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[ Abstract] Objective To investigate the repeatability of corneal topographic parameters with the Pentacam
HR in patients with keratoconus of different severity. Methods A diagnostic test study was performed. A total of
120 eyes from 98 patients with subclinical keratoconus or keratoconus were enrolled at Henan Eye Hospital from
January 2019 to March 2022. The patients were divided into subclinical keratoconus group,mild keratoconus group,
moderate keratoconus group and severe keratoconus group, with 30 eyes in each group. An additional 30 eyes of 30

subjects undergoing refractive surgery were selected as a control group. Three consecutive Pentacam HR measurements
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were performed by the same clinician. The recordings included a total of 53 parameters in anterior corneal surface,
posterior corneal surface,thickness, composite index, and corneal densitometry. The within-subject standard deviation
(Sw) ,repeatability limit (r) and tolerance index ( TT) were calculated to evaluate the repeatability of the parameters
between different groups. This study adhered to the Declaration of Helsinki and was approved by the Ethics Committee
of Henan Eye Hospital (No. HNEECKY-2019[ 5] ). All subjects were informed of the purpose and significance of the
study and signed an informed consent form before enrollment. ~ Results Compared with the control group,the TI of
the subclinical, mild, moderate and severe keratoconus groups were 54.71% (29/53) ,66.04% (35/53),90.57%
(48/53) and 94.34% (50/53), respectively, higher than 0.31. The steep keratometry ( Ks), the maximum
keratometry ( Kmax) of the anterior corneal surface,the anterior corneal radius of curvature,the flat keratometry ( Kf)
of the posterior corneal surface, the posterior corneal radius of curvature ( PRC), the thinnest corneal thickness
(TCT) ,the average densitometry for the anterior 120 wm in the 0~2 mm area (A. 0-2 mm) ,average densitometry for
the anterior 120 pwm in the 2—6 mm area (A.2-6 mm) , average densitometry for the central tissue in the 0-2 mm
area (C.2-6 mm) , average densitometry for the total cornea in the 0—2 mm area (T.0-2 mm) and average
densitometry for the total cornea in the 2-=6 mm area (T.2-6 mm) showed good repeatability in the subclinical and
mild keratoconus groups (TI<0.31). Kmax Zonal Mean 3 mm, posterior corneal surface mean keratometry, central
keratoconus index showed good repeatability in subclinical, mild and moderate keratoconus groups. Kmax Zonal Mean
4 mm and Kmax Zonal Mean 5 mm showed good repeatability in all groups (TI<0.31). Conclusions For patients
with subclinical and mild keratoconus, Kf of the posterior corneal surface, PRC and TCT are recommended to monitor
disease progression. To monitor the condition of patients with moderate and severe keratoconus, we may focus on the
detection of Kmax Zonal Mean 4 mm and Kmax Zonal Mean 5 mm.
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Table 1 Comparison of baseline characteristics among five groups

415 15@(/ ‘rif”]wjﬁiu; AE 1R 1 TR R | FE 56 B2 5L |
R %k (FB/&,n)’ [(M(Q,,05).%]" [(M(Q,,0,),D]" [M(Q,,Q5).,D]"

X Al 30/30 13/17 21.00(18.75,26.50) -4.00(-5.25,-2.63) 0.00(-0.75,0.00)
STV I 1A (59 4 £ g 2 30/30 22/8 22.00(17.00,26.00) -4.25(-5.63,-2.00) -0.75(-1.38,-0.50)
5 0 (B 4 A AL 30/30 21/9 23.00(19.00,27.25) -3.00(-6.13,-1.69) -1.75(-2.63,-0.75)
e [ 4 A 30/30 20/10 20.50(17.75,25.25) -5.00(-8.06,-1.38) -5.13(-6.00,-3.19)
o [ 4 £ I 2 30/30 24/6 21.00(16. 00,24. 00) -7.00(-11.13,-2.00) ~5.00(=6.00,-2.94)
X*/7H {4 10. 500 5.675 6.303 80. 761
Py 0.033 0.225 0.178 <0. 001
a5 19‘@/ BCVA 1 B iR ﬂﬁﬁa&fi ﬁﬁ)%(%ﬁ ﬁﬁﬂﬁﬂq&’éﬂiﬂ@fr%ﬁ’g ]

HE % [M(Q,,0;5) ,LogMAR]"  (x#s,mmHg)* (x+s,mm)"* (x%s,mm) " [M(Q,,Q;),1/mm"]"
Xif B 41 30/30 0.00(0.00,0.00) 15.16+2.90 25.14£0. 99 3.50+0. 35 2 781.00(2 599. 00,2 908. 50)
S I A TR o RS20 30/30 0.00(0.00,0.00) 14.40+2. 83 25.66+1. 43 3.83+0.25 2914.00(2 793.50,3 098. 25)
I R 6] 4 £ M 2 30/30 0.15(0.00,0.15) 13.14£3.59 25.06+1.33 3.7120.26 2 838.50(2 628.25,3 066.25)
v 52 £ 5 2 30/30 0.30(0.15,0. 40) 12.13+2.38 24.87+1.18 3.88+0.28 2 717.50(2 535.75,2 928.25)
T [0 A A A 30/30 0.52(0.30,0.70) 13.19+3.25 25.15+1.28 3.88+0. 31 2 686.00(2 542.50,3 060. 50)
H/F 1H 99. 580 7.853 1.557 7.744 13.173
P{H <0. 001 <0. 001 0. 189 <0. 001 0.010

T (a: X7 KB s b: Kruskal-Wallis H A5 ;¢ 80P r 2240 47)
Note: (a: X? test;b: Kruskal-Wallis H test;c:One-way ANOVA)

BCVA e fEBF IEL )

BCVA :best corrected visual acuity

1 mmHg=0. 133 kPa
1 mmHg=0. 133 kPa
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B (C.2-6 mm) ,0-2 mm . 2—-6 mm X 142 f HE P
BeE R (T. 0-2 mm | T. 2-6 mm ) 753V I R K2 428 B2 [ 4
FA NS 110 E 5 1 S 0] HR A P ALy TT<0.31(586)
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Table 2 Comparison of repeatability of corneal anterior surface parameters among five group
" ) . Kmax £ BE 5
45 it 4 Kf(D) Ks(D) Km (D) Astig(D) Kmax(D) 3 mm X3 (D)
Xt R4l 30 M(Q,,05)  42.58(41.96,43.15)  43.43(42.61,44.23)  42.93(42.30,43.69)  -0.57(-1.13,0.48)  44.16(42.99,44.84)  43.47(42.59,44.13)
Sw 0.07 0.10 0.08 0.12 0.21 0.25
r 0.20 0.29 0.22 0.32 0.59 0. 68

>

TR AL 3

RRERMEMEL 30

PEREMBEL 30

M(Q,,05)

Sw

‘M(()l an)

Sw

42.17(41.60,43.53)
0.18
0.51
0.41
44.05(42.83,44.58)
0.18
0.51
0.42
46.28(45.03,47.92)
0.24

43.70(42. 86,44.94)
0.20
0.54
0.27
45.90(44. 63, 46. 80)
0.20
0.55
0.28
51.07(49.91,52. 48)
0.46

r 0.67 1.29
11 0.53 0.65
RII 0.12 0.37
4 L 30 M(Q,,05) 52.40(50.32,57.44)  57.77(56.59,60.90)
Sw 0.48 0.54
r 1.33 1.51
TI 0.83 0.71
RI2 0.30 0.07

42.85(42.37,44.38)
0.19

0.52

0.38
44.98(43.86,45.49)
0.13

0.37

0.23
48.68(47.17,50.02)
0.29

0.79

0.57

0.33
54.87(53.40,59.74)
0.36

1.00

0. 66

0.10

-1.40(-1.83,-0.74)
0.25
0.71
0.34
-1.73(-2.35,-0.39)
0.48
1.34
0.62
-3.23(-5.37,2.02)
1.01
2.80
0.94
0.32
-5.30(-6.92,-2.29)
0.81
2.26
0.84
-0.09

44.45(43.66,46.33)

0.23

0.63

0.03
48.76(46.41,50.37)

0.36

1.00

0.23
56.91(54.92,59.91)

0.66

1.83

0.49

0.26
69.30(65.97,74. 16)

1..06

2.93

0.70

0.20

43.91(43.19,45.28)
0.16
0.45
-0.18
47.20(45.48,48.58)
0.29
0.80
0.07
53.43(50.34,55.20)
0.35
0.98
0.16
0.09
62.21(58.78,66. 14)
0.53
1.47
0.33
0.18
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gLk
5 [E 4'2?;%?) 51(1:1:)(@%1@%%(?) BFS(mm) AE(pm) ARC(mm) RMS j4 8
Xt 4L 30 M(0,,05) 43.40(42.57,44.10)  43.30(42.48,44.06)  7.94(7.79,8.09) 2.00(1.67,2.75) 7.83(7.70,7.99)  164.88(1.52,172.54)
Sw 0.25 0.24 0.01 0.39 0.02 0.18
r 0. 69 0.67 0.02 1.09 0.04 0.50
WRBIE A 30 M(Q;,05)  43.84(43.12,45.11)  43.74(42.98,44.95)  7.99(7.71,8.07) 3.00(1.25,4.75) 7.83(7.60,7.93)  171.17(168.55,178.23)
Sw 0.15 0.14 0.03 1.13 0.02 0.67
r 0.42 0.39 0.10 3.12 0.05 1.86
T -0.21 -0.23 0.65 0.46 0.08 0.57
BRI B o fh L 30 M(Q,,05) 47.01(45.34,48.36)  46.74(45.11,47.99)  7.69(7.63,7.91) 8.67(6.17,12.75) 7.32(7.08,7.54)  181.58(175.06,185.62)
Sw 0.28 0.25 0.03 1.41 0.03 3.66
r 0.76 0.70 0.08 3.91 0.08 10. 15
I 0.04 0.02 0.59 0.55 0.26 1.30
PR MEA 30 M(0,,05)  52.99(50.06,54.66)  52.26(49.58,53.78)  7.47(7.29,7.63) 21.17(17.33,28.17)  6.57(6.22,6.81)  197.73(188.50,203. 40)
Sw 0.33 0.30 0.03 1.61 0.04 3.89
r 0.92 0.83 0.07 4.47 0.12 10.76
I 0.12 0.09 0.52 0.61 0.44 1.33
RII 0.08 0.07 -0.07 0.06 0.18 0.03
TEREGEMED 30 M(Q,,05)  61.43(58.27,65.23)  60.09(57.35,63.49)  7.04(6.79,7.21) 40.33(33.50,49.42)  5.63(5.31,5.89)  223.44(215.50,242.06)
Sw 0.48 0.54 0.36 0.81 1.06 0.53
r 1.33 1.51 1.00 2.26 2.93 1.47
I 0.83 0.71 0.66 0.84 0.70 0.33
RI2 0.30 0.07 0.10 -0.09 0.20 0.18
25 1373 HOA(RMS) 7(2,2) 7(2,0) 7(2,-2) 7(3,1) 7(3,-1)
R R4 30 M(Q,,05)  1.37(0.36,1.76)  -1.01(-2.94,-0.34) 164.81(0.95,172.45) -0.16(-0.41,0.31)  -0.06(-0.22,0.06)  0.08(~0.11,0.25)
Sw 0.06 0.14 0.21 0.22 0.05 0.08
r 0.17 0.39 0.58 0. 60 0.14 0.23
WIERBHEAIES 30 M(Q,,05)  1.96(1.48,2.41)  =3.91(-4.99,-1.91) 170.97(168.38,177.65) 0.02(-0.97,0.78)  0.13(=0.21,0.37) -0.34(~0.89,0.17)
Sw 0.40 0.65 0.80 0.30 0.16 0.59
r 111 1.81 2.23 0.83 0.43 1.63
T 0.80 0.66 0.58 0.14 0.48 0.85
REREMEA 30 M(0,,05)  3.56(2.79,5.50)  -4.35(-6.54,-1.54) 179.27(174.32,182.01) 0.13(-0.87,2.38)  0.29(-0.31,1.48) -2.67(-3.93,-1.31)
Sw 0.87 0.61 1.99 0.89 0.87 0.99
r 2.42 1.69 5.51 2.48 2.41 2.74
I 1. 14 0. 64 0.98 0.61 1.22 1.07
PERSMES 30 M(0,,05)  T.44(4.47,9.87)  -6.86(-12.98,0.73) 189.25(185.27,194.50) 0.29(-5.62,3.84)  0.64(-1.11,2.11) -5.63(-9.15,-2.53)
Sw 0.88 1.06 212 1.14 1.04 0.94
r 2.45 2.95 5.88 3.15 2.89 2.62
T 1.15 0.88 1.00 0.72 1.30 1.05
RII 0.00 0.24 0.03 0.10 0.08 -0.02
BREFAGMER 30 M(0,,05)  13.62(9.97,16.29) ~11.50(-16.71,-5.06) 209.67(205.16,221.57) -0.65(-6.94,6.67)  0.53(-1.70,2.58) =9.60(-11.87,-6.28)
Sw 0.76 1.60 0.86 1.97 0.81 0.88
r 2.10 4.44 2.40 5.46 2.5 2.45
I 1.08 1.05 0.61 0.96 1.19 1.02
RI2 -0.07 0.18 -0.39 0.24 -0.11 -0.03

TE  Swe ZH AR IEZE 7o 552 FR 5 T 15 %0 M 2 LB 9 2 22 45 2805 R« vl B [0 1 IS 20 15 2 52 10 0 JIBE 2R o 45 005 RI2 . o 52 [0 4 A 8 2 5 v 2 158
ATy S ZEL RO 205 KL KT v she g 3R 5 K o 3 v i g 3R 5 Kom 2 S 239 ) 3% 5 Astig i ke DX RSO 5 K 7 15 3% 17 45 0K gl €5 BFS « i (4005 BR 1 5 A
1 155 T % 16 J5c T 07 00 1R B (5 ARC: DA A 5 dmc 8 A 7P 3.0 mm X3 3% 1 7 2 2% RMS : 35 05 AR HOA: &y I 18 225 2(2,2) - 3 ELHIOE
Z(2,0) HHESZ(2,-2) A0 2(3,1) K P EE2(3,-1) B EHE %

Note; Sw: within-subject standard deviation; r; repeatability limit; TI:; tolerance index; RI1: relative index between moderate keratoconus group and mild

keratoconus group; RI12:relative index between severe keratoconus group and moderate keratoconus group ; Kf:flat keratometry ; Ks: steep keratometry ; Km: mean

keratometry ; Astig; astigmatism ; Kmax ; maximal keratometry; BFS: best fit sphere; AE; anterior elevation; ARC : anterior radius of curvature; RMS: root mean

square ; HOA ; higher-order aberration;Z (2,2) : vertical astigmatism;Z(2,0) : defocus;Z(2,-2) : oblique astigmatism;Z(3,1) : horizontal coma;Z(3,-1) .

vertical coma
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Table 3 Comparison of repeatability of corneal posterior surface parameters among five groups
415 %4 Ki(D) Ks(D) K(D) Astig(D) BFS(mm) PE(pm) PRC(mm)
A 300 M(Qy,05) -6.07(-6.20,-5.98) -6.40(-6.50,-6.30) -6.30(-6.46,-6.14)  0.35(0.30,0.50) 6.47(6.35,6.63) 6.00(3.67,7.08) 6.37(6.26,6.51)
Sw 0.02 0.03 0.04 0.05 0.01 0.82 0.02
r 0.07 0.08 0.12 0.14 0.03 2.26 0.06
TS fED 30 M(Q,,05) -6.00(-6.22,-5.93) =-6.45(-6.65,-6.30) ~-6.23(=6.40,-6.11)  0.37(0.29,0.48) 6.55(6.32,6.63) 8.67(6.17,11.58)  6.28(6.08,6.46)
Sw 0.05 0.05 0.04 0. 04 0. 04 1.74 0.04
r 0.13 0.13 0.11 0.1 0.11 4.8 0.10
1 0.30 0.22 -0.03 -0.10 0.64 0.33 0.21
BEREAEL 30 M(0,,05) -6.28(-6.50,-6.19) -6.75(-7.07,-6.49) -6.53(-6.78,-6.38)  0.40(0.26,0.59) 6.36(6.25,6.52) 27.33(18.83,34.83)  5.55(5.33,5.83)
Sw 0.03 0.07 0.04 0.13 0.03 3.8 0.04
r 0.10 0.18 0.11 0.36 0.09 10.58 0.12
1 0.17 0.38 -0.04 0.42 0.56 0.67 0.29
PERERED 30 M(Q,,05) -6.87(-7.15,-6.60) -7.88(-8.21,-7.58) -7.37(-7.58,-7.11)  0.93(0.70,1.17) 6.14(6.00,6.28)  51.50(43.25,64.75)  4.82(4.55,5.05)
Sw 0.08 0.11 0.08 0.10 0.03 317 0.05
r 0.22 0.31 0.24 0.28 0.10 8.79 0.13
1 0.53 0.60 0.29 0.31 0.57 0.59 0.34
RII 0.36 0.22 0.33 -0.11 0.01 -0.08 0.05
GEAGAEA 30 M(Q,,05) -8.13(-8.88,-7.55) -8.98(-9.68,-8.70) -8.53(-9.31,-8.13)  0.92(0.63,1.23) 5.85(5.60,5.98)  81.83(69.50,100.50)  4.04(3.76,4.36)
Sw 0.12 0.11 0.09 0.13 0.05 5.99 0.04
r 0.33 0.31 0.26 0.37 0.14 16.59 0.11
1 0.70 0. 60 0.33 0.43 0.72 0.87 0.27
RI2 0.17 0.00 0.04 0.12 0.15 0.28 -0.07
415 1314 RMS & HOA(RMS) 2(2,2) 7(2,0) 7(2,-2) 7(3,1) 1(3,-1)
WA 30 M(Q,,05) 191.08(0.75,217.90)  3.66(0.18,4.72)  -0.50(-7.01,0.30)  207.06(-0.63,217.27)  0.02(-0.55,0.14)  0.00(-0.03,0.07)  0.01(-0.03,0.89)
Sw 0.18 0.16 0.32 0.15 0.39 0.08 0.13
r 0.50 0.44 0.88 0.41 1.07 0.22 0.36
T RREABEA 30 M(Q,,05) 204.19(211.24,224.24)  4.49(4.02,6.13)  -9.00(-11.17,-6.56) 213.40(210.62,223.44)  0.61(-1.52,1.49)  0.09(-0.54,0.52)  -0.91(-2.04,0.01)
Sw 1.51 0.78 1.53 1.58 0.81 0.30 113
r 4.19 217 4.23 4.37 203 0.84 312
1 0.92 0.69 0.68 1.02 0.32 0.58 0.94
BEREMED 30 M(0,,05) 229.11(223.16,235.15) 10.22(8.02,14.92)  -11.66(~16.07,-5.85) 226.35(221.22,232.65) -0.94(-4.16,5.73)  0.33(-0.39,3.51)  -7.31(~11.69,-4.26)
Sw 5.36 2.07 214 3.54 1.57 1.51 1.54
r 14.85 5.1 5.92 9.80 4.35 4.19 4.26
Tl .47 111 0.83 1.37 0.61 1.28 1.08
EREMED 30 M(Q,,05) 250.50(241.05,261.09) 19.17(12.04,21.78)  -16.25(-24.68,-4.23) 244.03(236.03,252.59)  0.55(=10.50,7.32)  0.35(-3.28,4.86) -13.66(~17.66,-4.80)
Sw 5.70 1.83 2.62 3. 64 217 1.84 1.67
r 15.78 5.06 .25 10.08 6.00 5.09 4.64
Tl 1.50 1.06 0.92 1.39 0.75 1.37 L1
RIL 0.03 -0.05 0.09 0.01 0.14 0.08 0.04
FEAGMEA 30 M(Q,,05) 290.09(275.08,312.33) 28.61(21.43,32.46)  -25.51(-32.37,-10.84)273. 64(266.46,298.87)  0.13(-9.32,8.27)  0.92(-3.36,6.26) -18.52(-23.09,-13.61)
Sw 251 1.53 2.68 1.26 2.57 1.4 2.07
r 6.96 4,25 7.41 3.48 7.11 3.93 5.74
Tl 1. 14 0.98 0.93 0.93 0.82 1.26 1.21
RI2 -0.36 -0.08 0.01 -0.46 0.07 -0.11 0.09

TE  Swe 2 A BRIE 22 7o 552 P MR T A5 000 R 2 LU 9 8 22 48 2005 RIL « v R (50 1 A 58 20 5 2 52 I e IS 20 AR X 4 5 RI2 . T 52 (50 4 o JB2 21 5 o 8 19
HE Ay S ZEL RO i 05 K KT o sk 3R 5 K T T v sl g 3R 5 Kom 2 S 239 1 55 Astig: P 5 XA [ BIOG 3 BFS « Ji A£ 4805 BR 1T 5 PE - A3 [ 5 3% 17 5 38 45 07 5 19
5 B2 3 PRC : DUA B o TR 3 mm DX 2% 1871 399 gl ¢ RMS - 307 ML HOA - i 180225 2(2,2) - R B HIOL;2(2,0) - B4R 2(2,-2) « A Ok
Z(3,1) JKPEE;2(3,-1) M EE %

Note ; Sw; within-subject standard deviation; r; repeatability limit; TI; tolerance index; RII; relative index between moderate keratoconus group and mild

keratoconus group ; RI2 ;relative index between severe keratoconus group and moderate keratoconus group ; Kf:flat keratometry ; Ks: steep keratometry ; Km; mean

keratometry ; Astig; astigmatism ; Kmax ; maximal keratometry; BFS: best fit sphere; PE; posterior elevation; PRC ; posterior radius of curvature; RMS: root mean

square ; HOA : higher-order aberration;Z (2,2) : vertical astigmatism;Z(2,0) : defocus; Z(2,-2) : oblique astigmatism;Z(3,1) : horizontal coma;Z(3,-1) .

vertical coma
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Table 4 Comparison of repeatability of corneal thickness parameters among five groups
215 AR % ACT(pm) CCT(pm) TCT(pm) PPIAvg
Xt B2 30 M(Q,,0;) 539.00(504.58,575.00) 539.83(504.50,575.00) 534.17(501.58,570.00) 1.02(0.96,1.07)
Sw 1.58 1.55 1.63 0.02
r 4.37 4.30 4.50 0.05
WG R M4l 30  M(Q,,0Q5) 541.50(528.33,580.17) 537.67(520.08,550.58) 530.67(513.50,546.08) 1.08(0.94,1.18)
Sw 4. 60 2.98 3.31 0.03
r 12.74 8.25 9.18 0.10
TI 0. 46 0.28 0.31 0.30
A% B B A £ B2 30 M(Q,,05) 509.00(466.58,582.92) 509.50(475.92,527.33) 497.50(452.67,511.00) 1.60(1.34,1.78)
Sw 3.95 3.82 3.04 0.06
r 10. 94 10. 58 8.42 0.17
TI 0. 40 0.39 0.27 0.56
v R (5 4 A B4 30 M(Q,,Q5) 521.83(474.33,561.75) 483.67(470.75,503.75) 471.83(444.92,490.33) 2.07(1.87,2.38)
Sw 3.77 3.82 3.50 0.09
r 10. 45 10. 58 9.70 0.25
TI 0.38 0.39 0.33 0.71
RI1 -0.02 0. 00 0.06 0.16
B[54 A 30 M(Q,,Q;) 499.83(435.42,548.25) 448.50(430.67,485.92) 428.67(412.50,455.42) 2.99(2.51,3.56)
Sw 4.91 5.65 3.78 0.16
r 13.61 15. 64 10. 47 0. 44
TI 0.49 0.56 0.37 0.96
RI2 0.11 0.17 0.03 0.25

T - Sw ZH N AR UEDE 5 r BRI 5 TL: 55 %0 B 4 DU 43 22 15 55 RUL - v 52 100 6 R IR 20 15 %0 38 [0 e A I 2L A X 5 305 RI2 . o 38 [08] f I 2 15 o i
A LR R 5 5505 ACT - 8 I T A JSE 88 5 CCT A IS o SR JBE B2 3 TCT A 58 d il 52 2 5 PPTA g - - 239 V5 38 o J 415 4%

Note ; Sw; within-subject standard deviation; r; repeatability limit; TI; tolerance index; RII; relative index between moderate keratoconus group and mild
keratoconus group; RI2 ;relative index between severe keratoconus group and moderate keratoconus group; ACT: apical corneal thickness; CCT: central corneal

thickness ; TCT : thinnest corneal thickness; PPIAvg:average pachymetric progression index

x5 BEAZTHRABRESHEEEXSHESHLE

Table 5 Comparison of repeatability of corneal combined index parameters among five groups

20 5 1R %5 BADD ISV IVA KI CKI

Xt B 21 30 M(Q,,05) 1.00(0.79,1.42) 14.83(11.83,16.42) 0.09(0.07,0.11)  1.03(1.01,1.04)  1.00(1.00,1.01)
Sw 0.11 0. 64 0.01 0.01 0.00
r 0.30 1.78 0.03 0.02 0.01

WG IR A A 30 M(Q,,Q0;) 1.60(0.93,2.36) 19.33(16.17,26.08) 0.14(0.10,0.23) 1.03(1.01,1.05) 1.01(1.00,1.01)
Sw 0.16 5.15 0.08 0.02 0. 00
r 0.43 14. 28 0.22 0. 06 0.01
TI 0.16 0.91 0.83 0.57 0.02

A% B O A B 2 30 M(Q,,0Q5) 4.62(3.13,5.83) 38.17(29.42,51.83) 0.36(0.29,0.52)  1.09(1.06,1.12) 1.02(1.01,1.04)
Sw 0.30 2.70 0.03 0.02 0.00
r 0. 84 7.49 0.08 0.05 0.01
TI 0.45 0.63 0.42 0.55 0.10
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ik R %5 BADD ISV IVA KI CKI
e [ 4 A 4 30 M(Q,,Q5) 8.59(7.43,10.28) 81.00(67.08,96.58) 0.77(0.52,1.02) 1.19(1.15,1.28) 1.08(1.05,1.11)
Sw 0.37 2.31 .05 0.01 0.01
r 1.02 6. 41 13 0. 04 0.02
TI 0.53 0.56 .62 0.39 0.28
RII 0.09 -0.07 .20 -0.16 0.18
T [ 4 R 30 M(Q,,0Q5) 15.52(12.42,18.81) 133.67(104.17,152.58) 0.92(0.62,1.22)  1.34(1.24,1.43) 1.18(1.12,1.23)
Sw 0.50 4.12 .10 0.02 0.01
r 1.38 11. 41 .27 0.07 0.02
TI 0.67 0. 81 .92 0.65 0.35
RI2 0.13 0.25 .30 0.26 0.08
4 5 1R %5 IHA IHD I-S Value(D) EKR65 K1(D) EKR65 K2(D)
Xf HR 2 30 M(Q,,0;) 3.68(1.63,6.32) 0.01(0.01,0.01) .02(=0.22,0.46) 42.52(41.94,43.18) 43.30(42.37,44.22)
Sw 1.83 0. 00 .10 0.21 0.21
r 5.08 0. 00 .27 0.58 0.57
WG KRBl 30 M(Q,,0Q5)  7.92(3.66,15.63) 0.01(0.01,0.02) .45(=0.09,0.76) 42.13(41.53,43.19) 43.41(42.49,44.58)
Sw 5.21 0.01 .67 0.14 0.17
r 14.42 0. 02 .87 0.39 0.48
TI 0.45 0.59 .84 -0.17 -0.07
% i [ 4t £ i 30 M(Q,,Q5) 13.27(5.48,25.89) 0.04(0.03,0.07) .92(1.05,3.09)  42.79(41.88,43.62) 44.45(43.59,45.44)
Sw 10.78 0. 00 .44 0.79 0. 67
r 29. 87 0.01 .23 2.18 1.86
TI 0.77 0. 41 . 66 0.57 0.51
w53 4 o 5 401 30 M(Q,,Q;) 34.25(23.31,47.24) 0.11(0.07,0.15) .22(2.83,7.27)  43.28(42.17,46.01) 47.61(46.33,49.22)
Sw 15. 09 0.01 .34 0.96 1.12
r 41. 80 0. 02 .94 2.66 3.10
TI 0.92 0.59 .54 0. 66 0.73
RI1 0.15 0.17 11 0.09 0.22
T[54 A TR 30 M(Q,,Q5) 31.85(15.27,53.51) 0.18(0.12,0.21) .34(4.65,9.78)  48.44(44.82,54.86) 53.39(50.57,57.57)
Sw 15. 41 0.01 .74 1.79 1.96
r 42.69 0. 04 .05 4,97 5.42
TI 0.92 0.98 .88 0.93 0.98
RI2 0.01 0.39 0.34 0.27 0.24

T Swe AL N ARUEZE sr TR PR 5 TL: 5508 IR PR 010 20 22 408 5505 RIL o 52 (50 1 A JE 2 15 9 A T8 o 58 2L A X i 25 RI2 . T 2 [0 4 ) JS 455 b 2 B
A I LEL AR 0o 415 %5 BADD : Pentacam Wi )28 948 £33 4 55 ISV - 3 181 78 7 15 40 VA - 38 B A X R 4 438 5505 KL 159 4k A7 158 438 05 CKL: o ol (5] 4 1 58 45 405
THA : i B2 AR X AR 45 505 THD - 5 BE /0 15 80 1-S Value: £ 8T /B 05 - 2 it 't 1 22 (8 s EKR65 K2 65% i i 38 B/ 7K ¥ DX 48 4 (1L D't

Note : Sw: within-subject standard deviation; r; repeatability limit; TI: tolerance index; RI1: relative index between moderate keratoconus group and mild

keratoconus group ; RI2:relative index between severe keratoconus group and moderate keratoconus group; BADD : Belin/Ambrosio enhanced ectasia display final

D value; ISV index of surface variance; IVA: index of vertical asymmetry; KI: keratoconus index; CKI: central keratoconus index; IHA: index of highest

asymmetry ; IHD :index of highest decentration;I-S Value:inferior-superior asymmetry ; EKR65 K :keratometry of equivalent K-reading ( Holladay report)
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Table 6 Comparison of repeatability of corneal densitometry parameters among five groups
i %3 A.0-2 mm A.2-6 mm C.0-2 mm C.2-6 mm T.0-2 mm T.2-6 mm
X 4L 30 M(Q,,05)  20.35(19.55,24.08)  18.50(17.53,21.87)  12.33(12.10,14.58)  11.27(10.96,13.14)  14.22(13.76,16.98)  13.08(12.63,15.29)
Sw 0.35 0.30 0.19 0.17 0.24 0.22
r 0.96 0.83 0.54 0.48 0.67 0.61
TGRS ABA 30 M(0,,05) 22.80(21.40,24.18)  19.95(19.00,21.33)  14.20(13.13,14.73)  12.32(11.46,12.84)  15.68(14.83,16.43)  13.93(13.15,14.45)
Sw 0.63 0.52 0.43 0.35 0. 46 0.39
r 1.75 1.45 1.19 0.96 1.28 1.08
TI 0.26 0.24 0.35 0.30 0.28 0.25
BEREABA 30 M(0,,05) 23.15(21.43,25.74)  20.10(18.95,21.80)  14.80(13.83,16.37)  12.67(12.13,13.84)  16.03(14.86,17.42)  14.18(13.46,15.27)
Sw 0.56 0.50 0.34 0.26 0.37 0.29
r 1.55 1.38 0.96 0.73 1.02 0.80
Tl 0.21 0.22 0.25 0.18 0.18 0.12
ot B T 4L 30 M(Q,,05) 24.23(22.70,25.77)  20.88(19.82,22.08)  15.15(14.43,15.79)  12.67(12.28,13.16)  16.22(15.41,17.02)  14.43(14.07,15.41)
Sw 0.78 0.65 0.51 0.38 0.59 0.45
r 2.15 1.79 1.41 1.04 1.64 1.24
Tl 0.35 0.34 0.42 0.34 0.39 0.31
RI 0.14 0.11 0.17 0.15 0.21 0.19
T A AL 30 M(Q,,05) 25.07(22.65,28.00)  21.78(19.67,23.90)  15.73(14.47,16.68)  12.53(12.13,13.46)  16.30(15.06,18.05)  14.97(14.13,16.21)
Sw 2.28 1. 66 0.99 0.51 1.19 0.80
r 6.32 4.60 2.75 1.41 3.29 2.20
Tl 0.82 0.75 0.71 0.47 0.69 0.56
RI2 0.47 0. 41 0.29 0.13 0.30 0.25

T Swo A N BRHEZE sre B S PER S TT: 55000 B2 LA A 28 22 46 505 RIL . v 32 150 o 7 68 AL 15 0 R (680 i 7y I 200 A X 6 505 RI2 .« o 38 [ 4 o R 2 5 v B
HEAR I ZH AR HE 4 A 0-2 mm:0-2 mm I BEATRTE 120 wm P56 8 ;AL 2-6 mm:2-6 mm XA MEATRE 120 wm P04 B C. 0-2 mm:
0-2 mm DX I e g 2 A BT B D62 ;€L 2-6 mm:2-6 mm DXk b g 224 BROF- 256 B T. 0-2 mm:0-2 mm X342 2 B 2 6 % B 5 T. 2-6 mm:
2-6 mm [X I 42 )2 BT 34 00 %

Note : Sw: within-subject standard deviation; r: repeatability limit; TI: tolerance index; RII: relative index between moderate keratoconus group and mild

keratoconus group; RI2:relative index between severe keratoconus group and moderate keratoconus group; A. 0—2 mm: average densitometry for the anterior

120 pm in the 0-2 mm area;A.2-6 mm:average densitometry for the anterior 120 pum in the 2-6 mm area;C. 0—2 mm:average densitometry for central tissue

in the 0-2 mm area;C.2-6mm:average densitometry for central tissue in the 2=6 mm area; T. 0—2 mm:average densitometry for total cornea in the 0-2 mm

area;T.2-6 mm:average densitometry for total cornea in the 2—6 mm area

3 itig

150 1y 158 S0 I 7 30 4% 1) e LA 0 A
VPG, — FR 50 B B R 7R 2 5O(E 00 0 R O A RS
BRARM EEARAET o 3T — A AT S5 [ 4 £ OO
14 8 b 2 500, HE T AR R 7 AR T I A S 2 e S
JF ARG o TR BT I B S R 1
A2 BRI 3723 A AN LU A 5 A AT SR 2 RO T2

A 5T K BL A A 22 T Ks , Kmax ,ARC | £ i )5 2% T
Kf PRC 5 TCT.A.0-2 mm . A.2-6 mm.C.2-6 mm,
T.0-2 mm T.2-6 mm #5658 2 800 W i K J2 3%
JRE TG S £ M 4 e B R G A A2 PR (TT<0. 31) 5 il 4%
Kmax fz BE £33 mm DXICH P 29 0806 0y | 5 2 i
Km | CKI 25075 Wi R 2 B2 % o R 163 i 20 24 3%
P R E R P (TI<0. 31) s il 48 Kmax iz BE i 4 mm
5 mm DX - 24 0 D' ) 2 BT 45 4 1) 2 S B i R 4
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HAIME(TI<O0. 31) 5 S AN [ 43 403 1530 4 £ B5E 110 F Joe DF £k
R T S HRIE

W 5T B, 7 (B B A M i) = A2 ) i v Al W A 3] ik
AT AR P PR A 2 B T A R AU R
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