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pendix 1. Oval Pupil Measurement
ckground and Standard Operating
ocedure

ckground

e only study of the oval pupil available was by Isotani
al3 in 1995, who studied the ratio of the major to minor
meter in healthy subjects by using infrared
otography. The subjects were dark adapted, so these are
topic pupil measurements.

andard Operating Procedure

he clinician observes an oval or irregularly shaped pupil
scoria) at any visit after surgery, photographs should be
en at that visit and each subsequent visit to determine if
ovalization is progressive. The major and minor di-

eters of the pupil, which may not be orthogonal, are
asured on the photograph, which must be taken in
otopic conditions (>200 foot-candles or 2153 lux) so the
pil is maximally constricted. The pupil constriction pro-
es the setting for pupil ovalization. For the measurement,
diameters must pass through the center of the least-
ares, best-fit ellipse or centroid of the pupil perimeter.
e ratio of the major to minor diameter is then calculated
reported. The photograph may be taken with any
era, including but not limited to slit-lamp cameras, to-

graphers, and Scheimpflug devices, but the eye image
st be captured under photopic conditions as specified.

Table 1. Ratio of IOL Toricity to Corneal Astigmatism

Effective Lens
Position

A-constantd> 116.346 117.203 118.059 118.916 119.773 120.630
Surgeon Factord> 0.287 0.772 1.257 1.742 2.227 2.713
ELPd> 4.000 4.500 5.000 5.500 6.000 6.500

IOL Power Resulting Ratio of IOL Toricity to 2 D of Corneal
Astigmatism

10 1.359 1.424 1.494 1.571 1.654 1.745
ferences

22 1.277 1.330 1.387 1.450 1.519 1.595
34 1.198 1.239 1.284 1.334 1.390 1.452
46 1.121 1.151 1.185 1.223 1.267 1.316

D ¼ diopter; ELP ¼ effective lens position; IOL ¼ intraocular lens.
Re

1. Stark WJ, Worthen DM, Holladay JT, et al. The FDA report on
intraocular lenses. Ophthalmology. 1983;90:311-317.

2. Lum F, Tarver ME, Kahook MY, et al. Special commentary:
Food and Drug Administration and American Academy of
Ophthalmology sponsored: developing novel endpoints for
premium intraocular lenses workshop. Ophthalmology.
2015;122:1522-1531.

3. Isotani H, Fukumoto Y, Kitaoka H, et al. Oval pupil in patients
with diabetes mellitus: examination by measurement of the
dark-adapted pupillary area and pupillary light reflex. Diabetes
Res Clin Pract. 1995;29:43-48.
Special Report: American
Academy of Ophthalmology Task

Force Summary Statement for
Measurement of Tilt,
Decentration, and Chord Length
Currently, the measurement of tilt and decentration is not commer-
cially available in an instrument or method that has been validated
clinically. In lieu of a validated, commercially available instrument or
method, the current statuses of 3 different approaches that have been
used tomeasure tilt and decentration are described to help provide the
basis for the future development of an instrument or technique.

Definitions

� Decentration of an intraocular lens (IOL) is the lateral
horizontal and vertical displacement of an IOL relative
to the visual axis as seen by the clinician through the
cornea (subject-fixated coaxially sighted corneal light
reflex, as described by Chang and Waring1).

� Tilt of an IOL is the horizontal and vertical angle from
perpendicular of an IOL relative to the visual axis
(subject-fixated coaxially sighted corneal light reflex,
as described by Chang and Waring1).

� Chord length m is the displacement (distance) between
the subject-fixated coaxially sighted corneal light reflex
and pupil center.1 For some diffractive IOLs, the
midpoint between pupil center and visual axis may be
optimal.
Tilt, Decentration, and Chord Length m

The goal is to measure tilt, apparent decentration through the
cornea, and chord length m on all subjects with a premium IOL.
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Reports
The 3 methods that have been used to measure 1 or more of these
parameters are described next. In cases in which an investigator
believes that the tilt has a clinically significant effect on a subject’s
vision, the induced astigmatism at the IOL plane should be
calculated by taking into account the power of the implanted
IOL and the tilt angle at the IOL plane (Appendix A, available
at www.aaojournal.org). Apparent decentration >1.0 mm is
equivalent to 1.7� of apparent tilt.2

Direct Measures of Tilt and Decentration
1. Using Purkinje images, effective lens position
(ELP), and corneal curvature: The original descrip-
tion of measuring decentration and tilt using Purkinje
images was by Phillips et al3 in 1988. The patient
fixates on a coaxial target with a telocentric camera.
The image locations are used with the axial
distances to the IOL surfaces and corneal curvature
measurement to determine the tilt and decentration
of the IOL. The Purkinje method has been
substantiated many times over the past 20 years, the
most recent of which was by Nishi et al4 in 2010.
Guyton et al2 simplified the method using a penlight
in 1990, but accuracy was sacrificed by having the
clinician estimate the distance between images.
Appendix B (available at www.aaojournal.org)
describes a modification to enhance the precision of
the method proposed by Guyton et al.2

2. Scheimpflug Imaging: In 2006, Rosales and Mar-
cos5 validated their Purkinje Imaging System, and in
2010, Rosales et al6 compared Scheimpflug and
Purkinje imaging. The Purkinje system images the
reflections of an oblique collimated light source (in
contrast to the coaxial light source described by
Phillips et al3) on the anterior cornea and anterior
and posterior IOL surfaces to determine the IOL
tilt and decentration from the axial distance to
the surfaces of the IOL and the corneal power.
Scheimpflug imaging also requires geometric
distortion correction and image processing
techniques to retrieve the pupillary axis, IOL axis,
and pupil center from the 3-dimensional anterior
segment image of the eye.
Indirect Measure of Tilt at the
Intraocular Lens Plane (May Be Used
Only with Spherical Intraocular Lenses)

The vector difference between the net corneal astigmatism (front
and back corneal surface) and the refractive astigmatism at the
corneal plane is the lenticular (phakic or pseudophakic) astigma-
tism at the corneal plane, described in mathematical form as
follows:

Net Corneal Astigmatism þ Lenticular Astigmatism ¼ Refrac-
tive Astigmatism

or
Lenticular Astigmatism ¼ Refractive Astigmatism � Net

Corneal Astigmatism
Because the Refractive Astigmatism of an eye has the opposite
sign of the Refractive Error Astigmatism of the eye, the equation
can be written:

LenticularAstigmatism¼�RefractiveErrorAstigmatism�Net
Corneal Astigmatism

This equation describes the lenticular astigmatism at the corneal
plane. If the vector differences are not oblique, the method for
oblique cylinders between the keratometric and refractive error
astigmatism is identical and completely described.7

If net corneal astigmatism or equivalent K-reading astigmatism8

is not available, and only anterior surface K-readings are available,
then the anterior surface K-reading may be modified to net corneal
power by adding 0.22 diopters (D) at 180� (against-the-rule) vector
to the anterior K-reading vector.9,10 This would reduce with-the-
rule by 0.22 D, increase against-the-rule by 0.22 D, and oblique
astigmatism would be somewhere between, depending on the axis.
According to the data in the 2 references, the resulting net corneal
power will be within 0.25 D of the correct power 90% of the time.

The lenticular astigmatism needs to be converted from the
corneal plane to the IOL plane. The conversion depends on the
ELP and the power of the IOL. The exact conversion ratio can be
determined postoperatively by using the spheroequivalent refrac-
tion, K-reading, axial length, and IOL power to calculate the actual
ELP for a specific patient using Equations 13aef on page 1367 in
the article by Holladay.11 By using the actual ELP and the actual
IOL power, the exact ratio may be interpolated from Table 1 in
the current article or calculated using the vergence formula by
Holladay (Equation 2, page 1359).11 Finally, the lenticular
astigmatism at the IOL plane is used in Appendix A (available at
www.aaojournal.org) along with the IOL power to estimate the
tilt angle of the IOL.
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TILT

ANGLE α

(Degrees) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

2 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05

3 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.11 0.11

4 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.08 0.09 0.09 0.10 0.10 0.11 0.11 0.12 0.12 0.13 0.13 0.14 0.14 0.15 0.15 0.16 0.16 0.17 0.17 0.18 0.18 0.19 0.19 0.20

5 0.01 0.02 0.02 0.03 0.04 0.05 0.05 0.06 0.07 0.08 0.08 0.09 0.10 0.11 0.12 0.12 0.13 0.14 0.15 0.15 0.16 0.17 0.18 0.18 0.19 0.20 0.21 0.21 0.22 0.23 0.24 0.25 0.25 0.26 0.27 0.28 0.28 0.29 0.30 0.31

6 0.01 0.02 0.03 0.04 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.16 0.17 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.37 0.38 0.39 0.40 0.41 0.42 0.43 0.44

7 0.02 0.03 0.05 0.06 0.08 0.09 0.11 0.12 0.14 0.15 0.17 0.18 0.20 0.21 0.23 0.24 0.26 0.27 0.29 0.30 0.32 0.33 0.35 0.36 0.38 0.39 0.41 0.42 0.44 0.45 0.47 0.48 0.50 0.52 0.53 0.55 0.56 0.58 0.59 0.61

8 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.44 0.46 0.48 0.50 0.52 0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.68 0.70 0.72 0.74 0.76 0.78 0.80

9 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25 0.28 0.30 0.33 0.35 0.38 0.40 0.43 0.46 0.48 0.51 0.53 0.56 0.58 0.61 0.63 0.66 0.68 0.71 0.73 0.76 0.78 0.81 0.83 0.86 0.89 0.91 0.94 0.96 0.99 1.01

10 0.03 0.06 0.09 0.13 0.16 0.19 0.22 0.25 0.28 0.31 0.35 0.38 0.41 0.44 0.47 0.50 0.53 0.57 0.60 0.63 0.66 0.69 0.72 0.75 0.79 0.82 0.85 0.88 0.91 0.94 0.97 1.00 1.04 1.07 1.10 1.13 1.16 1.19 1.22 1.26

11 0.04 0.08 0.11 0.15 0.19 0.23 0.27 0.31 0.34 0.38 0.42 0.46 0.50 0.54 0.57 0.61 0.65 0.69 0.73 0.76 0.80 0.84 0.88 0.92 0.96 0.99 1.03 1.07 1.11 1.15 1.19 1.22 1.26 1.30 1.34 1.38 1.41 1.45 1.49 1.53

12 0.05 0.09 0.14 0.18 0.23 0.27 0.32 0.37 0.41 0.46 0.50 0.55 0.60 0.64 0.69 0.73 0.78 0.82 0.87 0.92 0.96 1.01 1.05 1.10 1.15 1.19 1.24 1.28 1.33 1.37 1.42 1.47 1.51 1.56 1.60 1.65 1.70 1.74 1.79 1.83

13 0.05 0.11 0.16 0.22 0.27 0.33 0.38 0.43 0.49 0.54 0.60 0.65 0.70 0.76 0.81 0.87 0.92 0.98 1.03 1.08 1.14 1.19 1.25 1.30 1.35 1.41 1.46 1.52 1.57 1.63 1.68 1.73 1.79 1.84 1.90 1.95 2.01 2.06 2.11 2.17

14 0.06 0.13 0.19 0.25 0.32 0.38 0.44 0.51 0.57 0.63 0.70 0.76 0.82 0.89 0.95 1.01 1.08 1.14 1.20 1.27 1.33 1.39 1.46 1.52 1.58 1.65 1.71 1.77 1.84 1.90 1.96 2.03 2.09 2.15 2.22 2.28 2.34 2.41 2.47 2.54

15 0.07 0.15 0.22 0.29 0.37 0.44 0.51 0.59 0.66 0.73 0.81 0.88 0.95 1.03 1.10 1.17 1.25 1.32 1.39 1.47 1.54 1.61 1.69 1.76 1.83 1.91 1.98 2.06 2.13 2.20 2.28 2.35 2.42 2.50 2.57 2.64 2.72 2.79 2.86 2.94

16 0.08 0.17 0.25 0.34 0.42 0.51 0.59 0.67 0.76 0.84 0.93 1.01 1.10 1.18 1.26 1.35 1.43 1.52 1.60 1.69 1.77 1.85 1.94 2.02 2.11 2.19 2.28 2.36 2.44 2.53 2.61 2.70 2.78 2.87 2.95 3.03 3.12 3.20 3.29 3.37

17 0.10 0.19 0.29 0.38 0.48 0.58 0.67 0.77 0.87 0.96 1.06 1.15 1.25 1.35 1.44 1.54 1.63 1.73 1.83 1.92 2.02 2.11 2.21 2.31 2.40 2.50 2.60 2.69 2.79 2.88 2.98 3.08 3.17 3.27 3.36 3.46 3.56 3.65 3.75 3.85

18 0.11 0.22 0.33 0.44 0.54 0.65 0.76 0.87 0.98 1.09 1.20 1.31 1.42 1.53 1.63 1.74 1.85 1.96 2.07 2.18 2.29 2.40 2.51 2.61 2.72 2.83 2.94 3.05 3.16 3.27 3.38 3.49 3.59 3.70 3.81 3.92 4.03 4.14 4.25 4.36

19 0.12 0.25 0.37 0.49 0.61 0.74 0.86 0.98 1.10 1.23 1.35 1.47 1.60 1.72 1.84 1.96 2.09 2.21 2.33 2.46 2.58 2.70 2.82 2.95 3.07 3.19 3.31 3.44 3.56 3.68 3.81 3.93 4.05 4.17 4.30 4.42 4.54 4.66 4.79 4.91

20 0.14 0.28 0.41 0.55 0.69 0.83 0.96 1.10 1.24 1.38 1.51 1.65 1.79 1.93 2.06 2.20 2.34 2.48 2.62 2.75 2.89 3.03 3.17 3.30 3.44 3.58 3.72 3.85 3.99 4.13 4.27 4.40 4.54 4.68 4.82 4.96 5.09 5.23 5.37 5.51

21 0.15 0.31 0.46 0.61 0.77 0.92 1.08 1.23 1.38 1.54 1.69 1.84 2.00 2.15 2.30 2.46 2.61 2.77 2.92 3.07 3.23 3.38 3.53 3.69 3.84 4.00 4.15 4.30 4.46 4.61 4.76 4.92 5.07 5.22 5.38 5.53 5.69 5.84 5.99 6.15

22 0.17 0.34 0.51 0.68 0.85 1.03 1.20 1.37 1.54 1.71 1.88 2.05 2.22 2.39 2.56 2.73 2.90 3.08 3.25 3.42 3.59 3.76 3.93 4.10 4.27 4.44 4.61 4.78 4.96 5.13 5.30 5.47 5.64 5.81 5.98 6.15 6.32 6.49 6.66 6.83

23 0.19 0.38 0.57 0.76 0.95 1.14 1.33 1.51 1.70 1.89 2.08 2.27 2.46 2.65 2.84 3.03 3.22 3.41 3.60 3.79 3.98 4.17 4.36 4.54 4.73 4.92 5.11 5.30 5.49 5.68 5.87 6.06 6.25 6.44 6.63 6.82 7.01 7.20 7.38 7.57

24 0.21 0.42 0.63 0.84 1.05 1.25 1.46 1.67 1.88 2.09 2.30 2.51 2.72 2.93 3.14 3.35 3.56 3.76 3.97 4.18 4.39 4.60 4.81 5.02 5.23 5.44 5.65 5.86 6.07 6.27 6.48 6.69 6.90 7.11 7.32 7.53 7.74 7.95 8.16 8.37

25 0.23 0.46 0.69 0.92 1.15 1.38 1.61 1.84 2.07 2.30 2.53 2.76 3.00 3.23 3.46 3.69 3.92 4.15 4.38 4.61 4.84 5.07 5.30 5.53 5.76 5.99 6.22 6.45 6.68 6.91 7.14 7.37 7.60 7.83 8.06 8.29 8.52 8.75 8.99 9.22

26 0.25 0.51 0.76 1.01 1.27 1.52 1.77 2.02 2.28 2.53 2.78 3.04 3.29 3.54 3.80 4.05 4.30 4.56 4.81 5.06 5.32 5.57 5.82 6.07 6.33 6.58 6.83 7.09 7.34 7.59 7.85 8.10 8.35 8.61 8.86 9.11 9.37 9.62 9.87 10.12

27 0.28 0.55 0.83 1.11 1.39 1.66 1.94 2.22 2.50 2.77 3.05 3.33 3.61 3.88 4.16 4.44 4.72 4.99 5.27 5.55 5.83 6.10 6.38 6.66 6.94 7.21 7.49 7.77 8.05 8.32 8.60 8.88 9.16 9.43 9.71 9.99 10.27 10.54 10.82 11.10

28 0.30 0.61 0.91 1.21 1.52 1.82 2.12 2.43 2.73 3.03 3.34 3.64 3.95 4.25 4.55 4.86 5.16 5.46 5.77 6.07 6.37 6.68 6.98 7.28 7.59 7.89 8.19 8.50 8.80 9.10 9.41 9.71 10.02 10.32 10.62 10.93 11.23 11.53 11.84 12.14

29 0.33 0.66 0.99 1.33 1.66 1.99 2.32 2.65 2.98 3.31 3.64 3.98 4.31 4.64 4.97 5.30 5.63 5.96 6.30 6.63 6.96 7.29 7.62 7.95 8.28 8.61 8.95 9.28 9.61 9.94 10.27 10.60 10.93 11.27 11.60 11.93 12.26 12.59 12.92 13.25

30 0.36 0.72 1.08 1.44 1.81 2.17 2.53 2.89 3.25 3.61 3.97 4.33 4.69 5.06 5.42 5.78 6.14 6.50 6.86 7.22 7.58 7.94 8.31 8.67 9.03 9.39 9.75 10.11 10.47 10.83 11.19 11.56 11.92 12.28 12.64 13.00 13.36 13.72 14.08 14.44

31 0.39 0.79 1.18 1.57 1.96 2.36 2.75 3.14 3.54 3.93 4.32 4.72 5.11 5.50 5.89 6.29 6.68 7.07 7.47 7.86 8.25 8.65 9.04 9.43 9.82 10.22 10.61 11.00 11.40 11.79 12.18 12.57 12.97 13.36 13.75 14.15 14.54 14.93 15.33 15.72

32 0.43 0.85 1.28 1.71 2.14 2.56 2.99 3.42 3.84 4.27 4.70 5.12 5.55 5.98 6.41 6.83 7.26 7.69 8.11 8.54 8.97 9.39 9.82 10.25 10.68 11.10 11.53 11.96 12.38 12.81 13.24 13.66 14.09 14.52 14.95 15.37 15.80 16.23 16.65 17.08

33 0.46 0.93 1.39 1.85 2.32 2.78 3.24 3.71 4.17 4.63 5.10 5.56 6.02 6.49 6.95 7.41 7.88 8.34 8.81 9.27 9.73 10.20 10.66 11.12 11.59 12.05 12.51 12.98 13.44 13.90 14.37 14.83 15.29 15.76 16.22 16.68 17.15 17.61 18.07 18.54

34 0.50 1.00 1.51 2.01 2.51 3.01 3.52 4.02 4.52 5.02 5.53 6.03 6.53 7.03 7.54 8.04 8.54 9.04 9.55 10.05 10.55 11.05 11.55 12.06 12.56 13.06 13.56 14.07 14.57 15.07 15.57 16.08 16.58 17.08 17.58 18.09 18.59 19.09 19.59 20.10

35 0.54 1.09 1.63 2.18 2.72 3.26 3.81 4.35 4.90 5.44 5.98 6.53 7.07 7.62 8.16 8.70 9.25 9.79 10.34 10.88 11.43 11.97 12.51 13.06 13.60 14.15 14.69 15.23 15.78 16.32 16.87 17.41 17.95 18.50 19.04 19.59 20.13 20.67 21.22 21.76

36 0.59 1.18 1.77 2.35 2.94 3.53 4.12 4.71 5.30 5.89 6.48 7.06 7.65 8.24 8.83 9.42 10.01 10.60 11.18 11.77 12.36 12.95 13.54 14.13 14.72 15.31 15.89 16.48 17.07 17.66 18.25 18.84 19.43 20.01 20.60 21.19 21.78 22.37 22.96 23.55

37 0.64 1.27 1.91 2.55 3.18 3.82 4.45 5.09 5.73 6.36 7.00 7.64 8.27 8.91 9.55 10.18 10.82 11.46 12.09 12.73 13.36 14.00 14.64 15.27 15.91 16.55 17.18 17.82 18.46 19.09 19.73 20.36 21.00 21.64 22.27 22.91 23.55 24.18 24.82 25.46

38 0.69 1.38 2.06 2.75 3.44 4.13 4.81 5.50 6.19 6.88 7.56 8.25 8.94 9.63 10.31 11.00 11.69 12.38 13.06 13.75 14.44 15.13 15.81 16.50 17.19 17.88 18.56 19.25 19.94 20.63 21.31 22.00 22.69 23.38 24.06 24.75 25.44 26.13 26.81 27.50

39 0.74 1.48 2.23 2.97 3.71 4.45 5.20 5.94 6.68 7.42 8.17 8.91 9.65 10.39 11.13 11.88 12.62 13.36 14.10 14.85 15.59 16.33 17.07 17.82 18.56 19.30 20.04 20.78 21.53 22.27 23.01 23.75 24.50 25.24 25.98 26.72 27.47 28.21 28.95 29.69

40 0.80 1.60 2.40 3.20 4.01 4.81 5.61 6.41 7.21 8.01 8.81 9.61 10.41 11.21 12.02 12.82 13.62 14.42 15.22 16.02 16.82 17.62 18.42 19.23 20.03 20.83 21.63 22.43 23.23 24.03 24.83 25.63 26.43 27.24 28.04 28.84 29.64 30.44 31.24 32.04

41 0.86 1.73 2.59 3.46 4.32 5.18 6.05 6.91 7.78 8.64 9.50 10.37 11.23 12.10 12.96 13.83 14.69 15.55 16.42 17.28 18.15 19.01 19.87 20.74 21.60 22.47 23.33 24.19 25.06 25.92 26.79 27.65 28.51 29.38 30.24 31.11 31.97 32.83 33.70 34.56

42 0.93 1.86 2.80 3.73 4.66 5.59 6.52 7.45 8.39 9.32 10.25 11.18 12.11 13.04 13.98 14.91 15.84 16.77 17.70 18.63 19.57 20.50 21.43 22.36 23.29 24.22 25.16 26.09 27.02 27.95 28.88 29.82 30.75 31.68 32.61 33.54 34.47 35.41 36.34 37.27

43 1.00 2.01 3.01 4.02 5.02 6.03 7.03 8.04 9.04 10.04 11.05 12.05 13.06 14.06 15.07 16.07 17.07 18.08 19.08 20.09 21.09 22.10 23.10 24.11 25.11 26.11 27.12 28.12 29.13 30.13 31.14 32.14 33.15 34.15 35.15 36.16 37.16 38.17 39.17 40.18

44 1.08 2.17 3.25 4.33 5.41 6.50 7.58 8.66 9.74 10.83 11.91 12.99 14.07 15.16 16.24 17.32 18.40 19.49 20.57 21.65 22.73 23.82 24.90 25.98 27.06 28.15 29.23 30.31 31.39 32.48 33.56 34.64 35.72 36.81 37.89 38.97 40.05 41.14 42.22 43.30

45 1.17 2.33 3.50 4.67 5.83 7.00 8.17 9.33 10.50 11.67 12.83 14.00 15.17 16.33 17.50 18.67 19.83 21.00 22.17 23.33 24.50 25.67 26.83 28.00 29.17 30.33 31.50 32.67 33.83 35.00 36.17 37.33 38.50 39.67 40.83 42.00 43.17 44.33 45.50 46.67

46 1.26 2.51 3.77 5.03 6.29 7.54 8.80 10.06 11.32 12.57 13.83 15.09 16.34 17.60 18.86 20.12 21.37 22.63 23.89 25.15 26.40 27.66 28.92 30.17 31.43 32.69 33.95 35.20 36.46 37.72 38.98 40.23 41.49 42.75 44.00 45.26 46.52 47.78 49.03 50.29

47 1.36 2.71 4.07 5.42 6.78 8.13 9.49 10.84 12.20 13.55 14.91 16.26 17.62 18.97 20.33 21.68 23.04 24.39 25.75 27.10 28.46 29.81 31.17 32.52 33.88 35.23 36.59 37.94 39.30 40.65 42.01 43.36 44.72 46.07 47.43 48.78 50.14 51.49 52.85 54.20

48 1.46 2.92 4.38 5.84 7.30 8.76 10.22 11.68 13.14 14.61 16.07 17.53 18.99 20.45 21.91 23.37 24.83 26.29 27.75 29.21 30.67 32.13 33.59 35.05 36.51 37.97 39.43 40.89 42.36 43.82 45.28 46.74 48.20 49.66 51.12 52.58 54.04 55.50 56.96 58.42

49 1.57 3.15 4.72 6.30 7.87 9.45 11.02 12.60 14.17 15.75 17.32 18.90 20.47 22.04 23.62 25.19 26.77 28.34 29.92 31.49 33.07 34.64 36.22 37.79 39.37 40.94 42.51 44.09 45.66 47.24 48.81 50.39 51.96 53.54 55.11 56.69 58.26 59.83 61.41 62.98

50 1.70 3.40 5.09 6.79 8.49 10.19 11.89 13.58 15.28 16.98 18.68 20.38 22.08 23.77 25.47 27.17 28.87 30.57 32.26 33.96 35.66 37.36 39.06 40.75 42.45 44.15 45.85 47.55 49.24 50.94 52.64 54.34 56.04 57.74 59.43 61.13 62.83 64.53 66.23 67.92

51 1.83 3.66 5.50 7.33 9.16 10.99 12.82 14.66 16.49 18.32 20.15 21.98 23.82 25.65 27.48 29.31 31.14 32.98 34.81 36.64 38.47 40.30 42.14 43.97 45.80 47.63 49.46 51.30 53.13 54.96 56.79 58.62 60.46 62.29 64.12 65.95 67.78 69.62 71.45 73.28

52 1.98 3.95 5.93 7.91 9.89 11.86 13.84 15.82 17.80 19.77 21.75 23.73 25.71 27.68 29.66 31.64 33.61 35.59 37.57 39.55 41.52 43.50 45.48 47.46 49.43 51.41 53.39 55.37 57.34 59.32 61.30 63.28 65.25 67.23 69.21 71.18 73.16 75.14 77.12 79.09

53 2.14 4.27 6.41 8.54 10.68 12.81 14.95 17.08 19.22 21.35 23.49 25.63 27.76 29.90 32.03 34.17 36.30 38.44 40.57 42.71 44.84 46.98 49.12 51.25 53.39 55.52 57.66 59.79 61.93 64.06 66.20 68.33 70.47 72.61 74.74 76.88 79.01 81.15 83.28 85.42

54 2.31 4.62 6.92 9.23 11.54 13.85 16.15 18.46 20.77 23.08 25.39 27.69 30.00 32.31 34.62 36.92 39.23 41.54 43.85 46.15 48.46 50.77 53.08 55.39 57.69 60.00 62.31 64.62 66.92 69.23 71.54 73.85 76.16 78.46 80.77 83.08 85.39 87.69 90.00 92.31

55 2.50 4.99 7.49 9.98 12.48 14.97 17.47 19.97 22.46 24.96 27.45 29.95 32.45 34.94 37.44 39.93 42.43 44.92 47.42 49.92 52.41 54.91 57.40 59.90 62.40 64.89 67.39 69.88 72.38 74.87 77.37 79.87 82.36 84.86 87.35 89.85 92.34 94.84 97.34 99.83

56 2.70 5.40 8.10 10.81 13.51 16.21 18.91 21.61 24.31 27.02 29.72 32.42 35.12 37.82 40.52 43.22 45.93 48.63 51.33 54.03 56.73 59.43 62.14 64.84 67.54 70.24 72.94 75.64 78.34 81.05 83.75 86.45 89.15 91.85 94.55 97.26 99.96 102.66 105.36 108.06

57 2.93 5.85 8.78 11.71 14.64 17.56 20.49 23.42 26.34 29.27 32.20 35.13 38.05 40.98 43.91 46.83 49.76 52.69 55.62 58.54 61.47 64.40 67.32 70.25 73.18 76.11 79.03 81.96 84.89 87.81 90.74 93.67 96.60 99.52 102.45 105.38 108.30 111.23 114.16 117.08

58 3.18 6.35 9.53 12.70 15.88 19.05 22.23 25.40 28.58 31.75 34.93 38.10 41.28 44.45 47.63 50.80 53.98 57.15 60.33 63.50 66.68 69.85 73.03 76.20 79.38 82.55 85.73 88.90 92.08 95.25 98.43 101.60 104.78 107.95 111.13 114.30 117.48 120.65 123.83 127.00

59 3.45 6.90 10.34 13.79 17.24 20.69 24.14 27.59 31.03 34.48 37.93 41.38 44.83 48.27 51.72 55.17 58.62 62.07 65.52 68.96 72.41 75.86 79.31 82.76 86.20 89.65 93.10 96.55 100.00 103.45 106.89 110.34 113.79 117.24 120.69 124.13 127.58 131.03 134.48 137.93

60 3.75 7.50 11.25 15.00 18.75 22.50 26.25 30.00 33.75 37.50 41.25 45.00 48.75 52.50 56.25 60.00 63.75 67.50 71.25 75.00 78.75 82.50 86.25 90.00 93.75 97.50 101.25 105.00 108.75 112.50 116.25 120.00 123.75 127.50 131.25 135.00 138.75 142.50 146.25 150.00

IOL Power (D)

APPENDIX A - INDUCED ASTIGMATISM (D) for TILT ANGLE (Degrees) versus IOL POWER (D)      ● VALUES > 2.0 D shaded in RED     ● Shaded YELLOW  VALUE is example in TEXT
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