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Purpose: This study aimed to evaluate the effect of changes in diameter corresponding to lens size and refractive
power on the thickness and weight of spectacle lenses for myopia. Methods: A comprehensive analysis of 147 pairs of
commercially available spectacle lenses with different refractive indices (1.56, 1.60, 1.67, and 1.74) and powers
(=2.00 D, —4.00 D, and —6.00 D) was conducted. Lenses with both spheric and aspheric designs were obtained from
three companies. Subsequently, these lenses were ground to diameters of 45 mm, 50 mm, and 55 mm with flat edges.
The thickness and weight were measured, and the factors related to the weight and thickness of the lens were analyzed.
Results: Evaluation of the variations in lens diameter (1 mm) and refractive power (0.25 D) revealed that the weight of
lenses was more significantly influenced by the changes in diameter rather than the refractive power. Conversely, edge
thickness was more affected by the alterations in refractive power than the changes in diameter. At a fixed diameter and
refractive power, weight-related factors exhibited the most substantial impact in the following order: center thickness,
edge thickness, refractive index, and specific gravity. Conclusions: In patients requiring thinner and lighter spectacle
lenses for myopia, changes in lens size and refractive power can aid in the selection based on weight and thickness,
respectively. Additionally, changes in center and edge thickness, rather than refractive index and specific gravity, may be

advantageous for selection based on weight at a given refractive power and lens size.
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AR M =E Ty fEEaL e FekE g
22 A FHo] 7ks3 ) AL AFor FHE
(refractive index)®| 1.56, 1.60, 1.67 2 1.740| A= tjz}
Qe 7T} HlFH d=olt) A= FHE 5] S35
A QAU =] 25 I A|RA} F5E A, B H
‘¢, BHE F=E FHEEY 13 AFHS AQR 245
1.56%1 A% 56’, =4E 1.602 60°, =4E 1.672 ‘67
9 FHE 174 742 FASHAL, FHE @2 H|FH
< & A dE 5o W= FTFHI} ‘B60a’2HA
BAF AlF o2 FAE0] 1,602 FHAZRE u]sh, BE
SRS EF ks A 602’2} 2ol 3E71E . 7 A=
S FHYLS ofr FEE % FAY wHd= F
H¥o=Z 200D, —4.00 DS} —6.00 DE -4}

AN=E ST AHAA A AAEA] e A== 3
N AL BFA FAE 1.677 1.749) FHAZ, AALS]
ZHE 1.569] FHA=, BA] FHE 1.569] 7HI H]
T A=, 2HE 1.749 HFEI=, CAFY 24E 174
o] vl A= ALt 7 A= FREE 27](1%)
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E AA3t AAF 10270, BAF 9071, CAF 10270 & & 294
M1472)yE AASHAT

2. 54

SIZE
size)?] &, %, o] F7)0 Fale ZAIVFE 9 173 =
717F 45 mm, 50 mme} 55 mmS] YFOZ 3T ;=9
BeHAFAAT 7Isterd FAlo] YASHES H¥ e Y
S 0] 83193, A5257](Auto edger Mr Blue Sun &
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7VEE Zp7h A=) AL £0.05mm oY W 4=
7](nominal size)-Z Z}Z} 45 mm, 50 mm<} 55 mm=z 3}

ATt

3. Hi=o| 2HY &l FH ¥ FAH &H

A=o] F-88-L2 A=rE(VX36, Visionix, Israel)Z &
sk, FAU = - V|EFEY FHEAE
+0.12 DO 2 33Tt - = AR 73t A =
AL 0.0l mm G9E SHL F A= tAE Hyo A
2]3 2~ (Digital vernier caliper DC200-2, CAS, Korea)= 3}
A, FA 4L 001 g FHE SAL 5 A= 17
v] A2 (Micro weighing scale MWII-H, CAS, Korea)S
o]-83lAaL, T4 FA= 001 g GA=E SHo| 71 F
7| Alo]A](Digimatic indicator ID-S1012, Mitutoyo, Japan)
2 AE3le ST A= FREE )0l dsl
PR FAg A= ARBLE A7 OE 3HF M S
stod Hstdar, F4 FAY FAE A& 3 S5k
Bastdt. 89 dHolHe A= 2780l taf 22 33

A3 TS FH o= 31 0H, AAL BAF R CARY A
(N)= ZH2} 51, 45, 518 & 147°]10)

4

4. Xtz 24

3 E AF = MedCale 2ZE 9] (Version 12.7.7.0,
MedCalc Software, Belgium)E A}-8-3lo] A 24315t
5= =z Z7)9F 2dEd A=z F4 74, 7R
FAS FA 522 T ™ D'Agostino-Pearson ©]-8-3}
o BHEE A3 FASE FA S W Hlue B
A WP} B2 i o 2 Zhz) o ul %] (one-way
ANOVA)¥} Kruskal-Wallis® 2 A} Z+ A7 7he]
FABAE 252 WHO Pearson A9t BIEFE WY
9] Spearman A= 7t oM, d=e] A7} =4H
o] gz FA! v|X= ol A= FATE A= FA o
H X FFe Do F 3] A4 (simple linear regression
analysis)S SISt S £4A F&E(p)o] el
(o) 0.05 oJstd W I3 Zlo= A
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A 3 nE Bilz THEE FA ¥she FoekA gy =HE
562] AN ZHE 1,679 Bl7H A:A=7HA] vjn|

1. dl= HZu 2 WHstol| ME AH=xo| FH Hst e FAE B, 28E 1749 HlFH] A= =
AR W= HA] 273 44.99+0.02 mm(range: HE 1,67 HFHAZRC LA Aot} ol =
44.96~45.03), 49.98+0.06 mm(range: 49.57~50.03)2} 55.00+ E 1.749] ¥lF 7P 24E 1679 viF S7HEY 2

FEFoz BRIt o]yt Hake 37l AF BF frAkSkT

TESH Table 29} o] =9 Ao ME A= FF/
ol P FAle TAASE folgt alo]E HolA] gk
TH-2.00 D: Kruskal-Wallis test, p=0.428; —4.00 D: one-
way ANOVA, p=0.868; —6.00 D: Kruskal-Wallis test, p=0.761).
S -2.00 D, —4.00 D, -6.00 DZF2] HiF A= 28 2}
o]Z HJThKruskal-Wallis test, p<0.001). & #A=
(N=147)Z %@%‘ Halo] W& FA HeE x5S W=
o] 24, yF2 = FAR 3l drAddIAEHS
) y=3.42, —0.63x (=0318, p<0.001)E -1.00DZF 0.63 g
(13.49%)% Z7}slaitTt.

Z¥zte]l F4H¥ —2.00D, —4.00 D, —-6.00 Dol A A= =

0.02 mm(range: 54.95~55.03)% &3}l o] 717+
sA4A7IZA A7 45 mm, 50 mme} 55 mmE. 3T, 2l
= TR A oA dud o g 48zl FAY FAVL
Zasle weko 2 ZHET A= TRRIEZ 56a, 56b,
60a, 60b, 67b, 74b2] =O. 2 3} L},

Table 17} Zo] A= A w2 A= FHEL Ft
A= BAFSRZ 7523k 2ol= {1 tHone-way ANOVA,
p—O 887). € 45 mm, 50 mm<} 55 mm 27 ko] Hit

] 23t 2}o]E B3 tHone-way ANOVA, p<0.001).

EE AZEN=147E 27 Hslo| 2 A HelE x5
Az A, y5e A= FARZ 3t gy ARS e
2 BA% w y=—11.07+0.34x(>=0.604, p<0.001)Z 1 mm

ZF 0.34 g(7.94%)4 =7}t FE FAE ) AF EF F28E 1.569 A SFHE
Table 1. Means and standard deviations of weight for diameters
Lens® Weight (g)
N All diameters (N=147) 45 mm (N=49) 50 mm (N=49) 55 mm (n=49)
S56a 21 6.13£1.76 4.50+0.62 5.97+0.99 7.91+1.45
56b 24 6.03+1.87 (-1.63%) 4.33+0.76 (—3.78%) 5.93+1.15 (—0.67%) 7.85+1.59 (-0.76%)
Al Co. 60a 27 5.80+1.85 (—5.38%) 4.17+0.76 (=7.33%) 5.70+1.14 (—4.52%) 7.55+1.68 (—4.55%)
60b 27 5.78+1.84 (-5.71%) 4.15+£0.74 (-7.78%) 5.67£1.11 (=5.03%) 7.51£1.68 (-5.06%)
67b 27 5.70+1.77 (-7.01%) 4.15+0.74 (-7.78%) 5.62+1.10 (—5.86%) 7.3441.64 (-7.21%)
746 21 6.25+1.76 (+1.69%) 4.53+0.59 (+0.67%) 6.12+0.88 (+2.51%) 8.11+1.30 (+2.53%)
Mean 5.93+1.79 4.28+0.69 5.8241.03 (+35.98%) 7.68+1.52 (+79.44%)

Data are presented as meantstandard deviation (SD), and rate of change in parentheses

Rate of change=[(lens weight — reference weight)/reference weight]x100% (Reference weight is based on a spherical lens with a
refractive index of 1.56.)

Minus and plus signs indicate decrease and increase, respectively

“Two characters indicate the refractive index without 1 and decimal point, the last words show ‘a’ and ‘b’ letters for sheric and aspheric
designs, respectively

Table 2. Means and standard deviations of weight for diopters

Lens Weight (g)
N —2.00 D (N=48) —4.00 D (N=54) —6.00 D (N=45)

56a 21 5.28+1.27 6.43+1.66 7.7242.46

56b 24 4.83+1.22 (-8.60%) 6.30£1.65 (—2.04%) 7.45+£2.07 (-3.11%)
All Co. 60a 27 4.41+1.00 (—16.48%) 5.84+1.50 (-9.13%) 7.16£1.92 (—6.87%)

60b 27 4.43£1.01 (-16.06%) 5.76+1.42 (-10.45%) 7.15+1.95 (=6.99%)

67b 27 4.38+0.93 (—17.08%) 5.68+1.40 (-11.62%) 7.05+1.83 (-7.90%)

74b 21 4.68+1.21 (—11.42%) 5.91+1.43 (-8.13%) 7.12+1.85 (=7.25%)

Mean 4.67+1.09 5.99+1.47 (+28.27%) 7.20+1.84 (+54.18%)

See footnotes in Table 1
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Z17ro] Aol A A= F
B Y TH(-2.00 D: Kruskal-Wallis

A Wsh=

test, H=25.19, p<0.001; —4.00 D: one-way ANOVA, F=5.65,

p<0.001; —6.00 D: Kruskal-Wallis test, H=14.96, p=0.010).
53] 56a, 56b9} 60a Ztoll Ho]7} AL, 60a, 6702} 74b
ol 2tolE HolA] skt

3. M= XZ1 2H wsiof| mE 7&K FH st
Hslol] W A= 7pFAE] FA HIle
Table 59} 2t Ho 7Pdte] 77 WHsk= 2738 E
°]3k z}o]S W Il (Kruskal-Wallis test, H=18.93, p<
0.001), 2& A=N=147)5 H74 WstxS)el v 7Hd
2] A HakyF)E 9o ds A 2T o y=0.79
+0.08x(r*=0.145, p<0.001)Z 1 mm%E 0.08 mm(2.76%)]
7Vttt & Zb2he] ARoA Hd PRt FAE
A= FHEY F3 2ol= HolA] AT one-way
ANOVA, F=0.965, =0.441).

24 ¥(-2.00 D, —4.00 D, —6.00 D) W3}o] w2 &= 7}
A T Wshe Table 67 2ot Hot A A
H3les =48 ol F93% Aol X ¢ (Kruskal-
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g sk xF)ll W 7PEAE] FA WSk yH)E Gl d
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Z 0.46 mm (19.33%)% 7}tk B3k Zhzte] FE )
A A= F7 glE Fo3 Zfo]E KO H(-2.00 D:
Kruskal-Wallis test, H=21.25, p=0.001; —4.00 D: one-way
ANOVA, F=6.96, p<0.001; —6.00 D: Kruskal-Wallis test,

x
ESE

Table 3. Means and standard deviations of center thickness for diameters

Lens Center thickness (mm)

N All diameters (N=147) 45 mm (N=49) 50 mm (N=49) 55 mm (N=49)
56a 21 1.50+0.27 1.514+0.29 1.48+0.28 1.50+0.27
56b 24 1.36+0.25 1.34+0.22 1.38+0.27 1.37+0.27

All Co 60a 27 1.18+0.05 1.18+0.04 1.20+0.05 1.17£0.05
60b 27 1.19+0.04 1.18+0.04 1.20+0.04 1.19+0.03
67b 27 1.19+0.04 1.19+0.03 1.21+0.04 1.18+0.04
74b 21 1.20+0.03 1.20+0.03 1.20+0.03 1.20+0.03

See footnotes in Table 1

Table 4. Means and standard deviations of center thickness for diopters
Lens Center thickness (mm)

N All diopters (N=147) —2.00 D (N=48) —4.00 D (N=54) —6.00 D (N=45)
56a 21 1.50+0.27 1.60+0.28 1.47+0.26 1.28+0.02
56b 24 1.36+0.25 1.40+0.23 1.43+0.31 1.21+0.03

All Co. 60a 27 1.18+0.05 1.19+0.05 1.19+0.04 1.16+0.05
60b 27 1.19+0.04 1.21+0.04 1.19+0.04 1.18+0.03
67b 27 1.19+0.04 1.18+0.05 1.19+0.03 1.21£0.03
74b 21 1.20+0.03 1.19+0.02 1.20+0.02 1.20+0.04

See footnotes in Table 1
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Table 5. Means and standard deviations of edge thickness for diameters

Lens Edge thickness (mm)
N All diameters (N=147) 45 mm (N=49) 50 mm (N=49) 55 mm (N=49)
56a 21 3.48+0.83 3.09+0.61 3.45+0.81 3.90+0.94
56b 24 3.49+0.95 3.06+0.74 3.48+0.91 3.94+1.06
All Co. 60a 27 3.35+0.96 2.9340.75 3.34+0.91 3.78£1.10
60b 27 3.31+0.92 2.88+0.73 3.31+0.84 3.73+1.06
67b 27 3.07+0.86 2.72+0.70 3.07+0.81 3.42+0.97
74b 21 3.12+0.69 2.7340.51 3.09+0.62 3.54+0.76
Mean 3.30+0.88 2.90+0.67 3.29+0.80 (+13.45%) 3.71+0.96 (+34.83%)

See footnotes in Table 1

Table 6. Means and standard deviations of edge thickness for diopters

Lens Edge thickness (mm)
N All diopters (N=147) —2.00 D (N=48) —4.00 D (N=54) —6.00 D (N=45)

56a 21 3.48+0.83 2.77+0.34 3.79+£0.52 4.68+0.70

56b 24 3.49+0.95 2.54+0.37 3.734£0.50 4.57+0.60

60a 27 3.35+0.96 2.2940.21 3.35+0.39 4.41+0.54
All Co. 60b 27 3.31+0.92 2.30+0.21 3.304+0.36 4.3240.54

67b 27 3.07+0.86 2.13£0.18 3.05+0.31 4.034+0.45

74b 21 3.124+0.69 2.05+0.20 2.894+0.31 3.71£0.46

Mean 3.30+0.88 2.3840.35 3.35+0.51 (+40.76%) 4.2240.59 (+77.31%)
See footnotes in Table 1
H=13.40, p=0.020), A= F7 7toll= 2dE0] &5 7 e Az el F4 FASH 7P FAY 4
ashe FA1E B wqg

2 Ho|x| ko }(p=0.510) FAYERE o] B8
w —2.00 DAlA F31g g3, —4.00 DA ket A

4. U= SHe} £AH 2 2 El = Zio| ArZtnbA|Iet o S BRAH 7} 1,=0.683, p<0.001; 1,=0.272, p=0.048). &
& = Aot #EE AL T4 FARG 7R A
EE A=N=147)°l sl T4 A, 7P 54, = ANA A3 s BAdvk 53] 7P3Ake] FA19E FAI Y
As, viF 2 FA B A bl A B4 Ay A 200D, 4.00D, —6.00 DE o] BT wix
239 v 2524 W9 Pearson AlFS 2571 Ho] A 3 ok BAIS B Q3@ =0.800, 0.813, 0.869, p<0.001),
8 A8E & 5 Y AAsHRE ATt opd 7P FAE xF, A= FAE yFO7 o I
u) B 2422 W 9] Spearman AR B89 1 Ax} 3] F-A0ll 4 2,00 D= y=1.29+2.50x(%=0.640), —4.00 DE
= Table 732} 2t} y=1.86+2.34x("=0.661)2} —6.00 D= y=4.28+2.72x (= 0.755)
Table 7. Correlation coefficients between center and edge thickness, weight, and other parameters
Lens CT vs. ET CT vs. weight ET vs. weight RI vs. weight SP vs. weight
r p-value r p-value r p-value r p-value T p-value
All diopters 0.055° 0.510 0.053° 0.524 0.801° <0.001" —0.023° 0.786 -0.019° 0.820
-2.00 D (N=48) 0.683° <0.001" 0.368° 0.012" 0.800 <0.001" -0.217° 0.137 —-0.165 0.263
—4.00 D (N=54) 0.272° 0.048" 0.133° 0.333 0.813 <0.001" —0.179° 0.193 -0.131 0.347
-6.00 D (N=45) 0.048 0.754 0.062 0.685 0.869 <0.001" —-0.062 0.684 -0.073 0.635

r=correlation coefficient (Pearson’s correlation coefficient. *Spearman’s rank correlation coefficient), CT=center thickess, ET=edge thickness, RI
=refractive index, SG=specific gravity

*p<0.05 is considered statistically significant
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Table 8. Correlation coefficients between edge thickness and weight for lens design

Lens design r p-value Regression equation r
A Co. Spheric design (N=15) 0.837 <0.001" y=0.32+1.68x 0.700
Aspheric design (N=36) 0.848 <0.001" y=0.53+1.67x 0.718
B Co. Spheric design (N=15) 0.855 <0.001" y=—0.05+1.73x 0.730
Aspheric design (N=30) 0.850 <0.001" y=0.18+1.87x 0.723
C Co. Spheric design (N=18) 0.891 <0.001" y=—0.09+1.76x 0.794
Aspheric design (N=33) 0.856 <0.001" y=0.10+1.78x 0.732
All Co. Spheric design (N=48) 0.864 <0.001" y=0.06+1.73x 0.747
Aspheric design (N=99) 0.850 <0.001" y=0.21+1.76x 0.723

r=Pearson’s correlation coefficient
r’=coefficient of determination
*p<0.05 is considered statistically significant
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Table 9. Correlation coefficients between weight and other variables under fixed lens diameter and refractive power

Weight

Lens
N T p-value

Direction of change

Center thickness 18 0.861° <0.001"

Increase with increasing edge thickness

Edge thickness 18 0.684° 0.005"

Increase with increasing edge thickness

All Co. Refractive index 18 -0.587° 0.016"

Decrease with increasing refractive index

Specific gravity 18 —0.569° 0.019"

Decrease with increasing specific gravity

Lens design 18 -0.375° 0.122

No significance between spheric and aspheric design

Values based on lens diameter of 50 mm and refractive power of —4.00 D, without missing data
r=correlation coefficient (Pearson’s correlation coefficient. *Spearman’s rank correlation coefficient)

*p<0.05 is considered statistically significant
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