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ABSTRACT 
Aim:To compare postoperative visual outcomes between toric and non-toric intraocular lenses (IOLs) in patients undergoing 
cataract surgery with regular pre-existing corneal astigmatism.Material and Methods:This prospective, comparative 
observational study was conducted over 24 months at Nalanda Medical College and Hospital, Patna. A total of 100 patients 
aged 50–80 years with visually significant age-related cataract and regular corneal astigmatism (1.0–3.0 D) were randomized 

into two groups: Group A (n=50) received toric IOLs, and Group B (n=50) received non-toricmonofocal IOLs. All surgeries 
were performed by a single surgeon using standard phacoemulsification technique. Visual outcomes including uncorrected 
distance visual acuity (UDVA), best corrected distance visual acuity (BCDVA), residual refractive astigmatism, and 
spherical equivalent (SE) were assessed at 1 week, 1 month, and 3 months postoperatively.Results:The toric IOL group 
showed significantly better UDVA at all follow-up points (e.g., 0.12 ± 0.05 LogMAR at 3 months vs. 0.30 ± 0.08 in the non-
toric group; p < 0.001). BCDVA also favored the toric group at 3 months (0.08 ± 0.03 vs. 0.10 ± 0.04; p = 0.039). Residual 
astigmatism was significantly lower in the toric group throughout (0.41 ± 0.16 D vs. 1.18 ± 0.31 D at 3 months; p < 0.001). 
Postoperative SE was comparable between both groups with no significant difference.Conclusion:Toric IOLs provided 

superior visual outcomes in terms of UDVA, BCDVA, and astigmatism correction compared to non-toric IOLs, without 
compromising spherical refractive accuracy. They are recommended for achieving optimal postoperative vision in cataract 
patients with regular astigmatism. 
Keywords:Toric intraocular lens, cataract surgery, astigmatism correction, visual acuity, refractive outcomes 
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 
Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 
long as appropriate credit is given and the new creations are licensed under the identical terms. 

 

INTRODUCTION  
Cataract surgery has undergone a paradigm shift in 

recent years, evolving from a procedure focused 

solely on the removal of opacified lenses to one that 

also addresses pre-existing refractive errors, thereby 

aiming for spectacle independence and enhanced 

quality of vision. The increasing expectations of 

patients for optimal visual outcomes have driven the 

development and adoption of advanced intraocular 
lens (IOL) technologies. Among these innovations, 

multifocal, toric, and extended depth of focus (EDOF) 

lenses have gained significant attention for their 

ability to improve uncorrected distance, intermediate, 

and near visual acuities in a variety of clinical 

scenarios.1 

The choice of IOL plays a pivotal role in achieving 

optimal postoperative refractive outcomes. While 

monofocal lenses have traditionally been the standard 

for cataract extraction, their inherent limitation in 

addressing presbyopia and corneal astigmatism has 

prompted the use of alternative designs such as 

multifocal, EDOF, and toric lenses. Multifocal IOLs 

are designed to provide multiple focal points, thereby 

improving near and distance vision, while EDOF 

lenses extend the range of vision by creating a 

continuous focal point. These lenses are particularly 

beneficial in reducing the dependence on glasses, 

especially for daily tasks requiring intermediate visual 
function.2 

Toric IOLs represent another breakthrough in cataract 

surgery, particularly for patients with pre-existing 

corneal astigmatism. Corneal astigmatism is highly 

prevalent among patients presenting for cataract 

surgery, with studies indicating that a significant 

proportion—ranging from 20% to 30%—have more 

than 1.0 diopter of regular astigmatism. If left 

uncorrected, this astigmatism may significantly impair 

uncorrected visual acuity and patient satisfaction, 
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even after a technically successful cataract extraction. 

Historically, incisional techniques such as limbal 

relaxing incisions (LRIs) and clear corneal incisions 

(CCIs) were employed to reduce astigmatism, but 

these methods often yielded variable outcomes and 
lacked long-term stability.3 

Toric IOLs provide a more predictable and stable 

correction of astigmatism compared to these manual 

techniques. These lenses are specifically designed 

with astigmatic correction built into their optics and 

must be aligned precisely along the intended axis to 

counteract corneal toricity. Accurate alignment and 

rotational stability are key determinants of success 

with toric IOLs. Even minimal degrees of 

postoperative rotation can lead to a significant 

decrease in the cylinder correction, thereby 

compromising the visual outcome.4 
Emerging comparative studies have provided insights 

into the relative performance of different IOL 

platforms, including toric variants of monofocal and 

multifocal lenses. For instance, some randomized 

trials have demonstrated superior visual acuity 

outcomes and patient-reported satisfaction with toric 

IOLs compared to conventional spherical IOLs in 

patients with regular astigmatism. Moreover, with the 

integration of image-guided systems, the precision in 

axis marking and IOL alignment has significantly 

improved, further enhancing the predictability of 
outcomes with toric implants.5,6 

In addition to astigmatism correction, the selection of 

a multifocal or EDOF toric lens can offer the dual 

benefit of presbyopia correction and refractive 

astigmatism management. This combined approach, 

however, requires careful patient selection, 

preoperative counseling, and a thorough 

understanding of ocular surface health, macular status, 

and biometric parameters. Not all patients are ideal 

candidates for multifocal or EDOF lenses, particularly 

those with irregular astigmatism, significant ocular 

comorbidities, or unrealistic expectations. Therefore, 
customized IOL selection based on individual visual 

demands and anatomical considerations is essential.7,8 

The impact of residual astigmatism on visual 

performance has also been a subject of extensive 

research. Studies have shown that even low levels of 

residual astigmatism can negatively influence distance 

and intermediate vision, especially in eyes implanted 

with multifocal or EDOF lenses. This underscores the 

importance of achieving precise astigmatic correction 

in patients who are candidates for these premium 

IOLs. Furthermore, recent analyses have explored the 
visual quality metrics and contrast sensitivity in 

patients receiving toric versus non-toric lenses, adding 

to the growing body of evidence supporting the 

clinical efficacy of toric designs.9 

While toric IOLs have demonstrated consistent 

success in reducing astigmatic refractive error, their 

performance is also dependent on advancements in 

biometry, surgical technique, and postoperative 

monitoring. The integration of optical coherence 

biometry, intraoperative aberrometry, and 

intraoperative guidance systems has significantly 

enhanced the surgeon’s ability to plan and execute 

toric IOL implantation with greater precision. Such 

technological improvements have helped minimize 
sources of error that could otherwise compromise the 

intended correction.10 

Moreover, comparative studies between different 

brands and models of toric IOLs—such as Tecnis, 

AcrySof, and Precizon—have shown variations in 

rotational stability, visual outcomes, and patient-

reported outcomes. These differences highlight the 

importance of evaluating not just the design but also 

the material properties, haptic configuration, and 

overall biomechanics of the lens when choosing 

among available options. The rotational behavior of a 

toric IOL is critical because a misalignment as small 
as 10 degrees can reduce its corrective effectiveness 

by approximately one-third. 

 

MATERIAL AND METHODS 

This prospective, comparative observational study 

was conducted in the Department of Ophthalmology 

at Nalanda Medical College and Hospital, Patna, over 

a period of 24 months, from October 2022 to 

September 2024, following approval from the 

Institutional Ethics Committee. The study aimed to 

evaluate and compare postoperative visual outcomes 
between toric and non-toric intraocular lenses (IOLs) 

implanted during cataract surgery in patients with 

corneal astigmatism. 

A total of 100 patients diagnosed with age-related 

cataract and regular preoperative corneal astigmatism 

were enrolled after obtaining written informed 

consent. Patients were selected based on the following 

inclusion and exclusion criteria. 

 

Inclusion Criteria 

 Age between 50 and 80 years 

 Presence of visually significant age-related 

cataract in at least one eye 

 Regular corneal astigmatism between 1.0 and 3.0 

diopters, as measured by automated keratometry 

and confirmed by corneal topography 

 Best-corrected visual acuity potential of 6/9 or 

better 

 Willingness to comply with follow-up protocol 

 

Exclusion Criteria 

 Irregular astigmatism or corneal ectasia 

 History of ocular trauma or prior ocular surgery 

 Coexisting ocular pathology such as advanced 

glaucoma, diabetic retinopathy, or macular 

degeneration 

 Zonular weakness or capsular bag compromise 

noted intraoperatively 

All patients were randomly divided into two groups of 

50 each using a computer-generated randomization 

table: 
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 Group A (n = 50): Underwent 

phacoemulsification with implantation of a toric 

intraocular lens 

 Group B (n = 50): Underwent 

phacoemulsification with implantation of a non-

toricmonofocal intraocular lens 
All surgical procedures were carried out under local 

anesthesia by a single experienced surgeon using a 

standardized phacoemulsification technique. 

Preoperative biometric measurements were obtained 

using optical biometry to ensure accurate IOL power 

selection. For patients in the toric IOL group, the 

power and axis of the lens were determined using 

manufacturer-recommended toric calculators that 

accounted for posterior corneal curvature, ensuring 

precise astigmatic correction. Visual outcomes were 
assessed through a series of standardized parameters, 

including uncorrected distance visual acuity (UDVA), 

best corrected distance visual acuity (BCDVA), 

manifest refraction, and the measurement of 

postoperative residual refractive astigmatism. These 

evaluations were conducted at baseline 

(preoperatively) and during follow-up visits scheduled 

at 1 week, 1 month, and 3 months postoperatively to 

monitor and compare visual recovery and refractive 

outcomes between the two groups. 

Data analysis was carried out using SPSS version 

25.0. Quantitative variables were expressed as mean ± 
standard deviation and compared using independent 

sample t-tests. Categorical variables were compared 

using the Chi-square test. A p-value of less than 0.05 

was considered statistically significant. 

 

RESULTS 

The baseline demographic and clinical characteristics 

of both groups were comparable, as shown in Table 1. 

The mean age of participants in the toric IOL group 

was 64.2 ± 6.1 years, while that in the non-toric group 

was 63.7 ± 5.8 years, with no statistically significant 
difference (p = 0.62). The gender distribution was also 

balanced, with 28 males and 22 females in the toric 

group, and 26 males and 24 females in the non-toric 

group (p = 0.68). Preoperative uncorrected distance 

visual acuity (UDVA) was similar between the two 

groups (0.82 ± 0.17 LogMAR in the toric group vs. 

0.84 ± 0.15 in the non-toric group; p = 0.54), 

indicating a comparable baseline visual status. 

Likewise, the mean preoperative corneal astigmatism 

did not differ significantly between groups (2.1 ± 0.5 

D in the toric group vs. 2.0 ± 0.6 D in the non-toric 

group; p = 0.43), establishing a fair comparison for 
assessing postoperative outcomes. 

In terms of uncorrected distance visual acuity 

(UDVA), Table 2 demonstrates a clear and consistent 

superiority of toric IOLs across all postoperative 

follow-up visits. At 1 week, patients in the toric group 

achieved a significantly better UDVA (0.28 ± 0.09 
LogMAR) compared to the non-toric group (0.45 ± 

0.12 LogMAR), with p< 0.001. This trend continued 

at 1 month (0.18 ± 0.07 vs. 0.34 ± 0.10; p< 0.001) and 

remained statistically significant at 3 months 

postoperatively (0.12 ± 0.05 vs. 0.30 ± 0.08; p< 

0.001). These results indicate that patients who 

received toric IOLs experienced significantly sharper 

unaided vision at every stage of recovery, likely due 

to the correction of pre-existing corneal astigmatism. 

Postoperative best corrected distance visual acuity 

(BCDVA), as presented in Table 3, also favored the 

toric IOL group, albeit with more modest differences. 
At 1 week post-op, the toric group had a mean 

BCDVA of 0.15 ± 0.06 LogMAR compared to 0.18 ± 

0.07 in the non-toric group (p = 0.041). This 

difference persisted at 1 month (0.10 ± 0.04 vs. 0.12 ± 

0.05; p = 0.047) and 3 months (0.08 ± 0.03 vs. 0.10 ± 

0.04; p = 0.039), indicating a statistically significant 

advantage for toric lenses. Although both groups 

achieved good corrected visual acuity postoperatively, 

the slightly superior BCDVA in the toric group 

underscores the added benefit of astigmatism 

correction even with spectacle correction. 
Residual refractive astigmatism, outlined in Table 4, 

was markedly lower in the toric IOL group at all 

postoperative intervals. At 1 week, residual 

astigmatism in the toric group was 0.68 ± 0.21 D 

compared to 1.48 ± 0.38 D in the non-toric group (p< 

0.001). This significant difference persisted at 1 

month (0.52 ± 0.19 vs. 1.32 ± 0.35; p< 0.001) and at 3 

months (0.41 ± 0.16 vs. 1.18 ± 0.31; p< 0.001). These 

results clearly demonstrate that toric IOLs were far 

more effective in minimizing residual postoperative 

astigmatism, leading to improved uncorrected vision 

and reduced dependency on spectacles. 
Postoperative spherical equivalent (SE) refraction, 

detailed in Table 5, showed no statistically significant 

difference between the two groups at any 

postoperative time point. At 1 week, the toric group 

had a mean SE of -0.29 ± 0.23 D compared to -0.34 ± 

0.27 D in the non-toric group (p = 0.38). At 1 month 

and 3 months, the differences remained non-

significant (p = 0.31 and p = 0.22, respectively). This 

suggests that both types of IOLs provided comparable 

accuracy in achieving targeted spherical refractive 

outcomes, and the advantage of toric IOLs lies 
primarily in cylindrical (astigmatic) correction rather 

than spherical refractive precision. 

Table 1: Baseline Demographic and Clinical Characteristics 

Parameter Toric IOL Group 

(n = 50) 

Non-Toric IOL Group 

(n = 50) 

p-value 

Mean Age (years) 64.2 ± 6.1 63.7 ± 5.8 0.62 

Gender (Male/Female) 28 / 22 26 / 24 0.68 

Mean Preoperative UDVA (LogMAR) 0.82 ± 0.17 0.84 ± 0.15 0.54 

Mean Preoperative Corneal Astigmatism (D) 2.1 ± 0.5 2.0 ± 0.6 0.43 
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Table 2: Postoperative Uncorrected Distance Visual Acuity (UDVA) 

Time Point Toric IOL Group (LogMAR) Non-Toric IOL Group (LogMAR) p-value 

1 Week 0.28 ± 0.09 0.45 ± 0.12 <0.001 

1 Month 0.18 ± 0.07 0.34 ± 0.10 <0.001 

3 Months 0.12 ± 0.05 0.30 ± 0.08 <0.001 

 

Table 3: Postoperative Best Corrected Distance Visual Acuity (BCDVA) 

Time Point Toric IOL Group (LogMAR) Non-Toric IOL Group (LogMAR) p-value 

1 Week 0.15 ± 0.06 0.18 ± 0.07 0.041 

1 Month 0.10 ± 0.04 0.12 ± 0.05 0.047 

3 Months 0.08 ± 0.03 0.10 ± 0.04 0.039 

 

Table 4: Postoperative Residual Refractive Astigmatism 

Time Point Toric IOL Group (D) Non-Toric IOL Group (D) p-value 

1 Week 0.68 ± 0.21 1.48 ± 0.38 <0.001 

1 Month 0.52 ± 0.19 1.32 ± 0.35 <0.001 

3 Months 0.41 ± 0.16 1.18 ± 0.31 <0.001 

 

Table 5: Postoperative Spherical Equivalent (SE) Refraction 

Time Point Toric IOL Group (D) Non-Toric IOL Group (D) p-value 

1 Week -0.29 ± 0.23 -0.34 ± 0.27 0.38 

1 Month -0.24 ± 0.21 -0.30 ± 0.25 0.31 

3 Months -0.18 ± 0.18 -0.26 ± 0.23 0.22 

 

DISCUSSION 
The present study demonstrates a significant 

advantage of toric intraocular lenses (IOLs) over non-

toric IOLs in managing patients with cataracts and 

pre-existing regular corneal astigmatism. The findings 

are consistent with several high-quality studies and 

meta-analyses that validate the superior visual 

outcomes associated with toric IOLs in comparison to 

conventional spherical lenses. 

The comparable preoperative profiles of the two 

groups indicate that observed differences in 

postoperative outcomes are likely attributable to the 
type of IOL implanted rather than confounding 

baseline characteristics. Both groups had statistically 

similar age, gender distribution, preoperative 

uncorrected distance visual acuity (UDVA), and 

corneal astigmatism. These findings align with the 

patient selection methodologies used in prior 

randomized trials, such as those by Visser et al. and 

Holland et al., where matching preoperative 

characteristics ensured fair comparative analysis of 

IOL types.11,12 

The postoperative UDVA outcomes significantly 
favored the toric IOL group at all follow-up intervals, 

consistent with the findings of Yamauchi et al., who 

demonstrated that toric IOLs yielded better UDVA 

than non-toric lenses, particularly in the early 

postoperative period.13 The difference observed in our 

study (0.12 ± 0.05 LogMAR vs. 0.30 ± 0.08 at 3 

months; p < 0.001) underscores the impact of 

correcting pre-existing corneal astigmatism at the time 

of surgery. This benefit is clinically meaningful, as 

uncorrected astigmatism is known to compromise 

distance visual acuity and increase patient dependence 

on spectacles postoperatively.14,15 The significance of 

these findings has also been supported by FDA 

clinical approval data, which emphasize the visual 

rehabilitation potential of toric IOLs.16 

While both groups achieved good BCDVA 

postoperatively, toric IOLs provided a modest yet 

statistically significant advantage throughout the 

follow-up period. This aligns with the results of the 

large multicenter trial by Holland et al., which showed 

slightly improved BCDVA in patients with toric IOLs 

even when corrected with spectacles.12 The minor 

improvement in BCDVA may reflect better optical 

quality and reduced higher-order aberrations due to 
improved correction of astigmatism.17,18 Furthermore, 

as observed by Mangione et al., even small 

improvements in visual acuity can translate into better 

quality of life and higher scores on patient-reported 

outcomes like the National Eye Institute Visual 

Function Questionnaire (NEI VFQ-25).19 

Residual astigmatism is a critical determinant of 

postoperative visual function, especially with 

monofocal IOLs. The toric IOL group demonstrated 

significantly lower residual astigmatism at all 

postoperative time points, with mean values as low as 
0.41 ± 0.16 D at 3 months, compared to 1.18 ± 0.31 D 

in the non-toric group (p < 0.001). These findings are 

in agreement with the meta-analysis by Kessel et al., 

which reported that toric IOLs reduced residual 

astigmatism by more than 0.75 D in a majority of 

patients.17 The robust rotational stability and 

astigmatic precision of modern toric lenses have been 

documented extensively, with studies such as those by 

Visser et al. noting improved outcomes even with 

modest degrees of preoperative 

astigmatism.11Importantly, even small residual 

refractive errors in cylinder can significantly impair 
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visual performance in pseudophakic eyes, as shown 

by Singh et al., emphasizing the necessity of accurate 

astigmatic correction.15 

In contrast to the marked differences observed in 

cylindrical correction, both groups showed 
comparable spherical equivalent refractions 

postoperatively. This suggests that both toric and non-

toric IOLs are equally effective in achieving the 

targeted spherical refractive goal, with no significant 

difference in the final spherical refractive accuracy 

(e.g., -0.29 ± 0.23 D vs. -0.34 ± 0.27 D at 1 week; p = 

0.38). These findings mirror the results of prior 

randomized controlled trials, such as those by 

Yamauchi et al. and Lin et al., which showed no 

significant disparity in spherical equivalent outcomes 

between toric and spherical lenses when modern 

biometry and IOL calculation formulas are 
employed.13,20 The consistency in SE outcomes 

underscores that the advantage of toric IOLs lies 

primarily in their ability to neutralize astigmatism 

without compromising spherical accuracy. 

 

CONCLUSION 
This study clearly demonstrates the superiority of 

toric intraocular lenses over non-toric IOLs in patients 

with cataracts and pre-existing regular corneal 

astigmatism. Toric IOLs provided significantly better 

uncorrected and best corrected visual acuity, along 
with markedly lower residual astigmatism across all 

postoperative follow-ups. While both groups achieved 

comparable spherical equivalent outcomes, the 

astigmatic correction offered by toric IOLs translated 

into enhanced visual performance and reduced 

dependence on spectacles. These findings support the 

routine use of toric IOLs for optimized refractive 

outcomes in appropriately selected cataract patients. 
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