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ORIGINAL PAPER

ve sharp vision at other distances [4]. Implantation of  
a multifocal IOL ensures sharp vision at all distances [5], 
which increases independence from wearing spectacles 
[6,7]. However, these advantages come with certain com-
promises [8], including problems with neuroadaptation 
[9], dysphotopsias, and reduced contrast sensitivity [7–9]. 

The latest innovation in IOL technology is the exten-
ded depth of focus (EDOF) IOL [10], which operates on 
the principle of creating a single, continuous, elongated 
focal point [6,11], thereby enhancing the depth of focus 
of the lens. The primary goal of EDOF lenses is to strike 
a balanced compromise between monofocal and multi-
focal IOLs, providing better visual acuity at intermediate 
distances compared to monofocal IOLs, while simultane-
ously reducing the incidence and intensity of secondary 
optical phenomena and minimizing the impact on con-
trast sensitivity compared to multifocal IOLs [10]. 

INTRODUCTION

Implantation of an artificial intraocular lens (IOL) in 
patients with cataracts has become a standard tre-
atment. Modern IOLs not only treat cataracts but also 
correct refractive errors [1]. Advances in optical bio-
metry have enabled precise predictions of IOL power 
to correct both myopia and hyperopia. Corneal astig-
matism, present in approximately 87% of cataract pa-
tients [2], can be corrected with the implantation of 
a toric IOL (TIOL) [3]. For presbyopic patients seeking 
independence from wearing spectacles, refractive lens 
exchange is now an option, using IOLs specifically de-
signed to correct presbyopia. 

IOLs are available in various optic designs. Monofocal 
IOLs are designed to provide optimal uncorrected visual 
acuity at a fixed distance, but require spectacles to achie-

Clinical Results Following the Implantation of a New 
Toric Intraocular Lens with Extended Depth of Focus

SUMMARY
Purpose: To evaluate the clinical outcomes following the implantation of a new toric intraocular lens (TIOL) with extended depth of focus (EDOF) Bi-
Flex ELON Toric POB-MA 877PETY (Elon®, Medicontur Medical Engineering Ltd., Zsámbék, Hungary), including analysis of lens rotational stability and 
assessment of patient satisfaction.
Material and methods: In a  retrospective, monocentric clinical study, 29 eyes of 18 patients (11 men and 7 women) with presbyopia, cataracts, 
and corneal astigmatism were evaluated. These patients underwent uncomplicated cataract surgery with Bi-Flex ELON Toric TIOL implantation. 
Postoperative assessments included measurements of monocular uncorrected and corrected distance visual acuity (UDVA, CDVA) and near visual 
acuity (UNVA, CNVA), rotational stability of the TIOL, and subjective evaluation of visual quality using a questionnaire. Follow-up examinations were 
conducted 6 months postoperatively (ranging from 3 to 9 months). 
Results: The mean postoperative monocular UDVA improved from 0.4 ±0.2 to 0.90 ±0.1 (p < 0.0001). Average CDVA was 1.0 ±0.2. All patients achieved 
monocular UDVA ≥ 0.6 and CDVA ≥ 0.8. The average postoperative monocular UNVA was at Jaeger chart level 4, and CNVA reached Jaeger level 1 in 
all patients. The mean residual astigmatic refraction was -0.6 ±0.4 Dcyl (p = 0.0003), and the mean absolute rotational deviation was 1.9 ±2.65°. Patient 
satisfaction was assessed on a scale of 1 to 5, with an average score of 1.4. Targeted questioning revealed that halo-type dysphotopsia was reported in 
52 % of eyes, glare-type in 17%, and no dysphotopsia in 31%. 
Conclusion: Implantation of a Bi-Flex ELON Toric TIOL for correcting astigmatism and presbyopia significantly improved both distance and near visual 
acuity. The rotational stability of the lens was high, and the majority of patients achieved independence from wearing spectacles. 
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According to the most recent data, EDOF IOLs are ca-
tegorized into five types based on their optical design: 
Type 1 utilizes spherical aberrations to extend the depth 
of focus (DOF); Type 2 uses the pinhole effect; Type 3 is  
a multifocal IOL with a low addition for near vision; Type  
4 is a hybrid IOL that combines spherical aberrations with 
a low addition for near vision; and Type 5 uses special 
geometry in the central optic region [11]. 

The IOL Bi-Flex ELON POB-MA 877PEY (Elon®, Medicon-
tur Medical Engineering Ltd., Zsámbék, Hungary) uses 
patented wavefront linking technology and is classified 
as Type 5. With the correction of astigmatism, the recent-
ly introduced toric variant, Bi-Flex ELON Toric POB-MA 
877PETY, achieves optimal visual results, fully leveraging 
the advantages of EDOF technology. 

To the best of our knowledge, no reviewed study 
has been published to date that focuses on evalua-
ting the clinical outcomes of the toric variant of the 
above IOL. In light of this, we decided to conduct  
a pilot retrospective study to assess the clinical re-
sults, including an analysis of rotational stability and 
subjective patient satisfaction. 

MATERIAL AND METHOD

A retrospective clinical trial evaluated preoperative 
and postoperative outcomes of patients with pres-
byopia and cataracts. All patients had preoperative 
corneal astigmatism of ≥ 0.75 D (keratometry value 
from TRK-2P, Topcon Corporation, Tokyo, Japan) and 
requested partial independence from wearing specta-
cles. The total cohort consisted of 18 patients, 11 of 
whom received a toric EDOF IOL in both eyes, while 
7 patients had a toric EDOF IOL implanted in one eye 
and a non-toric EDOF IOL in the contralateral eye. All 
surgeries were performed by a single experienced sur-
geon (NLV) between January and September 2024. The 
patients were carefully selected based on predefined 
criteria. Exclusion criteria included irregular astigma-
tism, corneal pathology, congenital ocular defects, 
amblyopia, uveitis, glaucoma, ocular trauma, previous 
laser refractive surgery, and any other ocular conditi-
ons that could affect the surgical outcome. Only adult 
patients aged 18 years or older were included in the 
analysis. All participants were fully informed about the 
surgical procedure and the implanted TIOL, and each 
provided written informed consent in accordance with 
the Declaration of Helsinki. 

Preoperative and postoperative results
Before surgery, a comprehensive ocular examina-

tion was conducted. This included refractometry, ke-
ratometry, non-contact tonometry (TRK-2P, Topcon 
Corporation, Tokyo, Japan), and optical biometry to 
measure axial length (AXL), anterior chamber depth 
(ACD), and keratometry values (K1, K2) using the IOL 
Master 700 (Carl Zeiss Meditec AG, Jena, Germany). 
Corneal topography was assessed with the Oculus 

Pentacam 70700 (OCULUS Optikgeräte GmbH, Wetzlar, 
Germany). The anterior and posterior segments of the 
eye were examined under pharmacologically induced 
mydriasis using a slit lamp (SL-D4, Topcon, Topcon Cor-
poration, Tokyo, Japan). Additionally, spectral-domain 
OCT imaging (Spectralis OCT, Heidelberg Engineering, 
Heidelberg, Germany) was performed to exclude re-
tinal pathology. Monocular uncorrected and correc-
ted visual acuities (distance UDVA, CDVA, at 4m; near 
UNVA, CNVA at 40 cm) were measured using the SC-
1600 Snellen Chart (Nidek Co., Ltd., Tokyo, Japan) and 
Jaeger Charts. (The results are presented in decimal 
values of Snellen Charts.) The diagnosis of cataract was 
determined based on an examination by slit lamp and 
subjective deterioration of the patients’ visual acuity.  
A follow-up measurement was conducted at an inter-
val of 3 to 9 months after surgery. 

Rotational stability of the TIOL was evaluated by com-
paring its position at the postoperative follow-up exami-
nation with the originally planned surgical position. The 
angle of rotation was measured using beam inclination 
on the slit lamp after artificial mydriasis had been indu-
ced (Figure 1 and 2). The resulting value of rotation (in 
degrees) was expressed both as an absolute value and in 
relation to direction, with clockwise rotation considered 
negative and counterclockwise positive. 

Visual function, quality of vision, and patient satisfac-
tion following TIOL implantation were assessed using  
a questionnaire consisting of five questions. The questi-
onnaire methodology was based on an evaluation pub-
lished by Pašková et al. [12]. The questions were focused 
on the presence of photic phenomena and satisfaction 
with vision at various distances without correction. The 
responses were recorded on a scale of 1 to 5, with each 
score representing the following:

•	 1 – satisfied, I have no complaints;
•	 2 – satisfied, I have minor complaints that do not 

inconvenience me;
•	 3 – not satisfied, I have complaints that inconveni-

ence me;
•	 4 – not satisfied, I have complaints that are unac-

ceptable to me;
•	 5 – explantation performed due to patient dissa-

tisfaction.

Intraocular lens
The Bi-Flex ELON Toric POB-MA is a single-piece asphe-

rical TIOL produced from hydrophobic acrylate. It has  
a total diameter of 13 mm, with the optical part measu-
ring 6 mm in diameter. In the center of the optical part is 
a refractive zone, ranging from 1.6 to 2.0 mm in diameter, 
featuring a special geometric layout. This zone contains  
a series of concentric refractive zones, varying in curvatu-
re, linked by specially designed linking zones. Wavefront 
linking distributes light energy continuously along the 
optical axis. The focal points are connected, creating  
a singular, elongated focus that is effective across the en-
tire range of vision. 
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Two toric markers are located on the optical part, indi-
cating the axis of the TIOL. The lens haptics have zero an-
gulation (0°). The patented 360° square-edge technology 
prevents the occurrence of posterior capsular opacificati-
on (PCO). The lens material has a refractive index of 1.47 
and an Abbe number of 58. The lens is equipped with  
a UV blocker and blue light filter and is supplied as part of 
a preloaded injector system. 

The manufacturer’s online calculator was used to cal-
culate a suitable TIOL (available at www.toriccalculator.
net). Target refraction was set to emmetropia, taking into 
account the surgically induced corneal astigmatism (0.25 
D) and the location of the surgical incision. The optimal 
spherical equivalent (SE) and cylindrical power (CYL) of 
the TIOL were calculated using the Haigis formula. Ast-
igmatism of the posterior surface of the cornea was also 
considered during optical biometry performed using the 
IOL Master 700.

Surgical technique
After the application of local anesthesia and pupil di-

lation, a 2.2 mm corneal incision was made along an axis 
of 135°. The anterior chamber was filled with viscoelastic 
material, followed by continuous circular capsulorhexis. 
The opacified lens was then removed by phacoemulsi-
fication. Following irrigation and aspiration, the TIOLs 
were implanted within the capsular bag using the preloa-
ded injector system POB-MA (Medicontur Ltd.). After the 
removal of the ophthalmic viscosurgical device (OVD) the 
TIOL was rotated to its final position and the toric referen-
ce marker was aligned using the navigation system Callis-
to Eye (Carl Zeiss Meditec AG, Jena, Germany) (Figure 3). 
In all cases the surgical incision was closed by hydration 
of the corneal stroma without the use of a suture. At the 
end of the procedure, antibiotics (Aprokam, Thea Labora-
tories) were applied into the anterior chamber. Following 
the operation, antibiotic (Maxitrol, Novartis Pharmaceuti-
cals) and anti-inflammatory drops (Indocollyre, Bausch + 
Lomb) were administered.

Statistical analysis
The statistical analyses were performed using the 

online statistical calculator StatisticsKingdom (www.
statskingdom.com/correlation-calculator.html). First,  
a normality test was conducted using the Shapiro-Wilk 
test. In all cases, the data were evaluated as nonpara-
metric, and consequently, nonparametric tests were 
used for comparison. A Mann-Whitney test was used 
to compare the two independent groups. Correlation 
analysis was performed using the Pearson correlati-
on coefficient. The data are presented as the mean 
± standard deviation (unless stated otherwise), with  
a P value < 0.05 considered statistically significant.

RESULTS

The preoperative and demographic data of the pa-
tients are summarized in Table 1. Preoperative mono-
cular UDVA improved from a mean of 0.4 ±0.2 (expre-
ssed in decimal values) to 0.90 ±0.1 postoperatively. 
This improvement in UDVA was statistically significant  

Figure 1. Postoperative image of an EDOF IOL with toricity 
markers indicated by arrows. A 2 mm wide refractive zone is 
observed in the central region of the intraocular lens
EDOF IOL – extended depth of focus intraocular lens

Figure 2. Assessment of the final axis alignment following TIOL 
implantation using a slit lamp
TIOL – toric intraocular lens

Figure 3. Rotation of TIOL to the final position using the Callisto 
Eye Navigation System 
TIOL – toric intraocular lens
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(p < 0.0001). The mean postoperative monocular CDVA 
was 1.0 ±0.2. As shown in the cumulative histogram 
(Graph 1),100% of eyes achieved a postoperative mono-
cular UDVA of ≥ 0.6 and a CDVA of ≥ 0.8. The mean SE 
of postoperative subjective refraction was -0.4 ±0.4 D. 
The mean postoperative monocular UNVA measured at  
40 cm using Jaeger charts corresponded to Jaeger no. 
4. All patients were able to read Jaeger no. 1 postopera-
tively with spectacle correction. The mean value of the 
best near-vision spectacle correction was +1.3 ±0.4 D sf. 

A significant reduction in astigmatism was observed 
when comparing the mean preoperative corneal 
astigmatism (–1.03 ± 0.3 Dcyl) with the postopera-
tive residual refractive astigmatism (–0.6 ± 0.4 Dcyl), 
both measured using the same instrument (TRK-2P)  
(p = 0.0003). No significant difference (p = 0.894) was 
found between the mean preoperative corneal astig-
matism measured by the autorefractometer TRK-2P 
(–1.03 ± 0.3 Dcyl) and that measured by the optical 
biometer IOL Master 700 (–1.0 ± 0.2 Dcyl) (p = 0.894). 
A moderate correlation was demonstrated between 
the two sets of values, as indicated by Spearman’s rank 
correlation coefficient (r = 0.426, p = 0.021) (Graph 2).

The mean absolute value of rotational deviation from 
the intended axis of implantation in our cohort was  
1.93 ±2.65° (range: 0° to 11°). The TIOL rotated clockwise 
in 10 cases (mean deviation: 4.4 ±3°), counterclockwise 
in 5 cases (mean deviation: 2.4 ±1°), and remained preci-
sely aligned with the planned axis in 14 cases. The Spe-
arman’s rank correlation coefficient for the correlation 
between the planned axis and the final postoperative 

axis was r = 0.992, indicating a high degree of predicta-
bility in lens positioning (Graph 3). 

Subjective satisfaction was assessed on a scale from  
1 to 5, where lower scores indicated greater satisfaction. 
The average score was 1.4. A score of 1 was reported 
for 18 eyes (62%) and a score of 2 for 11 eyes (38%). In 
response to a targeted question on pseudophakic dys-
photopsia, a halo effect was reported in 15 cases (52%), 
glare in 5 cases (17%), and no dysphotopsias were re-
corded in 9 eyes (31%). None of the patients reported 
dysphotopsia as interfering with their daily activities or 
causing significant discomfort. Near-vision correction 
with spectacles was used in 7 cases (24%), distance-
-vision correction with spectacles in 1 case (3%), and 
complete independence from wearing spectacles was 
achieved in 22 cases (76%) in our cohort.

DISCUSSION

Implantation of toric EDOF IOLs represents a significant 
advancement in the surgical treatment of cataracts and 
presbyopia, particularly for patients with corneal ast-
igmatism. Our study demonstrated that the use of the  
Bi-Flex ELON Toric POB-MA model led to a reduction of 

Table 1. Demographic and preoperative characteristics of the 
study population

Demographic Mean ±SD Min Max

Number of eyes (patients) 29 (18)   

Male/Female (n) 11/7   

Age (years) 62 ±8 50 77

UDVA (decim.) 0.4 ±0.2 0.1 0.8

SPH (D) +1.4 ±1.4 -1.75 3.5

CYL (D) -1.03 ±0.3 -0.75 -1.75

SEQ (D) +1.2 ±1.6 -2.25 3.25

AXL (mm) 23.7 ±0.8 21.7 24.8

K1 (mm) 42.2 ±1.2 39.7 44.1

K2 (mm) 43.2 ±1.4 40.7 46

IOL power (D) 22 ±2 19 27.5

IOL cylinder (D) 1.1 ±0.2 1 1.5
UDVA – Uncorrected Distance Visual Acuity (decimal value), SPH – 
Preoperative spherical refraction, CYL – Preoperative cylindric refraction, 
SEQ – Spherical equivalent refraction, AXL – Axial length, K1 – Flattest 
meridian of keratometry, K2 – Steepest meridian of keratometry, IOL 
power – Spherical power of intraocular lens, IOL cylinder – Cylindrical 
power of intraocular lens, SD – Standard deviation, Min – Minimum value, 
Max – Maximum value

Graph 1. Cumulative percentage of eyes with different degrees 
of uncorrected and corrected distance visual acuity (UDVA, CDVA)

Graph 2. Correlation between keratometry measurements on 
the TRK-2P (Topcon) and IOL Master (Zeiss) (r – Spearman‘s 
Correlation Coefficient, p – Probability Value)
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residual astigmatism and a significant improvement of 
visual functions, including UDVA, CDVA, and UNVA. 

One of the key parameters in calculating the appro-
priate IOL is the preoperative value of corneal astigma-
tism. According to literature recommendations, astig-
matism correction is typically indicated for values of  
≥ 1 Dcyl [13,14]. To maximize patient independence 
from spectacles postoperatively, our center focuses on 
correcting astigmatism at values as low as ≥ 0.75 Dcyl. 
For accurate postoperative outcomes, it is recommended 
to measure keratometry using two different instruments. 
In our study, we used an automatic keratometer, TRK-2P, 
and an optical biometer, IOL Master 700, for measure-
ment. No significant difference was observed between 
the measured values, in which the value of Spearman’s 
rank correlation coefficient (r = 0.426) confirmed a corre-
lation between the measurements. In our cohort of pa-
tients, we corrected predominantly low values of astig-
matism (average preoperative corneal astigmatism was  
-1.03 ±0.3 Dcyl, and in all cases, the cylindrical powers of 
the implanted TIOLs were 1.0 or 1.5 Dcyl). Upon correction 
of higher values of astigmatism, the correlation between 
the measurements on the two instruments is higher. 
This finding is in accordance with the results of the study 
conducted by Pašková et al. (2024), which demonstrated  
a higher correlation (r = 0.873) between the values of ke-
ratometry obtained by the two instruments (Nidek ARK-
-1a and IOL Master) on a similar sample of patients (with 
a higher mean value of preoperative corneal astigmatism 
of -2.4 ±0.7 Dcyl). 

As with other TIOLs, lens rotation was also ob-
served in our cohort of patients with a toric EDOF 
IOL. Incorrect axial positioning of a TIOL may result 
from imprecise axial implantation during surgery or 
undesirable lens rotation in the postoperative pe-
riod [15,16], both of which may negatively impact 
visual quality. A rotation of a TIOL by 1° off-axis re-
sults in a reduction of astigmatism correction by 
approximately 3.3% of its power. Studies have shown 

that a rotation of more than 10° leads to a one-
-third reduction in astigmatism correction, and after  
a 30° rotation, the corrective effect of the TIOL is nulli-
fied [17]. Deviation of more than 30° can result in the 
inversion of the angle without diminishing the original 
astigmatic correction [17,18]. While rotation of a TIOL 
is a common phenomenon, it is typically not clinically 
significant unless the rotation exceeds 5° [15]. In our 
study, the mean absolute value of rotational deviation 
was 1.93 ±2.65°. Only 2 eyes (7%) manifested rotation 
exceeding 5°, which confirms the high predictability of 
the resulting axis. These results align with our recent 
studies following the implantation of TIOLs with the 
same design (Bi-Flex, double-loop haptics). In one stu-
dy, the mean absolute value of rotational deviation 1 
year post-implantation was 2.96 ±2.42° [19], while in 
another study, the mean was 1.42 ±1.89°, with no rota-
tions greater than 5° recorded in any case [20]. The sta-
bility of the Bi-Flex IOL is ensured by the unique shape 
of its haptic system (double loop), which has a large 
contact angle (2 × 88.8°) with the internal wall of the 
capsular bag. This design ensures better fixation of the 
lens within the capsule, minimizing the risk of rotati-
on or displacement after implantation. In 10 cases, the 
rotation of the TIOL occurred in a clockwise direction 
(ranging from -1° to -11°), in 5 cases counterclockwise 
(ranging from 1° to 4°), and in 14 cases the lens was po-
sitioned precisely in the planned axis. In our opinion, 
the more frequent clockwise rotation may be due to 
the shape of the lens‘ haptic part, although this pheno-
menon has not been unequivocally demonstrated in 
any study to date [21]. The limit for indicating surgical 
revision is set at a deviation of ≥ 10° [16]. In our study, 
rotation of 11° in a clockwise direction was recorded 
in one eye. Due to excellent monocular UDVA of 1.0 
and subjective patient satisfaction, no surgical rotati-
on of the lens was performed in this case. We assume 
that the increased tolerance of rotational instability of 
the TIOL in patients with lower values of astigmatism 
may represent one of the possible explanations for this 
observed phenomenon. The cylindrical power of the 
implanted TIOL in this case was 1.0 Dcyl, which repre-
sents a relatively low value of astigmatism. 

A subjective evaluation of patient satisfaction revealed 
a high level of satisfaction with the surgical results, with 
76% of patients achieving complete independence from 
wearing spectacles. In the case of dysphotopsias, especi-
ally halo effect and glare, the symptoms were mostly mild 
and were not reported as bothersome by patients, which 
is in accordance with the expectation for EDOF IOLs. The 
results of our study confirm that toric EDOF IOLs offer  
an excellent balance between visual acuity at all distan-
ces and minimizing undesirable optical phenomena. 
Although dysphotopsias were recorded in some cases, 
their intensity was low, and most patients found them to 
be acceptable. 

One of the main benefits of this technology is its 
ability to combine the advantages of monofocal and 

Graph 3. Comparison of EDOF TIOL implantation and 
resulting axis (r – Spearman’s Correlation Coefficient, p – 
Probability Value)
EDOF TIOL – toric intraocular lens with extended depth of focus  
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multifocal IOLs. The results of our study indicate that 
a toric EDOF IOL is a safe and effective option for pa-
tients with presbyopia and corneal astigmatism who 
desire independence from wearing spectacles for re-
gular distances. 

The limitation of our study consists of its retrospecti-
ve design and the small sample size. Further studies with  
a larger patient cohort and extended follow-up could 
provide more insight into the long-term stability of re-
sults and the incidence of potential complications. Addi-
tionally, while our findings indicate a positive trend, the 
long-term development of dysphotopsias and patient 

satisfaction may be dependent upon individual factors 
such as the speed of adaptation to new vision, the pati-
ent’s lifestyle, psychological factors, quality of the cornea, 
and the presence of other ocular pathologies. 

CONCLUSION

In conclusion, implantation of a toric EDOF IOL appears 
to be a safe and effective method for correcting presbyo-
pia and astigmatism in patients with cataracts, providing 
good visual outcomes, high patient satisfaction, and  
a low risk of complications. 
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