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Abstract

Objective: To observe the changes in early corneal biomechanics and their correlation with early
corneal shaping effects in adolescents and children with low to moderate myopia after wearing
orthokeratology lenses. Methods: This study is a clinical study prospectively. 29 nearsighted ado-
lescents and children who visited the Joint Shantou International Eye Center from were selected,
and their right eyes were included in the group. Among them, 12 were males and 17 were females,
aged (11.72  2.33) years old. All sample subjects were divided into low myopia group (lower than
-3.0 D) and moderate myopia group (-3.0 D~-6.0 D) based on Spherical Equivalent Refraction,
with 14 individuals in the low myopia group and 15 individuals in the moderate myopia group.
Measure 3 times using Corvis ST and take the average for subsequent analysis. Obtain refractive
power data through corneal topography, and subtract the refractive power at the vertex of the
cornea before wearing the lens from the refractive power at this point after wearing the lens to
obtain the change in corneal apical refractive power (CARP). SCPC (summed corneal power
change) is defined as the sum of refractive power changes relative to the corneal apex within a
diameter range of 0.5 mm to 7.2 mm. Single factor repeated measurement analysis of variance was
used to compare corneal biomechanical indicators at various follow-up time points. We used the
Pearson linear correlation analysis to analyze the correlation between baseline data, Corvis pa-
rameters, CARP, and SCPC. Results: The visual acuity of two groups after wearing lenses for one
week and one month were no significant difference (P > 0.05), which were reached 0.1LogMAR or
above. When wearing orthokeratology lenses for one week, the CARP and SCPC in the low myopia
group were 2.36 + 0.92 D and 8.56 * 5.98 D-mm, while in the moderate myopia group, the CARP
and SCPC were 3.43 + 0.77 D and 13.73 * 4.26 D-mm. The CARP and SCPC between the low and
moderate myopia groups when wearing orthokeratology lenses for one week and one month were
no significant difference too (P > 0.05). The PD, IR, and CBI of the low-grade group after wearing
orthokeratology lenses for 1 week and 1 month were all higher than baseline (P < 0.05), while SPA,
ARTH, IOP, and bIOP were all lower (P < 0.05). There was no significant difference between 1 week
and 1 month (P > 0.05), while the CBI of the moderate group after wearing orthokeratology lenses
for 1 week and 1 month was higher than baseline (P < 0.05), and RHC, ARTH, and CCT were all
lower (P < 0.05). RHC, ARTH and CCT were no significant difference between 1 week and 1 month
after wearing lenes (P > 0.05). The SCPC of all subjects wearing orthokeratology lenses for one
week was positively correlated with L1A and RHC before wearing the lenses (r = 0.557, P = 0.002; r
= 0.369, P = 0.049), and negatively correlated with IR (r = -0.419, P = 0.024). The CARP and SCPC of
wearing orthokeratology lenses for one month were negatively correlated with SE at baseline (r =
0.6, P < 0.01; r = -0.43, P = 0.02). Conclusion: In children with low to moderate myopia, the early
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refractive index effectively decreases after wearing orthokeratology lenses. Changes related to
corneal morphology such as CARP and SCPC mainly occur within one week, accompanied by a de-
crease in corneal biomechanical properties. The corneal biomechanical properties remain rela-
tively stable from one week to one month after wearing orthokeratology lenses. The biomechani-
cal properties of the corneal affect the early shaping effect of orthokeratology lenses.
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i IR BB FE R R (4) BRI & 58 G HC M2 S TG 2 & . AW 7 L0k 20 AN, BUHBR(E
29 MR)B s HEAT GE i 70, 4% 55 4Rk 15 % (Spherical Equivalent Refraction, SE) (S5 X0R G = BRETEDG
BE + 1/2 WD)y AR EE LML AH (KT —3.00 D) Al B 3T 4 4H.(~—3.00 D~—6.00 D).
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221 BARKE

B B T M R SR g IC AT AT W IR Bk &, B 4% H I (Snellen E FHL I K) . IRIE
(HAAG-STREIT AG, Fiit). ZBUATHIRATA A, HAE(TOPCON KR8800, HZA). 0.1%&E ittt
i e 3 5 56 ' S Z(TOPCON VT-10, H ).
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Figure 1. Change in corneal apical refractive power before (A) and after (B) wearing Orthokeratology Lenses

B 1. fmE R SRR (A) RS /S (B) IR EX R L

FAEERE XS e D' 7 S R A R I X85 A A JEAE DA D ) AR A SR, R SCPC (Summed corneal power
change). SCPC (7.2 mm)iE X2 M E AR 0.5 mm £ 7.2 mm PL 0.1 mm 33t ()4 67 AN LU BRI 5 A o 1)
()L S F) A1 REAEDRS e Y R A o R B RT AN EE 1 /8. 1 AT EAE 0.5 mm 2 7.2 mm (1) [E O e
TSI FNEIRA 9.6 1 MATLAB, 75t A IEAR XS Ji D6 B2 AR AT Pi, Rmax, € XA SCPC (7.2 mm). it
AKX

SCPC(7.2mm)= % Pi-0.01D-mm
i=0
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Table 1. Covis ST biomechanical parameters
52 1. Covis STEMIHFSH

P
L1A
V1A
L2A
V2A

PD
RHC
DA
ssl
SPA
ARTh
IOP
blopP
ccT
DR
IR
CBI

JE AR
Leng that the first applanation
Velocity at the first applanation
Length at the second applanation
Velocity at the second applanation
Peak distance at the highest concavity
Radius at the highest concavity
Deformation amplitude at the highest concavity
Stress-Strain Index
Stiffness Parameter Al
Ambrosio Relational Thickness horizontal
Intraocular Pressure
Biomechanical IOP
central corneal thickness
DA Ratio 2 mm
Integrated Radius

Corvis Biomechanical Index

AR
U PR
H U RSP
BRI
ey ¢ JE R iU
T e e R N ) AR A 5~ 1) o vy s ) R
EEs =N el B e ¥
W= N RN pIR I i
VWAV E
Fo RS B 240
7K3F- 77 15) Ambrosio 3¢ J5 &
IR
W) AR IEIR
rh o A S
2 mm AR R LA
(e e

Corvis A4 f1 2364

M T AN G2 /D4R L, 1T Corvis ST JIE /2 M AL ACE 77 ) 238, AR R A
T H IS RR LR R (5, R R A R R IIR 2, BT L dEdl: 1) hFE— a4
B B 5 AL I RE T AR TN Corvis ST AR EE; 2) A7 75 B5E AT, FEBT MEE: 3) &
IR LS M HZ IR AR, ARG DR BRI ORIRIG 3~56 WA, [FINE B i A, KRRk

AN B AR 2 4 Bh R AR T LIRAG, B S R AR ER
2.2.4. SWAIEEF

FT A 3 Y 8k Paragon CRT A 5 %A 245 /i (Essence, 35 [E) VRS BN % 2, 3R EE THEGE.
FEHR ., AEBOCE. ABER. ABEME EIEES K e B/, #e B SH0HE TR, &85
R 15 BB e G T Al AV . BRI, 2 30 4 Bh des AR S50 R e b bt s A 55 LR
BRAAEREE, eS8 Mlr S S EO S E G FE, RIS, %R #REE 8~10 /M.

Table 2. Parameters of Paragon CRT Orthokeratology Lenses
5% 2. Paragon CRT R ER S

il L Paragon CRT
J6 X B AR (mm) 6.00
HH gL JELRE (mm) 0.16
EXEEX((3) +0.50
&3 F .42 (mm) 10.50
g Paragon HDS100
% 4 Z 3 (cm?/seg)/(mI*mmHg) 100 x 1071
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AW FE KA SPSS 26.0 FAFX I FU R AT SE v 2 A s K Shapiro-Wilk 36 v & R IRV, £F
GIESSMITTETRERAIME + brdEZ g TR 40 H Fisher ¥iifaIe AT xt b, M. IRE. 45
RERBEE . CARP. SCPC SRAMISIFEAR t k%, /A HAEAREE I WA AT o BESE AL IR 22 35 FREAE) )
SRR R IR 2 I 5 28 0 AR AT % B U BT T s B R LU R Pearson 2R PEAH DG A0 AT T R 2R 1t
¥l Corvis %5 CARP. SCPC HI#HIEME. P <0.05 NZERA SR L.

3. R
AR AILGIN 29 NGERCA IR AW EEHR), A Bu 12 A2 BR) , 2ot 17 B1(17 BR). FELHE R
FEMLEE 3.

Table 3. Baseline data of mild and moderate myopia groups wearing Orthokeratology Lenses
Fe 3. REAMAE. PEIAARARBRRANELERICES

RE IR AL P

BIEL(FR) 14 15 -
(R 11.07 £2.30 12.33+2.26 0.148
HEM(5I%) 8/6 4/11 0.139
SE(D) -1.973 +0.562 —4.117 +1.057 <0.01

TE: SE: SFRCERGIEL. TEBIA Fisher K i HEAT XS L, HABSHAE FIAOIAEA ¢ K0 HEAT X LE o

AT 1 B, R AL AR IR AR /1 (LogMAR) B1iA F) 0.1 B R, 7E#4E 1 H
I AR R AL S B LR [F]— AP (L2 4). PILIIRREE 1 8. 1 AR /1348 T 8iBi007, P < 0.001. Tfipg4l
IR 1 R ANERAE 1 H ORRIR AN /1A 5.3 2 7 (P > 0.05).

Table 4. Uncorrected visual acuity of the two groups before lens wear, and at 1 week and 1 month after lenses wearing
F 4R PEEMABERTRR . BIRE1E. 1 BRRRNS

HRIRAE /1 (LogMAR) LA 18 1A F, P
=R 0.579 + 0.264 0+0.055 0.014 + 0.036" F=55.73, P<0.001
PRI ZH 0.843 +0.287 0.086 + 0.095" 0.064 +0.115" F =156.81, P<0.001

T HRPALE R WA I 1AL 1A MORRARAN 7 5 S AT L 2 7 S PE(P < 0.001).

WA 1 B 1 AN, R4 A R BRI A4H CARP. SCPC LB A Gt ER, L 5.

Table 5. CARP and SCPC at 1 week and 1 month after lens wear for Low and Moderate Myopa groups
F5. 1%, PEIAMERE 1. 1 A# CARP. SCPC

CARP (D) SCPC (D-mm)
1/ 1A 15 1A
AT 2.36 £ 0.92 2.13+0.97 8.56 + 5.98 7.63 £6.05
P 0.51 0.68
PR A 3.43+0.77 358+1.2 13.73+4.26 12.67 £ 5.69
P 0.68 0.57

VE: CARPL . MRESLMIA. th R s IRy B 4 1 ) CARP {ii; CARP1 H: MRESEMIZ. Tl
BB 1 AKX CARP fl; SCPC1 F: MRELLMA  vh FF I AN 4L 8 M A ¥ 245 1 ARSI SCPC {; SCPC1 A:
BT PRI 38 A S T 8% 1 H I SCPC {H.,
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BT B 1 . 1 i PD. IR, CBI 8 #4iR1 75, SPA. ARTH. IOP. blOP
PR E i M. 8% 1 9 PD. IR, CBI. SPA. ARTH. IOP. bIOP 54 1 X LL LR EZERP >
0.05). {RFEITALH B MERILHT. BBt 1 /8. 1 AP ZEE L1IA. L2A. V1A, V2A. SSI FZER¥L
Gt o (REETIALEE JA IR . W 1 A 1 BINAIEAED 122508 L 6.,

Table 6. Corneal biomechanical parameters for low myopia group before and 1 week, 1 month after lenses wearing

F 6 REAMASERNARENL SRR, MR 1A, 1 ANARENHFSH

L% el 1/ 1A F, P
L1A (mm) 2.32+0.18 2.29+0.33 2.35+0.23 F=03, P=066
L2A (mm) 1.99 +0.28 1.99 +0.22 1.85+0.38 F=1, P=0.38
V1A (m/s) 0.21+0.18 0.15 +0.02 0.15 +0.02 F=166, P=022
V2A (m/s) -0.28 £0.05 —0.24 £0.16 -0.30 £0.03 F=096, P=0.35
PD (mm) 4.76 +0.31 4.93+0.29" 4.95+0.27" F=918, P<0.01
RHC (mm) 7.14+0.77 7.00 £1.05 7.07 +£0.82 F=04, P=067
DA (mm) 1.02 +0.09 1.06 +0.09 1.08 +0.07° F=09.14, P<0.001
Ssl 1.09+0.18 1.03+0.15 1.04+0.16 F=443, P<0.05
SPA 92.71 +16.15 87.03 +15.66" 87.03 +14.31" F=6.05 P<0.01
ARTH 534.84 + 88.50 378.2+73.24" 384.58 +69.75" F=51.79, P<0.001
IOP (mmHg) 15.75 + 2.83 14.01 + 2.13" 1379+ 1.8 F=13.71, P<0.001
bIOP (mmHg) 15.75 + 2.42 14.32 £1.97 14.06 + 1.62" F=1165, P<0.001
CCT (um) 551.98 + 32.72 543.69 + 34.62" 546.40 + 34.98 F=3.22, P=0.056
DR 4.12 +0.39 424 +0.35 419+0.34 F=3.30, P=0.053
IR 7.90 +1.08 853+ 1.12" 8.33+0.95" F=09.35, P<0.001
CBI 0.38 £0.22 0.62£0.19" 0.6 +0.23" F=23257, P<0.001

VE: CHRAREEUT VLA AR A R B A PR 1 B 1 A R AE A ) S R % R (P < 0.05).

RS AL R A IR 1 A 1 ] CBI RSB HT A=, RHC. ARTH. CCT 8%
fik. #Bi 1 H RHC. ARTH. CCT 5t 1 BN LR EFZES . LA A REIAT. e 1 8. 1
HPPZIE LIA. L2A, V1A, V2A. SSI Mz givt 5w o v B A0 2E 3 A JE S T B i
Wt L. L HMARAE %S H0ENE 7.

Table 7. Corneal biomechanical parameters for moderate myopia group before and 1 week, 1 month after lenses wearing
7. PEIEMAEARERER . BE 1B, 1 AEABEENHESH

AT 1/ 1H F, P

L1A (mm) 2.43+0.24 2.33+0.29 2.37+0.24 F=0.77, P=047
L2A (mm) 1.92 +0.29 1.82 +£0.37 1.83 £0.36 F=06, P=056
V1A (m/s) 0.15 +0.02 0.15+0.01 0.15+0.01 F=0.73, P=049
V2A (m/s) -0.28+0.03 -0.26 +0.09 -0.29 +0.03 F=071, P=03
PD (mm) 5.01 + 0.26 5.04 +0.19 5.06 +0.18 F=04, P=0.68

RHC (mm) 7.77 +0.81 7.2+091 7.31+0.74" F=6.59, P<0.01
DA (mm) 1.04 +0.09 1.07 +£0.09 1.06 +0.09 F=159, P=0.22
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ssl 1.02+0.15 1.02+0.15 1.02 £0.15 F=0.004, P=0.996

SPA 91.95 +11.88 91.26 +9.41 92.85 + 13.83 F =029, P=0.746
ARTH 527.16 + 100.23 350.59 + 69.02" 345.4 +70.17" F =68.54, P<0.001

IOP (mmHg) 15.33 £ 2.03 14.4 +1.46 13.97 £1.82° F=429, P=0.02

bIOP (mmHg) 15.08 + 1.34 14.66 + 1.44 14.17 £ 1.27 F=237, P=0.11
CCT (um) 562.03 + 32.90 546.36 + 31.55" 546.89 + 33.6" F =27.135, P<0.001

DR 4.12 +0.39 4.19 £ 0.59 413+0.44 F=021, P=071

IR 7.60+0.6 7.9+0.73 8.28 + 1.03" F =986, P<0.001

CBI 0.33+0.24 0.55+0.21" 0.61+0.23" F =338, P<0.001

VE: 9 rh R AL S AR IR B B 1 R I A IR D S S O R E (P < 0.05), PRI B
W BB T R BT 1 A A )12 2406 B3 %2 57 (P < 0.05)

Pearson FH5C T 45 A n, P B A MEZEE 1 H CARP A1 SCPC 5 #i5% Hif &5 0k 85 FE fAH 5%
(r=-0.6,P<0.01), #MEBLE 1 H 5 BE AT 580ERE R fiUAHSS(r =043, P =0.02). LK 2, & 3.

RIZME=0373
\,
6.00 t
E \
& 400 e
5 .
2.00
‘ | \
° \
I °
‘ °
o
0.00
—6.000 —5.000 —4.000 —3.000 —2.000 —1.000 0.000

W RIS ROR B

Figure 2. The CARP of wearing Orthokeratology Lenses for one month were ne-
gatively correlated with SE at baseline
2. BRATFAIKR SRR 1 ARY CARP 258X

R> 211 =0.181
30.0000
20.0000
E
4
& 10.0000
wn
0.0000
-10.0000 ~6.000 —2.000 0.000

L;f},;qoo .
TRER BT ROR B
Figure 3. The SCPC after Orthokeratology Lenses wearing for one week was ne-

gatively correlated with SE at baseline
B 3. BRATHFYEKESARE 1 BT SCPC 2EX
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0.002). S#AEHT IR FUMH5S(r =-0.419, P = 0.024). ¥EWE 4, K5, K 6.

R2ZME=0310
25,0000 -

20.0000
15.0000

10.0000

SCPClw

5.0000

0.0000

—5.0000

1.80 2.00 220 240 2.60 2.80 3.00
FREETTLIA

Figure 4. The SCPC after Orthokeratology Lenses wearing for one week
was postively correlated with L1A at baseline
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