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Purpose: This study investigated whether the insertion order of trial lenses in a trial frame affects visual quality during
refraction. Methods: A survey was conducted among 39 opticians to examine current lens insertion practices. For the clinical
evaluation of 40 eyes, the number of digital optotypes read was compared across various lens sequences involving spherical
and cylindrical lenses. The results were analyzed according to changes in optotype size and chart contrast. Results: The
survey revealed inconsistent lens insertion methods and available lens powers across clinics. Significant differences in the
number of optotypes read were observed depending on the overlapping order, regardless of optotype size or chart contrast.
Visual performance was the highest with the SC sequence and progressively declined through the SSC, CSS, CS, and SCS
arrangements. The subjects with moderate and higher refractive power exhibited the most significant disparities, particularly
under low chart contrast and small optotype conditions. Conclusions: The overlapping order of trial lenses significantly
impacts the number of optotypes read. To minimize errors in subjective refraction, standardized protocols for lens
arrangement are essential, especially for patients with high refractive power or those in low-contrast environments.
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Table 1. Biometric data of the study participants

Number or Average

Male 10
Gender
Female 11
No. of Eyes 40
Age (years) 22.5+1.82
Refractive Spherical —-3.79£1.76 D (-0.75~-8.25)
power (D) Cylindrical ~ —1.36£0.80 D (=0.25~3.00)
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Fig. 1. Current status of -0.25D step lens inventory among
opticians and optometrists.
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Fig. 3. Sequence of test lens insertion for near addition.
(S: Spherical lens, Add: Near addition lens)
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Fig. 2. Survey of the combination of trial lenses. A. Two-ens overlap, B. Three-lens overlap. (S: Spherical lens, C: Cylindrical lens)
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Fig. 4. Number of read optotypes according to chart parameters. A. Chart contrast, B. Chart size.
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Fig. 5. Effects of insertion order on the number of read
optotypes.
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Table 2. Comparison of the number of letters read according to refractive power and trial lens insertion order at 100% contrast

Letter Contrast (%)

Size of Letters

100% 0.9 1.0 1.2
Refractive power (D) Insertion order
S C(N=40) SC SSC CSS CS SCS p SC SSC CSS CS SCS p SC SSC CSS CS SsCs p

Low (N=9) 50 49 49 48 48 0592 49 49 44 47 0185 27 23 30 26 24 0418
Loy Mid (N=6) 50 48 48 47 45 0115 48 45 40 42 0.103 28 23 20 20 23 0.151
High (N=0) - - - - - - - - - - .-

p 1.000 0.776 0.864 0.776 0.388 0.266 1.000 0.529 0.456 0.272 0.388 0.050 0.955 0.955 0.050 0.456 0.776 0.158

Low (N=6) 4.7 43 43 47 43 0518 43 40 47 35 009 12 13 12 13 13 0991

vig Mid (N=10) 5.0 44 47 45 48 0042 44 43 40 40 41 0105 12 07 08 09 07 0965
High (N=6) 5.0 48 45 45 47 0.18 48 37 42 37 0024 10 10 08 07 13 0.798

P 0.061 0.168 0.367 0.792 0.393 0.159 0.035 0.100 0.417 0.100 0.334 0.278 0.908 0.355 0.631 0.444 0.403 0.064

*SC: spherical lens-cylindrical lens, SSC: spherical lens-spherical lens-cylindrical lens, CSS: cylindrical lens-spherical lens-spherical lens

s

CS: cylindrical lens-spherical lens, SCS: spherical lens-cylindrical lens-spherical lens
*p<0.05 (indicating a statistically significant difference compared to the SC insertion order based on post-hoc analysis)

Table 3. Comparison of the number of letters read according to refractive power and trial lens insertion order at 50% contrast

Letter Contrast (%)

Size of Letters

50% 0.9

1.0 1.2

Refractive power (D)

Insertion order

S C(N=40) SC SSC CSS CS SCS p SC SSC CSS CS SCS p SC SSC CSS CS SCS »p

Low (N=9) 49 47 47 46 48 0406 43 44 38 46 0582 27 32 26 26 28 0717

Loy Mid (N=0) 48 50 427 48 48 0025 43 38 37 40 0373 28 28 22 20 2.0 0.109
High N=0) - - - - - - - - - - -

) 0.864 0.328 0.224 0.388 0.864 0.662 0.864 0.388 0.181 0.698 0.145 0.030 0.776 0.388 0.529 0.607 0.224 0.147

Low N=6) 4.5 48 38 45 47 0019 3.8 33 42 35 0822 13 13 12 13 12 0980

vig Mid (N=10) 48 45 44 40 44 0191 44 37 35 36 0078 08 1.1 06 08 05 0209

High N=6) 4.5 43 42 42 43 0905 3.7 33 42 33 0178 03 07 12 03 08 0507

p 0.363 0.359 0.257 0.451 0.559 0.468 0.107 0.497 0.649 0.334 0.892 0.918 0.180 0.504 0.400 0.141 0.421 0.008

*SC: spherical lens-cylindrical lens, SSC: spherical lens-spherical lens-cylindrical lens, CSS: cylindrical lens-spherical lens-spherical lens,
CS: cylindrical lens-spherical lens, SCS: spherical lens-cylindrical lens-spherical lens
*p<0.05 (indicating a statistically significant difference compared to the SC insertion order based on post-hoc analysis)

At8](25%) 2= Bl 2Foe] 803k 0.9 A%
Al AdeAlel ot zho] 7t YEhA] kot AlsEA7]
7F g okl 1.2 AR e AAFoE i ¢ M
7} 8 27 #FEATE 1.0 AFN F5E FHES
o} A% PFT 252 SCo ¥wskdS w ¢SS} SCS
TH A BAFLE 43t AEFS B ATHp=0.004).
I, 1.0 3N 55 FHETSY FeE UFET 1
FolXE SSCe} CS =AM Frefrlgt 28 AskE UE}
WATHp=0.014). TL3F SSC} €SS AU oA Tt
o] JAFw 2polof| wlet ¢l 2Rk Tt BAZ R
oAl YERGTHp=0.042, p=0.043)(Table 4).
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Table 4. Comparison of the number of letters read according to refractive power and trial lens insertion order at 25% contrast

Letter Contrast (%)

Size of Letters

25% 0.9 1.0 1.2
Refractive power (D) Insertion order
S C(N=40) SC SSC CSS CS SCS p SC SSC CSS CS SCS p SC SsSC CSS CS SCS »p
Low N=9) 44 43 49 42 48 0.107 43 42 33 42 019 19 22 23 17 24 0613
Low Mid (N=6) 43 43 40 40 42 0863 32 33 33 32 0977 1.8 15 13 15 12 0464
High N=0) - - - - - - - - - - - - - -
p 0.955 0.864 0.066 0.864 0.607 0.122 0.224 0.066 0.181 0.776 0.272 0.009 0.864 0.328 0.224 0.776 0.050 0.041
Low (N=6) 3.8 43 42 43 40 0574 42 25 37 22 0004 1.0 10 05 1.0 08 0483
Mid Mid (N=10) 44 38 42 44 38 0.194 4.0 35 32 30 0014 07 07 06 12 03 0.058
High N=6) 4.5 43 45 43 40 0.556 3.5 37 40 28 0076 05 02 03 03 0.2 0999
p 0.498 0.256 0.627 0.969 0.912 0.553 0.192 0.042 0.043 0.194 0.149 0.725 0.358 0.237 0.829 0.386 0.125 0.016

*SC: spherical lens-cylindrical lens, SSC: spherical lens-spherical lens-cylindrical lens, CSS: cylindrical lens-spherical lens-spherical lens,
CS: cylindrical lens-spherical lens, SCS: spherical lens-cylindrical lens-spherical lens
*p<0.05 (indicating a statistically significant difference compared to the SC insertion order based on post-hoc analysis)
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