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Abstract: Background: Nowadays, the prevalence of digital device usage has shifted the demands for 
multifocal intraocular lenses. To accurately capture outcomes, clinical practice must evaluate digital reading 
performance. We aimed to assess the digital reading performance using a digital device in patients with 
diffractive multifocal intraocular lenses. Methods: Patients with bilateral diffractive multifocal intraocular lens 
implantation were included in the study. Monocular and binocular uncorrected and corrected visual acuity 
was measured using the LogMAR chart and the MNREAD application. Binocular uncorrected defocus curves 
were obtained using the LogMAR chart at 4m. The reading acuity was measured using the MNREAD 
application with positive and negative display polarities. The mean digital critical print size (CPS) was 
recorded using the MNREAD application at 40cm. Results: Our study reported uncorrected distance, 
intermediate, and near visual acuity were -0.084 ± 0.079, -0.014 ± 0.078, and 0.040 ± 0.081, respectively. The mean 
reading acuity at three months postoperatively with positive display polarity at 60cm and 40cm was -0.115 ± 
0.102 and -0.008 ± 0.083, respectively. The mean digital CPS at three months postoperatively was 0.238 ± 0.100 
logMAR. Conclusions: Incorporating digital reading performance measurements provides additional 
advantages in assessing the effectiveness of bilateral diffractive multifocal intraocular lens implantation. 

Keywords: Digital reading; Reading acuity; Critical print size; Multifocal intraocular lenses  
 

1. Introduction 

In today's digitalized world, having optimal visual performance is increasingly important for a 
modern lifestyle. As the aging population continues to undergo cataract surgeries, patients have 
higher expectations of satisfactory outcomes that allow them to have clear vision without obstacles, 
particularly when using digital devices1. Among the options available for intraocular lenses (IOLs) 
in cataract surgery, multifocal intraocular lenses (MF-IOLs) have become increasingly popular. 
Initially approved by the US Food and Drug Administration in 1977, MF-IOLs required careful 
selection to meet each patient's specific needs2. Early-generation MF-IOLs were designed to provide 
clear vision both at around 4 meters and for near vision, suitable for reading printed material at 
approximately 30-40cm. However, with the evolving reading habits that involve the use of 
computers, smartphones, and tablets, the demands on MF-IOLs have changed1, 3. These lenses have 
now been developed to diffract light and focus at different depths, resulting in varying levels of visual 
acuity at different distances4.  

Cataract surgery with MF-IOL implantation is a common approach to addressing presbyopia 
and has shown promising outcomes. Although Snellen and Logarithm of the Minimum Angle of 
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Resolution (LogMAR) acuity charts are widely used to assess visual results, they do not fully capture 
the demands of modern digital life. Fortunately, the MNREAD acuity chart (University of Minnesota) 
provides a comprehensive evaluation of visual performance on mobile devices5, 6. This chart measures 
maximum reading speed (MRS), reading acuity (RA), reading accessibility index (ACC), and critical 
print size (CPS). The CPS represents the threshold print size at which reading speed significantly 
decreases, typically twice the size of the letters used for acuity measurement. In simpler terms, it can 
be considered as the comfortable print size for reading7, 8. Studies comparing reading experiences on 
paper versus digital screens have shown that digital reading, which emits more light, can lead to 
increased visual fatigue. On the other hand, paper reading involves additional sensory aspects such 
as tactile sensations and physical interaction with the pages9, 10. Therefore, digital reading may better 
reflect daily visual performance and patient satisfaction in the modern era. 

Previous studies have demonstrated positive outcomes in patients who received bilateral 
implantation of non-toric diffractive MF-IOLs. These patients achieved favorable visual acuity at all 
distances, with a focus on uncorrected and intermediate visual acuity. Patient satisfaction was also 
high and spectacle dependence decreased following surgery11, 12. These findings were further 
supported by larger studies, including Asian patients, which emphasized high satisfaction and 
reduced dependence on spectacles13, 14. Furthermore, some studies explored a different approach by 
implanting different types of intraocular lenses in each eye, with diffractive MF-IOLs being one of 
the options15, 16. However, none of these studies incorporated measurements on digital devices to 
assess visual outcomes in patients with bilaterally implanted diffractive MF-IOLs, regardless of 
whether they were toric or non-toric. 

In our study, our aim was to evaluate the digital reading performance of patients who 
underwent bilateral implantation of AcrySof IQ PanOptix (Alcon Laboratories Inc., Fort Worth, 
Texas, USA) diffractive MF-IOL. We investigated the differences between digital reading and 
traditional paper reading, considering factors such as screen illumination, display polarity, glance-
like reading, and the potential impact of digital eye strain. Our hypothesis was that reading on a 
digital screen, influenced by factors such as pupil constriction and improved visual acuity, would 
differ from reading on paper under the same lighting conditions5. Furthermore, we sought to 
determine the optimized CPS and reading speed and provide recommendations on display polarity 
for patients with MF-IOLs. By incorporating digital device measurements, our aim was to improve 
our understanding of visual outcomes in patients with bilateral diffractive MF-IOL and provide 
valuable insights for clinical practice. 

2. Materials and Methods 

This prospective, non-randomized, interventional case series obtained approval from the 
institutional review board (IRB #765/63) of the Faculty of Medicine, Chulalongkorn University and 
adhered to the principles outlined in the Declaration of Helsinki. The study recruited patients from 
the outpatient department of King Chulalongkorn Memorial Hospital. Before surgery, patients gave 
written informed consent and underwent various assessments, including tonometry (Nidek NT-
530P), auto kerato-refractometer (Topcon KR800), and optical biometry (Zeiss IOLMaster700) on the 
same day. The surgeon (TS) conducted preoperative investigations, data collection and analysis, and 
made decisions regarding toric IOLs. Only the surgeon (TS) selected and implanted the diffractive 
MF-IOLs used in this study. Bilateral cataract surgery using the phacoemulsification technique was 
performed on the same day by the surgeon (TS). Intraoperative and postoperative complications were 
monitored, along with intraocular pressure measurements, for safety assessment. Patients underwent 
examinations on the day of surgery and at one day, one week, one month, and three months 
postoperatively, with additional examinations scheduled as needed. All procedures were performed 
at King Chulalongkorn Memorial Hospital between January 31 to October 31, 2021. 

To be eligible for inclusion, the patients had to be 40 years or older, with or without corneal 
astigmatism that could be corrected using diffractive MF-IOL in both eyes. They also needed to use 
electronic devices, such as smartphones, daily and have proficiency in reading and understanding 
English. Exclusion criteria included prior refractive eye surgery and the presence of underlying 
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diseases such as retinal disease, glaucoma, corneal disease, zonular weakness, or dehiscence that 
could potentially affect postoperative visual outcomes. Patients with intraoperative complications 
were also excluded from the study. 

IOL calculations were performed using the Barrett Universal II formula (APACRS.org) and 
Barrett Toric Calculator (APACRS.org). The implanted IOLs in both eyes were AcrySof IQ PanOptix 
or AcrySof IQ PanOptix Toric, which are single-piece, aspheric, non-apodised diffractive trifocal 
IOLs. The alignment of the IOL axis was guided using the VERION image-guided system (Alcon 
Laboratories Inc., Fort Worth, Texas, United States) digital marker guiding system. 

2.1. Data Collection 

The recorded data included demographic information, frequency, and duration of daily use of 
digital devices, underlying diseases, and preoperative eye conditions such as lens status, refraction, 
intraocular pressure, keratometry, optical biometry, and surgical details. Efficacy measures included 
binocular uncorrected visual acuity measured using the LogMAR acuity chart and the MNREAD 
application on an iPad device (Apple Inc., Cupertino, California, USA) at different distances: 4 m 
(Uncorrected and corrected distance visual acuity; UCVA, CDVA), 60 cm (Uncorrected and distance-
corrected intermediate visual acuity; UIVA, DCIVA), and 40 cm (Uncorrected and distance-corrected 
near visual acuity; UNVA, DCNVA) reported in LogMAR units. The reading acuity of the MNREAD 
application was measured only at 60 cm and 40 cm. The binocular uncorrected defocus curve was 
obtained from -4.00 D to +1.00 D in 0.5 D steps with the LogMAR chart at 4 meters under photopic 
light conditions. Postoperative manifest refraction at 3 months of follow-up was also recorded, 
including the spherical equivalent (SEQ) within ± 0.25 D, ± 0.50 D and ± 1.00 D of emmetropia, and 
the manifest cylinder. Reading acuity with positive display polarity (black on white background, 
BoW) and negative display polarity (white on black background, WoB) using a font size of 7 points 
or greater was measured at 40 cm and 60 cm one month and three months postoperatively. The mean 
digital CPS in logMAR unit and the mean reading speed (words per minute, WPM) with negative 
display polarity were collected one month and three months after surgery at 40 cm. 

2.2. Statistical analysis 

All data was collected using Microsoft Excel (Microsoft Inc, Redmond, Washington, USA). 
Statistical analysis was performed with STATA MP 16.0 (StataCorp LLC, College Station, Texas, 
USA). Visual acuity and reading acuity in logMAR were analyzed and presented as mean values with 
corresponding standard deviations (SD). 

3. Results 

3.1. Demographic data 

A total of 26 patients, corresponding to 52 eyes, underwent bilateral implantation of MF-IOL or 
Toric MF-IOL on the same day. The average age of the patients was 61.69 ± 5.96 years (mean ± SD). 
The distribution of IOL types used in the study was as follows: MF-IOL (48%) and Toric MF-IOL 
(52%). A detailed breakdown of the IOL types can be found in Table 1. 

Table 1. Types and number of IOL models used in this study. 

AcrySof Model N of the IOLs used % of the total IOLs used 

TFNT00 25 48.07% 

TFNT20 13 25% 

TFNT30 8 15.38% 

TFNT40 4 7.69% 

TFNT50 0 0% 
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TFNT60 2 3.84% 

IOL = intra-ocular lens; TFNT = trifocal natural toric. 

3.2. Visual Acuity using LogMAR Acuity Chart 

Table 2 presents monocular and binocular UCVA, CDVA, UIVA, DCIVA, UNVA and DCNVA 
measured at 1 week, 1 month, and 3 months using the conventional LogMAR acuity chart. Figure 1 
illustrates the defocus curve of the binocular UCVA measured with the LogMAR acuity chart, 
demonstrating the performance of the IOLs. 

Table 2. Post-operative VA at 1 week, 1 month and 3 months (mean ± SD) CDVA = Corrected distance 
visual acuity, DCIVA = Distance-corrected intermediate visual acuity, DCNVA = Distance-corrected 
near visual acuity DCNVA, LogMAR = Logarithm of the Minimum Angle of Resolution, UCVA = 
Uncorrected distance visual acuity, UIVA = Uncorrected intermediate visual acuity, UNVA = 
Uncorrected near visual acuity. 

Measurement 

(logMAR) 

1 week  1 month 3 months 

Monocular 

N=52 eyes 

Binocular  

N=26 subjects 

Monocular 

N=52 eyes 

Binocular  

N=26 subjects 

Monocular 

N=52 eyes 

Binocular  

N=26 

subjects 

UCVA 4 m -0.040±0.101 -0.069±0.107 -0.015±0.107 -0.078±0.108 -0.036±0.093 -0.084±0.079 
CDVA 4 m -0.086±0.085 -0.120±0.108 -0.071±0.091 -0.095±0.089 -0.091±0.067 -0.139±0.079 

UIVA 60 cm 0.065±0.124 0.032±0.109 0.089±0.149 0.035±0.131 0.051±0.087 -0.014±0.078 
DCIVA 60 cm 0.067±0.098 0.051±0.091 0.078±0.144 0.028±0.117 0.091±0.092 0.048±0.089 
UNVA 40 cm 0.104±0.122 0.079±0.131 0.111±0.129 0.084±0.126 0.104±0.088 0.040±0.081 
DCNVA 40 

cm 
0.085±0.108 0.053±0.098 0.089±0.130 0.066±0.113 0.087±0.085 0.048±0.073 

 

Figure 1. Binocular UCVA defocus curve in LogMAR three months postoperatively showed values 
of -0.099 LogMAR at 0.00 defocus, and -0.082, -0.073, -0.028, and 0.079 LogMAR for defocus levels of 
-1.50, -2.00, -2.50, and -3.00, respectively, corresponding to simulated distances of 66 cm, 50 cm, 40 cm, 
and 33 cm. D = Dioptres; UCVA = uncorrected distance visual acuity. 

For binocular UCVA, all patients achieved visual acuity of 0.204 logMAR (20/25) or better after 
three months. In terms of the UIVA, 96% of patients achieved a reading acuity of 0.301 logMAR 
(20/32), with 96% achieving a reading acuity of 0.204 logMAR (20/25) and 85% achieving a reading 
acuity of 0.097 logMAR (20/20) at three months. Similarly, for UNVA, all patients achieved a reading 
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acuity of 0.204 logMAR (20/32), 96% achieving a reading acuity of 0.204 logMAR (20/25) and 85% 
achieving a reading acuity of 0.097 logMAR (20/20) at three months. Figures 2–4 depict the analysis 
of visual recovery through postoperative binocular UCVA, UIVA, and UNVA at different time 
intervals. 

 

Figure 2. Binocular UCVA postoperatively on day 1, 1 week, 1 month and 3 months UCVA = 
Uncorrected distance visual acuity. 

 
Figure 3. Binocular UIVA (60 cm) postoperatively on day 1, 1 week, 1 month and 3 months UIVA = 
Uncorrected intermediate visual acuity. 

 

Figure 4. Binocular UNVA (40 cm) postoperatively on day 1, 1 week, 1 month and 3 months UNVA 
= Uncorrected near visual acuity. 

Regarding the best-corrected visual acuity, all participants achieved a CDVA of 0.097 logMAR 
(20/20) after three months. For DCIVA, 88% achieved a reading acuity of 0.204 logMAR (20/25), and 
54% achieved a reading acuity of 0.097 logMAR (20/20) at three months. As for DCNVA, 100% 
achieved a reading acuity of 0.301 logMAR (20/40), 92% achieved a reading acuity of 0.204 logMAR 
(20/25), but only 54% achieved a reading acuity of 0.097 logMAR (20/20) at three months. Figures 5–
7 provide further analysis of best-corrected visual acuity recovery through postoperative binocular 
CDVA, DCIVA, and DCNVA in different time intervals. 
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Figure 5. CDVA at post-operative at day one, one week, one month, and three months. CDVA = 
Corrected distance visual acuity 

 

Figure 6. DCIVA (60cm) at post-operative at day one, one week, one month, and three months DCIVA 
= Distance-corrected intermediate visual acuity. 

 

Figure 7. DCNVA (40cm) at post-operative at day one, one week, one month, and three months 
DCNVA = Distance-corrected near visual acuity. 

3.3. Manifest refraction 

At 3-month follow-up, the postoperative manifest refraction indicated a spherical equivalent of 
0.111 ± 0.368 D. Among the 52 eyes, 28 (53.8%) achieved a SEQ within ±0.25 D of emmetropia, 44 
(84.6%) achieved a SEQ within ±0.50 D, and all 52 eyes (100%) achieved a SEQ within ±1.00 D. 
Furthermore, the 52 eyes had an average manifest cylinder of -0.490 ± 0.367 D at the 3-month mark. 
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3.4. Polarity Display, Critical Print Size and Reading Speed 

All patients participated in binocular reading acuity measurements at 40 cm and 60 cm using 
the MNREAD application at one month and three months after surgery. At 3 months, the reading 
acuity of BoW was -0.008 ± 0.083 at 40 cm and -0.115 ± 0.102 at 60 cm. For WoB, the values were -0.015 
± 0.086 at 40 cm and -0.088 ± 0.113 at 60 cm. Figures 8 and 9 show the binocular reading acuity for 
both polarity displays at 40 cm and 60 cm, respectively, at one month and three months. The mean 
digital CPS with WoB at 40 cm was 0.173 ± 0.0168 logMAR at one month and 0.238 ± 0.100 logMAR 
at three months. The mean reading speed at one month and three months postoperatively was 84.63 
± 27.46 WPM and 101.89 ± 72.62 WPM, respectively. 

 

Figure 8. One month postoperative of intermediate (60 cm) and near (40 cm) reading acuity 
comparing the positive display polarity and the negative display polarity in the MNREAD 
application. BoW = black on white background; UCVA = Uncorrected Visual Acuity; WoB = white on 
black background. 
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Figure 9. Three months postoperative of intermediate (60 cm) and near (40 cm) reading acuity 
comparing the positive display polarity and the negative display polarity in the MNREAD 
application. BoW = black on white background; UCVA = Uncorrected Visual Acuity; WoB = white on 
black background. 

Discussion 

Our study aimed to evaluate the visual outcomes and quality of patients who received bilateral 
diffractive MF-IOL implantation. To minimize bias, we established inclusion and exclusion criteria 
and conducted thorough preoperative evaluations. The same surgeon performed all implantations 
using a consistent technique, reducing investigator bias. We followed up with patients at four time 
points to assess visual acuity recovery, with a focus on binocular CDVA as a measure of IOL 
performance and binocular UCVA for patient satisfaction and spectacle independence17-21. 

Incorporating digital devices allowed us to gain a better understanding of the visual outcomes 
of the current time. Traditional LogMAR acuity charts, designed before the widespread use of digital 
devices, may not fully capture patients' visual performance and satisfaction when seeking spectacle-
free vision22, 23. Factors such as screen illumination, display format, polarity, glance-like reading, and 
digital eye strain come into play with digital devices24.  

Previous studies have shown that digital reading correlates well with patient satisfaction after 
cataract surgery and IOL implantation, regardless of IOL type25, 26. The defocus curve of our study 
aligns with previous research on bilateral diffractive MF-IOL implantation, demonstrating positive 
IOL performance11-14. Our figures illustrate rapid visual recovery in patients with bilateral diffractive 
MF-IOL or toric MF-IOL implantation at one month and three months, with encouraging distance 
UCVA and satisfactory binocular UCVA at various distances. 

To evaluate binocular reading acuity, we used the MNREAD application on digital devices. The 
disparity between conventional VA and reading acuity highlights the importance of using digital 
devices to assess postoperative satisfaction in patients with bilateral MF-IOL implantation. Our 
findings are consistent with a previous study that emphasizes the effectiveness of digital devices over 
conventional methods26. 
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The polarity of the screen and the CPS significantly affect the performance of digital reading. 
Positive display polarity, which emits more light from the white background, enhances digital 
reading by reducing spherical aberration and creating a pupil constriction effect9, 10. Our study found 
that using a font size of 7 points or larger on a positive display polarity significantly increased digital 
reading satisfaction in patients with bilateral diffractive MF-IOLs. Additionally, we observed 
excellent CPS at 40 cm in patients with bilateral diffractive MF-IOLs or toric MF-IOLs for 1 to 3 
months. To enhance reading comfort, we recommend adjusting the text size on digital devices to be 
approximately twice as large as the acuity letter, with a suggested minimum of 6-7 points or J3-J4. 
The reading speed at 1 and 3 months yielded acceptable results, although the high standard deviation 
was influenced by variations in the patient's English proficiency. 

We acknowledge the limitations of our study, including the relatively small sample size and the 
lack of evaluation on factors such as digital eye strain and glance-like reading. Conducting a larger 
study that compares digital reading with conventional reading and comprehensively assesses 
satisfaction with digital reading is necessary for more comprehensive information. Evaluating digital 
reading performance in patients with other types of IOL implantation would provide a greater 
understanding of its impact on visual outcomes. Furthermore, using other digital reading evaluation 
methods alongside the MNREAD application would contribute to a more conclusive assessment of 
daily use of digital devices. These further investigations will improve our understanding of digital 
reading and its implications, leading to better patient satisfaction. 

Conclusion 

In summary, patients who undergo bilateral implantation of diffractive MF-IOLs achieve 
satisfactory postoperative outcomes at various distances. The use of digital reading on digital devices 
for outcome measurements provides additional visual benefits compared to traditional methods. 
Factors such as screen polarity, font size, and CPS are crucial to enhance digital reading. Our research 
contributes to understanding the impact of digital devices on bilateral intraocular lens implantation. 
Future studies should incorporate digital device measurements to comprehensively assess the 
effectiveness and patient satisfaction associated with digital reading and visual outcomes. 
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Abbreviation 

ACC reading accessibility index 

BoW black on white 

CDVA Corrected distance visual acuity 

CPS critical print size 

D Diopters 

DCIVA Distance-corrected intermediate visual acuity 

DCNVA Distance-corrected near visual acuity 

IOLs intraocular lenses  

IRB institutional review board 

LogMAR Logarithm of the Minimum Angle of Resolution  

MF-IOLs multifocal intraocular lenses  

MRS maximum reading speed 

RA reading acuity 

SEQ spherical equivalent 

SD standard deviations 

TFNT trifocal natural toric 

UCVA Uncorrected distance visual acuity 

UIVA  Uncorrected intermediate visual acuity 

UNVA Uncorrected near visual acuity 

WoB white on black 
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