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Purpose: To evaluate the effect of angles kappa and alpha on the visual outcomes after implantation of isofocal intraocular lens (IOL) 
during cataract surgery.
Methods: This prospective study involved 66 eyes undergoing cataract surgery with Isopure IOLs. Exclusion criteria comprised 
irregular corneal astigmatism exceeding 1.0D, and ocular co-morbidities affecting visual outcomes post-surgery. Evaluation para-
meters included postoperative refraction, uncorrected and corrected-distance visual acuity (UDVA, CDVA), uncorrected intermediate 
visual acuity (UIVA), and distance-corrected intermediate visual acuity (DCIVA) at 80 cm. Additionally, postoperative angles alpha, 
kappa, and wavefront aberrations at a 3-mm pupil using ray tracing were assessed post-surgery at least 60 days later.
Results: Patients had a mean age of 64.48 ± 9.92 years. Mean postoperative manifest refraction spherical equivalent (MRSE) was 
−0.21 ± 0.27 D. Mean UDVA and CDVA were LogMAR 0.06 ± 0.04 and 0.02 ± 0.06, respectively. Mean UIVA LogMAR 0.32 ± 0.08 
while mean DCIVA was LogMAR 0.29 ± 0.08. Postoperative angles kappa and alpha were 0.39 ± 0.14 mm and 0.45 ± 0.15 mm, 
respectively. Mean postoperative ocular RMS higher-order aberrations (HOAs) 0.23 ± 0.08. Spherical aberration, coma, and trefoil 
averaged 0.05 ± 0.07, 0.12 ± 0.03, and 0.07 ± 0.03, respectively. No significant correlations were observed between postoperative 
angle kappa and alpha with UDVA, CDVA, or HOAs. A non-significant weak positive correlation was noted between angle kappa and 
UIVA/DCIVA, while no correlation was found between angle alpha and UIVA/DCIVA.
Conclusion: No substantial correlations were found between various postoperative angles kappa and alpha values and postoperative 
visual acuity metrics (UDVA, CDVA, UIVA, and DCIVA) or higher order ocular aberrations (including, spherical aberration, coma, 
and trefoil with a 3.0 mm diameter) in pseudophakic eyes implanted with isofocal intraocular lenses (IOLs).
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Introduction
Over the past decade, both new trifocal intraocular lenses (IOLs) and extended-depth-of-focus (EDOF) IOLs have been 
used trying to meet patients’ expectations for good unaided postoperative visual acuity at all distances (far, intermediate, 
and near), and many studies have been published achieving high patient satisfaction.1–3 A systematic review and 
Bayesian network meta-analysis of randomized clinical trials found that EDOF, bifocal, and trifocal IOLs provided 
better visual acuity than monofocal IOLs. Trifocal IOLs resulted in better uncorrected near visual acuity compared to 
EDOF IOLs, but no differences were found between EDOF and trifocal IOLs in uncorrected intermediate visual acuity.1 

Similarly, another recent review noted that trifocal IOLs significantly improved near visual acuity compared to EDOF 
IOLs, with no notable differences in distance or intermediate visual acuity, halos, or glare. EDOF IOLs showed better 
corrected distance vision, while trifocal IOLs excelled in near vision. Both IOL types had similar outcomes for ocular 
aberration, contrast sensitivity, and patient satisfaction, with trifocal IOLs offering better quality of vision and increased 
spectacle independence.2 Another review found that trifocal IOLs showed no significant difference in uncorrected 
distance or near visual acuity in 1 year but did show more improvement in uncorrected intermediate visual acuity 
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compared to bifocal IOLs. Contrast sensitivity results were inconsistent, and some studies found no significant 
differences in satisfaction or spectacle independence.3

The Isopure 1.2.3. IOL (PhysIOL s.a., Liège, Belgium, part of Beaver-Visitec International, Inc. [BVI], Waltham, 
USA) is a new aspherical, isofocal intraocular lens designed to improve intermediate vision without diminishing high- 
quality distance vision.4 Several clinical studies have reported good outcomes with this lens when implanted in patients 
with cataracts.5–12 Specifically, a large multicentric study with 183 eyes concluded that this new design provides 
excellent visual performance at distance and functional intermediate visions with an extended range of vision.10 

Another randomized, single-masked study of bilateral isofocal or monofocal IOLs implanted in 127 patients concluded 
that both lenses offered excellent visual acuity and contrast sensitivity at distances with similar photic phenomena, but 
the isofocal model improved unaided intermediate visual performance.12 In vitro studies have also analyzed this lens 
using different metrics,13–16 and some found that the lens’ optical performance at −1 D was better than that of 
a monofocal IOL,14 while others concluded that it revealed a good balance between depth-of-focus (about 1.50 D) and 
optical quality under different conditions.15 The in vivo optical quality of the Isopure lens needs to be measured to fully 
characterize the optical performance of the lens when implanted.

Furthermore, Karhanová et al proposed measuring angle alpha and angle kappa preoperatively to reduce the 
postoperative risk for pronounced photic phenomena after implanting diffractive multifocal IOLs17. To the best of our 
knowledge, no in vivo studies have assessed the effect of angles kappa and alpha on the visual outcomes after 
implantation of the Isopure lens.

All the above studies examined the impact of preoperative angle kappa and alpha on visual outcomes. Given that both 
angle kappa and alpha can undergo changes following cataract surgery, with angle kappa showing more pronounced 
variability, we chose to focus exclusively on postoperative angle kappa and alpha in our investigation. To our knowledge, 
there are no in vivo studies that have investigated the influence of postoperative angle kappa and angle alpha on visual 
outcomes following Isopure lens implantation.

Therefore, the main aim of the current study is to analyze the postoperative visual outcomes of eyes implanted with 
Isopure IOLs by measuring the visual acuities for far and intermediate distances and ocular wavefront aberration in 
relation to postoperative angles kappa and alpha values.

Methods
Study Design and Patients
This was a single-center, prospective, nonrandomized, observational study conducted in Egypt. The study protocol was 
reviewed and approved by the Ethics Committee of Watany Eye Hospital (Cairo, Egypt) in accordance with the tenets of the 
Declaration of Helsinki. All patients provided written informed consent. The inclusion criteria were patients aged 45 years or 
older on the day of treatment who had received bilateral Isopure 1.2.3. IOL implants at least 60 days before the study visit. The 
exclusion criteria were regular corneal astigmatism of more than 1.0 D, irregular corneas, ocular comorbidities, intraoperative 
complications, and a postoperative absolute manifest spherical equivalent greater than 0.75 D.

Intraocular Lenses and Surgical Procedure
This prospective study of cataract interventions performed following a standard phacoemulsification technique included 
patients implanted with the Isopure 1.2.3. IOLs. The Isopure IOL is a glistening-free hydrophobic IOL with an ultraviolet 
and blue light filter and a 4-closed loops haptics platform (overall diameter = 11.0 mm). The material has a refractive 
index of 1.52, and the 6mm optic part is designed by polynomial technology to increase spherical aberrations that extend 
the depth of focus compared to monofocal IOLs. The IOL’s power ranged from +10.00 to +30.00 D (0.50 D steps for 
preloaded systems) and from +31.00 to +35.00 D (1.00 D steps for non-preloaded systems). All the surgical procedures 
were performed by the same expert surgeon (AA) using topical anesthesia with a 2.2mm incision at 135 degrees, and 
a 5–5.5 mm continuous capsulorhexis centered on the first Purkinje reflex. The Isopure IOL was implanted in the 
capsular bag using the dedicated injector system. OVD was washed below and above the IOL after implantation. The 
IOL centration was performed by the surgeon by positioning the first Purkinje reflex in the center of the IOL optic, based 
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on their subjective judgment while viewing through the surgical microscope with the patient fixating on the microscope‘s 
light. This alignment was checked again just before concluding the surgery.

Outcome Measures, Analyses, and Sample Size
All patients underwent a complete ophthalmological examination at the preoperative baseline visit, recording monocular 
Snellen uncorrected distance visual acuity (UDVA), corrected distance visual acuity (CDVA), distance corrected 
intermediate visual acuity (DCIVA), refraction, and optical biometry using the IOLMaster 700 (Carl Zeiss Meditec 
AG, Jena, Germany). We used the Barrett Universal II formula, and emmetropia was the refractive target in all cases. The 
following parameters were also measured at least 60 days after the implant surgery: refraction, UDVA, and CDVA. Total 
higher-order aberrations (HOAs), spherical aberration, coma, and trefoil were measured using iTrace ray-tracing 
aberrometer (Tracey Technologies, Houston, USA) through a fixed pupil diameter of 3.0 mm. The iTrace device 
combines a wavefront aberrometer and corneal topographer to obtain data on the eye’s optical properties. It can collect 
more than 700 raw data fields.18

Furthermore, we also measured Chord-Mu and Chord-Alpha in millimeters. With iTrace, angle alpha measurement 
assumes the limbus’s central alignment with the optical axis. The geometric center of the elliptical corneal limbus is 
determined; similarly, for angle kappa, the center of the pupil is determined. The visual axis is ascertained through direct 
measurement based on the patient’s fixation18–20 (Figure 1). iTrace represents measurements as Cord-Mu for Cord-Alpha 
for angle Kappa and Alpha, respectively. Measurements are expressed can be presented in cartesian values (X,Y) for 
statistical analysis or Radial values (R) and angles (A) for better clinical interpretation.

Multiple measurements were recorded for each eye, and the operator selected the three most consistent readings for 
further analysis. The iTrace software then averaged these selected readings. At least 2 months after surgery, postoperative 
measurements of Chord-Mu and Chord-Alpha were obtained using the iTrace aberrometer.

The descriptive analysis was summarized using the mean, standard deviation, and range for continuous variables, 
while all values were converted to a minus cylinder format for refractive outcomes. The sample size was calculated 
according to a previous study, which considered 22 patients.18 We took this figure as a minimum sample size but aimed 
to increase the number of subjects analyzed.

Figure 1 Visual axis through direct measurement based on the patient’s fixation using the Itrace device. Red cross: first Purkinje reflex (proxy for the visual axis). Green 
cross: Pupillary center (line of sight). Magenta cross: center of the cornea (proxy for the optical axis. Angle Kappa (Chord Mu) and Angle Alpha are represented in green and 
blue colors, respectively, using either Cartesian values (X & (Y) or radial values (R), which include distance and angles (A). In the bottom right of the image, Angle Kappa 
Distance and Angle Kappa values are color-coded relative to average values for the age-group population. Yellow indicates slightly above normal, while red indicates above 
normal values.
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Results
In this study, a cohort of 33 consecutive patients (21 females) who underwent implantation of Isopure IOL contributed 
a total of 66 eyes for analysis. The patients had an average age of 64.48 ± 9.92 years (ranging from 47 years to 84 years). 
The surgical procedures were performed successfully without encountering complications, and no adverse events were 
noted during the subsequent follow-up period.

The mean axial length was 23.79± 0.88 (21.85 mm to 25.72mm), and the mean IOL power was 21.29 ± 2.15 (15.50D 
to 25.50 D). Additional demographic characteristics of the subjects are outlined in Table 1.

The mean postoperative MRSE was −0.21 ± 0.27 D (ranging from −0.75 to 0.38 D). 54.5% and 30.3% of the eyes 
exhibited MRSE within the range of −0.50 D to −0.14 D and −0.13 D to +0.13 D, respectively (Figure 2A). Notably, 
93.94% of eyes achieved MRSE within ±0.50 D, while 100% fell within ±1.00 D. The mean postoperative refractive 
cylinder was −0.34 ± 0.19 D (ranging from 0 to −0.75 D) (Figure 2B).

Table 2 shows visual acuity outcomes at a distance of 3 meters and intermediate at 80 cm; the mean UDVA was 
LogMAR 0.06 ± 0.04 (0.00 to 0.15), while the mean CDVA LogMAR was 0.02 ± 0.06 (−0.10 to 0.10). The mean UIVA 
was LogMAR 0.32 ± 0.08 (0.15 to 0.50). The mean DCIVA was LogMAR 0.29 ± 0.08 (0.15 to 0.50). More than 95% of 
all eyes achieved UDVA and CDVA of 20/25, respectively; Figure 3. Regarding the intermediate visual acuity, Figure 4 
shows the cumulative distribution of uncorrected and distance-corrected intermediate visual acuity.

Mean CDVA was significantly better compared to UDVA (p < 0.001). Similarly, distance-corrected intermediate visual 
acuity (DCIVA) showed a significant enhancement over uncorrected intermediate visual acuity (UIVA) (p = 0.017).

Mean postoperative values of angles kappa and Alpha in cord lengths were 0.39 ± 0.14mm and 0.45 ± 0.15mm, 
respectively. Mean postoperative ocular RMS HOAs was 0.23 ± 0.08. Mean postoperative spherical aberration, coma, 
and trefoil were 0.05 ± 0.07, 0.12 ± 0.03, and 0.07 ± 0.03, respectively (Table 2).

Impact of Postoperative Angles Kappa and Alpha on Visual Acuities
There was no correlation between postoperative angle kappa and both postoperative UDVA and CDVA (R2 = 0.0003 and 
R2 = 0.0004, respectively). (Figure 5B and D). Similarly, there was no correlation between postoperative Chord-Alpha 
and both postoperative UDVA and CDVA (Figure 5A and C) (R2 = 0.0086 and R2 = 0.0061 respectively).

Regarding intermediate visual acuity, there was a weak positive correlation between Chord-Mu and UIVA and 
DCIVA but did not reach statistical significance (Figure 6B and D) (R2 = 0.0032 and R2 = 0.0185 respectively). Chord- 
Alpha showed no correlation between UIVA and DCIVA (R2 = 0.0003 and R2 = 0.0008 respectively) (Figure 6A and C).

Impact of Postoperative Angles Kappa and Alpha on HOAs
The study found no statistically significant correlation between Chord-Mu and Chord-Alpha with RMS HOAs, spherical 
aberration, coma, and trefoil, as indicated in Figure 7.

Table 1 Demographic Characteristics of Participants Shown as 
Means, Standard Deviations (SD) and Ranges

Patients (n) 33

Eyes (n) 66
Age (y) 64.48±9.92 (47 to 84)

K1 (D) 42.89±1.54 (40.18 to 46.50)

K2 (D) 43.43±1.56 (40.76 to 46.90)
Axial length (mm) 23.79±0.88 (21.85 to 25.72)

Anterior chamber depth (mm) 3.28±0.33 (2.56 to 4.22)

White to white (mm) 11.99±0.45 (11.20 to 12.90)
Lens thickness (mm) 4.29±0.38 (3.30 to 5.17)

IOL power (D) 21.28±2.33 (15.50 to 25.50)

Abbreviations: K, keratometry; IOL, intraocular lens.
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Discussion
This study confirms the positive visual outcomes of the Isopure IOL, including solid visual acuity for distance and 
functional intermediate vision,6,9,10,12,14,21 irrespective of different values of Chord-Mu and Chord-Alpha.

With respect to the refractive target, 93.94% were within ±0.50 D, and 100% within ±1.0 D with a mean post-
operative MRSE of −0.21 ± 0.27 D. These values agree with previous clinical studies: 95.7% of eyes within ±1.00 D and 
73.2% within ±0.50 D, with a mean MRSE of −0.12 ± 0.42 D;10 and 99.23% of eyes within ±1.00 D and 84.62% within 
±0.50 D, plus a mean MRSE of 0.06 ± 0.36 D.12

Isopure IOL, similar to other extended range of vision (ERV) lenses, formerly known as EDOF lenses, shows good 
tolerance to a residual refractive error with pupil diameters between 2.0 mm and 3.0 mm.5,11,22 Perez-Sanz et al noticed 
that visual outcomes of the Isopure decline by the presence of astigmatism with a pupil diameter of 4.5mm.11 Although 
the postoperative mean MRSE remains close to zero in this study, our findings indicate a statistically significant 
improvement of CDVA over UDVA. A similar trend was noted in the comparison between DCIVA and UIVA. This 
pattern can be attributed to a slightly larger MRSE compared to the previous studies. Therefore, in addition to the 

Figure 2 Distribution of postoperative spherical equivalent refraction (A) and refractive cylinder (B, negative value).
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assessment of uncorrected visual acuities for distance and intermediate, we assessed the corrected distance visual acuity 
for both distances to rule out the influence of the remaining refractive error on the visual results.11,23

This study examined the effects of postoperative Chord-Mu and Chord-Alpha angles on distance and intermediate 
visual acuity with the Isopure Intraocular Lens (IOL). Drawing from our own clinical observations and existing literature, 
postoperative Chord-Mu tends to be substantially reduced from its preoperative measurements. In contrast, Chord-Alpha 
typically shows steady values before and after surgery.24,25 Furthermore, our primary goal was to assess the influence of 
Chord-Mu and Chord-Alpha on visual outcomes after implantation rather than their use as preoperative predictive 
indicators. Consequently, we chose to focus our assessment on the influence of the postoperative Chord-Mu and Chord- 
Alpha on visual outcomes after Isopure Isofocal IOL implantation.

The existing literature lacks information regarding the effects of Chord-Mu and Chord-Alpha on patients who have 
been implanted with Isopure IOL, which provides no reference points for reviewing our findings. To the best of our 
knowledge, our study is the first one to investigate the influence of Chord-Mu and Chord-Alpha on the visual outcomes 
after Isopure IOL implantation.

Table 2 Postoperative Wavefront Aberration, Visual Acuities, and 
Angles Alpha and Kappa Shown as Means, Standard Deviations and 
Ranges

Higher order aberrations (microns) 0.23±0.08 (0.11 to 0.38)

Spherical aberration (microns) −0.05±0.07 (−0.18 to 0.14)

Coma (microns) 0.12±0.03 (0.07 to 0.19)
Trefoil (microns) 0.07±0.03 (0.03 to 0.14)

UDVA (logMAR) 0.06±0.04 (0.00 to 0.15)

CDVA (logMAR) 0.02±0.06 (−0.10 to 0.10)
UIVA (logMAR) 0.32±0.08 (0.15 to 0.50)

DCIVA (logMAR) 0.29±0.08 (0.15 to 0.50)

Kappa (cord length, mm) 0.39±0.14 (0.03 to 0.74)
Alpha (cord length, mm) 0.45±0.15 (0.22 to 0.74)

Figure 3 Cumulative percentage of eyes for different degrees of uncorrected and distance-corrected visual acuity (20/x or better).

https://doi.org/10.2147/OPTH.S478471                                                                                                                                                                                                                               

DovePress                                                                                                                                                                 

Clinical Ophthalmology 2024:18 2884

Assaf et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 4 Cumulative percentage of eyes for different degrees of uncorrected and distance-corrected intermediate visual acuity (20/x or better).

Figure 5 Scatterplots showing the postoperative correlation between uncorrected distance visual acuity (UDVA) and corrected distance visual acuity (CDVA) with angles 
alpha and kappa. (A) UDVA vs angle alpha; (B) UDVA vs angle kappa; (C) CDVA vs angle alpha; (D) CDVA vs angle kappa. The continuous line plotted in each graph 
represents the line of best fit (equation and R2 values also indicated).
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Concerning Chord-Mu, our findings revealed no correlation with postoperative corrected distance visual acuity. We 
observed a slight correlation between Chord-Mu and distance-corrected intermediate visual acuity (DCIVA); however, it 
did not achieve a level of statistical significance (Figure 6).

This outcome is consistent with earlier research that links angle kappa with visual results following multifocal 
intraocular lens (IOL) implantation.23,26–28 It contrasts with the conclusions of some other studies that view angle kappa 
as a risk factor for compromised visual outcomes after the implantation of multifocal IOLs.29,30

The average postoperative angle alpha was greater than the postoperative a Chord-Mu (Table 2), and it was 
anticipated that there would be a correlation between Chord-Alpha and both corrected distance visual acuity (CDVA) 
and distance-corrected intermediate visual acuity (DCIVA). However, similar to our observations with Chord-Mu, no 
correlation was found between Chord-Alpha and either distance and intermediate visual acuities. We observed that eyes 
with Chord-Alpha and Chord-Mu greater than 0.7mm cord length exhibited comparable CDVA and DCIVA to those eyes 
with smaller kappa and alpha angles, down to 0.3 mm cord length.

We theorize that the varying impacts of Chord-Mu and Chord-Alpha angles reported in previous studies may be due 
to the differences in the designs of the presbyopia correcting IOLs examined. It is important to note that the lenses in 
question were all diffractive optic IOLs, and the diameter of their inner rings could play a significant role in connecting 
the effect of Chord-Mu or Chord-Alpha with visual outcomes.23,26–31 The Isopure lens, in contrast, features neither rings 
nor zones on its optic surface, which renders it more resilient to functional decentration that could be induced by large 
Chord-Mu or Chord-Alpha. Based on this aspect, the Isopure lens appears to perform similarly to aspheric monofocal 
IOLs, as previously reported.32,33 Additionally, the polynomial technology with increased spherical aberrations with 

Figure 6 Scatterplots showing the postoperative correlation between uncorrected intermediate visual acuity (UIVA) and distance-corrected intermediate visual acuity 
(DCIVA) with angles alpha and kappa. (A) UIVA vs angle alpha; (B) UIVA vs angle kappa; (C) DCIVA vs angle alpha; (D) DCIVA vs angle kappa. The continuous line plotted in 
each graph represents the line of best fit (equation and R2 values also indicated).
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Figure 7 Scatterplots showing the postoperative correlation between higher-order aberrations (HOAs), coma, spherical aberration (SA) and trefoil with angles alpha and 
kappa. (A) HOAs vs angle alpha; (B) HOAs vs angle kappa; (C) Coma vs angle alpha; (D) coma vs angle kappa; (E) SA vs angle alpha; (F) SA vs angle kappa; (G) trefoil vs 
angle alpha; (H) trefoil vs angle kappa. The continuous line plotted in each graph represents the line of best fit (equation and R2 values also indicated).
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a balanced distribution of aberrations between the anterior and posterior surfaces of the lens causes placement of the 
aberrations close to the nodal point and enhances the lens’s resistance to decentration caused by larger angles of 
deviation.11,34,35 Nonetheless, future studies should still investigate the potential impact of angles kappa and alpha on 
visual performance in eyes with larger pupil diameters.

Within the scope of our study, no significant correlation was found between angles kappa and alpha, and higher-order 
aberrations. However, it is necessary to clarify that total higher-order aberrations (HOAs), spherical aberration, coma, and trefoil 
were measured using iTrace ray-tracing aberrometer (Tracey Technologies, Houston, USA) through a fixed pupil diameter of 
3.0 mm, which is well below the standard diameter between 4.0 and 6.0 mm usually used in studies36,37 However, this finding 
still suggests that these parameters may have a negligible impact on the higher-order ocular aberrations associated with the 
Isopure 1.2.3 IOL. Consequently, our findings reinforce that angle kappa and angle alpha do not significantly influence visual 
acuity or higher-order aberrations in eyes with an aspheric, isofocal IOL (Isopure 1.2.3). On the other hand, to conclude that there 
is no correlation between different values of postoperative angles kappa and alpha and the visual outcomes of isofocal IOLs, other 
clinically significant visual variables should also be evaluated, like contrast sensitivity and the area under the curve (AUC) of the 
defocus curve, which were not considered in the present study.38

In this study, we did not assess the subjective visual quality through subjective contrast sensitivity curves. Instead, our 
focus was on evaluating the objective visual quality in vivo. Subjective outcomes can be influenced by individual patient 
personality traits and neural adaptation, which may introduce variability in the results.39,40

In this study, we analyzed the optical performance by assessing wavefront aberrations, and the results are shown in 
Table 2. The data revealed average ocular RMS HOAs of 0.23 ± 0.08µm, a modest degree of negative spherical 
aberration (−0.05 ± 0.07), and average coma and trefoil aberrations were 0.12 ± 0.03 and 0.07 ± 0.03, respectively. Bova 
and Vita6 employed a high-resolution pyramidal wavefront sensor-based aberrometer (Osiris, CSO, Florence, Italy) to 
study eyes implanted with Isopure IOLs, reporting total ocular aberrations with values of about 0.3 µm for HOAs, 
−0.05 µm for spherical aberration, 0.10 µm for trefoil, and 0.15 µm for coma at 3 mm pupil diameters. These results 
closely align with our cohort’s observations using ray-tracing technology.

When comparing their findings to those obtained from eyes implanted with the monofocal Tecnis PCB00 IOL, Bova 
and Vita observed similar optical aberrations at pupil sizes of 3.0 mm and 5.0 mm in both lens groups. They did, 
however, note a marginal increase in negative spherical aberration at the larger pupil size in comparison to the monofocal 
model. Nevertheless, the Isopure IOL did not exacerbate optical aberrations for the entire eye at either 3.0 mm or 
5.0 mm, and no statistically significant difference was found between the two IOL groups in terms of spherical aberration 
(p = 0.22). The authors attributed this outcome to the IOL’s surface design, which incorporates negative pericentral 
spherical aberration. Optical bench testing demonstrated that the Isopure IOL produced a total negative spherical 
aberration of approximately −0.07 µm at a pupil diameter of 3.0 mm and a spatial frequency of 50 cycles/mm. This 
negative aberration is purposefully engineered to enhance the depth of focus, thereby improving intermediate vision 
following implantation.

Our study further examined the potential correlation between angles kappa and alpha and wavefront aberrations. As illustrated 
in Figure 7, we found no significant association between the magnitude of aberrations and Chord-Mu and Chord-Alpha.

We can deduce that no significant correlations were observed between different postoperative angles kappa and alpha 
values and postoperative visual acuity metrics (UDVA, CDVA, UIVA, and DCIVA). Furthermore, there is no correlation 
with the root mean square (RMS) values of ocular aberrations, encompassing higher-order aberrations, spherical 
aberration, coma, and trefoil with a 3.0 mm diameter, in pseudophakic eyes fitted with isofocal intraocular lenses (IOLs).

The study has several limitations that should be considered. First, the sample size was relatively small, and a larger 
number of patients would be beneficial to validate the results obtained in this study further. Additionally, no control 
group was included in this study. The primary objective was to investigate the impact of functional decentration on the 
visual outcomes specifically associated with this lens and to establish a cutoff value beyond which visual quality could be 
compromised. Another limitation is that higher-order aberrations were measured at a fixed pupil size of 3 mm for all 
eyes. Recent studies denoted pupil dependency of Isopure IOL with change in MTF and visual quality with a pupil size 
of 4.5mm.13,16 Hence, because various mesopic pupil sizes were noted among the eyes included, we opted to use a fixed 
pupil size to avoid introducing a confounding variable that could potentially influence the results. The main focus of this 
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study remains the evaluation of the effect of functional decentration caused by Chord-Mu or Chord-Alpha on the visual 
outcomes of this lens.
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