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Abstract

e AIM:. To investigate variation patterns of corneal
biomechanical parameters and binocular symmetry
among children of different genders aged 8-16 years.

e METHODS: A retrospective study was conducted, and
children who underwent optometric examinations at the
ophthalmology department of our hospital were enrolled
between January 2022 and December 2024. Measurements
included the flat keratometry ( K1), steep keratometry
(K2), and mean curvature (Km) of the anterior corneal
surface, horizontal visible iris diameter ( HVID), central
corneal thickness (CCT), corneal endothelial cell density
(CECD), average cell size (ACS), coefficient of variation
(CV), and hexagonality (HEX). Corneal parameters and
binocular differences were compared between genders
and across age groups.

e RESULTS: A total of 621 children (1 242 eyes) were
enrolled in this study, including 284 males (568 eyes), 337
females (674 eyes), 528 children aged 8-12 years (1 056
eyes), and 93 children aged 13-16 years (186 eyes). In
children aged 8-16 years, the K1, K2, Km and CV of both
eyes, as well as the interocular CCT differences in boys
were significantly lower than those in girls (all P<0.05),
while the HVID and HEX of both eyes, as well as the CCT
of the left eye in boys were significantly higher than those
in girls (all P<0.05). Children aged 8 - 12 years had
significantly higher K1, Km, CECD and HEX in both eyes,
and significantly lower ACS in both eyes than those aged
13-16 years (all P<0.05). K1, K2, Km, CECD and HEX in
both eyes were negatively correlated with age ( P<0.05);
ACS in both eyes was positively correlated with age ( P<
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0.001); K1 and Km of the right eye were positively
correlated with the CECD of the right eye (P<0.05), and
K1 and CCT of the left eye were positively correlated with
the CECD of the left eye ( P<0.05).

e CONCLUSION'  Significant gender differences exist in
corneal parameters among children aged 8 to 16 years,
while binocular symmetry remained stable.

o KEYWORDS: children; cornea; binocular symmetry;
corneal thickness; corneal curvature; corneal endothelial
cells
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IR AR T4 R R, 8-16 & L W A IR FI
FHHR K1 K2 Km CECD #1 HEX #] 54F #2406 (P<
0.05) ; ZEMR FIAT R ACS 24 5 4F 1 5 IEAH O (P<0.001) 5
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F1 AAMANIILEELEMABEENESHILR
E(ELzD BE#E(n =284) 4 (n =337) /7 P
JEGEE[M( Py, Pys) D] AR -2.50(-3.63,-1.75) -2.63(-3.50,-1.75) 0.307 0.759
ZeHR -2.25(-3.38,-1.38) -2.50(-3.50,-1.69) 1.163 0.231
KI(X%s,D) R 42.30+1.30 42.86+1.32 5.291 <0.001
ZEHR 42.21+1.31 42.77+1.34 5.212 <0.001
K2(X%s,D) p ey e 43.42+1.47 44.05+1.45 5.377 <0.001
ZE iR 43.44+1.46 44.06x1.46 5.304 <0.001
Km(X%S$,D) iR 42.87+1.35 43.45+1.36 5.435 <0.001
ZeHR 42.82+1.36 43.41+1.37 5.367 <0.001
CCT(X%£S, um) AR 550.40+34.51 545.37+33.60 1.836 0.067
2R 536.40+35.34 528.42+34.76 2.830 0.005
HVID(X%S ,mm) p eyt 11.88+0.31 11.74+0.31 5.788 <0.001
ZEHR 11.89+0.30 11.74+0.31 5.933 <0.001
CECD(x%S , cells/mm?) iR 3 027.28+228.24 3 055.70+258.15 1.441 0.150
AR 3 031.59+216.63 3 053.94+263.90 1.140 0.255
ACS(X%S, pm?) iR 332.25+26.50 329.68+28.84 1.148 0.251
2R 331.63+24.08 329.99+29.70 0.745 0.457
CV(X£S,%) iR 34.93+8.63 37.98+8.03 4.562 <0.001
ZER 34.13+3.74 38.2319.65 6.017 <0.001
HEX (XS ,%) £ iR 61.02+8.87 56.35+9.65 6.229 <0.001
iR 60.89+7.80 56.35+9.82 6.301 <0.001
*x2 AEAMINILEREEDNFSEWREZEELER
eI BH(n =284) ¥ (n =337) 7 P
MR K1 225 [ M( P, ,Pys) , D] 0.23(0.09,0.38) 0.18(0.09,0.33) 1.396 0.163
WUR K2 22{H[ M( Py, Pys) ,D] 0.22(0.10,0.39) 0.20(0.10,0.38) 0.488 0.626
WHR Km 22{E [ M( Py ,Pys) ,D] 0.19(0.08,0.31) 0.16(0.07,0.29) 1.583 0.113
WER CCT Z{H[ M(P,g,P,5) ,um] 15.00(7.00,24.00) 17.00(10.00,26.00) 2.178 0.029
AR HVID 22{5[ M( P, ,P,5) ,mm] 0.07(0.03,0.11) 0.07(0.02,0.12) 0.719 0.472
AR CECD 22{H[ M( Py ,Pss) ,cells/mm” ] 88.50(37.50,160.50) 91.00(39.50,169.50) 0.338 0.736
WHR ACS Z{H[ M( P, ,P.5) ,um’] 9.00(4.00,17.75) 9.00(4.00,19.00) 0.426 0.670
WU CV ZZE[ M (P, Prs) , % ] 3.00(2.00,6.00) 4.00(2.00,6.50) 0.352 0.725
MR HEX 228 [ M( Py, Prs) , %] 5.00(2.00,8.00) 5.00(2.00,9.00) 0.868 0.386
£33 AAERBILEEXRENRBEEYESHLILE
iy 8-12 % (n =528) 13-16 % (n =93) A P
JECE[M( Py ,Pys) D] FHR -2.50(-3.50,-1.75) -3.00( -4.00,-1.88) 1.373 0.218
ZehR -2.38(-3.47,-1.50) -2.50(-4.00,-1.31) 0.107 0.915
K1(X%s,D) AR 42.66+1.33 42.27+1.33 2.630 0.009
ZEHR 42.57+1.35 42.16+1.34 2.722 0.007
K2(X%s,D) AR 43.81+1.49 43.48+1.44 1.945 0.052
ZeHR 43.82+1.50 43.52+1.44 1.796 0.073
Km(X%S,D) F iR 43.23+1.39 42.87+1.36 2.309 0.021
R 43.20+1.40 42.84+1.37 2.279 0.023
CCT(X£S, pum) AilR 547.47+34.61 548.82+31.09 0.350 0.726
ZENR 532.13£35.62 531.74+33.06 0.097 0.923
HVID(X%S , mm) paqile 11.80+0.32 11.83+0.30 0.699 0.485
ZEHR 11.81+0.32 11.83+0.30 0.678 0.498
CECD(Xx%S , cells/mm?) iR 3 060.55+246.27 2 941.37+212.95 4.386 <0.001
ZEiR 3 066.05+236.44 2 916.94+245.37 5.576 <0.001
ACS(X%S, pm?) i 328.95+28.02 341.71£23.91 4.135 <0.001
ZE R 328.17+26.23 345.35+28.55 5.748 <0.001
CV(X£S,%) iR 36.52+8.33 36.92+9.10 0.423 0.672
ZENR 36.26+8.41 36.89+10.15 0.646 0.519
HEX (X5 ,%) iR 58.82+9.71 56.58+8.61 2.084 0.038
ZENR 58.87+9.27 55.90+8.62 2.875 0.004
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x4 TEERBRILEREENFSHNREEZELR

e 147D 8-12 % (n=528) 13-16 % (n=93) VA P

WU K1 228 [ M( Py ,Pys) ,D] 0.20(0.08,0.36) 0.19(0.10,0.37) 0.458 0.647
SR K2 {6 M( P, ,Py5) , D] 0.21(0.10,0.38) 0.19(0.11,0.38) 0.481 0.631
R Km 25{E [ M( Py ,Pys) ,D] 0.17(0.08,0.30) 0.19(0.08,0.28) 0.242 0.809
WHR CCT Z{H[ M( P, ,P.s) ,um] 16.00(9.00,25.00) 18.00(9.5,29.00) 0.975 0.330
SR HVID 226 [ M( Py ,Pys) ,mm] 0.07(0.03,0.11) 0.08(0.02,0.13) 0.380 0.704
R CECD 25{H[ M( Py, Pys) , cells/mm? ] 90.00(40.00,162.75) 89.00(35.00,170.50) 0.234 0.815
WR ACS ZH[ M(P,s,P.s) ,um’] 9.00(4.00,18.00) 10.00(4.00,20.50) 0.845 0.398
WHR CV 22{EH[ M( Py ,Pys) , % ] 4.00(2.00,6.00) 3.00(1.00,7.00) 0.604 0.546
XUR HEX 22{E[ M(P,;,P.) , %] 5.00(2.00,9.00) 5.00(2.00,7.50) 0.876 0.381

®5 ARERANBESHURNRSHEES FRHHEXHE

BH i
r P

AR K1 -0.133 0.001
ZeHR K1 -0.152 <0.001
WR K1 2218 0.036 0.366
R K2 -0.094 0.019
ZENR K2 -0.082 0.040
WR K2 2218 0.002 0.968
AR Km -0.115 0.004
R Km -0.117 0.003
R Km 228 0.021 0.609
R ccr 0.056 0.160
ZeHR cCT 0.055 0.171
R CCT 214 0.005 0.904
iR HVID 0.026 0.522
ZeHR HVID 0.024 0.550
MHR HVID 2214 -0.020 0.610
47} CECD -0.280 <0.001
ZclR CECD -0.294 <0.001
MHR CECD 2214 -0.008 0.842
HIR ACS 0.264 <0.001
ZER ACS 0.295 <0.001
WR ACS 218 0.021 0.607
HIR cv 0.008 0.851
LR Cv 0.011 0.787
MR CV 228 0.025 0.528
AR HEX -0.100 0.012
ZEHR HEX -0.128 0.001
MR HEX 2218 -0.057 0.153

2AZRMANAELEMFESEH S CECD XM 44 R
7~,8-16 % JLEATIR MY K1 A1 Km #1547 0R CECD 2 iFAH
% (P<0.05) ,ZEHR K1 Al CCT ¥ 5 Z2HR CECD S 1EA %
(P<0.05) , HAT8 bR oA M (P>0.05) , L3 6
3itig

FA A S AR ok 2 22 1) S e o, 5 R R AIE 5 T etk
DHERWAE KT . EASUFIrH , AN 2 7S
TG P Bz A 1 S5 e RN 2 D B R 8 45 A I - B K B B T
PR LB ThRE b, ARG S SR
P T RS RO bR | A 2 R A A4 2 R0 i A
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*6 BRANMEEMFSHS CECD WEXME

o # iR CECD ZE0R CECD
r P r P

HIR K1 0.113 0.005

ZEMR K1 0.082 0.040
FHR K2 0.074 0.065

ZElR K2 0.044 0.269
FHR Km 0.094 0.019

ZEHR Km 0.064 0.113
FIR CCT 0.068 0.089

ZEHR CCT 0.097 0.015
iR HVID -0.007 0.870

ZEHR HVID -0.054 0.177

M EERE, B ERHE BEIES 6-12 % LEMIEE
DA SV 22 5 (AR 12 2 DL ERER i
ST R E TG W F AR AL RFAE . Chen 25 5T R
FL 77 JLEE 1) B5E N B A0 T 25 B AR 8 14 2 B AR 18 38 L
A5, RN IR AR 5 14 5 DL PARRY B, IRk, XUHIR £
RS HA R AR AR A S W 4 & B M 1) s g b, 78 L 3
BERH Bz REIITT, BT LRBFE 2 1 AR FS0H W
FHUFEY R 8-16 & TEVHAL M L S A BE S H [F]
N, BRI bt R 7 IS DA B A AR A 55 LR X AR 4 A
B TEdE~8-164 JLHE M Ik & id 2 th AR 7E i M) 351k
Fe A I 15 i AL R

AT EE R R, 55 2OBUIR i) £ B AT 2% 1 i % (K1,
K2 } Km) 1 CV #) &g Z K F 2 %, Iff HVID F1 HEX W &}
Fim T PR 8-16 % JLE 1)1 U 25 FRAEF AR 5N
B A 4T 285 S S P X 2 R Y S i ) s, B
WFFEFR T, X AR L AT BE -5 9 1 ) PR B R K- 1 22 57 2 )
FASC, PR Z A 5 MERR 20k (AR Z AR R
AR T AT AR SRR B A Lotk
TP 18 O U 2% 0 4 A/ e o R A X ] 9 7 44 T T 7
ML HAT gl S VERGR 2RSS G IR s e Ak A K
F-—B/Smad ( transforming growth factor — 3/Smad, TGF - B/
Smad ) 15 538 % , £ 3 £ M52 v 4 A S0 L BT 1 & B, il 4 2
FARREEBENS K1 K2 K2 Km Bl 22 35 0 ; [) i 7] sl 3 52
WA P EE AR B IR % 2 S B0 eV 1 FH, HVID R HEX R
BT MR PR LR, CCT 7R 7 BB 2 76 M ok
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A B2z 0% B4R Marinescu 25" 7E 18 % DI FIEMA
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8— 162/ Hi ] £ B P K2 200 1t 1) 34 58 5y ) 2 FUE 248 2F R AiE ]
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MIA= AR AR AT 12 20 M 2 78 0 AR TS Ak O 3 B fig
J1, EEARSE MYk A0 IE RS ok 4 RE L T A e T
1B Wang %" B9 2% BH vh [ 27 % )L 3% vh £e # A9 CECD 7K
PR THE, X4 5 KRN 25 T ie S WAREARR
AR oA S LIS O, AR, BT A ARSI S B BUAR 22 (E
(f34% K1 K2 Km ,CECD ,ACS .CV .HVID I HEX) 7£ Wi I
(BTG 425 55, HE— RS T L3 A A B i A H R
R X AR P A 1 A <

ARFgEh, 8-12 % JL#EH 13-16 % JL#E B A H iy
AR K1 . Km ,CECD \HEX FIEERAYXLAR ACS, [FIH JL2E XL
IR K1 K2 Km CECD #l HEX 7F 8- 16 % N AF % 1 K
1M B, BUIR ACS FfAF 35 BT, X HR,8-12 5 )&
JLEE A BT 25 A A S DN B2 20 B A e 2 B 38 o 0 1) S A
KB O, T A AT 1 %, 3T Zhang S50 B
SEHENN £ IR 100 ot 23 BE AR I K A A8 AL R R 5 2 2T By
B A %, LB AR 22 B A A B A S A g
TXRRIE O T HLAA R £ RS % T 230 55 8 HIR %) Pkt
AR AR R RE Y X T A N R A A AR A, 8- 12 %
S T) L2 # B PN Bz 44 L 8 A Bt 4 1% 19 R s 0k, 7 Ot B o
B TR RE , A0 MO HES B, A0 TR A5 LARE DU (R 7S e
F, M EBH & CECD & HEX AK ACS, Fi#E & &M
HEJE(13-16 %), PN Bz 200 0 Bifi 4 1 320 34 185 K, 34 7 BB ) 3%
W, L PN B 20 B AR TG AR 8 ), G A B K T AR
TORMA 20 B PR T8 B 28 B 3 — 2 R T B T B A U A
FROUPE T [, Z2 840 L 38 m, AT fff CECD \HEX T
[ ACS Ft. H4h,CCT,HVID F1 CV 7E3 4> 8—16 % 1
(B PR FFRR e , 2 B X S S H0nT R T R LB R E AR
SERME B E R, i 4% 2 B0 SUIR X FR P 5 47 8 6 5%, ) 42
IRK T I RTEARZ AR R 50

AR ERER,8-16 F JLE AR CECD 54HR Km
BIEA G, 547 HR K2 JE Bk, Z2HR CECD 5 £ iR K2, Km
BIToRHk, ARG 2 ST Re 2 T MR LR F 22 5
687 L i e 0 R 22 BT 3RO . A, ARAIF T R K 3
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