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Abstract

¢ AIM: To compare the distribution characteristics of axial
sagittal front power ( ASF), true net power (TNP), total
corneal refractive power ( TCRP) and the difference in
back-front corneal radius ratio ( B/F ratio) after cataract
surgery.

¢« METHODS: A prospective study. A total of 156 patients
(156 eyes) with age-related cataract who attend Weifang
Eye Hospital for cataract surgery from December 2020 to
May 2021 were collected. Pentacam was performed before
operation and 3mo after operation to collect ASF, TNP
and TCRP on 2, 4 and 6mm diameters rings and areas on
the corneal apex and pupil-centered, as well as B/F ratio.
« RESULTS: 3mo after operation, there was no statistical
difference in ASF on the 2mm diameters ring and area
centered on the corneal apex compared with preoperative
values (all P>0.05), however, the ASF values on the 4
and 6mm diameters rings and areas were significantly
different from those before surgery (all P<0.05); There
was no statistical difference in ASF on the 2mm diameters
rings and areas centered on the pupil compared with
preoperative values (all P>0.05). The postoperative values
of TNP and TCRP on the 2, 4 and 6mm diameters rings
and areas centered on the corneal apex and centered on
the pupil were statistically different before surgery (all P<
0.05). Preoperative, TCRP values were different between
2mm and 6mm and between 4mm and 6mm on both
corneal apex and pupil - centered rings (all P<0.0167),
TCRP values were all different between 2mm and 6mm
diameters areas on corneal apex and pupil-centered (all
P< 0. 0167 ); 3mo after operation, TCRP values were
different on corneal apex and pupil - centered rings
between 2mm and 6mm and between 4mm and 6mm
diameters (all P<0.0167). While TCRP values on the
corneal apex and pupil-centered areas were only different
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between 2mm and 6mm diameters (all P<0.0167). The
preoperative B/F ratio of patients was 81.79%+1.87%, and
the postoperative B/ F ratio of patients was 80.68%+2.23%
(P<0.001).

e CONCLUSION: Corneal parameters of different
diameters of rings and areas centered on the corneal apex
and pupil before and after cataract surgery may change
and differ, which should be taken into account when
selecting the K value for intraocular lens calculation and
individualizing the selection of I0Ls based on corneal
characteristics.

« KEYWORDS axial sagittal front power; true net power;
total corneal refractive power; back - front corneal
radius ratio
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J5 B B/F ratio {8 2 0] 19 22 571 FL R A ST AR AR ¢ £
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F1 BHEEEFARAE Pentacam ME AR A A FOREHEZEIR E ASF ZHRILE (X£s,D)
P[] AR %k 2mm 4mm 6mm F P
AHT 156 43.91+1.59 43.93+1.61 43.68+1.65 2.119 0.347
ARJ5 3mo 156 43.87+1.65 43.86+1.63 43.59+1.62 2.274 0.321
t 1.406 4.665 3.948
P 0.163 <0.01 <0.01

*2 BHNEEEFARAIE Pentacam ME U ABET S A FORE BRI E TNP ZEREEE (x£s,D)
s} (1] AR %4 2mm 4mm 6mm F P
AHT 156 42.55+1.53 42.58+1.62 42.44+1.65 0.010 0.995
ARJ5 3mo 156 42.43+1.60 42.36+1.60 42.30+1.61 0.589 0.745
t 3.179 7.906 5.897
P 0.002 <0.01 <0.01

*3 BAMNEEREEFARAE Pentacam ME L RAET A A F.OREEHZER £ TCRP & RILE (x%s,D)
A (7] HR %% 2mm 4mm 6mm F P
AR A 156 43.09+1.54 43.70+1.71 44.59+1.86 33.561 <0.01
AJ5 3mo 156 42.97+1.61 43.50+1.69 44.44+1.83 32.358 <0.01
t 2.471 6.308 4.904
P 0.015 <0.01 <0.01

x4 BHEEZEEFAEE Pentacam MEUEFL AP OLREERZH E ASF EREER (X%s,D)
A (] HR % 2mm 4mm 6mm F P
ARHJ 156 43.90+1.61 43.91+1.66 43.70+1.67 1.394 0.498
RJG 3mo 156 43.85+1.65 43.83+1.62 43.60+1.61 1.948 0.378
t 1.922 3.236 3.056
P 0.057 0.002 0.003

*5 BREEEFAEE Pentacam MEUEFL A FOREEEZEH L TNP SR ELE (X%£s.D)
st 1] HR %% 2mm 4mm 6mm F P
AH 156 42.54+1.55 42.53+1.63 42.45+1.68 0.371 0.831
AJ5 3mo 156 42.42+1.59 42.35+£1.59 42.31+1.61 0.585 0.746
t 3.012 6.321 4.389
P 0.003 <0.01 <0.01

*6 BARNEEEFAEE Pentacam M= UEFL A FOREERH L TCRP £ RILE (X£s,D)
i [A] R 2mm 4mm 6mm F P
b N} 156 43.07+1.56 43.68+1.70 44.63+1.90 34.831 <0.01
AJ5 3mo 156 42.96+1.62 43.49+1.68 44.46+1.83 33.507 <0.01
t -2.438 -3.490 -3.090
P 0.016 0.001 0.003

®7 BHEEEFAHEGE Pentacam MEUBEM R AT OREERZXEA ASF R LR (x£s,D)
s} (1] HR %% 2mm 4mm 6mm F P
AH 156 43.90+1.58 43.93+1.61 43.88+1.63 0.062 0.969
AJ5 3mo 156 43.85+1.67 43.86+1.63 43.80+1.62 0.216 0.898
t 1.215 3.299 4.127
P 0.227 0.001 <0.01

2 4 .6mm X TNP TCRP {H L R M A ST E X ASF 2 R H G %2 L (P<0.05) , W% 10,2 .4,
(P<0.05) , W32 8.9, 3,1 AREFL A o0 2mm X3 6mm XN TNP \TCRP {H b8 2 R WA Gt 2 L (P<
ASF H L ZR TG 1% 2 X (P>0.05) ,4 .6mm X I K 0.05), W% 11,12, K 4,
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*8 ABAMNEEEFARAIE Pentacam ME AR A A FOREEEZEXIEEKN TNP ZREEE (x£s,D)
Fisf ] AR %4 2mm 4mm 6mm F P
AHT 156 42.57+£1.53 42.56+1.56 42.55+1.59 0.066 0.968
ARJ5 3mo 156 42.45+1.63 42.40+1.58 42.38+1.58 0.306 0.858
t 2.066 4.924 6.782
P 0.041 <0.01 <0.01

#*9 BHEEREZFARFE Pentacam MEUABET R AHOREERZXIEKN TCRP &R ILE (x%£s,D)
st [i] HR %% 2mm 4mm 6mm F P
AR Hi 156 42.99+1.53 43.29+1.58 43.79+1.70 11.534 0.003
AJ5 3mo 156 42.91+1.64 43.14+1.62 43.63x1.70 9.659 0.008
t 2.031 3.910 5.338
P 0.045 <0.01 <0.01

£ 10 BHEREFAREGE Pentacam M= MEFLA R OAEERZXEB A ASF £ RELE (X£s,D)
A (] HR % 2mm 4mm 6mm F P
ARHi 156 43.88+1.61 43.91x1.61 43.87+1.64 0.048 0.976
AJ5 3mo 156 43.85+1.68 43.85+1.64 43.80+1.62 0.223 0.894
t 0.907 2.463 3.373
P 0.367 0.015 0.001

F 11 AHNEEREEFARFE Pentacam MEEFL AR OAEAERRG A TNP £ RELE (x+s,D)
A ] HIR %% 2mm 4mm 6mm F P
AR A 156 42.55+1.56 42.54+1.56 42.53+1.61 0.076 0.963
AJG 3mo 156 42.44+1.61 42.39+1.57 42.37£1.58 0.302 0.860
t 2.106 4.360 5.949
P 0.038 <0.01 <0.01

* 12 BHNEEBEFAREE Pentacam MEUEFL A O AEEZERXIE N TCRP &R ELE (x£s,D)
s} (1] R %% 2mm 4mm 6mm F P
AHT 156 42.44+1.61 43.26+1.59 43.79+1.71 11.510 0.003
AJ5 3mo 156 42.90+1.63 43.14+1.62 43.63+1.71 9.627 0.008
t -34.911 3.211 4.758
P <0.01 0.002 <0.01

23NABEM AR OFMINBEAL AR OR EMXEBA
TCRP ARIERZZEE AFTLAR)E 3mo HHBEERE
DL BT A5 A w0 A FL A 0 38 1 TCRP fH7E 2.4,
6mm 2 0] P55 25 34947 G it 24 5 L (P<0.05) ; R i 7E L
FARSETO A oAy 0 AR LA R0 2R 1 TCRP fE7E 2mm 5
6mm Z[A] ,4mm 5 6mm Z [0 XN i 2 R HE S i
B X (P<0.0167) , 78 LA A B 10065 Ry Hp O FiE LA Ao
2mm 5 6mm Z [A] X 3k N B 25 R Gt F R L (P<
0.0167) , HE— P L2 R K 13,81 5, RJ5 3mo H
PN i B 3 DA R TS T A5 Sy oo TR FL A 0 3R TCRP
£ 2mm 5 6mm Z 7], 4mm 5 6mm Z [0 L E R EH 5
THEE L (P<0.0167) , 78 DL A B TR A 0 i LA
> 2mm 5 6mm 2Z [0 X3k N 8 22 5 898 G2 L (P<
0.0167) ,#t— LW LLE 45 R W3R 14, & 6,

2.4 FAEIIEEE B/F ratio ELLE  AREjTHEE B/F ratio
7 81.79% +1.87% , R J& 3mo H# B/F ratio 4 80.68% +
2.23% , =5 A5 E X (1=6.699,P<0.001) ,
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F 13 ARAETAFET S A B OFIAEFL A HOIR EFXISA TCRP RAEIERZRZ BA AL RE R

A PIABETS 0B B DU S N ol XK PR FL A 038 PAJRE LA HR 0 X 38 P
P(2mm vs 4mm) 0.024 0.560 0.033 0.620
P(2mm vs 6mm) <0.01 0.001 <0.01 0.001
P(4mm vs 6mm) 0.001 0.071 <0.01 0.061
£ 14 ARJF 3mo LAFRETR & 24 O A UEEFL A PO B EFNXIE A TCRP AR EE 2 B # M L35 45 R
GiiHE PIABETS 0B B DU S R ol XK DAL A oo 38 1 PARE LA HR 0 X 38 P
P(2mm vs 4mm) 0.077 0.828 0.071 0.830
P(2mm vs 6mm) <0.01 0.004 <0.01 0.004
P(4mm vs 6mm) <0.01 0.095 <0.01 0.104
451 - ) EP NET
445} :%%mo “ =R J53mo
a4t 435
S 435¢ o 43}
2 a3 B
= 42.5¢ E 42.5
42t a3
41.5f
ME K SRR R QLR TP KR R R QKRR
¥R RESES SRS RN (F KSR &
"3 ‘*&&Q’&i@(Q S & ISV
il e il
E1 FAWMEUAEREAFOAEERZSE L ASF.TNP, B4 FRUBUEILAGROLREERRXIERK ASF,TNP,
TCRP tb%, TCRP t42,
45 =2mm
w4mm
45¢ "R B 44 .5F eémm
44,5} = K j53mo =
E 435} ‘ ’
B 4l
42.5F
] Ak ZSZ?\5 252?\3 &2\5 &I\é&_\’
41 ORGP v A EN I
&‘?Z\‘?’(;vé( & EE &@&@1«@2 DAl ) @4\%%@/ SR¥
1 o @@ @@ S 5N N
IS B RFF R 02, 4, 6mmIF L K K 5 N TCRP
2 FRuIBEUEALAHRLAREERZE ASF.TNP, TCRP 5  RBTLRBET A A O ABEFL A B0 IR B X E R AR
LbEs, FIE1® TCRP tb#:,
451 =2mm
w4dmm
445: 3 4451 'emm
44- '*%Smo a “r
X 4351 F
5:435 E 43
*?ﬁ 43 42,5}
B 425 aot
42 41.5 0 0§, 5 0@
R R Ry
415 AN S
S S F LR L RL LS S A
ST T e & 0 4 L AC %%»@
OIS @@q’@@ v“\&@“\& S R '% R
S RJG3mofi 102, 4. 6mm#fk E & X % ATCRP{&
B3 FAEEHUAERSAHROCARERERKEA ASF.TNP, B 6 AR/ 3mo KAFEET = 2 H O F I BEFL 28 B0 3R AN X i

TCRP tb%:,

MAEERE TCRP L1,
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FLAHL 2 4 6mm EARRIFR XA TNP TCRP {H1)
A E L R RIITFAXS e M I 2mm A2 Fl N
LR ES A G UNROF NI EE I ES ALk N
Wd BT AR 7 LA TR R S A b S P DD Y S
AR 58 AR AR AR A AR AT R,
FARRGG X IAL I P ASF, TCRP | TNP ) {5 52 328 Vol 34
(F3.4),3X 5 Dong %" W% — 5, XFMARE A BA
] X IR S D' ) AT DI A, A, 3 = IR AR Y I
M AR ASE miAh T e A T TNP fIRAG
T A R ST fE S T ASF UTNP Il TCRP
575 AN RS B, HAT, TNP R TCRP 78 ] T 1 i
JeE GG A B R N TR A BE O T B T AT AR AE
Gl F5 B IE AL

T A B — N S AR i AR BRI A A B R 1 E
AREFAE, A AN 6] IR T WA E 22 7 . 2GR
HA 1 P AR B AL R/ e R A AR EOR [T 8 E
2 MLYIE B I T N AR 28 S o S ALV, R
TR FE N, T FARATE, LR/ S5 BREXLRE
DYV A R B AR TG T T AL g o BRI IR
P TCRP M A 58 v ol 21 1 Jo) AN ) B AR B (E 24 1, ix 5
Qian 55 RS — B, XFPAEIRMRRE T I Sy I A B
SEIEIR S, dy TARALL A R it 4 LU0 A i 2 T8 i R
4 i e B T 23R L R B R L L gl R
B AR R G IAR S, o5 Ah 4 R Z2 8t s 4l TE i fL
BRI AEBR N T AR AR BR 22 b ek i A T SR ik ek 2=
N P R R T R A 2 ~ 3mm /ML R
1A FR BBt 30 T ASRIF 5T i B, B A P LA 1 P R R S R
AR T R s A DA L oG 4mm 5 6mm FLAR
Ph b TCRP HA 3525 5 | PRIHORT 782 1) K% 15 PR 055 T AF &
SR AUIRAS T BT, A [F] AL R/ A 1 238 93 A e
JRTE T bR AR (8 6 38 R B2 B3 T A T2

H TR A B2 AN BRI A RS R T DI T DA e
RN TR AR D' g 19 115322 3040 Hoffer Q . SRK/T
Holladay [ |Haigis 55#f5>R FHRI4LL A A5 28 ( Simk ) KA
TCRP #4714, Simk=(n-1)/r,r HH 9 3mm A ERTFE
TR 242 n S AR E DT 5L, 7E Pentacam HRATTT 43 H7
0, n = 1.3375, 3 Simk 75 2 45 1F 2 — 0 B/F {524
82%, A WFFEffi F Scheimpflug AHALE AR XS 114 5] filt B &
EEEFEHATIGY, K B/F ratio {H-M 0.84%+0.01% "> . 4
WL R R, N R T RIS B/F ratio fEAFTE 2
5o 4 B/F fELfi %5 829% BT, Simk #5552 b £ 15 i Ot
TP AR EOR 2 5 I FRBTJE B/F ratio {H B R/NEAR
BT St RAA T3 28 K e 5 T 75 5 R G

25 R 78 F I BEARET T SR A 0 D035 R R 41t
S DU BRSO b0 R B L R RO AR R BLAR R TNP
1 TCRP HYAEAL L K F- ARG FAME B/F ratio {531 75 5]
AL, HE  ABESEBAK AR B4R T B89 ASF TNP [ TCRP
(R AN TR A B BT 3 20 S A 56 7™ A2 9N T
ARBBEEROHR 225 . R AR 25 SR 4 I IR 2 SGA /5 3
— BB A AKX E TS,
S 3k
1 Dyrda A, Martinez—Palmer A, Martin—Moral D, et al. Clinical results
of diffractive, refractive, hybrid multifocal, and monofocal intraocular
lenses. J Ophthalmol 2018 ;20188285637
2 Norrby S. Sources of error in intraocular lens power calculation. J

Cataract Refract Surg 2008;34(3) :368-376

3 Ishikawa S, Kato N, Takeuchi M. Quantitative evaluation of corneal

1162

epithelial edema after cataract surgery using corneal densitometry;
aprospective study. BMC Ophthalmol 2018;18( 1) ;334

4 Zhang T, ZhouY], Young CA, et al. Comparison of a new swept—
source anterior segment optical coherence tomography and a scheimpflug
camera for measurement of corneal curvature. Cornea 2020;39 (7):
818-822

5 Lawless M, Jiang JY, Hodge C, et al. Total keratometry in intraocular
lens power calculations in eyes with previous laser refractive surgery. Clin
Exp Ophthalmol 2020;48(6) :749-756

6 Christopher KL, Patnaik JL, Miller DC, et al. Accuracy of
intraoperative aberrometry, barrett true — K with and without posterior
cornea measurements, shammas—PL, and haigis—L formulas after myopic
refractive surgery. J Refract Surg 2021;37(1) :60-68

7 Savini G,Naeser K. An analysis of the factors influencing the residual
refractive astigmatism after cataract surgery with toric intraocular lenses.
Investig Ophihalmol Vis Sci 2015;56(2) :827-835

8 Davison JA, Potvin R. Refractive cylinder outcomes after calculating
toric intraocular lens cylinder power using total corneal refractive power.
Clin Ophthalmol 2015;9:1511-1517

9 Dong J, Zhang YQ, Zhou J, et al. Comparison of corneal power and
corneal astigmatism of different diameter zones centered on the pupil and
corneal apex using scheimpflug tomography. Cornea 2020;39(1) :77-83
10 Liu Y], Wang Y, Wang ZQ, et al. Effects of error in radius of
curvature on the corneal power measurement before and after laser
refractive surgery for myopia. Ophthalmic Physiol Opt 2012532 (4) .
355-361

11 Savini G, Barboni P, Profazio V, et al. Corneal power measurements
with the Pentacam Scheimpflug camera after myopic excimer laser
surgery. J Cataract Refract Surg 2008;34(5) ;809-813

12 Borasio E, Stevens J, Smith GT. Estimation of true corneal power
after keratorefractive surgery in eyes requiring cataract surgery: BESSt
formula. J Cataract Refract Surg 2006;32(12) :2004-2014

13 Kern C, El Kaissi L, Kortuem K, et al. Comparing refractive
outcomes of a standard industry toric I0L calculator using anterior corneal
astigmatism and total corneal refractive power. Graefes Arch Exp
Ophihalmol 2020;258(2) :345-350

14 Ordifiaga— Monreal E, Castanera — Gratacés D, Castanera F, et al.
Pupil size differences between female and male patients after cataract
surgery. J Optom 2021 Online ahead of print |

15 Popiela MZ, Young—Zvandasara T, Nidamanuri P, et al. Factors
influencing pupil behaviour during femtosecond laser assisted cataract
surgery. Cont Lens Anterior Eye 2019;42(3) :295-298

16 Zapata—Diaz JF, Marin—Franch I, Radhakrishnan H, et al. Impact of
higher—order aberrations on depth—of—field. J Vis 2018;18(12) .5

17 Qian YS, Liu Y, Zhou XT, et al. Comparison of corneal power and
astigmatism between simulated keratometry, true net power, and total
corneal refractive power before and after SMILE surgery. J Ophthalmol
2017;2017:9659481

18 Ying JL, Wang B, Shi MG. Anterior corneal asphericity calculated by
the tangential radius of curvature. J Biomed Opt 2012;17(7) :075005

19 Read SA, Collins MJ, Carney LG, et al. The topography of the central
and peripheral cornea. Invest Ophthalmol Vis Sci 2006; 47 (4):
1404-1415

20 Montés — Mic6 R, Ferrer — Blasco T, Cervifio A. Analysis of the
possible benefits of aspheric intraocular lenses: review of the literature. J
Cataract Refract Surg 2009;35(1) :172-181

21 Ashena Z, Magsood S, Ahmed SN, et al. Effect of intraocular lens tilt
and decentration on visual acuity, Dysphotopsia and wavefront
aberrations. Vision ( Basel) 2020;4(3) .41

22 Yamaguchi T, Dogru M, Yamaguchi K, et al. Effect of spherical
aberration on visual function under photopic and mesopic conditions after
cataract surgery. J Cataract Refract Surg 2009;35(1) :57-63

23 Lim KL, Fam HB. Relationship between the corneal surface and the
anterior segment of the cornea:an Asian perspective. J Cataract Refract

Surg 2006;32(11) :1814-1819



