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Abstract . Many refractive surgeries of the cornea (radial keratotomy RK, photore-
fractive keratectomy PRK, laser in situ keratomileusis LASIK) are done routinely in an
increasing number of patients in many countries. However, few analyses of the cornea
related to the corneal configuration change and refractive index distribution, which affect
the postoperative visual outcomes, have been reported. We have analyzed the refractive
index and chromatic dispersion of the cornea as a function of the temperature of pig eyes
in vitro. Refractive index of various depth of the cornea was measured with a multi-
wavelength Abbe refractometer at various temperatures. Experimental results show that
refractive index and Abbe number are different at the corneal position (epithelium, stroma,
endothelium). As the corneal temperature changes, the refractive index and Abbe number
also changed significantly. It is concluded that the refractive index is depending on the
We need a further consideration of the optical
properties such as refractive index and chromatic dispersion of the cornea for obtaining
good visual outcomes after various kinds of recent refractive surgeries.

(FEEE. J. Nara Med. Ass. 50, 241~251, 1999)

axial position and the temperature.

Key words : distribution of refractive index, Abbe number, pig cornea, refractive surgery

1.3756 7 & 2% % & 486 nm T 1.3803 #% & 590 nm T

i 1.3756 &% 650 nm T1.3739 TH 5 LH|EL T 5.

il

A, AR, BERBIOARAREOEITEE »AED
WREEZDFML > TBEL X 5 LW IRARDBEA
Cinh, ¥FREBELThbhb X5kl TEk. %
DFMFERELOSDIEL TREEFRE I TE D ES
LC&Een, LRz o0BTERCET5E
BB ERNIBEA ETRVOBRERTH S,

M e A AR BITRIAROCRZCE T
ERBUREA—TFH 1.376 225 1.378 £ H b, FTHA -
B2 X% L AEOENETZ L b H1.33 25 1.3935
T, 7AHR1.370 BB\ 1.3721 TH B, F i Sivake
Mandelman® (& & + B © JE 3T = 12 & 486 nm T

AR ER, RERSIONEEZhThOBERY T
X OVEBRIATWSD, ZhbOXBRTIRAEORE
A EFTIER LTz, H—Sudi P2 bozis
AR IOBRCoOFHBEITELXERL & b TRAELEET
1.401+0.005, AFESEERIE T 1.380+0.005, AESEE
BT 1.37320.001 TH by, 72 CREEEEIET
1.37340.004, AFESEEE T 1.362+0.005 THoi &
WELTAE. —BICBITERIMEL 20C I8 \VTF
FY Y ADDBOWRTH B 589.29 nm & H\CEHE
Eh s EARCIARREE LM BCAITRRE R E
DHERZF—E LTIt



(242) ¥ &
X L CHEEZETABREO LK, EER I OCRRICET
DENE L Zh b OEMRDEEE >V CRIERFT
ToWBEER L .
FleZh b OABEMAZD 5 HbAKESEE X 800 um D
BER03B 570, AERECE N TRE ORI OMAIZ
I BZEOWCHEFERLZAE LB 2T 7.

m#E e FHE

1. %% & LT HORIBA # SR E IT-540 S
HAVWER 25CIBT 5 LB IRBToOABERER
ErARKREOLWIEE L b 6 AL2IBBWTHIZEL
7o,
2. ATAGO B4 E 7 » ~JEH 5 DR-M 2(Fig. 1)
TRVCEKRIC BT s AE LK, ARSEER X OAEAR
DEHTEPER 589 nm(D ), 486 nm(F ) ¥ X 08 656
nm(CH)), FHHHE L 07 » EExThFREE 20
CT& 3B5CEFNTEHRIL 7.

JEFTETDR-M 2 12 Fig. 1 0 Z L ERERHE 2 Tk
DEKSCTHDL60CETCOEEDRELEDD L TOR
FRZPBEETE, FHE 589 nm, 486 nm ¥ L 08656 nm D
ZANE—RERERTHE LRI -TT vy FLHE
FIZRD B & LN TE B,

AESEE O RIFRAE IS W CREIET A B O&Lt

Fig. 1. Multi-wavelength Abbe refractometer DR

T

xS % BT, KE CHIRON VISION ##l+s 5 b —
4 (automatic corneal shaper) (Fig. 2) %\ CAEE
MY 400 um ORIECHEEELIERL, Bbhicv
vINOREEYRAEL, AR EEORFTRIEDOY v
Tr0EREERREL .

i, ABEREOBEITRIEIAEYLBYR LA
YORERELTHERLE.
3. AEEEIR VUL, TOBRII - TBHFEIE
BB BIE D ERNDIDHR D automatic corneal
shaper &\ AEZRT X b 240, 300, 350, 400 & X O
450 ym DE X THEZ IR L ThFhoE S TofAE
FEOBERRIERL, ER7 v SFEEREFTFHEHE T
BEBCOEGTRERITERLE 7 v FAHE L.
4 BEC X 2ENROB LA LY, AEEERSID
ABEARIZOWTThTh 2 LA LA ETE LR
BEAR L EITEE DR-M 2 %\ ~T 20, 25, 30, 35, 40 &5 X
O A5COREZGTEITRE 7 v L RE LI,

& R

1. AR ET % AFEXERE
ANBRAFERERE ORJIER R Table 112537
ANBEAEREREIL34.320.7CTh-1. Z DR,

ANBRABEEERES 35C &L, 20C KX 0 35CIEsd 5

Suction handle

The Shaper Motor

4 Stop attachment

“® Stopper for hinge
technique in Lasik

Fig. 2. Automatic corneal shaper (Chiron Vision)

-M2 (ATAGO)
Table 1. Temperature of corneal surface
No.1 No.2 No.3 No. 4 No.5 No. 6
Temperature of Right Cornea (C) 35 33 35 34 34 35
Temperature of Left Cornea (C) 35 33 34 34 34 35
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Table 2. Refractive index of each position of cornea at 20°C

AR L WERR L2 E S CBRRET L% 258
GHLIcE A ELDD 5 - TRE)EHRE 1% T

Position of Cornea 486 nm (F) 589 nm (D) 656 nm (C) Abbe number | mean dispersion | n
Corneal Epithelium 1.379760.00566 | 1.37131+0.00525 | 1.36629+0.00674 | 31.82+ 9.57 | 0.01347+0.00421 | 17
Corneal Stroma 1.37262+0.00529 | 1.36634+0.00471 | 1.36156+0.00725 | 40.01+15.80 | 0.01106+0.00787 | 17
Corneal Endothelium | 1.37773+0.00427 | 1.37288+0.00259 | 1.36943+0.00452 | 48.27+ 6.55 0‘00787i0.0_0114 17
Refractive Index
1.385
1.380
1.875
1.870
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Fig. 3. Refractive index of each position of cornea at 20°C

Table 3. The analysis of variance for fig. 3.

Factors SS ) A% F, P F (0.01)
Position of Cornea 0.00123129 2 0.00061565 20.39769006 1.5861 E-08 4.75563411
Wave Length 0.00301143 2 0.00150571 49.88760072 3.4582E-17 4.75563411
Interaction 0.00014306 4 3.5766 E-05 1.185003684 0.31995089 3.45218609
Error 0.00434623 144 3.0182E-05
Total 0.00873201 152
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Table 4. Refractive index of each position of cornea at 35C

Position of Cornea 486 nm (F) 589 nm (D)

656 nm (C) Abbe number | mean dispersion | n

Corneal Epithelium 1.42463+0.00683

1.4070340.00540

1.39921£0.00667 | 16.24+1.41 | 0.02542+0.00222 | 12

Corneal Stroma 1.42498+0.01103

1.40713+0.00752

1.39703+0.01147 | 15.12%+2.47 | 0.07950+0.00628 | 12

Corneal Endothelium | 1.37588+0.00160

1.37073+0.00143

1.36832+0.00180 | 51.58+8.68 | 0.007574+0.00119 | 12

Refractive Index
1.430

1.370

1.360

1.350

1.340

1.330

Corneal Epithelium

Corneal Stroma

HW486nm(F)
E1589nm(D)
B 656nm(C)

Corneal Endothelium

Corneal Position

Fig. 4. Refractive index of each position of cornea at 35C

Table 5. The analysis of variance for fig. 4.

Factors SS ) \4 Fo p F (0.01)
Position of Cornea 0.03531596 2 0.01765798 332.6151405 1.1597E-44 4.82617679
Wave Length 0.00445087 2 0.00222543 41.91945606 6.4796 E-14 4.82617679
Interaction 0.00478241 4 0.00119560 22.52100805 3.0211E-13 3.51471385
Error 0.00525574 99 5.3088E-05
Total 0.04980498 107




ABEO RIS L FERS

1.4071340.00752 3 X ©°1.37073+0.00143 TH - 7e.

F 7z, 35CORAETD 20°C DiE & AREABE DL TDOH
FIZ BN THIET ZERIE  RATBITRIME T L.

ABEOIA & FIENE & % & ICREERT &5 258
DLt AGREIVELDO DA - TEHBE)EHREK1%T
BRERHD(Table 5EHEOKE WIHICAKSEE,
A EE, AERETHY, 20COREFEL T,

BCBITHAELE, AEEERLCAERNEDT
y RE R F N F 1 16.24+1.41, 15.12+2.47 & X OF
51.58+8.61 THH, ALK EABEEEOEL ORI
FtRECHEBERZRD T, L L, 2hbofiic

(245)

ERAERNEOEXERCE - 7.

¥ 35 CIeRT2AM L, AREEER X OAEAK
D FH L EIEF R F R 0.0254240.00222, 0.07950+
0.00628 3 X 080.00757:0.00119 TH b, flE LK L4
REEDELE ORI t RETHEEXRD T,
Lal, ZhboEEABENEOBEIIERE -
7z
3. ARFHEDOE L BHA T O REF=R

FABEEE X D 240, 300, 350, 400 % X OF 450 gm DI
MNTOAERED BLCEETBEFREEFRFRI2E
TOREL .

Table 6. Refractive index of each position of corneal stroma at 35C

Position of Corneal Stroma(um) 486 nm (F) 589 nm (D) 656nm (C) | Abbe number | mean dispersion | n
240 1.414404+0.00988 | 1.40511+0.00654 | 1.38439+0.00889 | 14.54+4.12 | 0.03001+0.00965 | 12
300 1.4206140.00790 | 1.40913+0.00781 | 1.37902+0.00936 | 10.714+3.84 | 0.04159+0.01045 | 12
350 1.4235440.00919 | 1.40606+0.00692 | 1.38378+0.00560 | 10.614+2.24 | 0.03977+0.00753 | 12
400 1.42498+0.01103 | 1.40713+0.00752 | 1.39703+0.01147 | 15.12+2.47 | 0.02795+0.00628 | 12
450 1.4234940.00900 | 1.406330.00674 | 1.39599+0.01007 | 15.35+2.50 | 0.02750+0.00634 | 12
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Fig. 5. Relationship between position of corneal stroma and re-
fractive index
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Table 7. The analysis of variance for fig. 5.

Factors SS ) F, P F (0.0D
Position of Stroma 0.00189982 4 0.00047496 5.744472867 0.00023623 3.43490569
Wave Length 0.03355793 2 0.01677896 202.937366 3.37T14E-45 4.73613682
Interaction 0.0021513 8 0.00026891 3.252426677 0.00182176 2.62070898
Error 0.01364228 165 8.2681E-05

Total 0.05125133 179
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Table 8. Relationship between refractive index of corneal epithelium and temperature

Temperature(T)

486 nm (F)

589 nm (D)

656 nm (C)

Abbe number

mean dispersion

Temperature

20

1.37897+0.00491

1.37043+0.00435

1.36427+0.00433

29.04+7.69

0.01470=£0.00424

20.05%0.07

25

1.40277+0.01335

1.37647+0.01453

1.37353+0.01462

13.33£3.11

0.02923+0.00437

24.82+0.11

30

1.41213+0.00781

1.39693+0.00692

1.37754+0.01196

12.38+3.11

0.03459+0.01041

30.17+0.13

35

1.42463£0.00683

1.40703+0.00540

1.39921+0.00667

16.13£1.41

0.02542+0.00222

34.48+0.21

40

1.42973+0.00555

1.41053+0.00616

1.39997+0.00673

14.11£2.02

0.02976+0.00504

39.98+0.13

45

1.41233+0.00793

1.39792+0.00701

1.38799+0.00841

17.83+5.32

0.02434+0.00714

44.89+0.21

Refractive
1.45

Index

1.44

1.43

1.42

1.41

1.40

1.39

1.38

1.37

1.36

1.35

¢ 486nm(F)
¢ 589nm(D)
% 656nm(C)

1.34
15

Fig. 6.

and temperature

Table 9. The analysis of variance for fig. 6.

45

50

Temperature(C)

Relationship between refractive index of corneal epithelium

Factors

SS @

v

Fo

p

F (0.0D

Temperature
Wave Length
Interaction
Error

Total

0.08953949

0.04572709 5
0.02563602 2
0.00223152
0.01594486

10
198

215

0.00914542
0.01281801
0.00022315
8.053E-05

113.5659231
159.1713864
2.771058251

3.3586 E-56
6.1515E-42
0.00317874

3.11092663
4.71396788
2.41155362
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Table 10. Relationship between refractive index of corneal stroma and temperature

Temperature(*C)

486 nm (F)

589 nm (D)

656 nm (C)

Abbe number

mean dispersion

Temperature

20

1.37123+0.00476

.36575+0.00459

1.36156+0.00555

42.731+14.82

0.00967+0.00329

20.01£0.08

12

25

1.40476+0.01211

.38011+0.00658

1.37718+0.01027

13.95+1.65

0.02758+0.00292

24.83+0.06

12

30

1.41751%£0.00567

.40154£0.00913

1.38478+0.01311

14.17£6.73

0.03273+0.01019

30.16+0.11

12

35

1.42498+0.01103

.40713£0.00752

1.39703+0.01147

15.12£2.47

0.02795+0.00628

34.56+0.21

12

40

1.427360.00634

.40997+0.00626

1.40061+0.00624

15.43+£1.20

0.026750.00201

39.99+0.09

12

45

1.41632+0.00817

== = =] =

.40218+0.00750

1.3928240.01168

18.12+4.20

0.023500.00584

44.93+0.18

12

Refractive Index

1.46

30

35

40

45 50

¢ 486nm(F)
¢ 589nm(D)
2 656nm(C)

Temperature(°C)

Fig. 7. Rerationship between refractive index of corneal stroma and
temperature

Table 11. The analysis of variance for fig. 7.

~Factors

SS ¢

v

Fo

p

F (0.0D

Temperature
Wave Length

Inte

Error

Total

raction

0.09570748

0.05448096 5
0.02256621 2
0.00252085
0.01613947

10
198

215

0.01089619
0.01128310
0.00025209
8.1512E-05

133.675175
138.421824
3.09259601

1.7693E-61
2.4623E-38
0.00111123

2.25969643
3.04152081
1.87876736
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Table 12. Relationship between refractive index of corneal endothelium and temperature

Temperature(TC) 486 nm (F) 589 nm (D) 656 nm (C) Abbe number | mean dispersion | Temperature | n
20 1.3785940.00240 | 1.37329+0.00229 | 1.37097+0.00216 | 49.13+2.86 | 0.007630.00048 | 19.98+0.06 |12
25 1.37696+0.00086 | 1.37183+0.00103 | 1.36974+0.00087 | 51.72+3.40 | 0.007220.00041 | 24.99+0.05 |12
30 1.37640:0.00062 | 1.37112+0.00065 | 1.36893+0.00065 | 49.72+1.41 | 0.00747=0.00021 | 29.99+0.14 |12
35 1.37588+0.00167 | 1.37073+0.00149 | 1.3683240.00188 | 51.58+9.07 | 0.00757+0.00125 | 35.03+0.14 |12
40 1.37608+0.00100 | 1.37078=+0.00099 | 1.36862+0.00101 | 49.74+1.39 | 0.007460.00021 | 40.00+0.16 |12
45 1.37476%0.00073 | 1.369670.00074 | 1.3674940.00064 | 50.94+1.80 | 0.00727+0.00027 | 44.96+0.28 |12

Refractive Index

1.385
*
*
1,380 frro-r o S
1.375
¢ 486nm(F)
= 589nm(D)
1.370 %« 656nm(C)
1.365
1 .360 L L L L L L
15 20 25 30 35 40 45 50
Temperature(°C)
Fig. 8. Rerationship between refractive index of corneal endothelium
and temperature
Table 13. The analysis of variance for fig. 8.

Factors SS ) v F, D F (0.0D
Temperature 0.00027499 5 5.4998 E -05 28.55523323 9.4552E-22 3.11092663
Wave Length 0.00209576 2 0.00104788 544.0629928 3.5546 E-81 4.71396788

Interaction 9.9213E-07 10 9.9213E-08 0.051511612 0.99999166 2.41155362
Error 0.00038135 198 1.9260E-06
Total 0.0027531 215
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