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Appendix 1. Oval Pupil Measurement
Background and Standard Operating
Procedure

Background

The only study of the oval pupil available was by Isotani
et al’ in 1995, who studied the ratio of the major to minor
diameter in healthy subjects by wusing infrared
photography. The subjects were dark adapted, so these are
scotopic pupil measurements.

Standard Operating Procedure

If the clinician observes an oval or irregularly shaped pupil
(dyscoria) at any visit after surgery, photographs should be
taken at that visit and each subsequent visit to determine if
the ovalization is progressive. The major and minor di-
ameters of the pupil, which may not be orthogonal, are
measured on the photograph, which must be taken in
photopic conditions (>200 foot-candles or 2153 lux) so the
pupil is maximally constricted. The pupil constriction pro-
vides the setting for pupil ovalization. For the measurement,
the diameters must pass through the center of the least-
squares, best-fit ellipse or centroid of the pupil perimeter.
The ratio of the major to minor diameter is then calculated
and reported. The photograph may be taken with any
camera, including but not limited to slit-lamp cameras, to-
pographers, and Scheimpflug devices, but the eye image
must be captured under photopic conditions as specified.
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@ 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 to measure tilt and decentration are described to help provide the
basis for the future development of an instrument or technique.

Definitions

e 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 Waring").

e 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 Waring").

e Chord length |l is the displacement (distance) between
the subject-fixated coaxially sighted corneal light reflex
and pupil center.' For some diffractive IOLs, the
midpoint between pupil center and visual axis may be
optimal.

Tilt, Decentration, and Chord Length [

The goal is to measure tilt, apparent decentration through the
cornea, and chord length [l on all subjects with a premium IOL.

Table 1. Ratio of IOL Toricity to Corneal Astigmatism

Effective Lens
Position

A-constant—> 116.346 117.203 118.059 118.916 119.773 120.630
Surgeon Factor—>  0.287 0.772 1257 1.742 2.227 2.713

ELP—> 4.000 4.500 5.000 5500 6.000 6.500

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

10 1.359  1.424 1494 1571 1.654 1.745

22 1.277 1330 1387 1450 1519 1.595

34 1.198  1.239 1.284 1334 1390 1452

46 1.121 1151  1.185 1.223 1.267 1.316

D = diopter; ELP = effective lens position; IOL = intraocular lens.
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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.”

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 al’ 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 al* in 2010.
Guyton et al” 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. Scheimpflug Imaging: In 2006, Rosales and Mar-
cos” validated their Purkinje Imaging System, and in
2010, Rosales et al° 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 al’) 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 + Lenticular Astigmatism = Refrac-
tive Astigmatism

or

Lenticular Astigmatism = 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:

Lenticular Astigmatism = — Refractive Error Astigmatism — 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.’

If net corneal astigmatism or equivalent K-reading astigmatism®
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.”'® 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 13a—f on page 1367 in
the article by Holladay.'' 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)."' 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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Appendix A

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

TILT

ANGLE o 1OL Power (D)

egrees)[ 1 [2] 3 [ 4 | 5 [ 6] 7] 8] o [10]11[12]13]14]15] 1617 | 18] 19| 20 |21 |22 |23 |24 | 25|26 27 | 28 | 20 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | a7 | 38 | a0 | 40 |
1 000000 000 000 000 000 000 0.00 000 000 000 000 0.00 000 0.00 000 001 001 001 001 00l 001 001 001 001 001 001 00L 001 00l 00L 001 00l 001 001 00l 001 001 001 001
2 000000 000 000 001 001 001 00l 001 00l 001 001 002 002 002 0.02 002 002 002 002 003 003 0.03 003 003 003 003 003 004 004 004 004 004 004 004 004 005 005 005 005
3 000001 001 001 001 002 002 002 002 003 003 003 004 004 004 0.04 005 005 005 005 006 006 0.06 007 007 007 007 008 008 008 009 009 009 009 010 010 010 010 011 011
4 000001 001 002 002 003 003 004 004 005 005 006 006 007 007 0.08 008 009 009 010 010 011 011 012 012 013 013 014 014 015 015 016 016 017 017 018 018 019 019 020
5 001002 002 003 004 005 005 0.06 007 0.08 008 009 010 011 012 012 013 014 015 015 016 017 018 018 019 020 021 021 022 023 024 025 025 026 027 028 028 029 030 031
6 001002 003 004 006 007 008 009 010 011 012 013 014 016 017 018 019 020 021 022 023 024 026 027 028 029 030 031 032 033 034 035 037 038 039 040 041 042 043 044
7 002003 005 006 008 009 011 012 014 015 017 018 020 021 023 024 026 027 029 030 032 033 035 036 038 039 041 042 044 045 047 048 050 052 053 055 056 058 059 061
8 002004 006 008 010 012 014 016 018 020 022 024 026 028 030 032 034 036 038 040 042 044 046 048 050 052 054 056 058 060 062 064 066 068 070 072 074 076 078 080
9 003005 008 0.10 013 015 018 020 023 025 028 030 033 035 038 040 043 046 048 051 053 056 058 061 063 066 068 071 073 076 078 081 083 086 089 001 094 096 099 101

10 003006 009 013 016 019 022 025 0.28 031 035 038 041 044 047 050 053 057 0.60 0.63 066072 075 079 082 085 088 091 094 097 100 104 107 110 113 116 119 122 126
11 004008 011 015 019 023 027 031 034 038 042 046 050 054 057 061 065 069 073 0.76 0.80 0.84 0.88 092 096 099 103 107 111 115 119 122 126 130 134 138 141 145 149 153
12 005009 014 018 023 027 032 037 041 046 050 055 0.60 064 069 073 078 082 087 092 096 101 105 110 115 119 124 128 133 137 142 147 151 156 160 165 170 174 179 183
13 005011 016 022 027 033 038 043 049 054 060 065 070 076 081 087 092 098 103 108 114 119 125 130 1.35 141 146 152 157 163 168 173 179 184 190 195 201 206 211 217
14 006013 019 025 032 038 044 051 057 0.63 070 076 0.82 089 095 101 108 114 120 127 133 139 146 152 158 165 171 177 184 190 196 203 209 215 222 228 234 241 247 254
15 007 015 022 029 037 044 051 059 066 073 081 088 095 103 110 117 125 132 139 147 154 161 169 176 183 191 198 206 213 220 228 235 242 250 257 264 272 279 286 294
16 008017 025 034 042 051 059 067 076 084 093 101 110 118 126 135 143 152 160 169 177 185 194 202 211 219 228 236 244 253 261 270 278 287 295 303 312 320 329 337
17 010019 029 038 048 058 067 077 087 096 106 115 125 135 144 154 163 173 183 192 202 211 221 231 240 250 260 269 279 28 298 308 317 327 336 346 356 365 375 385
18 011022 033 044 054 065 076 087 098 109 120 131 142 153 163 174 185 196 207 218 229 240 251 261 272 283 294 305 316 327 338 349 359 370 38l 392 403 414 425 436
19 012025 037 049 061 074 086 098 110 123 135 147 160 172 184 196 209 221 233 246 258 270 282 295 307 3.19 331 344 356 368 381 393 405 417 430 442 454 466 479 491
20 014028 041 055 069 083 096 110 124 138 151 165 179 193 206 220 234 248 262 275 289 303 317 330 344 358 372 385 399 413 427 440 454 468 482 496 509 523 537 551
21 015031 046 061 077 092 108 123 138 154 169 184 200 215 230 246 261 277 292 307 323 338 353 369 384 400 415 430 446 461 476 492 507 522 538 553 560 58 599 615
22 017034 051 068 085 103 120 137 154 171 188 205 222 239 256 273 290 308 325 342 359 376 393 410 427 444 461 478 496 513 530 547 564 581 598 615 632 649 6.66 6.83
23 019038 057 076 095 114 133 151 170 189 208 227 246 265 284 303 322 341 360 3.79 398 417 436 454 473 492 511 530 549 568 587 606 625 644 663 682 7.01 720 7.38 7.57
24 021042 063 084 105 125 146 167 188 209 230 251 272 293 314 335 356 3.76 397 418 439 460 481 502 523 544 565 58 607 627 648 669 690 711 732 753 7.74 7.95 816 837
25 023046 069 092 115 138 161 184 207 230 253 276 300 323 346 369 392 415 438 461 484 507 530 553 576 599 622 645 668 691 714 737 760 7.83 806 829 852 875 899 9.22
26 025051 076 101 127 152 177 202 228 253 278 304 329 354 380 405 430 456 481 506 532 557 582 607 633 658 683 7.09 734 759 7.85 810 835 861 88 911 937 962 987 1012
27 028055 083 111 139 166 194 222 250 277 305 3.33 361 3.88 416 444 472 499 527 555 583 610 638 666 694 721 749 7.77 805 832 860 883 916 943 971 999 1027 1054 1082 1110
28 030061 091 121 152 182 212 243 273 303 334 364 395 425 455 486 516 546 577 607 637 6.68 698 7.28 7.59 7.89 819 850 880 9010 941 971 1002 1032 1062 1093 11.23 1153 11.84 12.14
29 033066 099 133 166 199 232 265 298 331 364 398 431 464 497 530 563 596 630 6.63 696 7.20 7.62 7.95 828 861 895 928 961 994 1027 1060 1093 11.27 1160 11.93 12.26 1259 12.92 13.25
30 036072 108 144 181 217 253 289 325 361 397 433 469 506 542 578 614 650 686 7.22 7.58 7.94 831 867 903 939 975 1011 1047 10.83 1119 1156 11.92 1228 1264 13.00 13.36 1372 14.08 14.44
31 039079 118 157 196 236 275 314 354 393 432 472 511 550 589 629 668 7.07 7.47 7.86 825 865 9.04 943 982 10.22 1061 11.00 1140 11.79 1218 1257 1297 1336 1375 14.15 14.54 14.93 1533 1572
32 043085 128 171 214 256 299 342 384 427 470 512 555 598 641 683 7.26 7.69 811 854 897 9.39 9.82 10.25 10.68 11.10 11.53 11.96 1238 1281 1324 1366 1409 1452 1495 1537 1580 1623 16.65 17.08
33 046093 139 185 232 278 324 371 417 463 510 556 602 649 695 7.41 7.88 834 881 9.27 9.73 1020 10.66 11.12 11.59 1205 1251 1298 13.44 1390 1437 1483 1529 1576 1622 1668 17.15 17.61 18.07 1854
34 050 1.00 151 201 251 301 352 402 452 502 553 603 653 7.03 7.54 804 854 904 955 10.05 1055 11.05 11.55 12.06 12.56 13.06 1356 14.07 1457 1507 1557 1608 1658 17.08 17.58 18.09 1859 19.09 1959 20.10
35 054109 163 218 272 326 381 435 490 544 598 653 7.07 7.62 816 870 9.25 9.79 10.34 10.88 11.43 11.97 12.51 13.06 13.60 14.15 14.69 1523 1578 16.32 16.87 17.41 17.95 1850 19.04 1959 20.13 20.67 2122 2176
36 059 118 177 235 294 353 412 471 530 589 648 7.06 7.65 8.24 883 9.42 10.01 10.60 11.18 11.77 12.36 12.95 13.54 14.13 14.72 1531 1589 1648 17.07 17.66 18.25 1884 19.43 2001 20.60 21.19 21.78 2237 22.96 23.55
37 064 127 191 255 318 382 445 509 573 6.36 7.00 7.64 827 891 955 10.18 10.82 11.46 12.09 12.73 13.36 14.00 14.64 1527 1591 16,55 17.18 17.82 18.46 10.09 19.73 2036 21.00 21.64 2227 2291 2355 24.18 24.82 25.46
38 069 1.38 206 275 344 413 481 550 619 6.88 7.56 825 8.94 9.63 10.31 11.00 11.69 12.38 13.06 13.75 14.44 1513 1581 16.50 17.19 17.88 1856 19.25 19.94 20.63 21.31 22.00 22.69 2338 24.06 24.75 2544 2613 2681 27.50
39 074 148 223 297 371 445 520 594 6.68 7.42 817 891 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 2153 22.27 2301 23.75 2450 2524 2598 26.72 27.47 2821 28.95 29.69
40 080 1.60 2.40 320 401 481 561 641 7.21 801 881 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 2243 23.23 24.03 24.83 2563 2643 27.24 28.04 2884 29.64 3044 3124 32.04
41 086 1.73 259 3.46 432 518 605 691 7.78 864 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 2419 25.06 2592 26.79 27.65 2851 29.38 30.24 3111 31.97 3283 3370 3456
42 093186 280 373 466 559 652 7.45 839 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 2143 22.36 23.29 24.22 2516 26.09 27.02 27.95 28.88 20.82 30.75 31.68 3261 3354 3447 3541 3634 37.27
43 100 201 301 402 502 603 7.03 804 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 2812 29.13 30.13 3114 3214 3315 3415 3515 3616 37.16 3817 39.17 40.18
a4 108 217 325 433 541 650 7.58 8.66 9.74 10.83 11.91 12.99 14.07 1516 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 3356 34.64 3572 36.81 37.89 38.97 40.05 4114 4222 43.30
a5 117 2.33 350 4.67 583 7.00 817 9.33 10.50 11.67 12.83 14.00 1517 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 4550 46.67
a6 126 251 3.77 503 629 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 3520 36.46 37.72 38.98 4023 41.49 4275 44.00 4526 46.52 47.78 49.03 50.29
a7 136 2.71 407 542 678 813 9.49 10.84 12.20 1355 14.91 16.26 17.62 18.97 20.33 21.68 23.04 24.39 25.75 27.10 28.46 29.81 3117 32.52 33.88 35.23 36,50 37.94 39.30 40.65 42.01 4336 44.72 4607 47.43 4878 50.14 5149 52.85 54.20
a8 146 2.92 433 584 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 26.20 27.75 20.21 30.67 32.13 33.59 35.05 36.51 37.97 39.43 40.89 4236 43.82 4528 4674 4820 49.66 5112 5258 54.04 5550 56.96 58.42
49 157 315 472 630 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 4251 44.09 4566 47.24 4881 5039 5196 5354 5511 56.69 58.26 59.83 61.41 62.98
50 170 340 509 6.79 8.49 10.19 11.89 1358 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 4585 47.55 4924 50.94 5264 5434 5604 57.74 59.43 61.13 62.83 64.53 6623 67.92
51 183 3.66 550 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 5130 53.13 5496 56.79 58.62 60.46 6229 64.12 6595 67.78 69.62 7145 73.28
52 1.98 3.95 593 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 30.55 41.52 43.50 45.48 47.46 49.43 51.41 5339 5537 57.34 50.32 6130 6328 65.25 67.23 69.21 7118 73.16 7514 77.12 79.09
53 214 427 6.41 854 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 5552 57.66 59.79 61.93 64.06 66.20 6833 70.47 7261 74.74 76.88 79.01 8115 83.28 85.42
54 231462 692 923 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 7385 76.16 78.46 B80.77 83.08 8530 87.69 90.00 92.31
55 250 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 7238 74.87 77.37 79.87 82.36 84.86 87.35 89.85 92.34 94.84 97.34 99.83
56 270 540 810 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 7564 78.34 8105 83.75 86.45 89.15 91.85 9455 97.26 99.96 102.66 105.36 108.06
57 293585 878 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 8196 84.89 87.81 90.74 9367 96.60 99.52 102.45 10538 108.30 111.23 114.16 117.08
58 318 6.35 953 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 8573 88.90 92.08 9525 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
60 375 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
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Appendix B - Quantification of the Guyton Method

Background

The Guyton method' is a simple, rapid and accurate procedure for determining the
tilt of an IOL when the IOL is decentered less than 1 mm (Imm produces 1.7° of
apparent tilt and 2 mm 4.14° of apparent tilt). The procedure suggests the use of an
arc scan perimeter which is unavailable to most practitioners at this time. The
following procedure for taking measurements is recommended so that the angular
tilt of an IOL in the absence of significant decentration may be determined.

Standard Operating Procedure

H

é n

(Guyton Figure 8 modified). The IOL is tilted about its anterior vertex of the IOL and
not decentered. The actual tilt (6) can be shown in this case to be equal to
approximately 0.85 times the apparent tilt (0.85 6'). [For values from the Gullstrand
schematic eye: n =1.336,1 = 3.6 mm,and r =7.70 mm, 6 = 0.85 0']

The triangle forming angle ©' is formed by point V (vertex), point P (penlight) and
point H (hand). Point V is about one-half of the depth of the anterior vertex of the
IOL from the anterior vertex of the cornea and is ~ 4.5 mm for modern day posterior
chamber IOLs in-the-bag, so would be ~ 2.2 mm. Since this distance is negligible
relative to distances VP (nominally ~ 65 cm) and VH (nominally ~ 65 cm) it can be
ignored. By measuring the distances VP, VH and PH angle 6 may be determined.



From the Law of Cosines (Modified from Guyton to give exact angle 6)

HP? =VP?+VH?>-2VPVH cos@
: _,[vP* +VH* — HP?
9 = cos 2VP VH
0 =0.850'

Example:

For VP =65 cm, VH =65 cm and HP =10 cm

o — cost ’652 +65% — 102‘
2-65 - 65
8 = cos~! [@]
8450
6 = 8.8235°
0 = 7.4999°

The direction of tilt as mentioned by Davis, is the angle of the plane through the
visual axis (PV in Figure 8 above) and is the same as the semi-meridians of the
cornea (0O° is left ear, 90° is superior, 180° is right ear and 270° is inferior).

DECENTRATION MEASUREMENT:
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Figure 5 (From Guyton). Forward tilt and upward decentration of a forward-optic
IOL (in this case convex-plano, but also is the same for a biconvex). The patient’s
line of sight passes from the center of the entrance pupil (E) to the fixation object
(the hand light in this illustration). Purkinje images Il and IV are displaced in opposite
directions from the line of sight. Notice that the line connecting images lll and IV is
tilted approximately twice as much as the optical axis of the IOL, thus magnifying the
apparent tilt of the IOL.

Figure 6 (From Guyton). With the patient looking at the examiner’s finger, the
examiner moves his finger in the frontal plane until Purkinje images Ill and 1V, as
sighted by the examiner's eye, become aligned with one another. The apparent IOL
tilt (8") and decentration (A) are directly determined from this viewing situation.



In this example, the Purkinje images Ill and IV when superimposed are superior (90°)
to Purkinje | and represent upward decentration. The decentration may have a
vertical and horizontal component such that the total decentration is the square
root of the sum of the squares of the two components.

Note: The Direction of Tilt may be from 0° to 359° for measuring ©6’. The meridian
about which the IOL is tilted is 90° from the Direction of Tilt and in the example
above (Figure 6) is the 0° or 180° meridian or the horizontal. Also, the decentration
is measured relative to Purkinje 1 (vertex normal and near visual axis), not the center
of the pupil. An IOL will be considered perfectly centered when Purkinje |, Ill and IV
are superimposable. This IOL will appear nasal (0.33 mm and slightly inferior)
relative to the pupil center (angle Kappa or Lambda) or Chord Length Distance ()
as defined by Chang and Waring."

A Simple Device for Quantitative Phaco-angulometry

The images show the design of a simple, low cost device that could be used for
phaco-angulometry. It consists of a handle (pink) with a hole through which the



patient’s eye can be viewed by the examiner. To the handle is mounted a rotating
cube (green) with a hole that houses a 45-degree angled beam splitter within, a pen-
light below (blue) and an arc (gold) to the side. Light from the pen-light shines up
and is reflected from the beam-splitter into the patient’s eye. A sliding fixation target
(red) is affixed to the arc. The center of curvature of the arc is at the vertex of the
cornea. The arc is etched with degree markings. To the side of the handle is attached
a light balsawood square dowel rod that is touched to the bridge of the patient’s
nose to fix the working distance. With the patient looking at the fixation target, the
examiner moves the fixation target along the arc and rotates the cube and arc until
Purkinje images Il and IV, as sighted by the examiner's eye, are aligned.
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