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[ Abstract | Objective To obtain and analyze the effect of corneal collagen crosslinking ( CXL) on
corneal densitometry (CD) in patients with keratoconus ( KC) by using the Pentacam 3D anterior segment
analysis system. Methods Twenty-eight KC patients who visited the Chinese PLLA General Hospital and
underwent CXL from January 2017 to December 2019 were subjected and included in the KC-CD group. There
were 14 patients who underwent monocular CXL, and the operated eyes were included in the CXL group and
the non-operated eyes in the non-CXL group. CD values and data of corneal morphology, and the thinnest

corneal thickness (TCT) were obtained and analyzed before and in 1 and 3 months, and 1 year after the CXL
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using the Pentacam 3D anterior segment analysis system. Nonparametric test, one-way Chi-square analysis,
paired ¢-test and other statistical analyses were applied to compare CD before and after surgery in a cross-
sectional and longitudinal manner. Results The CD values of 0~2 mm and 2~6 mm zones in the anterior,
central, and posterior layers as well as in the total cornea were significantly higher (P<0.05) in all KC
patients undergoing CXL ( KC-CD group) at 1 month after CXL when compared to the preoperative period. At
3 months after CXL, the CD values were higher in the 0~2 mm zones of the anterior layer, the central layer,
and the total layer 0 ~2 mm than the values preoperatively (P <0. 01), whereas there was no statistical
differences in the values in the 0~2 mm zone of the posterior layer. Only the CD values of the 0~2 mm zone
in the anterior layer differed at 1 year after CXL when compared to the preoperative values (P=0.011). In
the KC patients undergoing CXL in one eye, CD values in the non-CXL group did not change significantly
before and after the CXL surgery, and the trend of CD values was the same in the CXL group as that in the
KC-CD group. At 1 month postoperatively, a significantly higher CD value ( P<0.05) was observed in the
CXL group compared to the non-CXL group in the 0~2 mm and >2 ~6 mm zones of the anterior layer, the
central layer, the posterior layer, and the total layer. Compared with the Non-CXL group, the CD values of
the above-mentioned layer of CXL group were still higher at 3 months after surgery (P<0.05) , but their mean
CD values were decreased at 1 month after CXL. At 1 year after undergoing CXL, there were no significant
changes in CD values in each layer between the CXL and non-CXL groups. Conclusion CXL causes an
increase in CD value in KC patients with keratoconus, which peaks at 1 month postoperatively and then

gradually decreased to normal level at 1 year after surgery.
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Friedman Test

JZR ARH (42 ) ARJE1TAH(421)) ARG 3AH(421)) ARJE 1AE(42 1) 2 bl
)2
0~2 mm 22.30(21.38~24.10) 34.10(29.98~38.05) 29.55(26.18~34.15) 25.80(22.23~30.33) 74.9141 0.000 0
>2~6 mm 19.00( 18.35~20.83) 27.20(23.45~30.30) 24.20(21.58~27.20) 21.20(18.68~24.08) 78.789 5 0.000 0
>6~10 mm 15.75(14.63~18.60) 18.60(16.50~21.83) 17.05(15.40~20.48) 17.60(16.05~19.83)  37.4053  0.000 O
>10~12 mm 27.40(20.83~31.80) 30.80(23.10~37.43) 29.95(22.15~36.55) 32.80 (24.43~39.23) 14.0549 0.002 8
0~12 mm 19.85(17.58~21.45) 25.60 (23.25~29.40) 24.20(20.58~27.30) 23.00 (20.30~25.60) 72.2936  0.000 0
Iz
0~2 mm 14.70(14. 08 ~15.50) 18.35(16.40~20.85) 16.50(15.40~18.50) 15.00(14.30~15.73)  75.9712  0.000 O
>2~6 mm 12.45(12.08~12.93) 15.30(13.28~16.78) 13.55(12.68~14.63) 12.50(11.98~13.03) 84.3470 0.000 0
>6~10 mm 11.35(10.65~12.83) 12.13(11.18~13.70) 11.80(10.70~13.55) 11.30(10.90~12.93)  23.404 4  0.000 0
>10~12 mm 18.90(17.28~22.10) 20.65(17.65~23.40) 19.80(17.25~22.48) 19.90(16.23~23.93) 0.8602 0.8350
0~12 mm 13.55(12.7~14.40) 16.05(14.2~17.38) 14.55(13.28~15.45) 13.60(12.98~14.63)  60.266 8 0.000 0O
Gz
0~2 mm 7.85(7.08~9.53) 9.50(7.75~12.00) 8.60(7.18~10.20) 8.60(6.55~11.23) 18.101 4  0.000 O
>2~6 mm 8.50(7.78~9.33) 9.20(8.50~10.83) 8.70(8.28~9.50) 8.80(7.30~11.55) 13.8411 0.003 1
>6~10 mm 8.30(7.80~9.93) 8.80(8.10~10.03) 8.75(7.80~9.90) 9.40(8.25~10.93) 4.6384 0.200 3
>10~12 mm 13.80(12.10~17.13) 14.65(12.35~17.33) 14.50(12. 18~17.68) 15.85(12.35~20.50) 2.5229  0.4712
0~12 mm 9.20(8.38~9.93) 10.30(9.05~10.93) 9.45(8.48~11.28) 10.00(8.40~12.10) 12.3116  0.006 4
o
0~2 mm 15.15(14.20~16.28) 20.80(18.98~23.53) 18.75(16.8~20.10) 16.80(14.38~18.90) 75.7446  0.000 O
>2~6 mm 13.60(12.85~14.45) 17.20(15.85~19.38) 15.70(14.25~17.15) 14.35(12.90~16.33)  69.604 3  0.000 O
>6~10 mm 12.05(11.05~14.10) 13.40(11.95~14.93) 12.70(11.43~14.65) 13.00(11.60~14.10) 16.518 1  0.000 9
>10~12 mm 19.75(16.65~24.33) 21.50(18.53~25.75) 21.50(18.18~26.03) 23.30(16.83~27.28) 6.4699  0.090 9
0~12 mm 14.25(13.08~15.30) 17.70(15.45~18.90) 16.35(14.38~17.75) 15.45(14.60~17.35)  63.0000 0.000 O

B R FI B I 8 6 (AR A T Friedman #0355 P<0. 05, & 7% 4842 R R B 18] & A B £ £ 57, A
7R E) A )G 69 bR, % F b4 R A Bonferroni % JE

ey 5 kst

2.3 Non-CXL #8#4= CXL LA AR A B ERBESER
KA A BEAZ IR T AR Non-CXL 2H A [] 4 FZ 01
HARVEH ) CD AETEARR] ARG £~ I 18] 51 19 22 LA
HAGE 225, 1 CXL AARFTHIRTZ 0~2 mm >2~
6 mm,FZ0~2 mm.>2~6 mm, %)= 0~2 mm, >2~
6 mm /) CD EHS5AE 1M ARE 3D HMAE 14
eSS 22 5+ (P<0.05) , H: CD {H I a5
KC-CD i #1246 fl. Non-CXL 415 CXL 4% CD {H4F
BIESME MG (J7 2 A55) , MU X ¢ 4556 %F Non-
CXL ZH 71 CXL 2H 7545 AH [m] 4 IR 8] 5[] — 1 JIE )2 1
WER CD AT L# . 7EARIG 1A, CXL 44
HIETNZ 0~2 mm . >2~6 mm, )2 0~2 mm ,>2~6 mm,
JGE>2~6 mm, 4 )2 0~2 mm ., >2~6 mm [f] CD {HI%;

| | Friedman #

Non-CXL 41 HH .7+ &5 (P<0.05) ; &J5 3 ™ H ik CXL
242 CD {f 5 Non-CXL ZHAH 475 25 ( P<0. 05) ,{H
HAF-¥ CD fHA: CXL RJF 1 ASH TR 52 CXL AR
J& 14F,CXL 4145 )2 CD {H#% Non-CXL 41 T i £ 1k

(B 1), Non-CXL 41 H1 CXL 41 i A R F BETE 25 22 8K
it 5 AR5 45 A ] 540 e R WA 2 AR Ak, FE 3252 CXL
ARG, HA R A F BRI 252 A I — 25 22 | i AR A HR

() F7 B 227 0 e ) B s A HU A CXL AR fSE 14 A
FASE 3 A H I TCT B AR 28 # (P <0. 05, 2k H
Friedman F55 #% 22 3 HL 42, % [ Bonferroni % 1F ) , H
RSBBOFR KA LB (£ 2,3), RPTHAIR
CXL T AR REBEAR S 1 42 ) A HR 1 9 12F J , 0] AR A
Afesz CXL PRI T Wi TRE .
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é = 201
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= 2 2]
& &
i . 04
123 456 78 91011121314151617 181920 C 123 456 78 91011121314151617 181920 D
1:87 & 0~2 mm;2: 5 E>2~6 mm;3: 5] E>6~10 mm;4: 5] B>10~12 mm;5: 3] B4 &;6: F & 0~2 mm;7: F &
>2~6 mm;8: P E>6~10 mm;9;: P £E>10~12 mm;10: F B4 BE;11. /5 & 0~2 mm;12: )5 BE>2~6 mm; 13 /5 &
>6~10 mm;14. /5 E>10~12 mm;15; /5 B4 &E;16: 4 E 0~2 mm;17: 4 E>2~6 mm;18: 4 E>6~10 mm;19. 4
E>10~12 mm;20:/5_\}%f¥1)]§€
A .CXL Z84= Non-CXL 28 K#7;B: 4% CXL K& 1 /A~ A CXL 4045 CD 1&4;C. 4% CXL K& 3 /~ A CXL 4149 CD
15D 4% CXL A5 1 4 CXL 24049 CD /A a:P<0.05, b:P<0.01
E 1 CXL 47 Non-CXL AARE R E TRHEREEERZEMERXRH CD ELE
%2 Non-CXL AREREE RERHESE CXL R REHNZEW[M(Py,Pys) |
Friedman Test
SR AT AfE14H AJg34H ARG 14E —_—
x? Py
KI1(D) 43.000(42.300~44.875) 43.000(42. 150~44.925) 42.950(42.200~44.725) 43.000(42.300~44.925) 1.0982 0.790 9
K2(D) 44.150(42. 675~46.400) 44.000(42.750~46.700) 43.950(42.700~46.250) 44.050(42.500~46. 375) 3.8880 0.2803
Kmax(D)  45.200(43.675~47.975) 44.900(43.675~48.550) 44.900(43.675~48.225) 44. 650(43. 325~48.400) 5.1654 0.160 3
TCT(pm) 510.500(487.250~527.000) 508.500(491.750~534.750) 508. 500(483. 750~525.250) 505.50(490. 500~524.750) 0.0221 0.999 8

®3 CXLARBRESE RESRHESE CXL KRBT REHERIM(Py,Prs) ]

Friedman Test

2R AHT I NEREOE! AJE3MH ARJF 14 —_—
X2 P1H
KI(D)  46.400(44.675~51.225)  46.750(44.925~52.475)  46.300(44.825~51.25) 45.950(44. 3~50.70) 2.5746 0.476 6
K2(D)  50.700(47.475~57.550)  51.000(47.225~58.400)  51.000(47.500~58.225)  49.150(46.875~58.275) 0.6269 0.8955
Kmax(D)  59.050(51.450~67.250)  58.800(52.650~65.125)  58.400(51.250~65.550)  56.750(50.675~67.475)  3.0000 0.401 3

TCT(pm) 462.000(438. 000~484.000) 443.000(428. 500~460.750) 454.000(414.500~461.250 454.500(410.750~471.000) 9.264 7

0.022 5°

E B SHORR AT ] E A LR A T Friedman # % a: & & TCT 48R B B 18 A 5 42 £ 5%, A /A Friedman # 349
&g KRB 1AR KE3ANA vs RaTA £ Z 7 (P<0.05, % £ 164 K /B Bonferroni 4% iE.)

3 itig

FAREEE I (CD) 1 M i Jsa7s 1 35 1 £ RE f e 1 —
ANEEEAR, B —Fh B RN 75 . KOSEKAHYA
4T KR CD BIRITSE S BRI JZ R o2 v ol A
CD {23 Fii 5 FR R K ST 16 T e 606 52 ) 428 < T 34
RAMM 21Vl PRIpG HL 51 CD 5 1E 3 A EAH L%,

R I PR £ B 1 CD S5 ARG, 1 BRUBE R LA
NI R B BERA 1A) EE E 2 TR IR F A AN 3 B
I A% FEE BOAELAIR, UL CD BEAS1E A B8 BRI 1) — Fh B
RS T HL . HO 25 % B 5% i 5 70 % AR5 £ K
i B £8 3 RS R AR K i, S 2 PR T L {H CD 22
FAHE, x5 CD W AH A B B
JABBARVAND "' 235 ) i ffi L R FRAEA (ICRS)
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1GYT KC, #5545 R4 ICRS M A B 35 M35 KC
B B % IE AL 7 (best corrected visual acuity,
BCVA) Tl BEIE A8 2= 4845, i1 CD AR BT JC W 1 22
5L 8K CDAE S ITAHICHEA K CD {EAE Jy f
BIPER — A7, Bl S WA B B RS 36 F R
B X0 7 7= AR i AR 5T R Al 2 AU 5T 0 R
PRSI CD B SN, CD 530 77 A AH & A 75 5
MBWFIT . HAT L W, AT CD X
S 54 ) RS A BT 25 2 1 el 28 Xof 400 1 1 5 Tl
A G R A R B R S AR IR G AR X 5T 4 IE
KC B 1A HL L , e LS e HE EC S () BCVA
ALZAHRANI 267 g fF 55tk % BLAR B AR J5 BCVA
f77E2%% 5%, PIRCHER %" ff 5% th ik 5 CXL RJ5 CD
(B T S50 ) JE A S DG 2R T 5 00 I b S S 1
BETNAHDG , AR ARG 1 G DN

HilE ALZAHRANI 227422 CXL iy KC B &
O NN E AR FEARET ARG 3 N H ARG 6
AN HFIARSG 1 4E53 34T Pentacam £ 25 I 4K H CD {E
B, 45 B A P g2 X 0~2 mm >2~6 mm
HAATEREIM CD ARG 3 4 H &m, 5 ARET ARG
6 NMHBH 2R, JIMAF 5 IR K BAR S5 BCVA
BARF A 22 5. PIRCHER 205 gy B 5% t 32 7%
CXL A J& CD {H % i F+ ik B0 (E, 78 12 A~ H iR,
X P SEAE CD {H AW (B I (8] b A7 7E 25 7, BT
K3ANAJEEN LA MABREIE T MRS
FARX KC & CD fH5%m, £ CXL RJ5 1 A~ Hwf
AR b 2% X (0~2 mm >2~6 mm) CD {4
ARATH TR IR 1A H IR BT, i 5 546 R, 78
ARJG 14H CD 5 RFIHAR A 257, ALZAHRANI
2l gk R OR CXL RS CD A8 (L a3 5 AR
WFE e RARE G, s th 1 CXL AR J5 & CD {E H 3
(st () A 22 5, TR A PR O S 38 U 1 %) i 17 s 1) B
BARTFAR I 20 A AR, CD (B o 0 1) ELAA S [R] A A
], A Z AR S5 CD {HAY S B AR S 14
H L MARE 3 A~ H i CD EHBEAS 1 A~H 1 CD (A T
TR, B L CXL AR5 CD B Y AR 3 BRS R] , 4575 220t
— SRR

UEAh , AWFFE A FH SR 4552 CXL 1) KC B 1)
MIARAE R Non-CXL 41, T ARERAE Ky CXL 41, 45 w2l
PE R B X BCs R ) W€ CXL AR5 CD EH L. A5
1 A~ H 13 4~ A Non-CXL Z1Fll CXL 4 CD {HAF{E2 R
B EZEHETE 0~2 mm . >2~6 mm, 7 KC-CD £H s
SREEE T [ RE RS 00 . CXL ) 32 B i 2 438 fin £ i

B0 i 22 [) B A B % e, AT 3K B HE A e A
JEPY, S8k CXL ARG CD (BT 5, i ff B2 4124 1
ZEAL Cln # BB 22 HE 2 R ) B Y S0 L ARRE L S5 IR TR I
FURIRTE ) 1 RESE I A I 1 375 BH B2, A ol J2& CD Tt
A T AR R XTA S R A R RO
X A A A S5 B VY 2% 1 e A T SR, &5
PR 3 B JEAE 30d e x) B4l 2 2 34, I 7E 90d i
B ARAE, TEAR ST 180d (6 ) 5 X R K P40,
PEoR 3 BN G BB it 2= L A MR D i A I HE
1), DTS 0 S B O, R TG 0 CD B, %58 Bk
WZTHIESE T CXL A5 A BRS04 e S iy A8 fh it 72
3 BRI AR A A S AR ) CD {E 72 Ak 3
tH—3, CXL RJ5 CD {EH T+l fES CXL 1) i
TN TR 56, A I AC I TR 25 T 300ff IR o &1 4
() HE 5 W EL, AT 5| A AR R RS B £, CD fi Y
TN A 2R A B CD (AR R R
1 R 7 J2 I 24 A R 35 5T b 2 £ 2 ) 45495 AT
5| 1 M T AR AR 6 B g >

WANG 25 7E G B _F 30 30E T 4% 25 R AE A I 1Y
SRR A P [a] 9 4 < 17 SR AR, AR 5 1 52 30 vk
b AHETES B2 CXL, 2 b iz CXL AR S 75 %2 427 [
PN B b 75 35 B B T, LR SR MR B B 58
2 Fff. LOMBARDO % Fil ARG 1 W (U B WL 28 4
HMEIERRHET S 0. 1% 4% 88 2 (25 B CXL #E5X) 78
B O P IR T R B R R VR B, 45 R ke BRLTE A BT
HIE 2 A% 0 R AR R i1k 0. 038% . O BRART
A0 L B B R B, SR A 2
B A fE B TR 2, A IS I AR PR v . A%
FAE S AR IR T B3 0 A1 5 S 2S5k, {HAS 1] ke
ST A RERE R PN 77 7 B 40 5% B, (H A ™, &
THRE M R IE G CD EH1 T+, BAETM AR A
SCHRHGE

TN AR A R R e 2 BIR CXL F AR5 H
ARHR A TR A AR G JE A i 22 5, U CXL FARBE
FH1E KC Bk, sbAMAR IS 1 ASH F13 A4S A Y TCT 382
AR WY A8 R S LA U R i G 2% S, 16 W]
CXLn 7E3G N0 A B8 J 5 22 106 78 B2 119 [ Bsf /) ) g I
B E T e A B, b Ah, Non-CXL £H A9 K1, K2,
Kmax 1 TCT 76 F AR i J5 %A B 221k, X 2R X+
FAIRAT CXL FAREHE AU AE S AR IR KC ik,
AR T AR iy i J i 52 245 . KC A R —FpelE
RAME 5 VE B, HL A A & TR R S B
KOSEKAHYA 25 B9t % 9, $:5% SiR CXL i1 KC &
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A IS 2 5 B 3 52 AUIR CXL R 5 I TG IH B A
P AR R D EAFAEZE T . KIM 25 58 1 %6 XL
IR KC #2257 FliR CXL 1y S B HEATREDT , I AR J5 5%
XU CD (A8, 45 SR P2 /R BRARHR 1) CD fE R AR
TG 240, SUHR 1 £ T 25 2 15 A ( Kmax  BOGJE %)
DA S5 TE W03 S5 AR A L A 8 Ak, Xt 4 7 B R
CXL fEf s AUR KC it e, 1 LR B4 il ag 5 5
M 25 5 X R 37 £ 0 LA B PRI T4 7 5 g i 2
A7 S (A 1R BRIR 25 ) |, LR Bt A B 75 A KC Bt BUiR
RIS AAAER A N TE B R, 24— HIIR e 545 1k
s X0 -1, 2 S WA X 07 F9 2 k , ob 5 B8 43 PR 247
T E— AR

RWFTERIA L Z A A BFFE DR % WL PR A R T g
H 4 A B 22 (R , AT T B R A R — 2 A
I8, EY REEAR BRI IERE |, 256 BB T M 52
S0 R A9 T L0 DL K [0 £ 5 2 2320, AL
[l KC 25, ik — 5 240 W A R4 2 8] CD 78 1k
HEFAFN S A G L

25 b ARBRSE I T KC BE % CXL FARIG
CD H A (RS0 BT TR 45 SRR KC i CXL
ARJG CD 5T = FRZ Wk 2 1) sh A8 7, L CD {E Y
EE I BAEARSS LA H O R T O PR R
RS 500, R R B IR 1252 CXL 19 KC R iy
RAE g % B, 9 — 22 B830F T KC B CD {28 fhid
i, Rl e BRAAAR CXL FARAEXS XUR KC AT A 2L
=i, o CXL ARG KC 835 1) A B 8h 28 28 A ok FE 1P AL
R THIENSE,
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