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CORRESPONDENCE

Efficacy evaluation of toric IOL rotation after cataract surgery

Tsutomu Ohashi, MD, PhD, Akihiro Shinkai, MD, Tjundewo Lawu, PhD

In general, a 30-degree misalignment in rotation of a toric
intraocular lens (IOL) results in a 100% residual astig-
matism error in the magnitude of astigmatism, or in other
words, there is no efficacy of the toric IOL in astigmatism
correction.1–3 On the other hand, there are reports that
the efficacy of astigmatism correction becomes zero at
45-degree misalignment.4–7 Based on an experiment by
Tognetto et al. and the flattening index by Alpins, Németh
stated that the efficacy of astigmatism correction could be
zero at 45-degree misalignment instead of 30-degree
misalignment.4,5,7 In this report, the effect on the effi-
cacy of astigmatism correction caused by misalignment in
rotation of the toric IOL was evaluated analytically, and
the results were compared with simulation images.
The angular changes of corneal astigmatism and toric

IOL occur in the form of a sinusoidal wave at 180-degree
cycle. Figure 1 shows a graphical summation with no ro-
tation and 30-degree and 45-degree rotations to correct the
entire �2 diopters (D) with-the-rule astigmatism. The blue
line shows the angular changes in corneal astigmatism, the
yellow line shows the angular changes in toric IOL cor-
rection, and the red line shows the angular changes in
residual astigmatism after correction by the toric IOL. The
residual astigmatism was linear when there was no post-
operative misalignment (Figure 1, A). When the post-
operative misalignment was 30 degrees, the preoperative
astigmatism of �2 D remained (Figure 1, B). This means
that the efficacy of astigmatism correction becomes zero
with a 30-degree misalignment. It was also observed that
the axial direction of the astigmatism changed. With-
the-rule astigmatism turned into oblique astigmatism
(30-degree astigmatism axis) with the same magnitude of
astigmatism. Furthermore, when the postoperative mis-
alignment was 45 degrees, the residual astigmatism was
�2.83 D at the astigmatic axis of 22.5 degrees, which
was 1.41 times higher than preoperative astigmatism
(Figure 1, C). The graphical analysis showed that post-
operative astigmatism could be higher than preoperative
corneal astigmatism at more than 30 degrees of IOL
misalignment in rotation.
The formula for calculating the residual astigmatism

caused by misalignment can be obtained using the vector
summation method as follows3:

CR ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C2
P þ C2

T þ 2CPCT cosð2aÞ
p

;

y ¼ CR

CP
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C2
P þ C2

T þ 2CPCT cosð2aÞ
p

CP
:

If CT ¼ ACP, then,

y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C2
P þ ðACPÞ2 þ 2ACPCP cosð2aÞ

q

CP
;

y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A2 þ 1þ 2A cosð2aÞ

p
;

y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðA� 1Þ2 þ 4A cos2ðaÞ

q
;

where CR is the postoperative residual astigmatism (D); CP,
preoperative corneal astigmatism (D);CT, cylinder power of toric
IOL (D) (at corneal plane);a, angle between corneal astigmatism
axis and IOL steepest meridian (degrees) a of astigmatism
correction is 90 degrees + u; u, misalignment of toric IOL; A,
astigmatism correction rate; and y, ratio of postoperative
residual astigmatism and preoperative corneal astigmatism.
In a special case when CP = CT or A = 1, then,

y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4 cos2ðaÞ

p
:

The effectiveness of toric IOL correction is defined using
the following equation (Figure 1D):

Eff ¼ ð1� yÞ × 100%:

In the case of toric IOL to correct �2 D corneal
astigmatism with 30-degree misalignment and y = 1, the
residual astigmatism remains �2 D and Eff = 0%. There
was no astigmatism correction. With 45-degree mis-
alignment, the residual astigmatism is �2.83 D and
Eff = �41.42%. The residual astigmatism increased 1.41
times higher than preoperative astigmatism.
To compare with the image of Tognetto et al., we show

the deterioration simulation image caused by rotational
misalignment for a patient with �1.48 D with-the-rule
astigmatism obtained using OPD-Scan III (NIDEK Co.,
Ltd.) (see Supplemental Figure 1, Supplemental Digital
Content 1, available at http://links.lww.com/JRS/A205).4,A A
toric IOL (AcrySof IQ SN6AT4 with 16.00 D, Alcon Labo-
ratories, Inc.) and a nontoric IOL (AcrySof SN60WF with
15.50 D, Alcon Laboratories, Inc.) were simulated. At 30-
degree misalignment, the image quality is equivalent to that
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of nontoric IOL (nontoric IOL: �2.62 D, 30-degree mis-
alignment: �2.50 D). At 45-degree misalignment, the image
deteriorated further (nontoric IOL: �2.62 D, 45-degree
misalignment: �3.51 D).
The simulation image using the artificial eye by Tognetto

et al. became steeper in the rotation interval between 15 and
20 degrees.4 Thirty degrees of toric IOL rotation reduced
the image quality to less than 50%, and 45 degrees of toric
IOL rotation reduced the image quality to the same as no
toric correction at all. This was contrary to the results of
both our graphical analysis and image simulation.
In conclusion, from both the mathematical perspective

and the results of image simulation, it is clear that the
corrected astigmatism has no efficacy at 30 degrees

misalignment, which indicates that postoperative re-
sidual astigmatism is equivalent to the value of astig-
matism with nontoric IOL. Moreover, misalignments of
more than 30 degrees up to 90 degrees worsen residual
astigmatism compared with the nontoric IOL.
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Figure 1. A: Graphical summation for toric IOL with no mis-
alignment. B: Graphical summation for toric IOL with 30-degree
misalignment. C: Graphical summation for toric IOL with 45-degree
misalignment. D: Effectiveness of toric IOL as a function of mis-
alignment angle when CP = CT (100% astigmatism corrections).
Black arrows show the effectiveness with 30- and 45-degree
misalignments (IOL = intraocular lens).
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