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[ Abstract] Objective To investigate the correlation between low-order and high-order aberrations and
objective depth of focus in the human eye, and the factors that influence objective depth of focus. =~ Methods A
cross-sectional study was performed. Seventy-six patients (152 eyes) with myopia and astigmatism patients who were
treated at the Refractive Surgery Center of Tianjin Eye Hospital from February to April 2022 were selected, including
41 males and 35 females. The patients” whole-eye low-order and high-order aberrations and objective depth of focus

were measured at 3,4,5,and 6 mm manually selected pupil diameters using the iTrace visual function analyzer. The
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correlation between objective depth of focus and low-order and high-order aberrations at different pupil diameters was
analyzed by Spearman rank correlation analysis. Objective depth of focus was compared between individuals with
different degrees of myopia and astigmatism ,individuals with different pupil diameters,right and left eyes,and different
sexes. This study adhered to the Declaration of Helsinki. The study protocol was approved by the Ethics Committee of
Tianjin Eye Hospital ( No.2022039). Results
order aberrations at 3,4,5,and 6 mm pupil diameter (r,=0.380,0.317,0.385,0.519,all at P<0.01). Objective
depth of focus was positively correlated with defocus at 3,4,5,and 6 mm pupil diameter (r,=0.377,0.323,0.403,

Objective depth of focus was positively correlated with total low-

0.512,all at P<0.01) ,and with astigmatism at 6 mm pupil diameter (r,=0.255,P<0.05). There were statistically
significant overall differences in objective depth of focus between groups with different degrees of myopia at 3,4,5,
and 6 mm pupil diameter ( H=6.440,7.370,9.990,16.930;all at P<0.05). Among them, the objective depth of
focus of high myopia was significantly higher than that of low myopia at different pupil diameters, and the objective
depth of focus of high myopia was higher than that of moderate myopia at 6 mm pupil diameter, with statistically
significant differences (all at P<0.05). Objective depth of focus was positively correlated with total high-order
aberration at pupil diameters of 3,4,5,and 6 mm (r,=0.911,0.807,0.733,0. 677 ;all at P<0.001). Among various
high-order aberrations, objective depth of focus was positively correlated with total coma at 3,4,5,and 6 mm pupil
diameter (r,=0.727,0.557,0.620,0.487;all at P<0.001) , positively correlated with vertical coma at 3,4,5, and
6 mm pupil diameter (r,=0.439,0.405,0.553,0.400;all at P<0.001) , positively correlated with horizontal coma at
5 and 6 mm pupil diameter (r,=0.308,0.308;both at P<0.01) , positively correlated with trefoil aberration at 3,4,
5,and 6 mm pupil diameter (r =0.344,0.443,0.316,0.330;all at P<0.01), positively correlated with spherical
aberration at 4,5, and 6 mm pupil diameter (r, =0.321,0.310,0.428;all at P<0.01). There was a significant
difference in objective depth of focus between 3 and 4 mm,5 and 6 mm pupil diameters (P=0.011,0.004). There
was no slatistically significant difference in objective depth of focus between different degrees of astigmatism, between
males and females, or between left and right eyes (all at P>0.05). Conclusions The objective depth of focus of
the human eye is mainly strongly correlated with vertical coma, trefoil aberration in high-order aberrations, as well as
defocus in low-order aberrations. Horizontal coma and spherical aberration are strongly correlated with objective depth
of focus only when the pupil diameter is large. In addition, if the pupil diameter is too small (3 mm) or too large
(6 mm) ,it has a significant effect on the objective depth of focus.

[Key words] Myopia; Aberration; Visual quality; Objective depth of focus; Low-aberration; High-
aberration
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6 mm B 5 IEAH 26 (r,=0.255,P<0.05) (F£ 1),
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A2 % 08 A R A B v AR S AL, 6 mm [ AL
BTFEEEWAEWERS THEENA, 2584
Giita g L (¥ P<0.05) (£ 2) .
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B3.4.5.6 mm L H R T AR EOC R E 4 F A
WER L, Z 5 BRI E L (H=2.049 0. 006,
2.122 .1.466, %1 P>0.05) (% 3) .
2.2 KHESLEAR T IR O AR VR R B R 2= 10 A
Kbk

FUERS SRR 21E 3.4.5.6 mm [ £l {12
THRIEME (r,=0.911.0.807.0.733.0. 677, P<
0.001), FERIEmMGRED, EWAERS SE 27 3,

4.5.6 mm [EfL HE F YR IEME(r,=0.727.0.557,
0.620.0.487,3 P<0.001) , Hrp 5 F & 2 7F 3 4,
5.6 mm [ fL 742 T ¥ 5 EAH I (r, = 0.439,0. 405,
0.553.0. 400, P<0.001) ; 5KV £ = 1E i fL HAZ N
5 mm 1 6 mm I} 5 IEAH 5 (r, = 0.308.,0.308, 1) P<
0.01) , 7EfESL HAE K 3 mm F1 4 mm B ¥ J5 B i AH OC
P (r.==0.022.0.096,] P>0.05), ZMEFES =t
FARZEAE 3.4.5.6 mm L HAE T RIEMK(r, =
0.344.0.443 0.316.0.330, % P<0.01) ; 15 5k 2% 7F i
FLEZEN 4.5 F1 6 mm B ¥ 5 EAH K (r, = 0.321,
0.310.0.428,% P<0.01) , 7EfEfL H 4 K 3 mm B G
B @ AH G (r,=0.103,P>0.05) (£ 4) .

x1 AEELAEETERERSEMGEMNEXYE

Table 1 Correlation between objective depth of focus and low-order aberrations at different pupil diameters

3 mm [EFLE AR T & WA

4 mm BEFLER T &M AER

5 mm fiEfL H4E T & WA IR 6 mm [ fL B 12 T % WA I

52

r AH P oY 8 P A r A P A r A8 P Al
MR % 22 0. 380 0. 001 0.317 0. 005 0.385 0.001 0.519 <0.001
B 0.377 0.001 0.323 0. 004 0. 403 <0.001 0.512 <0. 001
158 0.180 0.120 0.136 0.241 0.102 0.380 0.255 0.026

4 : (Spearman F&AH /0 #T ,n=76)

Note : ( Spearman rank correlation analysis,n=76)

*2 AEAEAEBEETAREUEEDBERNERILE(M(Q,,0,),D]
Table 2 Comparison of objective depth of focus among different degrees of myopia at different pupil diameters [ M(Q,,0,) ,D]

AT L B AR R B AR IR

20 51 R %

3 mm 4 mm 5 mm 6 mm
I BE A4 15 0.880(0.670,0.930) 0.850(0.760,1.110) 0.830(0.740,1. 170) 0.960(0.800,1. 160)
T AR 50 0.830(0.750,1.053) 1.005(0. 805,1.290) 1.015(0. 858,1.395) 1.250(0.988,1.580)
o B A Al 11 1.240(0.790,1.350)" 1.330(1.000,1.560) " 1.490(1.020,1.760)" 1.880(1.630,2.090)*
H {4 6. 440 7.370 9.990 16. 930
P 0. 040 0. 030 0.010 <0.01

T SR A LR, T P<0. 05 55 rp BRI A4 LR g, " p<o. 05 ( Kruskal-Wallis H #; 55 , Mann-Whitney U 5 %)
Note : Compared with low myopia group,*P<0. 05 ; compared with moderate myopia group,”P<0. 05 ( Kruskal-Wallis H test, Mann-Whitney U test)

®3 TEELIERTARHELEEONERERILE(M(Q,,0,),D]

Table 3 Comparison of objective depth of focus among different degrees of astigmatism at different

pupil diameters [M(Q,,0,) ,D]

AT AL B R B AR IR

I R %K

3 mm 4 mm 5 mm 6 mm
T 37 0.810(0.745,1.085) 1.010(0.800,1. 240) 1.040(0. 850,1. 485) 1.160(0.915,1.710)
1% B BG4 26 0.875(0.798,1.118) 0.985(0.805,1.338) 1.100(0. 860,1. 403) 1.385(1.045,1.860)
= B Ot 13 0.790(0.705,1.025) 0.980(0. 800,1.360) 0.870(0.735,1.425) 1.420(0.970,1. 845)
H1{E 2.049 0. 006 2.122 1. 466
P1{a 0.359 0.997 0. 346 0. 480

7F : ( Kruskal-Wallis H 5 56 )
Note ; ( Kruskal-Wallis H test)
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Table 4 Correlation between objective depth of focus and high-order aberrations at different pupil diameters

3 mm [iEfL B2 T % WA I

4 mm BEFLER T & WA R 5 mm L AR T & AT 6 mm [ fL B2 T % WA R

%%
rofd P r, {5 P r 8 Py r, {5 P {H

MR 0.911 <0.001 0. 807 <0.001 0.733 <0. 001 0. 677 <0. 001
Jog=F = 0.727 <0.001 0.557 <0. 001 0. 620 <0. 001 0. 487 <0. 001
M EE 0. 439 <0. 001 0. 405 <0. 001 0.553 <0.001 0. 400 <0.001
TR 2 -0.022 0.852 0. 096 0.411 0. 308 0. 007 0.308 0. 007
=nf 0. 344 0. 002 0. 443 <0. 001 0.316 0. 005 0.330 0. 004
Bk 0. 103 0.378 0.321 0. 005 0.310 0. 006 0. 428 <0. 001

¥ (Spearman Bk X447 ,n=76)

Note: ( Spearman rank correlation analysis,n=76)

2.3 At PN E O 2 0L AR TR R IR

B 3.4.5.6 mm AL B AR T A A M % 0 A TR SUE

2.3.1 AFfEf EREEWERKGLE 3.4.5 A i, 2R LG it 8 X (Z=-0.771,-0.750,
6 mm [ fL 7 2 T xR %W HERE DN -0.568,-0. 995, P>0.05) (% 6) .
0.865( 0.750, 1.098 ).
1.005( 0.810, 1.285 ). ®5 TEAEILEATARBRIZNERILK(M(Q,,0,),D]
1.015( 0.813, 0.458) F Table 5 Comparison of objective depth of focus between right and left eyes
1.290(0.963,1.788) D, % at different pupil diameters [M(Q,,0,) ,D]
UL 45 T i 45 AL 7% 0 1 ARFAL P T WA
N N X MR IR%
DT, B L 2 A X’ . . o
it 2 & X (H=35.960,
£ iR 76 0.865(0.750,1.098) 1.005(0.810,1.285) 1.015(0.813,1.458) 1.290(0.963,1.788)
P<0.001), A 3 mm A0
4 5 6 i 7L, ZEMR 76 0.920(0.750,1.240) 0.975(0.813,1.198) 1.105(0.810,1.400) 1.295(0.935,1.580)
mm | mm mm Hig
HRTFERERKELER 2 i1 -1.338 -0.479 -0. 055 -0.396
WA E L (P= PH 0. 181 0. 632 0.956 0. 692
0.011, 0.004 ), 4 mm Hl {E : (Mann-Whitney U #550)

5 mm i fL EAE T F WA TR
PR 22 S TG g i X
(P=0.399) (K 1),

2.3.2 KmfLEAR LM
MR AN [a] HR 53 2 WL £ TR L
B 3.4.5.6 mm fiEfl B2
A [ HR G 7 UL A R R A
HA, 22 S gt A X

(Z = - 1.338, - 0.479,
-0.055. - 0.396, 4 P >
0.05)(#%5),

2.3.3 KMESLEE T AR
A 53] ) A A R % UL R TR L

Note ; ( Mann-Whitney U test)

*6 AEAEAEERTAREANERERILRIM(Q,,0,).D]
Table 6 Comparison of objective depth of focus between males and females
at different pupil diameters [M(Q,,0,) ,D]

ANTF AL ELAR T A LR IR

Pl Bl

3 mm 4 mm 5 mm 6 mm
L) 41 0.860(0.775,0.995) 1.030(0.810,1.260) 1.100(0.875,1.470) 1.350(0.995,1.795)
b’y 35 0.880(0.740,1.170) 0.930(0.810,1.170) 0.990(0.800,1.450) 1.160(0.900,1.780)
VA -0.771 -0.750 -0.568 -0.995
P1a 0. 440 0.453 0.570 0. 320

7 : (Mann-Whitney U #5568 )
Note: ( Mann-Whitney U test)
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i L H A% (mm)
E1 AEELEEZEERERILE H=35960,P<0.001. 5
3 mm AL AR L, P<0.05; 5 5 mm i fL P42 K%L, P<0.05
( Kruskal-Wallis H ¥ 4% , Mann-Whitney U ¥ 36 ;n=76)
Figure 1 Comparison of objective depth of focus among different
pupil diameters H = 35.960, P<0.001. Compared with 3 mm pupil

diameter,*P < 0. 05; compared with 5 mm pupil diameter,”P < 0. 05
( Kruskal-Wallis H test,Mann-Whitney U test;n=76)
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