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Purpose: To compare the astigmatic power of toric intraocular lenses (IOLs) ob-
tained from the AcrySof, TECNIS, and iTrace toric calculator in patients with pre-
operative with-the-rule (WTR) or against-the-rule (ATR) corneal astigmatism. Ma-
terials and Methods: Fifty eyes with cataract and corneal astigmatism greater than 
0.75 diopters were enrolled in each group (WTR and ATR). Keratometric values 
were measured using autokeratometry, an IOLMaster, and an iTrace, which incor-
porated corneal topography and ray-tracing aberrometry. Based on measured kerato-
metric values, the astigmatic power of each toric IOL was calculated using three to-
ric calculators. Results: Bland-Altman plots showed good agreement between six 
pairwise corneal astigmatism values in both groups. The TECNIS calculator tended 
to suggest a higher astigmatic power of the toric IOL than the AcrySof calculator. 
With the higher astigmatism and keratometric values from the IOLMaster, in both 
groups, calculations from the AcrySof and TECNIS calculators resulted in higher 
calculated astigmatic powers than those from same calculators with autokeratome-
try-measured values, demonstrating good agreement. With the higher calculated astig-
matic power values, the values from the iTrace toric calculator using keratometric val-
ues obtained from iTrace ray tracing wavefront aberrometry or iTrace simulated 
keratometry showed fair to moderate agreement with those from the other calcula-
tor-keratometry pairs in both groups. Conclusion: To achieve the best refractive out-
come after toric IOL implantation, understanding the differences in keratometric val-
ues between instruments and in calculated astigmatic power among toric calculator 
programs is necessary. Moreover, systemic analysis of each toric calculator in con-
junction with postoperative data is required.

Key Words: 	�Astigmatic power, toric IOL, toric calculator, corneal astigmatism, 
keratometry 

INTRODUCTION

It has been estimated that 15% to 29% of cataract patients have more than 1.25 di-
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plane. Recently, the HOYA iTrace Surgical Workstation 
(HOYA Surgical Optics) recommended the iTrace toric calcu-
lator module, which integrates the HOYA toric calculator, SIA 
analysis, and the Zaldivar toric caliper, for simulating toric 
IOL implantation procedures. Thus, astigmatic power can be 
calculated using the iTrace toric calculator based on the kera-
tometric values measured by iTrace ray tracing wavefront ab-
errometry or iTrace simulated keratometry automatically.

Comparing the astigmatic power of different toric IOLs 
using various toric calculators on the same eye can give us 
clues to understanding the trends of current toric calculator 
systems. Therefore, the purpose of our study was to compare 
the astigmatic power of toric IOLs determined using the Ac-
rySof, TECNIS, and iTrace toric calculators in a group of pa-
tients with preoperative with-the-rule (WTR) or against-the-
rule (ATR) corneal astigmatism.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board 
of Severance Hospital and conducted according to the tenets 
of the Declaration of Helsinki and Good Clinical Practices. 
All patients gave informed consent for participation in the 
study. Patients who underwent cataract removal by phaco-
emulsification were included. Preoperative measurements 
of corneal astigmatism with autokeratometry (KR-7100; Top-
con, Tokyo, Japan) were performed, and patients with corneal 
astigmatism greater than 0.75 D were enrolled. The TECNIS 
Toric IOL and its calculator are available with a cylinder 
power of lower than +4.00 D of the IOL plane (lens model 

opters (D) of preexisting corneal astigmatism and approxi-
mately 10% have 2.00 D or higher.1-3 The reduction of refrac-
tive astigmatism after cataract surgery can result in a significant 
improvement of visual quality, whereas remaining astigma-
tisms decrease visual acuity and the quality of vision.4-6 Toric 
intraocular lens (IOL) implantation allows better management 
of corneal astigmatism, leading to better uncorrected visual 
acuity.7,8

For surgical corrections of astigmatism with a toric IOL, 
accurate and reproducible preoperative measurements of 
corneal astigmatism and proper calculation of the astigmatic 
power of the toric IOL (toricity) are mandatory. Currently, 
many types of monofocal toric IOL models are available 
(Table 1).9 Each type of toric IOL is made of different mate-
rials and has different asphericity, toricity distribution, mor-
phology, overall diameter, and calculation algorithms.

The AcrySof Toric IOL (Alcon Laboratories, Fort Worth, 
TX, USA) was introduced in 2005, and the toricity was sub-
joined to the posterior surface of the IOL. The company 
provides an online toric calculator for the AcrySof Toric 
IOL. This calculation program requires input values for pre-
operative corneal astigmatism, surgically-induced astigma-
tism (SIA), and incision location. The TECNIS Toric IOL 
(Abbott Medical Optics, Santa Ana, CA, USA), with an an-
terior toric aspheric surface, has been recently introduced. 
Preoperative measurements are also needed to use the online 
toric calculator for the TECNIS Toric IOL, which is provid-
ed by the same company. The cylinder power at the IOL 
plane of the HOYA iSert Toric IOL (HOYA Surgical Optics, 
Chino Hills, CA, USA) ranges from 1.50 to 6.00 D, which 
corresponds to a range from 1.03 to 4.50 D of the corneal 

Table 1. Astigmatic Power Options of Three Toric Intraocular Lenses
Toric IOL model

(recommended corneal astigmatism correction, D)
Cylinder power

(D)
AcrySof TECNIS HOYA IOL plane Corneal plane

SN6AT3
(0.75–1.54)

ZCT 150
(0.75–1.50)

351 T3
(0.75–1.50)

1.50
1.03 in AcrySof
1.03 in TECNIS
1.03 in HOYA

SN6AT4
(1.55–2.05)

ZCT 225
(1.50–2.00)

351 T4
(1.50–2.00)

2.25
1.55 in AcrySof
1.54 in TECNIS
1.55 in HOYA

SN6AT5
(2.06–2.56)

ZCT 300
(2.00–2.75)

351 T5
(2.00–2.50)

3.00
2.06 in AcrySof
2.06 in TECNIS
2.06 in HOYA

SN6AT6
(2.57–3.07)

ZCT 400
(>2.75)

351 T6
(2.50–3.00)

3.75
2.57 in AcrySof
2.74 in TECNIS
2.58 in HOYA

IOL, intraocular lens; D, diopters.
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ers for the IOL plane and corneal plane. The model names of 
the AcrySof Toric IOL are similar to those of the HOYA iSert 
Toric IOL. These two toric IOLs are available from T3 to T9 
for correction of corneal astigmatism up to 4.00 D. However, 
the TECNIS Toric IOL uses different lens model names, and 
its cylinder power on the corneal plane is up to 3.00 D. There-
fore, we substituted the names ZCT 150, 225, 300, and 400 of 
the TECNIS Toric IOL with 3, 4, 5, and 6 for reasonable com-
parisons among the three toric IOLs.

 
Statistical analysis
Mann-Whitney U tests were used to determine the difference 
in corneal astigmatism between the WTR and ATR groups 
after the Kolmogrov-Smirnov test was performed. Wilcoxon 
signed ranks tests were used to compare the corneal astigma-
tism between devices and the astigmatic power of the toric 
IOL between calculators in each group. The intraclass corre-
lation coefficients (ICCs) were calculated with a two-way 
random model to assess the agreement between corneal 
astigmatism from each device in both groups. As there were 
four keratometric devices, this resulted in six pairwise corneal 
astigmatism values in each group. For interpreting the strength 
of agreement based on ICC, an agreement of >0.75 was good, 
0.50‒0.75 was moderate, and <0.50 was poor. The clinically 
relevant magnitude of the difference between devices was 
evaluated by Bland-Altman plots. The 95% limits of agree-
ment (LoA) were calculated as the mean difference ±1.96 
standard deviation (SD). Weighted kappa statistics were used 
to assess the agreement in the calculated astigmatic power of 
each toric IOL (15 pairs: toric calculator-keratometry vs. toric 
calculator-keratometry). The iTrace toric calculator was expect-
ed to match the keratometric values measured by iTrace ray trac-
ing wavefront aberrometry or iTrace simulated keratometry. The 
schema of Landis and Koch14 was used to interpret the strength 
of agreement based on kappa values, with an agreement of 
>0.80 as almost perfect, 0.61‒0.80 as substantial, 0.41‒0.60 as 
moderate, 0.21‒0.40 as fair, and <0.20 as poor.

Statistical analysis was performed using SAS software 
(version 9.2; SAS Institute, Inc., Cary, NC, USA). Differences 
were considered statistically significant when p values were 
less than 0.05.

RESULTS

One hundred eyes of 100 patients were included in the study. 
Patients’ characteristics are summarized in Table 2. The mean 

ZCT 400), which is designed to correct 2.74 D at the corneal 
plane. Therefore, patients with more than 2.74 D of corneal 
astigmatism from autokeratometry were excluded. Other ex-
clusion criteria were a history of intraocular or corneal sur-
gery and ocular trauma, biomicroscopic evidence of corneal 
disease that could affect corneal astigmatism, and contact lens 
wearers. Corneal astigmatism was defined as WTR when the 
steep corneal curvature was within 30 degrees of the vertical 
meridian and as ATR when the steep corneal curvature was 
within 30 degrees of the horizontal meridian.10 The patients 
who met all criteria were enrolled until 50 eyes were includ-
ed in each of the two groups.

Measurements
The amount of corneal astigmatism, keratometric values (K), 
and meridian location were measured using autokeratometry, 
IOLMaster partial coherence interferometry (Carl Zeiss Med-
itec, Dublin, CA, USA), and iTrace incorporating corneal to-
pography and ray tracing aberrometry (Tracey Technologies, 
Houston, TX, USA). Previous studies assessed the repeatabil-
ity of the keratometric values obtained from these three devic-
es and found that the keratometric measurements were highly 
correlated between devices and reproducible.11-13 In this study, 
all measurements were performed by the same operator, who 
was experienced in the use of all devices. To avoid bias, each 
of the measurements with the three devices was performed in 
the same order. Measurements were performed using autoker-
atometry, the IOLMaster, and then iTrace corneal topography-
ray tracing aberrometry, in that order.

For performing astigmatic power calculations of toric 
IOL with the online AcrySof and TECNIS calculators, ker-
atometric values (steep K, flat K, and their corresponding 
axes), SIA, incision location, and spherical power of the 
IOL were required. Autokeratometry and the IOLMaster 
used a refractive index of 1.3375 to convert the anterior ra-
dius of curvature into refractive power measured in diop-
ters. Likewise, 1.3375 was used as the refractive index of 
the TECNIS calculator. The spherical power of the IOL 
was chosen on the basis of keratometric values and axial 
length measurement using the IOLMaster and the SRK/T 
(Sanders-Retzlaff-Kraff/Theoretical) formula. The depth of 
the anterior chamber was measured using the IOLMaster. 
An SIA of 0.5, which was suggested as the default value by 
the manufacturer, and 0 and 90 degrees of incision location 
in both the WTR and ATR groups were specified consis-
tently for all calculators.

Table 1 shows the three toric IOLs and their cylinder pow-
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group (Table 3). In the ATR group, the corneal astigmatism 
values measured using the IOLMaster were in moderate 
agreement with those measured using the other devices. The 
comparisons between the other three devices, excluding the 
IOLMaster, showed good agreement.

The differences of corneal astigmatism values between 
devices were calculated and plotted against the mean corne-
al astigmatism value of the two devices (Fig. 1). The 95% LoA 
and SD of the difference between iTrace ray tracing wave-
front aberrometry and iTrace simulated keratometry were 
lower than those for other pairs, with the highest ICC in both 
groups (Table 3, Fig. 1).

Table 4 and Fig. 2 show the results of comparisons of the 
calculated astigmatic power of toric IOLs among 15 pairs of 
each group. The TECNIS calculator showed a higher calcu-
lated astigmatic power than the AcrySof calculator with ker-
atometric values measured by the same device in both groups 
(weighted kappa range, 0.613 to 0.677 in the WTR group 
and 0.494 to 0.519 in the ATR group). In both groups, cal-
culations from the AcrySof and TECNIS calculators using the 
higher astigmatic values of the IOLMaster showed a higher 
calculated astigmatic power than those from same calculators 
using autokeratometry-measured values, demonstrating good 
agreements (weighted kappa range, 0.879 to 0.948 in the 
WTR group and 0.820 to 0.857 in the ATR group).

The iTrace calculator with keratometric values measured 
from iTrace ray tracing wavefront aberrometry or iTrace sim-
ulated keratometry showed the higher calculated astigmatic 
power; however, these values demonstrated fair to moderate 

age was significantly higher in the ATR group (p=0.002). 
The mean corneal astigmatism values measured with the 
IOLMaster were significantly higher in the ATR group than 
in the WTR group (p=0.040). The mean corneal astigma-
tism values measured with the IOLMaster were significantly 
higher than those measured with the other devices in each 
group (Table 3). The agreement between all pairwise corne-
al astigmatism values resulted in good reliability in the WTR 

Table 2. Preoperative Patient Characteristics
WTR group ATR group

Patients (eyes) 50 (50) 50 (50)
Sex

Female 27 36
Male 23 14

Laterality
Right 28 25
Left 22 25

Age (yrs)*
Mean 62.0 (12.8) 70.1 (8.6)
Range 33–82 46–87

ACD (mm) 3.33 (0.61) 3.39 (0.70)
Axial length (mm) 23.56 (1.33) 23.82 (1.20)
Corneal astigmatism

Autokeratometry 1.30 (0.49) 1.45 (0.72)
IOLMaster† 1.41 (0.53) 1.66 (0.71)
iTrace wavefront aberrometry 1.31 (0.56) 1.46 (0.74)
iTrace simulated keratometry 1.28 (0.60) 1.41 (0.74)

WTR, with-the-rule; ATR, against-the-rule; ACD, anterior chamber depth.
Results are expressed as mean (standard deviation).
*Significant p value using the Mann-Whitney U test (p value=0.002).
†Significant p value using the Mann-Whitney U test (p value=0.040).

Table 3. Comparison of Corneal Astigmatism Measurements between Devices
Device Mean difference (D) SD (D) p value 95% of LoA spread (D) ICC (95% CI)
WTR group

Auto vs. IOLM -0.11 0.36 0.028 -0.82 to 0.60 0.856 (0.759 to 0.916)
Auto vs. iTrace WF -0.01 0.32 0.846 -0.63 to 0.61 0.869 (0.780 to 0.923)
Auto vs. iTrace Sim 0.02 0.29 0.374 -0.55 to 0.59 0.875 (0.789 to 0.927)
IOLM vs. iTrace WF 0.10 0.44 0.035 -0.77 to 0.97 0.934 (0.885 to 0.961)
IOLM vs. iTrace Sim 0.13 0.42 0.013 -0.70 to 0.96 0.897 (0.823 to 0.939)
iTrace WF vs. iTrace Sim 0.03 0.24 0.064 -0.45 to 0.51 0.939 (0.895 to 0.965)

ATR group
Auto vs. IOLM -0.21 0.39 0.001 -0.97 to 0.54 0.751 (0.596 to 0.846)
Auto vs. iTrace WF -0.02 0.38 0.622 -0.76 to 0.73 0.838 (0.721 to 0.901)
Auto vs. iTrace Sim 0.04 0.37 0.702 -0.68 to 0.76 0.874 (0.762 to 0.917)
IOLM vs. iTrace WF 0.20 0.25 <0.001 -0.29 to 0.68 0.669 (0.480 to 0.797)
IOLM vs. iTrace Sim 0.26 0.33 <0.001 -0.40 to 0.91 0.725 (0.554 to 0.831)
iTrace WF vs. iTrace Sim 0.06 0.24 0.164 -0.41 to 0.52 0.905 (0.836 to 0.944)

D, diopters; SD, standard deviation; LoA, limit of agreement; ICC, intraclass correlation coefficient; CI, confidence interval; WTR, with-the-rule; Auto, auto-
keratometry; IOLM, IOLMaster partial coherence interferometry; iTrace WF, iTrace ray tracing wavefront aberrometry; iTrace Sim, iTrace simulated kera-
tometry; ATR, against-the-rule.
A Wilcoxon signed ranks test was used for statistical analysis.
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DISCUSSION

Recently, one study reported that the distribution of corneal 
astigmatism measured using the IOLMaster device before 
cataract surgery showed a tendency for corneal astigmatism, 

agreement with values from the other calculator-keratome-
try pairs in both groups (weighted kappa range, 0.329 to 
0.485 in the WTR group and 0.388 to 0.632 in the ATR 
group).
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Fig. 1. Bland-Altman plots showing differences in corneal astigmatism between devices in WTR and ATR groups. The mean difference is represented by the 
horizontal solid line, and 95% limits of agreement are represented by dotted lines. (A) Autokeratometry vs. IOLMaster partial coherence interferometry. (B) 
Autokeratometry vs. iTrace ray tracing wavefront aberrometry. (C) Autokeratometry vs. iTrace simulated keratometry. (D) IOLMaster partial coherence inter-
ferometry vs. iTrace ray tracing wavefront aberrometry. (E) IOLMaster partial coherence interferometry vs. iTrace simulated keratometry. (F) iTrace ray trac-
ing wavefront aberrometry vs. iTrace simulated keratometry. WTR, with-the-rule; ATR, against-the-rule. 
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corneal astigmatism value than other keratometry devices for 
both ATR and WTR astigmatism.

The astigmatic power of toric IOL is chosen based on the 
amount of corneal astigmatism determined using a calcula-
tion program provided by manufacturer, which indicates that 
each calculator has been originally invented for its own com-
pany’s toric IOL.16 Therefore, without considering the char-
acteristics of toric IOLs, direct comparison of the astigmatic 
power calculated from different calculators is inappropriate. 
Nevertheless, we sought to find the tendencies of each cal-
culator rather than simply comparing them. In this study, de-
spite identical keratometric values and other required input, 
the TECNIS calculator tended to suggest higher astigmatic 

especially ATR astigmatism, to increase with age.15 Consis-
tently, our results demonstrated that the ATR group had a rel-
atively older age and significantly higher corneal astigmatism 
values obtained from the IOLMaster than the WTR group.

Although showing moderate to good agreement, the IOL-
Master provided steeper keratometric values than autokera-
tometry and the iTrace device in both groups. In other words, 
the corneal astigmatism values measured from the IOLMas-
ter were higher than those measured from autokeratometry 
and the iTrace device. According to previous reports, the IOL-
Master tended to give the greatest values for astigmatism, 
which was consistent with our findings.12,13 Thus, we con-
firmed that the IOLMaster has a tendency to provide a higher 

Table 4. Comparison of Calculated Astigmatic Power of Toric Intraocular Lens
Mean difference (D) SD (D) p value

WTR group
AcrySof - Auto vs. AcrySof - IOLM -0.10 0.54 0.197
AcrySof - Auto vs. TECNIS - Auto -0.04 0.20 0.157
AcrySof - Auto vs. TECNIS - IOLM -0.20 0.49 0.008
AcrySof - Auto vs. iTrace - iTrace WF -0.62 0.67 <0.001
AcrySof - Auto vs. iTrace - iTrace Sim -0.50 0.61 <0.001
AcrySof - IOLM vs. TECNIS - Auto 0.06 0.55 0.439
AcrySof - IOLM vs. TECNIS - IOLM -0.10 0.30 0.025
AcrySof - IOLM vs. iTrace - iTrace WF -0.52 0.68 <0.001
AcrySof - IOLM vs. iTrace - iTrace Sim -0.40 0.70 <0.001
TECNIS - Auto vs. TECNIS - IOLM -0.16 0.51 0.033
TECNIS - Auto vs. iTrace - iTrace WF -0.58 0.67 <0.001
TECNIS - Auto vs. iTrace - iTrace Sim -0.46 0.61 <0.001
TECNIS - IOLM vs. iTrace - iTrace WF -0.42 0.67 <0.001
TECNIS - IOLM vs. iTrace - iTrace Sim -0.30 0.65 0.003
iTrace - iTrace WF vs. iTrace - iTrace Sim 0.12 0.39 0.034

ATR group
AcrySof - Auto vs. AcrySof - IOLM -0.48 0.71 <0.001
AcrySof - Auto vs. TECNIS - Auto -0.16 0.42 0.011
AcrySof - Auto vs. TECNIS - IOLM -0.62 0.73 <0.001
AcrySof - Auto vs. iTrace - iTrace WF -0.74 0.75 <0.001
AcrySof - Auto vs. iTrace - iTrace Sim -0.64 0.75 <0.001
AcrySof - IOLM vs. TECNIS - Auto 0.32 0.71 0.003
AcrySof - IOLM vs. TECNIS - IOLM -0.14 0.40 0.020
AcrySof - IOLM vs. iTrace - iTrace WF -0.26 0.72 0.016
AcrySof - IOLM vs. iTrace - iTrace Sim -0.16 0.79 0.160
TECNIS - Auto vs. TECNIS - IOLM -0.46 0.76 <0.001
TECNIS - Auto vs. iTrace - iTrace WF -0.58 0.84 <0.001
TECNIS - Auto vs. iTrace - iTrace Sim -0.48 0.84 <0.001
TECNIS - IOLM vs. iTrace - iTrace WF -0.12 0.72 0.243
TECNIS - IOLM vs. iTrace - iTrace Sim -0.02 0.84 0.870
iTrace - iTrace WF vs. iTrace - iTrace Sim 0.10 0.51 0.166

D, diopters; SD, standard deviation; WTR, with-the-rule; Auto, autokeratometry; IOLM, IOLMaster partial coherence interferometry; iTrace WF, iTrace ray 
tracing wavefront aberrometry; iTrace Sim, iTrace simulated keratometry; ATR, against-the-rule.
A Wilcoxon signed ranks test was used for statistical analysis.
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culator also presents the astigmatic power of toric IOL that has 
the minimal anticipated residual astigmatism after IOL im-
plantation, despite the fact that the meridian of residual astig-
matism changes to the opposite direction from the toric IOL 

power of toric IOLs than the AcrySof calculator. The toric 
IOL model that offers the lowest amount of residual astig-
matism without flipping the meridian was chosen in both the 
TECNIS and AcrySof calculators. However, the TECNIS cal-

Fig. 2. Agreement in calculated astigmatic power of toric intraocular lenses. Weighted kappa statistics values and corresponding 95% confidence intervals 
for agreement in calculated astigmatic power of toric intraocular lenses among 15 toric calculator-keratometry pairs in WTR and ATR groups are shown. 
AcrySof, AcrySof toric calculator; TECNIS, TECNIS toric calculator; iTrace, iTrace toric calculator; Auto, autokeratometry; IOLM, IOLMaster partial coher-
ence interferometry; iTrace WF, iTrace ray tracing wavefront aberrometry; iTrace Sim, iTrace simulated keratometry.
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tween the lower corneal astigmatism values and higher 
calculated astigmatic power, as each company did not provide 
their calculation formula and variables for their own calcu-
lator in detail.

The major limitation of this study is its lack of postopera-
tive objective and subjective refractive results following toric 
IOL implantation. One of the most effective ways for evalu-
ating the accuracy or superiority of each calculator might be 
to compare the postoperative surgical outcomes of the accu-
racy of corneal astigmatism correction. However, it is difficult 
to compare the clinical outcome of each calculator system 
practically, given that implantation of three different toric 
IOLs based on each calculator in the same eye is infeasible. 
In addition to preoperative analysis of corneal astigmatism 
and astigmatic power calculation, various steps including 
horizontal marking, corneal incision, toric IOL alignment, 
and wound closure can contribute to the postoperative refrac-
tive outcomes. For these reasons, we focused on analyzing 
the pattern of suggested astigmatic power of each calculator.

In conclusion, the IOLMaster suggests a higher astigma-
tism power of each toric IOL when using the AcrySof and 
TECNIS calculators in the WTR and ATR groups. The TEC-
NIS calculator tended to suggest a higher astigmatic power 
of toric IOL than the AcrySof calculator. Additionally, the 
iTrace calculator was found to suggest a higher astigmatism 
power, despite the lower corneal astigmatism values in both 
groups. We expect that such information can help cataract 
surgeons understand the pattern of the suggested astigmatic 
power of each calculator when planning toric IOL implan-
tation.
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