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Purpose: This study aimed to evaluate the changes in posterior corneal astigmatism after cataract surgery and provide a theoretical 
basis to accurately evaluate the total corneal astigmatism (TA) to be corrected before toric intraocular lens (IOL) implantation.
Patients and Methods: Sixty-two patients (89 eyes) who underwent phacoemulsification combined with toric IOL implantation 
(AcrySof IQ Toric SN6AT2-T9) at Shanxi Eye Hospital between January 2017 and September 2018 were enrolled. Surgically induced 
astigmatism of the posterior cornea (SIAPA) was analysed using vector analysis during pentacam examination.
Results: The vector variances of keratometric astigmatism (KA), TA, and posterior corneal astigmatism (PA) preoperatively and 
postoperatively in the “with-the-rule (WTR) astigmatism” group and “overall patient” group were statistically significant (P < 0.05). 
A statistically significant difference was observed between surgically induced KA (SIAKA) and surgically induced astigmatism of the 
total cornea (SIATA) for all patients, including those with WTR astigmatism. For all patients, SIAKA was less than SIATA by 0.05 ± 
0.21 D, and for patients with WTR astigmatism, SIAKA was less than SIATA by 0.09 ± 0.22 D. For patients in the “against-the-rule 
(ATR) astigmatism” group, there were no statistically significant differences between SIAKA and SIATA, although SIAKA was greater 
than SIATA by 0.03 ± 0.18 D. When PA ≤0.4 D or KA ≤2.0 D, SIAPA can be ignored. However, when PA >0.4 D or KA >2.0 D, 
ignoring SIAPA caused by cataract surgery incision will cause SIAKA in patients with WTR astigmatism to underestimate SIATA, 
while SIAKA in patients with ATR astigmatism will cause an overestimation of SIATA.
Conclusion: SIA on the posterior corneal astigmatism may have a significant role on more precise planning of toric IOL implantation, 
especially in cases with higher preoperative anterior or posterior corneal astigmatism.
Keywords: surgically induced astigmatism, SIA, posterior corneal astigmatism, PA, keratometric astigmatism, KA, total corneal 
astigmatism, TA

Introduction
Procedures for enhancing visual quality after cataract surgery are constantly improving with the concept guided by 
refraction. Experience has shown that even astigmatism less than 1.00 D after cataract surgery can cause adverse visual 
symptoms, such as blurred vision, ghosting, halo, and glare.1,2 Therefore, correcting preoperative astigmatism and 
reducing postoperative residual astigmatism are necessary and have become the main goals of contemporary cataract 
surgery, with great significance for patients to obtain independence from glasses and good postoperative visual quality.

Toric intraocular lens (IOL) implantation is the most effective and stable surgical method for correcting astigmatism 
in patients with cataract; however, studies have shown that some patients still have residual astigmatism after toric IOL 
implantation. Incorrect estimation of SIA is one of the causes of postoperative refractive error.3,4 The error in surgically 
induced astigmatism (SIA) contributes significantly to this.5–9 Astigmatism to be corrected by surgery should be the 
vector sum of corneal astigmatism and SIA. A profound understanding of SIA is imperative in the evaluation of 
preoperative total corneal astigmatism (TA) and selection of toric IOL. SIA can vary under different conditions, including 
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incision structure, length, position, impermeability, individual biomechanical differences in cornea, and surgeons’ 
habits.10–12 For a 2.2-mm clear corneal incision, SIA is reported to be 0.25 ± 0.13 D to 0.81 ± 0.54 D.13 Therefore, 
understanding a surgeon’s personalised centroid of the SIA is important to reduce refractive errors after toric IOL 
implantation.

Several studies10,14–18 have reported on SIA caused by cataract surgery incision; however, most of them are based 
merely on anterior corneal astigmatism. Since Koch19 reported the influence of posterior corneal astigmatism (PA) on 
TA, an increasing number of clinicians have begun to focus on the role of PA in the implantation of toric IOL. However, 
most clinicians have not considered the influence of PA caused by incision when evaluating SIA. Fortunately, in recent 
years, it has become possible to observe changes in PA owing to the emergence of Pentacam and other instruments.

In this study, we calculated the SIA of keratometric astigmatism (KA), PA, and TA after surgery to observe the effects 
of cataract incision on the anterior and posterior cornea, especially the change in the posterior cornea and its influence on 
SIA, to provide a theoretical basis for accurately evaluating TA to be corrected before toric IOL implantation.

Materials and Methods
We enrolled 62 patients (89 eyes) who underwent phacoemulsification combined with toric IOL implantation (AcrySof 
IQ Toric SN6AT2-T9, Alcon Laboratories, Inc.) in the cataract department of Shanxi Eye Hospital between January 2017 
and September 2018.

The inclusion criteria were as follows: (1) no previous history of eye trauma or eye surgery; (2) no corneal or other 
eye diseases; (3) no corneal contact lens wearing history within the last 2 weeks; (4) Pentacam showing regular corneal 
astigmatism; (5) no intraoperative or postoperative complications; and (6) a grade 2–3 hardness of the lens nucleus 
(emery grade).

The main examination indexes before and after surgery included uncorrected visual acuity, manifest refraction, best 
corrected visual acuity, axial position, and IOL decentration after pupil dilation 1 day, 1 week, 1 month, and 3 months 
postoperatively. IOL master and Pentacam examinations were performed 3 months after the surgery.

A Pentacam HR anterior segment analyser (Oculus, Germany) was used. Under the condition of natural pupil size in 
a dark environment, we asked the patient to blink before the examination to maintain uniform distribution of the tear film 
and reduce aberration measurement errors caused by the tear film. The patient opened his eyes and looked at a flashing 
blue light. After aligning the machine, the examiner reconstructed the three-dimensional structure of the anterior segment 
with a 25 images/second mode, and recorded the magnitude and steepest axis of the PA, KA, and TA. The TA was 
obtained using the optical path tracking method. Only cases whose quality specification window showed “OK” were 
selected, and this inspection was performed by the same skilled technician.

All surgeries were performed by an experienced doctor in our department using the Centurion system (Alcon, US). 
Before surgery, the axial position of the toric IOL and a 120° incision were marked for patients sitting in front of a slit 
lamp without dilated pupils. Under topical anaesthesia, a 2.2-mm scleral single plane incision was made at 120°, and 
a continuous circular capsulorhexis approximately 5.5 mm in diameter was created using a capsulorhexis forceps. This 
was followed by hydrodissection, phacoemulsification of the nucleus, and cortical aspiration, after which toric IOL 
SN6ATX was inserted into the capsule. The viscoelastic material behind the toric IOL was removed, and the toric IOL 
was rotated to the preoperative marked axial position. Finally, the incision was hydrated using balanced salt solution.

The calculation methods were as follows: (1) Classification of astigmatism. For KA and TA, the orientation of with- 
the-rule (WTR) astigmatism ranged from 60° to 120°, the orientation of against-the-rule (ATR) astigmatism was 180 ± 
30°, and that of oblique astigmatism was 45 ± 15° or 135 ± 15°. For PA, because the posterior cornea specifically acts as 
a minus lens, the definitions of WTR astigmatism and ATR astigmatism are completely opposite that of SIA; that is, the 
orientation of WTR is 180 ± 30°, that of ATR is 90 ± 30°, and that of oblique astigmatism is 45 ± 15° or 135 ± 15°. (2) 
Calculation method for astigmatism: The arithmetic mean and vector analysis methods were adopted. The vector analysis 
method decomposes the astigmatism value into the x- and y-axes, x = cylinder * cos (2 * axis) and y = cylinder * sin (2 * 
axis), where the cylinder represents the value of cylinder power, and the axis represents the steepest axis. After synthesis, 
cylinder = 

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�x2 þ �y2

p
, and angle = 1

2 �Arctan �y
�x
� �

. If x > 0 and y > 0, axis = angle; If x < 0, axis = angle + 90°; If x > 0 and 
y < 0, axis = angle + 180°. The positive axis of the x axis represents a 180° axis astigmatism, and the negative axis 
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represents a 90° axis astigmatism; the positive axis of the y axis represents a 45° axis astigmatism, and the negative axis 
represents a 135° axis astigmatism. (3) Before the data were converted into power vector components and to ensure 
a consistent coordinate system, the angle of the axis of astigmatism in the left eye was converted using the following 
formula: transformed angle =180 – angle. (4) The SIA calculation method:

The results of the quantitative data are expressed as x�s, and the Kolmogorov–Smirnov test was used to test for 
normality. If data were normally distributed and had homogeneity of variance, the paired t-test was used to compare 
various types of astigmatism, including SIA, before and after surgery. Otherwise, the nonparametric Wilcoxon rank-sum 
test was used. For correlation analysis, if the data were normally distributed, Pearson linear correlation analysis was used; 
however, if the distribution was not normal, Spearman rank correlation analysis was used. The chi-square test or Fisher’s 
exact method was used to count the data. Statistical significance was set at P < 0.05.

Results
In this study, 89 eyes of 62 patients (women accounted for 53.2% and men accounted for 46.8%) were evaluated 
prospectively, including 42 eyes of 29 men and 47 eyes of 33 women. The average age was 54.47 ± 14.29 years old. The 
average preoperative KA was 0.97±2.35 D. The WTR astigmatism group consisted of 61 eyes; the ATR astigmatism 
group, 26 eyes; and the oblique astigmatism group, 2 eyes.

Table 1 shows the mean, 95% confidence interval, and maximum and minimum values before and after cataract 
surgery. As shown in the table, there were 72 eyes in the ATR group before surgery, accounting for 80.90% of all eyes 
evaluated in this study, and 75 eyes in the ATR group after surgery, accounting for 84.27% of all eyes evaluated in this 
study (three eyes that were preoperatively in the oblique astigmatism group and preoperatively similar to ATR 
astigmatism had transformed into ATR astigmatism).

Tables 2–4 show the vector values of KA, TA, and PA and the statistical comparison of the magnitude of the x- and 
y-axes before and after surgery. The results showed a significant difference in the y-axis of KA, TA, and PA (P < 0.05), 
except for the PA of ATR astigmatism. There was a significant difference in the x-axis for KA in ATR astigmatism (P 
= 0.01).

Table 5 shows the characteristics of SIAPA, SIAKA, and SIATA in all patients and in the WTR and ATR groups. 
The centroid SIAPA value was 0.09 ± 0.06 D, including 57 eyes < 0.1 D (64%), 28 eyes = 0.1–0.2 D (31.5%), and 4 
eyes > 0.2 D (4.5%). Table 6 shows that for all patients, there was a significant difference between SIAKA and SIATA 
(t = 2.185, P = 0.032), and SIAKA was less than SIATA by 0.05 ± 0.21 D. For patients in the WTR group, the 

Table 1 Distribution Characteristics of PA Preoperatively and Postoperatively (D, x�s)

Total WTR ATR

Pre Post Pre Post Pre Post

N 89 89 8 8 72 75

Mean ± SD 0.44 ± 0.25 0.43 ± 0.25 0.28 ± 0.28 0.30 ± 0.28 0.5 ± 0.23 0.48 ± 0.24
95% CI 0.40, 0.50 0.38, 0.49 0.04, 0.51 0.06, 0.54 0.45,0.55 0.42, 0.53

Min 0 0 0 0.1 0 0

Max 1.1 1.1 0.7 0.8 1.1 1.1

Abbreviations: Pre, preoperatively; post, postoperatively; WTR, with-the-rule astigmatism; ATR, against-the-rule astig-
matism; Total, all research subjects; 95% CI, 95% confidence interval; Min, minimum value; Max, maximum value.
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Table 2 Comparison of KA, PA and TA of All Patients (D, x�s @ Angle)

Astigmatism Pre Post Value P

KA 0.97±2.35@92 1.01±2.34@87
X −0.97±2.15 −1.01±2.11 −1.753 0.08*

Y −0.08±0.97 −0.10±1.01 −6.161 <0.001#

TA 0.91±2.36@92 0.93±2.42@85
X −0.92±2.15 −0.93±2.18 −0.612 0.541*

Y −0.06±0.95 0.17±1.07 −6.350 <0.001#

PA 0.36±0.37D@91° 0.37±0.25D@90°
X −0.37±0.32 −0.36±0.32 −1.014 0.311*

Y −0.01±0.17 0.01±0.16 −2.119 0.037#

Notes: *Represents Wilcoxon rank sum test for x-axis and y-axis preoperatively and post-
operatively, #Represents paired t-test for x-axis and y-axis preoperatively and postoperatively. 
Abbreviations: PA, posterior corneal astigmatism; KA, keratometric astigmatism; TA, total 
corneal astigmatism; Total all research subjects.

Table 4 Comparison of KA, PA, and TA of the Anterior ATR 
Astigmatism Group (D, x�s @ Angle)

Astigmatism Pre Post Value P

KA 2.02 ± 1.43@179 1.91 ± 1.56@2

X 2.03 ± 0.89 1.90 ± 0.95 −2.578 0.01*

Y −0.05 ± 1.13 0.11 ± 1.26 −2.769 0.01#

TA 2.07 ± 1.48@0 2.06 ± 1.63@3

X 2.04 ± 1.00 2.05 ± 1.05 −0.063 0.949*

Y 0.31 ± 1.11 0.19 ± 1.24 −2.632 0.014#

PA 0.04 ± 0.25@155 0.04 ± 0.26@169

X 0.02 ± 0.21 0.04 ± 0.20 −1.870 0.061*
Y −0.03±0.16 0±0.16 −1.628 0.104*

Notes: *Represents Wilcoxon rank-sum test for x- and y-axes preoperatively and postopera-
tively, #Represents paired t-test for x- and y-axes preoperatively and postoperatively. 
Abbreviations: PA, posterior corneal astigmatism; KA, keratometric astigmatism; TA, total 
corneal astigmatism; Total, all research subjects.

Table 3 Comparison of KA, PA and TA of Anterior WTR Astigmatism 
Group (D, x�s @ Angle)

Astigmatism Pre Post Value P

KA 2.42±1.29@91 2.26±1.29@88

X −2.25±0.93 −2.25±0.95 −0.183 0.855*
Y −0.06±0.90 0.13±0.88 −5.404 <0.001#

TA 2.19±1.30@91 2.19±1.41@87

X −2.19±0.96 −2.21±0.98 −0.607 0.544*
Y −0.06±0.87 0.20±0.98 −5.734 <0.001#

PA 0.52±0.26@90 0.51±0.24@89

X −0.53±0.19 −0.53±0.18 −0.091 0.928#

Y 0±0.17 0.02±0.16 −1.988 0.047*

Notes: *Represents Wilcoxon rank sum test for x-axis and y-axis preoperatively and post-
operatively, #Represents paired t-test for x-axis and y-axis preoperatively and postoperatively. 
Abbreviations: PA, posterior corneal astigmatism; KA, keratometric astigmatism; TA, total 
corneal astigmatism; Total all research subjects.
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difference between SIAKA and SIATA was statistically significant (t = 3.010, P = 0.004), and SIAKA was less than 
SIATA by 0.09 ± 0.22 D. For patients in the ATR group, there was no significant difference between SIAKA and 
SIATA (t = 0.713, P = 0.482), and SIAKA was greater than SIATA by 0.03 ± 0.18 D.

As shown in Table 7, the linear correlation analysis between SIAPA and various factors shows that preoperative PA is 
positively correlated with SIAPA (r = 0.228, P = 0.032).

Table 5 Distribution Characteristics of Different Types of SIA

Mean ± SD (D) 95% CI (D) Min (D) Max (D)

SIAPA
Total 0.09 ± 0.06 0.08, 0.11 0.1 0.26

WTR 0.10 ± 0.06 0.08, 0.11 0 0.26

ATR 0.08 ± 0.04 0.07, 0.10 0 0.2
SIAKA
Total 0.39 ± 0.19 0.35, 0.43 0.01 0.89

WTR 0.40 ± 0.19 0.35, 0.45 0.01 0.89
ATR 0.38 ± 0.19 0.30, 0.46 0.11 0.81

SIATA
Total 0.44 ± 0.25 0.39, 0.40 0.1 1.29

WTR 0.48 ± 0.26 0.42, 0.55 0.1 1.29

ATR 0.36 ± 0.30 0.27, 0.44 0.13 0.93

Abbreviations: SIAPA, surgically induced astigmatism of the posterior cornea; SIAKA, surgi-
cally induced keratometric astigmatism; SIATA, surgically induced astigmatism of the total 
cornea; WTR, anterior with-The-rule group; ATR, anterior against-The-rule group; Total, all 
subjects; 95% CI, 95% confidence interval; Min, minimum; Max, maximum.

Table 6 Comparison of Different Types of SIA

Mean ± SD (D) Value P

TOTAL

SIATA 0.44 ± 0.25
SIAKA 0.39 ± 0.19 2.185 0.032#

WTR
SIATA 0.48 ± 0.26
SIAKA 0.40 ± 0.19 3.010 0.004#

ATR
SIATA 0.36 ± 0.30
SIAKA 0.38 ± 0.19 0.713 0.482

Note: #Represents paired -t test for SIAKA and SIATA. 
Abbreviations: SIAKA, surgically induced keratometric astigmatism; SIATA, surgically induced 
astigmatism of the total cornea; WTR, anterior with-The-rule group; ATR, anterior against- 
The-rule group; Total, all subjects.

Table 7 Linear Correlation Analysis Between SIAPA and 
Other Factors

Age CCT PA SIAKA SIATA

r 0.026 0.158 0.228 0.103 0.145

P 0.806 0.150 0.032 0.335 0.176

Abbreviations: CCT, central corneal thickness; PA, posterior corneal 
astigmatism; SIAKA, surgically induced keratometric astigmatism; SIAPA, 
surgically induced astigmatism of the posterior cornea; SIATA, surgically 
induced astigmatism of the total cornea.
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We divided patients into two groups according to PA: the “PA ≤ 0.4 D” group (n = 43) and the “PA > 0.4 D” group (n 
= 46). When PA was ≤ 0.4 D (SIATA: 0.38 ± 0.22 D and SIAKA: 0.38 ± 0.19 D), there was no significant difference 
between the two groups (t = −0.110, P = 0.913). However, when PA was > 0.4 D (SIATA: 0.50 ± 0.26 D, SIAKA: 0.40 ± 
0.20 D), the difference was statistically significant (t = 2.939, P = 0.005);

We divided patients into two groups according to KA: the “KA ≤ 2 D” group (n = 38) and the “KA > 2 D” group (n = 
51). When KA was ≤ 2 D (SIATA: 0.37 ± 0.23 D and SIAKA: 0.39 ± 0.16 D), there was no significant difference 
between the two groups (t = −0.555, P = 0.582). However, when KA was > 2 D (SIATA: 0.49 ± 0.26 D, SIAKA: 0.39 ± 
0.21 D), the difference was statistically significant (t = 3.287, P = 0.002).

Discussion
With the change in purpose of cataract surgery from vision restoration to refractive design, accurate preoperative 
evaluation of TA is vital for patients diagnosed with cataract and corneal astigmatism when using toric or multifocal 
IOL.20–23 The corneal astigmatism to be corrected by surgery should be the vector sum of corneal astigmatism and 
intraoperative astigmatism. In recent years, the importance of PA in the TA has been confirmed. This study aimed to 
analyse the effect of a 2.2 supero-temporal scleral incision on PA. Since SIA is a vector, the x- and y-axes directions are 
calculated simultaneously in this study, which is helpful to statistically compare the values of different types of 
astigmatism before and after surgery.

The results showed that the steepest meridian of the PA hardly changed after the surgical incision, and most of them 
were ATR astigmatism cases. In all patients and patients with WTR astigmatism, the differences in postoperative vector 
values for KA, TA, and PA were statistically significant, and all showed a change in the y-axis direction. Although there 
was no statistically significant difference in PA in the ATR astigmatism group postoperatively, there was also a trend in 
the y-axis from negative to positive. This conclusion is similar to the research results of Cheng et al24 in which the 
surgical incision close to the y-axis, which is at 120°, could explain the transformation, which mainly affects the 
refractive power in the y-axis direction but has little effect on the refractive power in the x-axis direction. In contrast, 
Kim et al25 reported that astigmatism along the x- and y-axes did not show any statistically significant difference. The 
authors found that the small difference due to postoperative changes had no direction. This may have been related to the 
surgery.

The average SIAPA values reported in different studies vary considerably. The SIAPA value obtained in this study 
was 0.09 ± 0.06 D (95% CI: 0.08, 0.11 D). Nemeth et al26 reported that the SIAPA of a 2.8-mm biplane corneal incision 
was 0.32 ± 0.29 D, and 25% of patients had values ≥ 0.5 D; however, Klijn27 observed 2.2-mm corneal and scleral 
incisions and reported that the SIAPA caused by a cataract incision was considered very small and can be ignored. Kim 
et al obtained a SIAPA of 0.20 ± 0.17 D through a temporal 2.2-mm corneal incision. Zhou28 reported SIAPA values of 
0.09 ± 0.47 D (2.2-mm group) and 0.09 ± 0.06 D (3.0-mm group), which were similar to the results of this study. The 
reasons for the great differences among various studies included differences in sample size, preoperative astigmatism 
range, time elapsed since surgery, orientation of surgical incision (temporal side, upper side, upper temporal side, and 
steepest meridian), incision width (2.2 mm, 2.6 mm, 2.8 mm, and 3.0 mm), and incision structures (single plane, biplane, 
and triplane). Even if they had the same orientation, width, and structure, the incision lengths and internal incision widths 
could differ due to different surgery habits. Therefore, it is of vital significance to calculate personalised intraoperative 
astigmatism with different incision orientations, incision widths, and lens nucleus hardness.

In this study, the difference between SIAKA and SIATA was statistically significant (P < 0.05) in all patients and in 
the WTR astigmatism group. For all patients, SIAKA was less than SIATA by 0.05 ± 0.21 D, whereas for the WTR 
astigmatism group, SIAKA was less than SIATA by 0.09 ± 0.22 D. However, for the ATR astigmatism group, there 
were no significant differences between SIAKA and SIATA (t = 0.713, P = 0.482) although SIAKA was greater than 
SIATA by 0.03 ± 0.18 D. As the steepest meridian of the posterior corneal surface is mostly vertical and the refractive 
power is a negative value, for the WTR astigmatism group, the surgical incision has a relaxing effect on the anterior 
corneal surface and a reinforcing effect on the posterior corneal surface. This reduces the postoperative TA, that is, 
ignoring SIAPA will lead to overestimation of the postoperative corneal astigmatism in the WTR astigmatism group. 
Therefore, SIATA will be greater than SIAKA in the WTR group. The incision strengthened the astigmatism of both the 
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anterior and posterior surfaces in the ATR astigmatism group, which increased the postoperative TA value. Therefore, if 
SIAPA is ignored, the postoperative corneal astigmatism value of the ATR astigmatism group will be underestimated, 
and for the ATR astigmatism group, SIATA will be less than SIAKA. Hayashi29 confirmed that the corneal incision 
steepened the posterior corneal surface through iTrace examination, further proving the aforementioned theory. 
Therefore, we can speculate that when evaluating the TA to be corrected before surgery, for patients with WTR 
astigmatism, considering the influence of SIAPA, the actual astigmatism to be corrected should be greater than the 
measured value, whereas for patients with ATR astigmatism, the actual astigmatism to be corrected should be less than 
the measured value.

In the correlation analysis of SIAPA, we found that the magnitude of PA was positively correlated with SIAPA, but 
not with corneal thickness, age, SIATA, and other factors; this is consistent with the reports of Cheng.24 Therefore, we 
divided PA into two groups according to the numerical value. The results showed that the best dividing point of PA was 
0.4 D. When PA was ≤ 0.4 D, SIATA: 0.38 ± 0.22 D, and SIAKA: 0.38 ± 0.19 D, there was no significant difference 
between the two groups (P = 0.913); however, when PA was > 0.4 D, SIATA: 0.50 ± 0.26 D, and SIAKA: 0.40 ± 0.20 D, 
the difference between them was statistically significant (P = 0.005). These results show that when PA ≤ 0.4 D, both 
SIATA and SIAKA are similar and SIAPA can be ignored, whereas when PA > 0.4 D, ignoring SIAPA will lead to an 
underestimation of SIAKA.

In addition, we divided patients into two groups according to preoperative KA. After statistical analysis, we 
observed that the best dividing point was KA of 2.0 D. When KA was ≤ 2.0 D, SIATA: 0.37 ± 0.23 D, and SIAKA: 
0.39 ± 0.16 D, the difference between them was not statistically significant (P = 0.582), and SIAPA could be ignored; 
however, when KA was > 2.0 D, SIATA: 0.49 ± 0.26 D, and SIAKA: 0.39 ± 0.21 D, the difference between them was 
statistically significant (P = 0.002), and SIAKA will be underestimated if SIAPA is ignored. However, due to the 
limitation of the number of cases, WTR / ATR groupings were not performed, and this will be improved in further 
studies.

At present, we have a deeper understanding of the importance of TA in toric IOL implantation. However, our 
calculation of SIA still depends only on KA. In this study, we found that there is still a certain deviation between the 
real SIA we need to correct (because PA also affects the real SIA) and the previously used astigmatism value. For 
WTR astigmatism, SIAKA is less than SIATA; therefore, the real corneal astigmatism value to be corrected is 
smaller. However, for ATR astigmatism, SIAKA is greater than SIATA; therefore, the real value to be corrected is 
larger.

One of the limitations of this study is that there was no continuous observation of changes in early postoperative SIA. 
Another limitation is the failure to accurately measure the length and size of the internal incision. In addition, Goggin30 

found that there was about 0.14 D error between the two measurement results of corneal astigmatism. Therefore, it is 
speculated that the results of SIA do not exclude the fluctuation of the results of remeasurement, and this study did not 
carry out the repeatability analysis of remeasurement. And the measurement of posterior astigmatism is less accurate than 
IOL Master 700, we will make further observations in future studies.

Conclusion
SIA on the posterior corneal astigmatism may have a significant role on more precise planning of toric IOL implantation, 
especially in cases with higher preoperative anterior or posterior corneal astigmatism.

Abbreviations
IOL, Intraocular lens; PA, Posterior corneal astigmatism; KA, Keratometric astigmatism; TA, Total corneal astigmatism; 
WTR, With the rule; ATR, Against the rule; SIA, Surgically induced astigmatism; SIAKA, Surgically induced kerato-
metric astigmatism; SIATA, Surgically induced astigmatism of the total cornea; SIAPA, Surgically induced astigmatism 
of the posterior cornea; CCT, Central corneal thickness.
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