J Korean Ophthalmic Opt Soc. 29(4):203-213, December 2024

M) Check for updates @ @@

ISSN(print) 1226-5012 Ty

http://dx.doi.org/10.14479/jk00s.2024.29.4.203

Comparison and Correlation of Measured Values Obtained Using Automatic

Corneal Refractometers

Kyoung-Hee Park™

Dept. of Ophthalmic Optics, Shinhan University, Professor, Uijeongbu-si, 11644, Korea
(Received December 3, 2024: Revised December 17, 2024: Accepted December 24, 2024)

Purpose: This study aimed to compare spherical refractive power, cylindrical refractive power, axis, corneal refractive
power, corneal astigmatism axis, and interpupillary distance obtained using various automatic corneal refractometers.
Methods: Statistical processing of data was performed using SPSS 20.00 descriptive statistics, repeated design ANOVA,
corresponding sample ¢ test, and Pearson correlation analysis. Statistical significance was determined at a 95% confidence
level (p<0.05). Results: A comparison of the measured values of R1 and R2 with those from the same company showed
that R2 exhibited greater spherical surface, circumference, and corneal refractive power. Furthermore, R1 and R3 from the
other company showed differences, with R3 having a higher spherical edge. These variations resulted in differences in the
overall astigmatism axis and the corneal astigmatism axis between the two devices (p<0.05). A comparison of the measured
values of R1 and R4 revealed that the spherical refractive power, cylindrical refractive power, and corneal refractive power
of R4 were all higher. A comparison of the measured values of R2 and R3 showed that the spherical refractive power and
the corneal refractive power of R2 were higher (p<0.05). The spherical refractive power, corneal refractive power, and
interpupillary distance measured using all four devices showed a high correlation. Conclusions: The spherical refractive
power, cylindrical refractive power, and corneal refractive power measured using an automatic corneal refractometer may
vary. It is recommended that the objective refraction test be used as an approximate value for refractive error before
conducting the subjective refraction test. To enhance the reliability of optometrists' subjective refraction testing methods, the
implementation of accurate testing methods and continuous education is essential.
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ment, Wavefront measurement
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Fig. 1. Scheiner’s optical measurement principle in an auto refractometer (Topcon Healthcare KR-800A's example).
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Hartmann—Shack wavefront technology in an auto

Vol. 29, No. 4, December 2024

g+ A3} WaveScan TAHAIZ 5783 7S B8 HAPY
o Hgl oFte] SAAY BEES He AoE vk o
ojdo] thed drin] FHHAA & FAE A HE o]
10.83%2 AR AT 20509 AlA] A7) 50%7F A
7h 28 AR FAAHY F7FHS I7F AA 23 9
7153HE HolFw tivta St 42 A opAlop =7}
ANME IETA] HlEo] 10~159 Akolo) 3ujE F7)35le]
<Al Bk BT ok AL Tk o] E5S
Wl st HAALY] FH AR AR e =QEP xH
AL 7% A 2] SdET) 4] %ot B
742 2AAANS AFshe BEe] sonm A3k
*@E AT B3 Fasith b 34 de9] As=4
HAZ %@OW‘: 9 Zu2dE s vagh Ad7E X3

SO Fel Site) 2 5 UelE Hne A
2 e 54 WIS AT e S SIS vmshe
05;1 Bz Ao},

r& LS

Fol s e NS QA St A

JJMW go AMgEIE AP ABrEAYA 45T
£ Algale] Bhol} A 9 Zuhda), WA &, Ze
49 9 5 E ST RN AR} B 7))
s} 20 Aolo] WE 7178 Z4gke] Ajole}
3 doln izt ek

M

ha 2w

1. CHA
2022 89 159%E 99 1597HA] A7= A QA%

J Korean Ophthalmic Opt Soc.



Comparison and Correlation of Measured Values Obtained Using Automatic Corneal Refractometers 205
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Table 2. Specifications of the four refractive examination instruments
Instrument °R1 R2 2R3 "R4
9Sph (D) —-25.00~+22.00 -30.00~+25.00 —25.00~+22.00 -30.00~+25.00
p (increments 0.12, 0.25) (increments 0.01, 0.12, 0.25 D) (increments 0.12, 0.25 D) (increments 0.01, 0.12, 0.25 D)
Measurement b D) 0.00~£10.00 0.00~£12.00 0.00~£10.00 0.00~+12.00
range y (increments 0.12,0.25) (increments 0.01,0.12, 0.25)  (increments 0.12, 0.25)  (increments 0.01,0.12, 0.25)
9AX () 1~180 —, +, = (Mixed) 0~180 (increments 1/5) 0~180 (increments 1/5)
9R.C. (mm) 5.0~10.2 (increments 0.01)  5.0~13.0 (increments 0.01) 5.0~10.0 (increments 0.01) 5.0~13.0 (increments 0.01)
Wavefront analysis . Scheiner’s measurement Scheiner’s measurement
Wavefront analysis technology . .
technology principle principle
Features Micro lenslet array Micro lenslet array 3D auto alignment function -
Auto Tracking Auto Tracking Auto Tracking Auto Tracking
- Subjective VA Test Cataract mode -
Manufacturing/Brand Korea/Huvitz Korea/Huvitz Japan/Topcon Japan/NIDEK

3Sph: Spherical, ®Cyl: Cylinder, “Ax: Axis, YR.C: Radius of curvature
9R1: HRK-7000A, "R2: HRK-9000A, PR3: KR-800A, "R4: ARK-1
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Table 3. Statistical analysis based on measurements from all four instruments

Instruments Statistics
N Minimum Maximum Mean Std.
Spherical (D) 106 -10.75 2.25 -2.21 2.81
Cylinder (D) 103 -3.50 0.50 -1.07 0.97
- Axis (°) 103 0 180 83.75 74.11
Keratometer (D) 106 -3.25 1.75 -1.36 0.82
Cornea Axis (°) 106 0 180 97.92 80.92
Pupil distance (mm) 106 56 71 63.36 3.68
Spherical (D) 106 -10.75 1.25 -2.55 2.67
Cylinder (D) 106 -4.00 0.50 -1.15 0.97
RO Axis (°) 106 0 180 84.19 75.99
Keratometer (D) 104 -4.10 -0.20 -1.47 0.83
Cornea Axis (°) 104 0 180 102.01 80.01
Pupil distance (mm) 106 57 73 63.60 4.06
Spherical (D) 106 -11.25 2.00 —2.47 2.78
Cylinder (D) 105 -3.75 0.25 -1.09 0.93
R3 Axis (°) 105 .00 180 111.98 69.68
Keratometer (D) 106 -3.00 0.00 -1.33 0.75
Cornea Axis (°) 106 .00 180 117.67 75.71
Pupil distance (mm) 106 53.00 71.00 63.57 3.79
Spherical (D) 106 -11.75 2.50 -2.54 2.83
Cylinder (D) 106 -3.25 0.00 -1.13 0.85
R4 Axis (°) 106 0 180 87.88 74.31
Keratometer (D) 105 -3.50 -0.25 —-1.46 0.78
Cornea Axis (°) 105 1 180 97.13 80.71
Pupil distance (mm) 106 56 73 63.32 3.95

*R1: Huvitz HRK-7000A, R2: Huvitz HRK-9000A, R3: Topcon KR-800A, R4: NIDEK ARK-1
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Table 4. Paired sample analysis of measurements from R1 and R2 auto kerato-refractometers
Standard Standard 95% confidence interval
Variable Mean d:\l/rila t?(r)n error of the for difference t daf P
mean Minimum Maximum
Spherical — Spherical (D) 0.34 0.54 0.05 0.24 0.45 6.59 105 0.000"
Cylinder - Cylinder (D) 0.10 0.37 0.04 0.03 0.17 2.93 102 0.004"
Axis — Axis (°) -1.01 73.72 7.26 —-15.42 13.40 -0.14 102 0.890
Keratometer - Keratometer (D) 0.12 0.46 0.05 0.03 0.21 2.62 103 0.010"
Cornea axis - Cornea axis (°) —4.00 62.37 6.12 -16.13 8.13 —-0.65 103 0.515
Pupil distance - Pupil distance (mm)  —0.25 1.77 0.17 -0.59 0.10 -1.43 105 0.156
*»<0.05
Table 5. Paired sample analysis of measurements from R1 and R3 auto kerato-refractometers
Standard Standard 95% confidence interval
Variable Mean déirila tzii(r)n error of the for difference t daf p
mean Minimum Maximum
Spherical - Spherical (D) 0.26 0.51 0.05 0.16 0.36 5.30 105 0.000"
Cylinder - Cylinder (D) 0.04 0.40 0.04 —-0.04 0.11 0.94 101 0.350
Axis - Axis (°) -29.94 78.29 7.75 —45.32 —-14.56 -3.86 101 0.000"
Keratometer - Keratometer (D) -0.03 0.44 0.04 —-0.11 0.05 -0.72 105 0.471
Cornea axis - Cornea axis (°) -19.73 69.34 6.74 -33.09 -6.38 -2.93 105 0.004"
Pupil distance - Pupil distance (mm) -0.21 1.97 0.19 —-0.59 0.17 -1.08 105 0.281
*»<0.05
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Table 6. Paired sample analysis of measurements from R1 and R4 auto kerato-refractometers

Standard 95% confidence interval

Variable Mean :s/?i?(r)i error of the ‘ ‘for differenge t df p
mean Minimum Maximum
Spherical - Spherical (D) 0.33 0.53 0.05 0.23 0.43 6.41 105 0.000"
Cylinder - Cylinder (D) 0.09 0.34 0.03 0.02 0.16 2.69 102 0.008"
Axis - Axis (°) —6.05 70.19 6.92  -19.776 7.66 —0.88 102 0.383
Keratometer - Keratometer (D) 0.11 0.47 0.05 0.02 0.20 2.51 104 0.014"
Cornea axis - Cornea axis (°) 1.72 63.96 6.24 -10.66 14.10 0.28 104 0.783
Pupil distance - Pupil distance (mm) 0.04 1.54 0.15 -0.25 0.33 0.25 105 0.801

*p<0.05
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Table 7. Paired sample analysis of measurements from R2 and R3 auto kerato-refractometers

Standard 95% confidence interval

Standard

Variable Mean deviation ST of the . .fOT differenc.e t df )4
mean Minimum Maximum
Spherical - Spherical (D) —0.08 0.42 0.04 —0.16 0.00 -2.05 105 0.043"
Cylinder - Cylinder (D) -0.07 0.44 0.04 -0.15 0.02 —-1.54 104 0.126
Axis - Axis (°) -26.99 86.04 8.40 —43.64 -10.34 -3.22 104 0.002"
Keratometer - Keratometer (D) -0.15 0.30 0.03 -0.20 —-0.09 -4.94 103 0.000"
Cornea axis - Cornea axis (°) -16.15 65.89 6.47 -28.97 -3.34 -2.50 103 0.014"
Pupil distance - Pupil distance (mm) 0.04 242 0.24 -0.43 0.50 0.16 105 0.873
"p<0.05
Table 8. Paired sample analysis of measurements from R2 and R4 auto kerato-refractometers
. Standard Standard 95% conﬁflence interval
Variable Mean deviation ST of the for dlfferenCé t daf )4
mean Minimum Maximum
Spherical - Spherical (D) —-0.01 0.44 0.04 -0.10 0.07 —0.34 105 0.738
Cylinder - Cylinder (D) —-0.02 0.38 0.04 —-0.09 0.06 —0.45 105 0.653
Axis - Axis (°) -3.70 73.95 7.18 -17.93 10.55 —-0.51 105 0.609
Keratometer - Keratometer (D) 0.02 0.27 0.03 —-0.05 0.05 0.09 102 0.926
Cornea axis - Cornea axis (°) 4.06 69.73 6.87 -9.570 17.687 0.59 102 0.556
Pupil distance - Pupil distance (mm) 0.28 1.74 0.17 -0.05 0.62 1.68 105 0.097

Vol. 29, No. 4, December 2024

J Korean Ophthalmic Opt Soc.



Comparison and Correlation of Measured Values Obtained Using Automatic Corneal Refractometers 209
Table 9. Paired sample analysis of measurements from R3 and R4 auto kerato-refractometers
' Standard Standard 95% conﬁflence interval
Variable Mean deviation STOT of the . .for dlfferencTe t daf p
mean Minimum Maximum
Spherical - Spherical (D) 0.07 0.44 0.04 —-0.02 0.15 1.60 105 0.114
Cylinder - Cylinder (D) 0.05 0.34 0.03 —-0.02 0.12 1.52 104 0.131
Axis - Axis (°) 23.34 72.76 7.10 9.27 37.42 3.29 104 0.001"
Keratometer - Keratometer (D) 0.15 0.28 0.03 0.09 0.20 5.38 104 0.000"
Cornea axis - Cornea axis (°) 19.93 80.28 7.83 4.40 35.47 2.54 104 0.012"
Pupil distance - Pupil distance (mm) 0.25 1.89 0.18 -0.12 0.61 1.33 105 0.182
*p<0.05
Table 10. Correlation analysis of spherical refractive power
Spherical R1 R2 R3 R4
Pearson correlation coefficient 1 0.982" 0.984" 0.982"
R1 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106
Pearson correlation coefficient 0.982" 1 0.989" 0.989™
R2 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106
Pearson correlation coefficient 0.984" 0.989" 1 0.988"
R3 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106
Pearson correlation coefficient 0.982" 0.989" 0.988" 1
R4 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106
**The correlation coefficient is significant at the 0.01 level (two-tailed)
2) YFSEHY HUEY 0.933, R1Z} R2= 0.930, R1Z} R3= 0914, R29} R3=

O

7171 R1, R2, R3, R49] =4 7He| A&

¥ 0.892 =072 BE 7]|7] 7t =2 o] FAIAE B

=
ol® 7] YJaf EA% A3} RI1F R4= 0938, R39}F R4E Ch(Table 11). AF=4g 4 32 Ul 7R 717] 25F &

Table 11. Correlation analysis of cylindrical refractive power

Cylinder R1 R2 R3 R4
Pearson correlation coefficient 1 0.930™ 0.914™ 0.938"
R1 Probability of significance (two-tailed) 0.000 0.000 0.000
N 103 103 102 103
Pearson correlation coefficient 0.930" 1 0.892" 0.922"
R2 Probability of significance (two-tailed) .000 0.000 0.000
N 103 106 105 106
Pearson correlation coefficient 0.914" 0.892" 1 0.933"
R3 Probability of significance (two-tailed) .000 0.000 0.000
N 102 105 105 105
Pearson correlation coefficient 0.938" 0.922™ 0.933" 1
R4 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106

**The correlation coefficient is significant at the 0.01 level (two-tailed)
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AR 2HS YEh o] AFsetE g 23X 9 ot S
HoFE Aoz BAgE

3) Zat=2d3 AEEN

7171 R1, R2, R3, R49] Zt9t=-d 719] A
ol® 7] Y&l EA3% A3} R23} R4 0.946, R39}F R4
0.935, R23} R3+= 0.933, R13} R3= 0.850, R19} R2&=
0.844 £O 2 BE 7]7] 7o =2 o] HFHIAE BA
THTable 12). ZH9F=de 574 32 Wl W9 717] 2%
ARGE S YEi o] AFsdEd gAY A4S el
Aoz FAH,

i

o}
=
T
pun

4) A & M
7171 R1, R2, R3, R4S] WAl & 3 Al 2obn

Table 12. Correlation analysis of corneal refractive power

7] 98l #2433 A3} R17} R4= 0.553, R19F R2E 0.517,
R37} R4E 0.490, R1F} R3E 0412 £02 HE A}
HAAE BHom R1$} R3E 0304 & S+ ok Ay
AE BATHTable 13). A1 FAIQIAIA FAIS W7}
S5 WA Y] oA BE Hagt WA 2 A
W9 ZAFOA F8% aho|thBgA] F ghe ]
] 717] tiFellA KBFo] o] FAB/AE YEIES
o B F - AR &S| Bk A2 2 d A
A £E3HE A A HARE FEl AEE 3] F

AR3h= Zlo] 835 olE Jg SHETF e TH S

Epaitt.

U

5) ZiaftA| & d2EN

af
7171 R1, R2, R3, R49] Z}ehdA] = 7He] AAAAE

Cornea R1 R2 R3 R4
Pearson correlation coefficient 1 0.844" 0.850™ 0.830™
R1 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 104 106 105
Pearson correlation coefficient 0.844" 1 0.933" 0.946™
R2 Probability of significance (two-tailed) 0.000 0.000 0.000
N 104 104 104 103
Pearson correlation coefficient 0.850" 0.933" 1 0.935"
R3 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 104 106 105
Pearson correlation coefficient 0.830" 0.946" 0.935™ 1
R4 Probability of significance (two-tailed) 0.000 0.000 0.000
N 105 103 105 105

**The correlation coefficient is significant at the 0.01 level (two-tailed)

Table 13. Correlation analysis of astigmatism axis

Astigmatism axis R1 R2 R3 R4
Pearson correlation coefficient 1 0.517" 0.412" 0.553™
R1 Probability of significance (two-tailed) 0.000 0.000 0.000
N 103 103 102 103
Pearson correlation coefficient 0.517" 1 0.304" 0.516"
R2 Probability of significance (two-tailed) 0.000 0.002 0.000
N 103 106 105 106
Pearson correlation coefficient 0.412" 0.304" 1 0.490™
R3 Probability of significance (two-tailed) 0.000 .002 0.000
N 102 105 105 105
Pearson correlation coefficient 0.553" 0.516" 0.490"™ 1
R4 Probability of significance (two-tailed) 0.000 0.000 0.000
N 103 106 105 106

**The correlation coefficient is significant at the 0.01 level (two-tailed)
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Table 14. Correlation analysis of corneal astigmatism axis

cornea axis R1 R2 R3 R4
Pearson correlation coefficient 1 0.699" 0.610" 0.686"
R1 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 104 106 105
Pearson correlation coefficient 0.699" 1 0.642" 0.621"
R2 Probability of significance (two-tailed) 0.000 0.000 0.000
N 104 104 104 103
Pearson correlation coefficient 0.610" 0.642" 1 0.475"
R3 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 104 106 105
Pearson correlation coefficient 0.686" 0.621" 0.475" 1
R4 Probability of significance (two-tailed) 0.000 0.000 0.000
N 105 103 105 105
**The correlation coefficient is significant at the 0.01 level (two-tailed)
Table 15. Correlation analysis of interpupillary distance
Cornea axis R1 R2 R3 R4
Pearson correlation coefficient 1 0.900" 0.861" 0.921"
R1 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106
Pearson correlation coefficient 0.900" 1 0.811" 0.906"
R2 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106
Pearson correlation coefficient 0.861" 0.811" 1 0.881"
R3 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106
Pearson correlation coefficient 0.921" 0.906" 0.881" 1
R4 Probability of significance (two-tailed) 0.000 0.000 0.000
N 106 106 106 106

**The correlation coefficient is significant at the 0.01 level (two-tailed)

olr 7] s £33 23} R17 R2E= 0.699, R17}F R4E
0.686, R29} R3+= 0.642, R29} R4 0.621, R13} R3=
06105 =2 AAAAS BPo, R39}F Ré4= 04752
59| o] JHAIAE Eit‘r(Table 13). ZFhdA] =&
yl 7he] 7171 = HAE BYoy =4

A= g vls| *Jza% E BAFET wekA st
sz 9E] A ZehdA|F S5 aHslof stEE w7
A A2 AAES] T 85T}

__7

0021,[11

-

e ”°

)
Al g = F 3o

e Az,

6) S372HH2]| )gu_}_,_)\-l
717] R1, R2, R3, R49] F33tAE 7He] AHAAE
olr 7] Yaf 293 A3 R17} R4= 0.921, R29}F R4=
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0.906, R29} R1-2 0.900, R1¥} R3+= 0.861, R29} R3=
0811 o2 2E 7|7] 7t =& AATAAE 1yt
(Table 15) FIAYE Ul ANY 772 SHS A S
Agko] ol A Er) F2& A= Fotdn. webA A
Rtz dEAZ S49 53AY AARE AHHE=E
AL Al B85k A2 vl 3o Ats
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