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Purpose: To compare the 1-month and 1-year results of toric intraocular lens (IOL) implantation 

with standard (manual) phacoemulsification vs femtosecond laser-assisted surgery.

Patients and methods: Refractive data, visual acuity data, and ocular aberration measured 

with a wavefront aberrometer were collected for two groups of patients from one site. The first 

group had standard phacoemulsification, while the second group had femtosecond laser-assisted 

surgery, and both groups were implanted with toric IOLs, either monofocal or multifocal. 

Differences in visual acuity, refractive outcomes, and higher order aberrations – total, corneal, 

and internal – were evaluated at 1 month and 1 year postoperatively.

Results: Toric IOLs were implanted in 62 eyes using standard phacoemulsification and 53 eyes 

using femtosecond laser-assisted surgery. Uncorrected visual acuity and best-spectacle-corrected 

visual acuity at 1 month and 1 year were not statistically significantly different between the 

groups (P.0.05) nor was the mean cylinder or mean spherical equivalent refraction (P.0.12). 

Total ocular higher order aberrations were significantly different between the groups (P,0.05), 

but absolute differences appeared to be the same. Internal vertical coma was significantly lower 

in the femto group at 1 year (P=0.03). Differences in aberrations did not correlate with corrected 

or uncorrected visual acuity.

Conclusion: Patients who underwent uncomplicated lens surgery with toric IOLs in both the 

groups had comparable refractive outcomes in terms of visual acuity and residual refraction at 

1 year. The femto group had significantly lower internal vertical coma at 1 year.

Keywords: FLACS, LenSx, cataracts, refraction, astigmatism, visual acuity, toric IOL, 

femtosecond laser

Introduction
Approximately, a third of patients presenting for cataract surgery are likely to have 

clinically significant levels of corneal astigmatism.1 Toric intraocular lenses (IOLs) 

have been shown to be a safe and effective method of reducing astigmatism at the 

time of cataract surgery.2 However, after toric IOL implantation, residual astigma-

tism can still be problematic. Studies have reported residual astigmatism 1.0  D 

in ~10%–12% of eyes and spherical equivalent refractive errors 1.0 D in ~8% of 

eyes, with uncorrected visual acuity of 20/20 in 41%–63% of eyes.2,3 The amount of 

residual astigmatism is unlikely to be related to IOL rotation since the majority (93.3%)2 

or all3 of the IOL rotation was #10°, though surgically induced astigmatism (SIA) 

and IOL tilt were not evaluated as possible causes for this residual astigmatism. The 

expectations for emmetropia are high among patients receiving toric IOLs; optimiz-

ing refractive results after cataract surgery is especially important for these patients. 
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As a result, surgeons are interested in whether femtosecond 

laser-assisted cataract surgery (FLACS) offers any benefit 

over standard phacoemulsification with regard to reducing 

residual refractive error and improving uncorrected visual 

outcomes after toric IOL implantation.

FLACS has generated considerable interest, and debate, 

regarding its clinical advantages and disadvantages since its 

introduction several years ago. Femtosecond laser systems 

can be used to perform several steps in the cataract procedure: 

crystalline lens fragmentation, creation of the anterior lens 

capsulotomy, and corneal incisions. In general, safety and 

effectiveness of the laser cataract procedure have been shown 

to be similar to those of the standard cataract surgery though 

there may be an increased incidence of adverse events unique to 

using the laser, especially during the initial learning curve.4,5

It has been hypothesized that the increased accuracy in 

the corneal incision morphology may increase the predict-

ability of the surgical outcome.6 Laser fragmentation may 

reduce phacoemulsification time and ultrasound energy, 

thereby reducing endothelial cell loss and rehabilitation 

time.7,8 It is also believed that precision in the capsulotomy 

centration, size, and shape may improve refractive stability 

and predictability by reducing the likelihood of IOL move-

ment, tilt, and/or decentration.9,10 However, it remains unclear 

whether or not performing these steps with the laser translates 

to improvements in refractive outcomes over the current 

standard cataract surgery procedure.4,11

Several studies comparing FLACS with conventional cata-

ract surgery found no difference in visual acuity, refraction, or 

corneal aberrations.4,6,12 Other studies have observed that more 

eyes had visual acuity better than 20/25 in the laser group com-

pared to the standard group.12,13 The purpose of this retrospective 

study was to investigate the differences between higher order 

aberrations (HOAs), refraction, and visual acuity at 1 month 

and 1 year after cataract surgery in eyes implanted with a toric 

monofocal or multifocal lens where surgery was performed with 

or without the use of a femtosecond laser system.

Patients and methods
Local ethics approval for the data collection and analysis was 

requested and obtained from the Comité de Ética de la Inves-

tigación del Hospital General Plaza de la Salud. No patient 

protected data were collected or reported. A chart review for all 

eyes undergoing cataract surgery or refractive lens exchange 

with implantation of a toric IOL, monofocal or multifocal, 

between January 2012 and March 2014 was conducted. The 

choice of multifocal or monofocal IOL was based on patient 

preference, and use of the toric version of either IOL was 

based on preoperative corneal astigmatism. All implanted 

lenses were toric (monofocal or multifocal) one-piece lenses 

(AcrySof® SN6ATx or SND1TT; Alcon Laboratories, Inc., 

Fort Worth, TX, USA). Eyes with preoperative pathology (out-

side of cataract) and/or surgical complications were excluded. 

All surgeries were performed by the same surgeon (AE). The 

Holladay 2 formula was used for spherical power calcula-

tion and the AcrySof toric calculator for calculating cylinder 

power. Eyes with refractive data, visual acuity data, and ocular 

aberration measurements recorded at 1 month and 1 year post-

operatively were tabulated. Visual acuity data were recorded 

in Snellen notation but converted to logarithm of the minimum 

angle of resolution (logMAR) for analytical purposes.

Eyes were categorized into one of two groups: group 1 

(standard) included all eyes where surgery was completed 

with manual incisions and capsulorhexis with standard pha-

coemulsification, while group 2 (femto) included all eyes 

where a femtosecond laser system (LenSx; Alcon Laborato-

ries, Inc.) was used to create the primary and secondary inci-

sions, capsulotomy, and to perform initial lens fragmentation. 

In all the eyes, phacoemulsification was completed using the 

Centurion Vision System (Alcon Laboratories, Inc.). Eyes 

in which corneal arcuate incisions were performed were not 

included. Demographic data were also collected to determine 

if there were systematic differences between the groups.

Surgery in the standard group included a 2.2 mm single-

plane primary incision on the temporal meridian with a 

1.0 mm single-plane secondary incision. The manual capsu-

lorhexis had a planned diameter of 5 mm and was centered 

on the dilated pupil.

Surgery in the femtosecond group involved using the laser 

with energy of 6 µJ for the corneal incisions. The primary 

incision was temporal and triplanar, with a trapezoidal config-

uration (2.3 mm internal size and 2.4 mm external size). Two 

secondary monoplanar 1.1 mm incisions were also made, each 

60° away from the primary; the second of these incisions was 

opened only in the case where bimanual irrigation/aspiration 

was required. A 5 mm capsulotomy centered on the dilated 

pupil was completed using energy of 7 µJ.

An aberrometer (Nidek OPD Scan; Nidek Co Ltd., 

Gamagori, Japan) that uses time-based retinoscopy, also 

termed dynamic skiascopy, was used to measure the ocular 

aberrations of all eyes at 1 month and 1 year after surgery. 

The total, corneal, and internal aberrations of the eyes were 

measured using the manufacturer’s instructions. These data 

were exported to a text file using the export function pro-

vided in the system software; aberrations were exported at 

a 5 mm diameter.
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The data exported from the aberrometer and extracted 

from patient charts were tabulated in an Excel spreadsheet; 

this spreadsheet was imported into an MS Access database 

for data checking, collation, and preliminary analysis (both 

from Microsoft Corporation, Redmond, WA, USA). Statisti-

cal analyses were performed using the STATISTICA data 

analysis software system, version 12 (StatSoft, Inc., Tulsa, 

OK, USA; www.statsoft.com). Statistical testing was per-

formed using analysis of variance (ANOVA) on continuous 

variables and appropriate nonparametric tests on categorical 

data. Statistical significance was set at P=0.05.

Results
In the given time period, a total of 115 eyes were identified 

for inclusion, 62 eyes of 40 patients treated with standard 

phacoemulsification and 53 eyes of 41 patients treated using 

the femtosecond laser system. The ratio of bilateral eyes to 

unilateral eyes was not statistically significantly different 

between the groups (P=0.11, Fisher’s exact two-tailed test). 

Table 1 summarizes the data for the two groups. There was 

no statistically significant difference between the groups with 

regard to age, sex (Fisher’s exact two-tailed test), axial length, 

or average keratometry. The eyes in the standard group had 

significantly more corneal astigmatism, but the difference 

was approximately 0.3 D and considered clinically irrelevant. 

The ratio of multifocal toric IOLs to monofocal IOLs used 

was not statistically significantly different between the groups 

(P=0.3, Fisher’s exact two-tailed test) nor was the average 

lens sphere power (P=0.35). Only one patient had refractive 

lens exchange; hence, inclusion of these data was not deemed 

to be likely to materially affect the analysis.

Table 1 also includes the vector-calculated change in 

corneal astigmatism between the preoperative and 1-month 

visits, termed SIA. There was no statistically significant dif-

ference in SIA between the two groups (P=0.95).

Figure 1 shows the results of ANOVA of the 1-month 

logMAR uncorrected distance visual acuity (UDVA) by 

IOL type, multifocal or monofocal. There was no statisti-

cally significant difference in UDVA by IOL type (P=0.85). 

While the mean UDVA was about two letters better in the 

femto group, the difference was not statistically significant 

(P.0.05). Results at 1 year (not shown) were different by 

one letter or less in all cases, which was again not statisti-

cally significant. Based on this, all subsequent analyses were 

performed with pooled data.

Figure 2 shows a box-whisker plot of the average UDVA 

of patients by group and time. There was no statistically sig-

nificant difference between the two groups (P=0.10) at either 

time point. There was a statistically significant effect of time 

(P,0.01), with a loss of about one letter of UDVA between 

1 month and 1 year; this change with time was not different 

between the groups and was clinically insignificant. The 

average UDVA for the standard and femto groups differed 

by less than two letters (0.04 logMAR) at 1 month and less 

than one letter at 1 year postoperatively. The median UDVA 

at both time points for both the groups was between 0.0 and 

0.1 logMAR (20/20 to 20/25).

The mean best-spectacle-corrected distance visual acu-

ity (CDVA) for the standard and femto groups at both the 

1-month and 1-year time periods was within one letter (0.02 

logMAR) of 0.0 logMAR, the equivalent of 20/20, with less 

than one-letter difference between all points. There was no 

statistically significant difference in CDVA by group or time 

(P.0.05 in both the cases). Figure 3 shows a cumulative 

histogram of logMAR CDVA at 1 year.

The mean spherical equivalent refraction after surgery 

was not statistically significantly different between 

the groups at either 1 month (standard: -0.09±0.40 D, 

femto: -0.05±0.40 D; P=0.52) or 1 year (standard: -0.01±0.39 D, 

femto: 0.09±0.34 D; P=0.15). A higher percentage of eyes 

Table 1 Eye data by group

Characteristics Standard Femto P-value

Number of eyes 62 53
Age (years)a 71.7±9.9 (43, 86) 69.2±10.6 (30, 84) 0.20
Sex (male/female) 29/33 24/29 1.00
IOL sphere power (D)a 21.3±3.1 (9.0, 27.5) 20.7±3.8 (11.5, 27.0) 0.35
IOL type (single vision/multifocal) 48/14 36/17 0.30
Axial length (mm)a 23.35±0.96 (21.27, 26.98) 23.52±1.18 (21.46, 27.06) 0.39
Average K (D)a 44.09±1.32 (41.05, 47.68) 44.06±1.41 (41.60, 49.06) 0.88
Corneal astigmatism (D)a 1.62±0.68 (0.59, 3.50) 1.29±0.55 (0.54, 3.67) 0.01*
Surgically induced astigmatism (D)a 0.50±0.35 0.51±0.46 0.95

Note: *Indicates statistically significantly different. aData presented as mean ± SD (minimum, maximum).
Abbreviations: IOL, intraocular lens; SD, standard deviation.
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were within 0.5 D of the intended target in the femto group 

compared to the standard group (50/53 or 94% femto vs 53/62 

or 86% standard at 1 month and 48/53 or 91% femto vs 52/62 

or 84% standard at 1 year). The differences in percentages 

were not statistically significantly different (P=0.13 at 

1  month and P=0.40 at 1 year, Fisher’s exact two-tailed 

test). Figure 4 shows a histogram of the spherical equivalent 

refraction results at 1 year for both the groups.

Average postoperative cylinder was also not statisti-

cally significantly different between the two groups at 

Figure 1 Uncorrected distance visual acuity at 1 month by IOL type and surgery group.
Abbreviations: IOL, intraocular lens; logMAR, logarithm of the minimum angle of resolution.

Figure 2 Uncorrected distance visual acuity by group and time.
Abbreviations: logMar, logarithm of the minimum angle of resolution; Min, minimum; Max, maximum.
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either 1 month (P=0.43) or 1 year (P=0.12). There was a 

statistically significant increase in cylinder between 1 month 

and 1 year for both the groups (P,0.01), but the average 

change was 0.1 D in both the cases, which was clinically 

insignificant. Only two eyes (one femto, one standard) had 

a measured cylinder change 0.5 D between 1 month and 

1 year. The percentage of eyes with #0.50 D of residual 

refractive cylinder was 85% (53/62) in the standard group 

and 98% (52/53) in the femto group at 1 month; this dif-

ference was statistically significantly different (P=0.02, 

Fisher’s exact two-tailed test). At 1 year, the percentage 

of eyes with #0.50 D of residual refractive cylinder was 

69% (43/62) in the standard group and 83% (44/53) in the 

femto group; the difference in percentages at 1 year was 

Figure 3 Cumulative distance-corrected visual acuity at 1 year by group.
Abbreviation: logMAR, logarithm of the minimum angle of resolution.

Figure 4 Spherical equivalent refraction at 1 year by group.
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not statistically significantly different between the groups 

(P=0.12, Fisher’s exact two-tailed test).

Table 2 summarizes the aberrometry measurements for 

the two groups. Aberrometry was measured successfully for 

98 eyes at 1 month, with 83 eyes successfully measured at 

1 year; of these, 67 eyes (30 standard, 37 femto) were mea-

sured at both time periods. The only statistically significant 

difference observed between the groups was for total ocular 

HOAs at 1 year. A repeated measures ANOVA showed no 

change in any of the HOA values over time (P.0.10 in all 

the cases). In addition, a correlation analysis showed no 

statistically significant correlations between any of the total 

HOA values (ocular, corneal, or interior) and UDVA or 

CDVA at either 1 month or 1 year postoperatively (P.0.05 

in all the cases). There was also no difference in the measured 

aberrations by monofocal or multifocal lens type (P.0.05 

in all the cases).

A specific examination of the Zernike coefficients related 

to tilt and coma was made. A repeated measures ANOVA 

showed no statistically significant difference in any of the 

tilt and coma values over time in either the standard or femto 

groups (P.0.08 in all the cases). As a result, only the 1-year 

data are shown here, as the longer follow-up period is presum-

ably of greater interest. The effect of lens type (monofocal 

or multifocal) on the measured internal tilt and coma coef-

ficients was also tested; there was no statistically significant 

difference by lens type (P.0.05 in all the cases).

Table 3 presents the summary data for ocular, corneal, 

and interior tilt and coma values for each treatment group. 

There was a statistically significant difference in both vertical 

and horizontal tilt and coma for the total (ocular) aberrations 

(P,0.05 in all the cases). However, except in the case of 

horizontal coma, the differences in mean values appeared to 

be related to asymmetry, ie, the mean values were positive 

in one group and negative in another, but of the same mag-

nitude. There were no statistically significant differences in 

the corneal aberrations (P.0.6 in all the cases). A statistically 

significant difference was present for the internal vertical 

Table 2 HOAs by type and time

HOAs Time 
postoperatively

Standard
(n=50 at 1 month, 40 at 1 year)

Femto
(n=48 at 1 month, 43 at 1 year)

P-value

Ocular 1 month 0.51±0.25 (0.18, 1.21) 0.44±0.26 (0.16, 1.28) 0.23
1 year 0.57±0.33 (0.16, 1.36) 0.42±0.27 (0.10, 1.46) 0.03*

Corneal 1 month 0.52±0.25 (0.21, 1.25) 0.49±0.27 (0.14, 1.36) 0.51
1 year 0.54±0.30 (0.18, 1.37) 0.43±0.25 (0.16, 1.57) 0.07

Internal 1 month 0.54±0.46 (0.15, 2.87) 0.51±0.36 (0.17, 1.60) 0.75
1 year 0.60±0.45 (0.17, 2.08) 0.50±0.41 (0.17, 2.02) 0.32

Notes: *Indicates statistically significantly different; n = number of eyes. Data is presented as mean ± SD (minimum, maximum).
Abbreviation: HOAs, higher order aberrations; SD, standard deviation.

Table 3 Ocular, corneal, and internal aberrations at 1 year

Parameter Mean ± SD (minimum, maximum) P-value

Standard (n=40) Femto (n=43)

Ocular
Vertical tilt 0.09±0.33 (-0.58, 0.95) -0.09±0.32 (-1.33, 0.43) 0.01*
Horizontal tilt -0.07±0.31 (-0.89, 0.43) 0.05±0.24 (-0.53, 0.57) 0.05*
Vertical coma 0.04±0.13 (-0.23, 0.31) -0.06±0.17 (-0.85, 0.15) ,0.01*
Horizontal coma -0.07±0.15 (-0.50, 0.15) 0.01±0.10 (-0.26, 0.24) ,0.01*
Corneal
Vertical tilt -0.08±0.55 (-1.38, 1.34) -0.09±0.48 (-0.88, 1.30) 0.95
Horizontal tilt -0.03±0.46 (-1.02, 0.96) 0.01±0.37 (-0.93, 0.89) 0.66
Vertical coma -0.08±0.20 (-0.53, 0.28) -0.06±0.20 (-0.65, 0.46) 0.79
Horizontal coma 0.00±0.15 (-0.33, 0.33) 0.01±0.15 (-0.43, 0.39) 0.83
Internal
Vertical tilt 0.18±0.52 (-1.29, 2.03) 0.00±0.52 (-2.09, 0.66) 0.12
Horizontal tilt -0.05±0.46 (-1.63, 0.78) 0.01±0.38 (-0.93, 1.04) 0.51
Vertical coma 0.12±0.21 (-0.40, 0.88) 0.00±0.25 (-1.09, 0.54) 0.03*
Horizontal coma -0.08±0.21 (-0.87, 0.22) -0.01±0.16 (-0.47, 0.32) 0.11

Notes: *Indicates statistically significantly different; n = number of eyes.
Abbreviation: SD, standard deviation.
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coma values (P=0.03), though not for internal vertical tilt 

values (P=0.12). There were no statistically significant dif-

ferences in internal horizontal tilt or coma.

A correlation analysis showed no statistically significant 

correlations between any of the tilt and coma values (ocular, 

corneal, or interior) and UDVA or CDVA at either 1 month 

or 1 year postoperatively (P.0.05 in all the cases).

Discussion
The current study compared the visual acuity results, refrac-

tive outcomes, and measured aberrations between standard 

phacoemulsification and femtosecond laser-assisted cata-

ract surgery in uncomplicated cataract surgery where eyes 

were implanted with a toric IOL. To our knowledge, this 

is the first study looking exclusively at toric IOL outcomes 

with FLACS.

The results show that UDVA and best-spectacle CDVA 

were not statistically or clinically significantly different 

between the femto and standard groups. This is in agreement 

with the literature suggesting that there is either no change 

or a very small difference between visual acuity results.6,9,12 

The lack of difference may be due to the relatively small 

sample sizes.14 A larger study13 with 794 surgeries in a femto 

group and 420 surgeries in a standard group found that 12% 

more patients in the femto group had UDVA of 20/25 or 

better, though there was no difference between the groups 

in terms of the percentage of eyes with UDVA of 20/32 or 

better. The US Department of Veterans Affairs evaluated 

nine studies, three of which were randomized and controlled, 

comparing FLACS to standard phacoemulsification. They 

concluded that the evidence suggested CDVA was not 

significantly different between femtosecond-assisted and 

standard cataract surgery.4

In the current study, the mean spherical equivalent refrac-

tion was not significantly different between the two groups; 

this is in agreement with a previous large study, which found 

a difference in the mean spherical equivalent refraction of 

only 0.05 D in favor of the femto group.13 The results of the 

current study show that, at the 1-year postoperative visit, 7% 

more patients in the femto group had spherical equivalent 

refractions within 0.5 D when compared with the standard 

group. While not statistically significant, this appears consis-

tent with a previous study which found ~4% increase in the 

percentage of eyes within 0.5 D in the femto group (~69%) 

compared with the standard group (~65%).15 The same study 

found a higher mean absolute error in patients with short 

(,22 mm) and long (.26 mm) axial lengths when using the 

standard over the femto procedure.15 Another study reported 

a 0.02 D difference in mean absolute refractive error in favor 

of the femto group compared with the standard group despite 

the presence of a learning curve in using the laser, and the 

use of a personalized A-constant in the standard group but 

not in the femto group.16 A more recent study by Conrad-

Hengerer et al shows that, at the 6-month postoperative visit, 

21% more eyes in the femto group had refractions within 

0.5 D when compared with the standard group; this value is 

higher than that found in the current study.17 The difference in 

results may be due to the difference in population size, laser 

platform used, and the fact that the study of Conrad Hengerer 

et al used a monofocal spherical IOL, while we used toric 

monofocal and multifocal IOLs.17 Evidence suggests that the 

femtosecond laser systems may be associated with a lower 

absolute spherical equivalent refraction, but the differences 

relative to standard phacoemulsification may not always be 

clinically significant.

To our knowledge, no study has reported the residual 

refractive astigmatism after toric IOL implantation with laser 

cataract surgery. One study did demonstrate that SIA was 

not significantly different between the two groups.6 This is 

consistent with the results obtained in the present study.

In the present study, the percentage of eyes with residual 

refractive astigmatism of #0.50 D was higher in the femto 

group at both 1 month and 1 year, though the difference was 

statistically significant only at 1 month; the sample size may 

be a limitation in this nonparametric analysis. A reduction 

in the number of eyes with residual refractive astigmatism 

of #0.5 D over the course of 1 month to 1 year was evident 

in both the groups. This is likely a function of variability in 

performing the manifest refraction, as the measured mean 

cylinder for both the groups changed by 0.1 D in that time 

period and only two eyes (one femto, one  standard) had 

an absolute change in refractive cylinder 0.5 D between 

1 month and 1 year.

In the current study, the total ocular HOAs were signifi-

cantly higher in the standard group at 1 year, though there 

was no difference in the total ocular, corneal, or internal 

HOAs at 1 month. This result is consistent with a previous 

study that found no significant difference between groups in 

terms of corneal HOAs after surgery.6 HOAs were not cor-

related with visual acuity results at either time point; this is 

consistent with findings from a previous study.18

Looking specifically at tilt and coma aberration mag-

nitudes at 1 year, all ocular mean values were statistically 

significantly different between the groups. This appeared to 

be a function of asymmetry in the mean values (ie, one plus, 

the other minus on average) rather than lower magnitudes 
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in the femto group. However, internal vertical coma was 

statistically significantly lower in the femto group. This 

is consistent with the results observed in a previous study. 

In that study, the authors suggested that visual quality may 

be improved by lower IOL tilt, attributed to possibly lower 

magnitudes of corresponding coma in the laser group when 

compared to the standard group.18 While coma was lower in 

the femto group in the current study, actual IOL tilt was not 

measured. More sensitive measures of visual quality may 

be required to better elucidate the effects of IOL tilt and 

corresponding coma.

Conclusion
In conclusion, our study results demonstrate that in uncompli-

cated cataract surgery with toric IOL implantation, there were 

no clinically significant differences in visual acuity, spheri-

cal equivalent refraction, or residual refractive astigmatism 

between a group of eyes treated with standard phacoemulsi-

fication and a group treated with a femtosecond laser system 

at the 1-year postoperative time point. Total ocular HOAs at 

1 year were slightly lower in the femtosecond laser group. 

Internal vertical coma was also significantly lower in the 

femto group. Further research is warranted to examine image 

quality and subjective visual improvements for patients in 

order to better establish the potential value of FLACS relative 

to standard phacoemulsification in this regard.
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