after deidentification from the Mendeley Data deposi-
tory database (DOI: 10.17632/r2v99nw7vg.2) [23].

Pre- and post-operative data on 22 patients (35 eyes) were in-
cluded in the analyses. Descriptive statistics (mean, SD, median, 
minimum, maximum, and 95% confidence ellipse) were calculated 
in all cases. All variables were tested for normal distribution using 
the D’Agostino and Pearson test. Depending on the results, com-
parisons between matching pre- and postoperative variables were 
performed using either the paired two-tailed t test (in the case of 
normal distribution) or the Mann-Whitney U test (when a non-
parametric test was required). Visual and refractive outcomes are 
presented according to the standards for reporting refractive out-
comes of IOL-based refractive surgery published recently by Rein-
stein et al. [24]. The stability of refractive outcomes was also as-
sessed during the follow-up period.

Results are presented as mean ± SD along with the range de-
fined by the minimum and maximum values in brackets in the case 
of each analysis. p ≤ 0.05 were considered to be statistically sig-
nificant in all cases.

Results

This retrospective study evaluates the visual and re-
fractive characteristics of 35 eyes of 22 astigmatic cataract 
patients preoperatively, and then after cataract surgery 
that included the implantation of the toric Bi-Flex 
677TA(Y) IOL. Apart from the assessment of visual im-
provement and the correction of refractive errors, the ro-
tational stability of the lens and the efficacy of astigma-
tism correction using vector analysis were also deter-
mined.

Table 1 presents the characteristics of the study popu-
lation. Only subjects diagnosed with normal ocular con-
ditions during biomicroscopy or fundoscopy examina-
tions were included in the analyses.

The mean spherical equivalent of the implanted IOLs 
was 22.2 ± 2.52 D (16.0 D; 27.5 D), while the mean cylin-
drical power of the lenses was 1.70 ± 0.86 D (1.0 D; 3.75 
D).

No IOL-related complications could be detected dur-
ing surgery in any of the cases. Intraocular pressure (IOP) 
remained in the normal range (< 20 mm Hg) during and 
following the operation (15.6 ± 3.05 mm Hg preopera-
tively; 15.7 ± 2.66 mm Hg at day 1, and 14.6 ± 2.72 mm 
Hg 12 months after surgery). On the first postoperative 
day, 1 eye showed symptoms of inflammation character-
ized by anterior-chamber cells (grade 3+) and flare, and 
9 eyes had developed slight corneal edema, but these con-

ditions had cleared up by the second postoperative week 
in all the affected cases. No further abnormalities that 
could have correlated directly with the surgery or the IOL 
itself could be revealed during the 12-month follow-up 
period. During the 3-month postoperative visit, 1 patient 
was diagnosed with binocular dry-type age-related macu-
lar degeneration (AMD), but her visual acuity and refrac-
tive values did not reflect her retinal condition. By the end 
of the first postoperative year, 1 patient implanted mon-
ocularly with the toric IOL developed an epiretinal mem-
brane, which resulted in a significant deterioration of her 
vision; she was thus excluded from the evaluation of the 
12-month results. One other patient moved abroad dur-
ing the follow-up period and was lost to follow-up. PCO 
was detected in 9 eyes in the course of the 12-month fol-
low-up.

Visual Outcomes
A significant improvement was achieved in both mon-

ocular UDVA and CDVA compared to the preoperative 
values (Table 2). Figure 2 demonstrates that all eyes had 
a Snellen visual acuity of at least 20/25 (Fig. 2a), and that 
most of the eyes achieved the best possible visual acuity 
(UDVA was the same or better than CDVA in 90.9% of 
the cases; Fig. 2b). The results were shown to be stable 
over time, with no remarkable differences found between 
those obtained 3 months and 1 year after surgery (Table 
2; Fig. 2c, d).

As a consequence of cylindrical correction, a signifi-
cant increase in corrected near visual acuity could be also 

Table 1. Demographic and preoperative characteristics of the 
study population

Gender
Female 14 (63.6)
Male 8 (36.4)

Age, years 66.7±5.4 (50–74)
AXL, mm 23.22±1.20 (21.22–25.92)
ACD, mm 2.94±0.49 (1.85–4.03)
K1, D 42.74±1.93 (40.14–47.14)
K2, D 44.53±1.91 (41.13–48.73)
CYL, D –1.54±1.23 (–4.50 to –1.50)
SEQ, D 0.46±2.61 (–6.75 to +5.13)
UDVA (decimal) 0.32±0.18 (0.01–0.60)
BDVA (decimal) 0.65±0.19 (0.15–1.00)
UNVA (Jaeger lines) 8.46±4.38 (0.00–13.0)
BNVA (Jaeger lines) 2.33±1.76 (0.00–10.00)
IOP, mm Hg 15.7±3.07 (10.0–25.0)

Values are expressed as mean ± SD (range) or n (%).
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observed (p < 0.0001; Table 2). Three months postopera-
tively, all patients were able to read at least line 2 on the 
Jaeger reading chart, and the results did not change sig-
nificantly up to the end of the first postoperative year  
(p = 0.5000; Fig. 3a, b).

Refractive Outcome Predictability
Before the cataract surgery and implantation of the to-

ric IOL, only 31.4% of eyes had a spherical equivalent re-
fraction of no more than 0.5 D, and 42.9% of eyes were 
within 1.0 D from emmetropia. Three months postopera-
tively, 87.9% of eyes were detected to be within 0.5 D, and 
all (100%) were within 1.0 D (Fig. 4a). Cylindrical correc-
tion was found to be similarly effective. While only 40% 
of eyes had a refractive cylinder of no more than 0.5 D, 
and 62.9% of eyes were within 1.0 D according to the pre-
operative measurements, surgery brought about a signif-
icant increase in their cylindrical correction; 94% were 
found to be within 0.5 D, and 100% of the eyes were with-
in the 1.0 D range (Fig. 4b). In the majority of the cases, 
these refractive outcomes remained stable during the first 

postoperative year (Fig. 4c, d). The preoperative estima-
tion of refractive outcomes was shown to be highly pre-
dictable; the mean error in residual refraction (achieved 
values vs. preoperative estimations) was –0.12 ± 0.33 
(–0.66 to 0.72) diopters in the case of SEQ, and 0.18 ± 0.31 
(–0.55 to 0.77) diopters in the case of CYL.

Surgery and the implantation of a toric IOL brought a 
significant improvement in the manifest spherical and 
cylindrical refraction of the eyes. Table 2 presents the re-
fractive results measured 3 and 12 months postoperative-
ly; these refractive outcomes had already actually been 
achieved immediately after implantation of the toric lens. 
Comparing the residual refraction values (SEQ and CYL) 
at each postoperative visit, the results proved to be stable 
over time, with no significant changes observed (Table 2).

Vector Analysis
The efficiency of the Bi-Flex 677TA(Y) toric lens in 

correcting corneal astigmatism was examined in detail 
using vector analysis based on the Alpins method [17, 18]. 
Figure 5 shows the cumulative histogram of the magni-

Table 2. Visual acuity, required spherical and cylindrical correction, and differences between the pre- and post-
operative measurements after the implantation of the Bi-Flex 677TA(Y) astigmatism-correcting IOL

Correction Preoperative Postoperative
(at 3 months)

Postoperative 
(at 12 months)

p value
preop vs. M3*

p value
M3 vs. M12*

Distance
UDVA, D

Mean ± SD 0.32±0.18 0.92±0.08 0.93±0.13 <0.0001 0.0339
Range 0.01–0.60 0.80–1.00 0.50–1.00

CDVA, D
Mean ± SD 0.65±0.19 0.97±0.06 0.96±0.08 <0.0001 0.9146
Range 0.15–1.00 0.80–1.00 0.70–1.00

SPH, D
Mean ± SD 0.61±2.23 –0.10±0.19 0.01±0.29 0.0396 0.0337
Range –4.0 to +5.00 –0.50 to +0.25 –0.75 to +0.75

CYL, D
Mean ± SD –1.02±1.10 –0.19±0.29 –0.17±0.31 <0.0001 0.6563
Range –3.75 to +1.00 –1.00 to 0.00 –1.00 to 0.00

SEQ, D
Mean ± SD 0.10±2.25 –0.19±0.30 –0.08±0.41 0.1739 0.0557
Range –4.50 to +4.88 –0.75 to 0.25 –1.25 to 0.75

Near
UNVA (Jaeger) n.a.

Mean ± SD 8.46±4.38 n.a. n.a. n.a.
Range 0–13

CNVA (Jaeger)
Mean ± SD 2.33±1.76 1.09±0.38 1.27±0.72 <0.0001 0.5000
Range 0–10 1–3 1–4

Bold type denotes significance. * p values of no more than 0.05 were considered statistically significant.
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tudes of preoperative corneal astigmatism and postopera-
tive refractive astigmatism at the corneal plane. The dou-
ble-angle plots of pre- and postoperative refractive astig-
matism (including centroid values with SDs and 95% 
confidence ellipses of the dataset and of the centroid val-
ues) are plotted in Figure 6. From the preoperative mean 
absolute corneal astigmatism of 2.04 ± 1.02 D, refractive 
astigmatism decreased to a mean of 0.17 ± 0.31 D 12 
months postoperatively.

Vector analysis could be performed with the pre- and 
postoperative data of 24 eyes. Postoperative measure-

ments were performed 1 year postoperatively. The funda-
mental vectors of astigmatism (TIA and SIA), and their 
relationships (DV and CI) are presented in Figure 7a–d, 
respectively. TIA had an arithmetic mean of 1.5 D, and 
the vector mean was 1.01 D Ax 2° (Fig. 7a). SIA was sim-
ilar, having an arithmetic mean of 1.45 D and a vector 
mean of 0.95D Ax 5° (Fig. 7b). These similar values re-
sulted in a low DV of 0.17 D (vector mean: 0.09 D Ax 158°; 
Fig. 7c), which is close to the optimal DV value of zero. 
Reflecting the DV, the CI was shown to be high; the arith-
metic mean was 0.96 (Fig. 7d). This is close to the optimal 
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1.00 value but shows a slight undercorrection of astigma-
tism.

Rotational Stability of the IOL
Rotational stability of the lens was examined accord-

ing to the conventional method, i.e., comparing the posi-
tion of the IOL at each postoperative visit to the intended 
(surgical) position of the lens. In the first 24 h after sur-
gery, only an average rotation of 0.57° ± 2.19° could be 
observed, and there was no need for repositioning in any 
of the cases. Based on this, it can be stated that there was 
no misalignment in any cases. Further rotations are pre-
sented in Table 3. In the case of signed rotation, clockwise 
rotation was counted as a negative rotation and counter-
clockwise rotation as a positive rotation. Absolute rota-
tion disregards the direction of rotation, taking only the 
magnitude of the rotation into consideration. A rotation 
of > 5° in any direction could not be observed in any of the 

cases, with all IOLs (100%) remaining within 5° relative 
to the intended IOL position during the entire follow-up 
period.

Discussion

The aim of our retrospective data collection was to as-
sess the visual and refractive outcomes, and efficacy of the 
astigmatism correction as well as evaluate the refraction 
and rotational stability of the clinical results after the im-
plantation of the Bi-Flex 677TA(Y) monofocal, toric, cap-
sular-bag IOL. Only a limited number of publications are 
available on this particular lens [14, 15], and only 1 pres-
ents results obtained during a longer follow-up period (12 
months) [15]. Hardly any studies are available that in-
clude postoperative monitoring for longer than 3 months, 
with most publications on astigmatism-correcting IOLs 
presenting their results after ≤3 months of follow-up. 
Nevertheless, it is of major importance to increase knowl-
edge on the long-term stability of all (toric) lenses, as ro-
tation is known to reduce the astigmatism-correcting po-
tential of the IOL [25], and uncorrected or inappropriate 
correction of astigmatism results in decreased vision [26].

Our evaluation of pre- and postoperative data collect-
ed during the first postoperative year after the implanta-
tion in 35 eyes (of 22 astigmatic cataract patients) of the 
Bi-Flex 677TA(Y) monofocal, toric IOL revealed that this 
lens is safe and highly efficient in correcting both spheri-
cal and cylindrical errors. Excellent UDVA was measured 
at each follow-up visit (this study shows data from the 
3-month and 12-month follow-up visits only). Mean 
UDVA at 12 months was 0.93 ± 0.13 (decimal). This is 
comparable to the results published by Bachernegg et al. 
[15] for the same lens (UDVA = 0.06 ± 0.16; logMAR), 
and is even superior to the results published about other 
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Fig. 3. a, b Cumulative histograms of corrected near visual acuity 
measured 3 and 12 months postoperatively with the Jaeger reading 
card are similar (p = 0.500).

Table 3. Rotational stability compared to the surgical position of 
the implanted IOL throughout the 12-month follow-up period

Follow-up visit Signed Absolute

Day 1 0.63±2.18 1.37±1.80
Day 7 0.74±2.63 1.84±2.00
Month 1 0.54±2.54 1.63±1.90
Month 3 0.91±2.67 1.88±2.09
Month 12 1.06±2.12 1.42±1.89

Results are presented as mean ± SD, and expressed in degrees 
(°).
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toric IOLs on the market. Alió et al. [13] reported a mean 
UDVA of 0.65 ± 0.22 (decimal) achieved by the Zeiss 
Acri. Comfort 646TLC lens 3 months postoperatively, 
which is inferior to the results in our cohort. Similarly, 
Kawahara and Takayanagi [12] reported 0.17 ± 0.13 (log-
MAR) for the Alcon AcrySof IQ toric lens, and Jung et al. 
[11] found 0.09 ± 0.09 (logMAR) for the Precizon toric 
IOL and 0.08 ± 0.12 (logMAR) for the Tecnis Toric lens. 
The visual acuity achieved with multifocal toric lenses is 
similar, or even somewhat lower than the results men-
tioned above [27, 28].

The Bi-Flex 677TA(Y) lens was proved to efficiently 
correct both spherical and cylindrical refractive errors, 
also in the long term. Our analysis of 33 eyes resulted in 
a –0.17 ± 0.13 D of residual cylindrical refraction. This is 
much closer to the target refraction, emmetropia, than 
the 0.73 ± 0.55 D residual cylinder reported for the Ac-
rySof IQ toric IOL [12] and the –0.31 ± 0.29 D and –0.41 
± 0.33 D postoperative cylinders for the Precizon and 
Tecnis toric IOLs, respectively [11]. Our audit shows even 

lower residual astigmatism than the study by Bachernegg 
et al. [15] did for the same IOL (postoperative CYL = 0.28 
± 0.61 D). We are aware that it is not only the IOL itself, 
but also the patient population, the measurement tech-
niques, the precision of the IOL calculation formulae, and 
the accuracy of the IOL alignment during surgery all con-
tribute to the final refractive and visual outcomes [4–6]. 
However, the vector analysis we performed also con-
firmed that the Bi-Flex 677TA(Y) toric lens has high po-
tential for efficiently correcting preoperative astigma-
tism. The 2 basic vectors, TIA and SIA, were similar to 
each other, which means that the cylindrical refractions 
that were actually achieved were close to the intended tar-
get. These 2 vectors determined the DV, which was con-
sequently low (DV = 0.17; 0.09 Ax 158°), pointing to ef-
ficient astigmatism correction. This result is in agreement 
with the high CI of 0.96, which is close to the optimal 
value of 1.00; however, it also reflects a slight undercor-
rection of astigmatism. If we compare these results to the 
corresponding values published for other toric IOLs, we 

Centroid 95% confidence ellipse of the centroid 95% confidence ellipse of the dataset Each ring = 1.00 D

180°

Postoperative refractive astigmatism
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Fig. 6. Double-angle plots of preoperative and refractive astigmatism measured 12 months postoperatively. Cen-
troid values with SDs and 95% confidence ellipses of the dataset and of the centroid values reflect efficient astig-
matism correction achieved by the Bi-Flex 677TA(Y) IOL.
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can conclude that the monofocal, toric Bi-Flex 677TA(Y) 
lens is a good option for cataract patients with preopera-
tive corneal astigmatism (Table 4).

During the first postoperative year following implan-
tation of the Bi-Flex 677TA(Y) lenses, no off-axis rotation 
of > 5° could be observed (Table 4). In contrast, in a recent 
study, Piovella et al. [28] reported that only 93.8% of the 
eyes implanted with the AT LISA tri 939MP toric lens had 
a rotation of ≤5° 1 year after surgery. The superior rota-
tional stability of the Bi-Flex lens is ensured by its special 
double-loop haptics, which have a large contact angle (2 
× 88.8°) with the wall of the capsular bag [19]. This com-
parison with the AT LISA tri 939MP toric lens also con-
firms the hypothesis that plate haptic IOLs may be less 
stable in the long term, especially in large eyes [9].

Taking into consideration that no severe adverse events 
or complications were observed during the first postop-
erative year after the IOL implantation, and based on a 
detailed analysis of the study population, we conclude that 
the Bi-Flex 677TA(Y) toric IOL is a reliable and efficient 
solution for cataract patients who also wish to receive 
treatment for their preoperative corneal astigmatism.

Our intention is to perform a prospective study on the 
Liberty 677MTY trifocal toric IOL by the same manufac-
turer, as the Liberty IOL has the same stable Bi-flex de-
sign, and astigmatism correction is widely known to be a 
key factor in achieving the most favorable visual outcome 
with multifocal lenses, and consequently providing pa-
tients independence from wearing spectacles and an un-
compromised quality of vision.
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