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Purpose: This study aimed to provide foundational data for protecting the crystalline lens during diagnostic radiological
examinations by quantitatively analyzing the effects of lens color and refractive power in commercially available sunglass
lenses on radiation shielding efficiency. Methods: Three lens colors (brown, gray, and yellow) were selected, each with three
refractive powers: convex (+3.00 D), plano (0.00 D), and concave (—3.00 D). Radiation exposure conditions ranged from tube
voltages of 40 to 120 kVp and tube current-time products of 10 to 32 mAs. Each condition was tested five times to calculate
the mean and standard deviation of the dose (nGy), and shielding rates were comparatively analyzed. Results: A positive
correlation was observed, with higher refractive power (more convex) leading to a stepwise improvement in shielding
efficiency as central lens thickness increased. In the analysis by lens color, yellow lenses showed the highest shielding
performance at the same power level, followed by brown lenses, which performed best in the low-energy range. This suggests
that lens colorants contribute significantly to radiation attenuation. Furthermore, shielding efficiency exhibited an energy-
dependent trend, with higher efficiency at lower tube voltages, whereas changes in tube current—time product (mAs) did not
significantly affect the shielding rate. Multivariate analysis of variance (MANOVA) revealed a significant color x tube voltage
x refractive power interaction, indicating that combinations of lens color and thickness enhance shielding performance within
specific energy bands. Conclusions: This study demonstrates that everyday sunglass lenses can provide a degree of ocular
protection in low-dose radiation environments and may serve as a cost-effective alternative to specialized protective eyewear.
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Fig. 1. Tinted spectacle lenses.
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Fig. 2. Diagnostic x-ray generator.

J Korean Ophthalmic Opt Soc.


Fig 1
AI_Extraction

Fig 2
AI_Extraction


Analysis of Radiation Shielding Efficiency according to Color and Diopter Variation of Tinted Spectacle Lenses 35

Fig. 3. MagicMaX universal x-ray meter.
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Fig. 4. Experimental method.
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Table 1. Radiation shielding rate at the optical center of brown-tinted spectacle lenses

+3.00 D (3.80 mm)

0.00 D (1.90 mm)

-3.00 D (1.15 mm)

mAs  kVp (TfloGr;e) Dose Shéei??g m Dose Shlgii? e m Dose Shfigg? € m ! F
(1Gy) %) (1Gy) %) (1Gy) %)
40 73.83:0.18 4358020 4097 —0.81 5329010 27.82 -032  58.96£0.18 20.14  0.09 f;‘;::
60  200.16:0.40 137.70:030 3121 —-0.96 15492031 2260 —039 163.56:0.76 1829  0.06 ;3;12:
10 80  424.1080.92 304.04£1.10 2831 —1.00 34026:0.82 1977 042 351.78£2.19 17.05 0.05 ;‘;2:: 12,18
100 756.54+1.68 554062046 2676 —-1.02 627.76:0.79 17.02 —0.46 637.64£0.79 1572  0.03 f;fc’::
120 1075.00+1.58 813.7842.12 2430 —1.06 907.84:139 1555 —047 91632:1.66 1476 0.02 ';‘;'Z:i
40 14438:0.19 84.54:0.15 4144 —0.80 10326£023 2848 —031 116.10£029 1959 0.08 gig::
60  417.9080.96 288.14£0.39 31.05 —-096 322.44+0.52 2284 —038 343.90:0.82 1771  0.06 f;‘;::
20 80 89724190 649.24+022 27.64 —1.01 717.92:0.64 1999 042 75248+129 16.13  0.04 i‘;g:: 1242
100 1555.601.34 1146.80£0.84 2628 —1.03 128220£1.10 17.58 —0.45 1318.00£0.71 1527  0.03 ;i‘c’i:
120 2201.60+2.70 1676.40+1.14 2386 —1.06 1855.0042.35 1574 —0.47 1885.0040.71 1438  0.02 f;i‘c’i:
40 236.04£0.57 137.74£0.11 4165 —0.80 16846£0.15 2863 —030 189.44£026 1974 0.8 ';‘;'Z:i
60  708.28+1.75 488.98:0.87 30.96 —0.96 544.34£0.89 23.15 —038 583.00:0.81 17.69  0.05 gig::
32 80 1472.60£0.89 1070.00:0.71 2734 —1.02 117340:1.67 2032 —041 1235.60:207 1609 0.04 f;‘;:: 18,64
100 2498.20+2.77 1858.4041.67 2561 —1.04 2053.8040.84 17.79 —0.45 2121.80£1.48 1507  0.02 i‘;ﬁ::
120 3535.40£2.97 2722.4043.05 23.00 —-1.07 2960.8042.68 1625 —0.46 3034.6041.82 1417 0.0l ;i‘c’j:

One-way ANOVA followed by Tukey’s post-hoc test

sk

p<0.05, "p<0.01, ~p<0.001
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Aoz g fFou|g 205 B Y th(p<0.05). SHAIRF =
AFHmMAs)S 10, 20, 32 mAsE HRZ o7 ZTIAZS ),
L3 W Mkvp) £l SAE 7 W=o] AHE
2 A9 YAl FAIE Ak Table 2).

1.3. Yellow ZHA42lx(+3.00 D, 0.00 D, —3.00 D)

Yellow 2@l =0] 33814 Z4)13 (optical center)o| A =
AE AR 28-S AR A FA 7P AR
+3.00 D(3.80 mm) A=7} BE ZA 71 =L 213
B8-S YRt FAF S E 32 mAs, 40 kVp 7004
+3.00 D #=2] A &L 40.87%% 7 =4 SAHENL

M= oF 13.42~14.07% T2 A3t ATt. 2}H|&-0]
F2 +3.00 D @M=} Ao =] (40 kVp) G HollA A7+
A duigke] ZA YeERT

EE AUA tigeld 2d9E a5 3 2ES

H, 32 mAs, 40kvp 2| 300D A=) A&
1747%2 7% @A) ==tk
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Table 2. Radiation shielding rate at the optical center of gray-tinted spectacle lenses
+3.00 D (3.80 mm) 0.00 D (1.90 mm)

-3.00 D (1.15 mm)

mAs  kVp (TflOGr;e) Dose Shli{e;?:;g m Dose Sh;;?eig & " Dose Shli;al?;? J m ! F
(nGy) %) (nGy) (%) (nGy) %)
40 T3RIL0I8  4528:020 38.66 —0.85  5520£145 2512 -035  59.50:0.13 1940 0.08 EZE
60 200.16:040 13536£0.70 3237 —0.94 15554£030 2229 039 165.14£0.42 1750  0.05 f;lz
10 80  424.10:0.92 298.18£127 29.69 098 336.04£0.56 2076 041 354.18:027 1649  0.04 Ei'g 14.82
100 75654168 55092£1.16 2718 —1.02 614.06:£094 1883 043 642.84:099 1503  0.02 f;';::
120 1075004158 805.58:1.58 25.06 —1.05 889.34+128 1727 —045 928.12£0.63 13.66 0.0l f;'g
40 14438:0.19  8839:0.11 3878 -0.84 107.708020 2541 —-035 111.92+3.68 2248 0.1 a;f;*
60  41790:096 27896:072 3325 —093 325.54£0.52 22.10 -039 349224027 1643  0.04 *I‘;bc
20 80  89724:190 63680:061 29.03 —0.99 71682075 20.11 042 755.58:0.69 1579  0.03 f;lz 13,54
100 1555604134 114460:055 2642 —1.03 1266.4042.19 1859 044 132880£1.10 1458 0.2 ‘;;bc
120 2201606270 167020130 24.14 —1.06 1829.00+1.87 1692 —-046 190620:2.77 1342  0.00 ?;bc
40 236.04:057 14404036 3898 —084 175.50£0.12 2565 —-035 189.42:0.80 19.74 0.08 f;'g
60  70828:175 47534£086 32.89 —0.94 551.006048 2221 039 586.04:0.51 1726 0.05 ii'g
3280 1472.60:089 105340£0.89 2847 —1.00 1178.60:055 1996 —0.42 1237.0020.71 16.00 0.03 EZE 16,84
100 2498208277 185640114 2569 —1.04 2039.8042.77 1835 044 2122.60+1.82 15.03 0.2 f;lz
120 3535404297 2702.60:089 23.56 —1.07 2937.80¢2.17 1690 —0.46 3038.0041.00 14.07 0.0 ‘;;bc

One-way ANOVA followed by Tukey’s post-hoc test

p<0.05, "p<0.01, ~p<0.001
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Holl A 2 82 HRF R st 53] +3.00D
Al =0 AL 40 kVpoll Al F 40.01~40.87%% xHH&-©]
120 kVpoll A= F 24.40~25.56% T2 8 AslEe At
< B 000D =] ¢, 40kvpoll A oF 29.01~
29.32%39 =FH&-0] 120 kvpol e <F 19.79-20. 26%
FFoZ AFEE S Byt 3.00D é:=e] A
40 kVpoll A oF 23.83~24.28%A ¥ 2}HE-<] 120 kVpOM
£ oF 1747~17.88 % T8 Adtee S Byt
MR dGelr Fd=dE 1F 7t AEES 5
2o = w9 frejulgt xfo]E B YTh(p<0.001). AT #
AR E mAs)ell whE Wske 7 A=) 28 (%) Al
< Fove HeE FA L&At TS kvp 2 W9
Al mAsE STHAIAT A& HEELE 1% = v
AQom, o] A BEo] WAMAY] Y faRTE
S&(kVp)t =29 T el AgE=

._’__

SIERBE

A AYSHK(Table 3).

1.4. M=ol nE MET H|O|HE SEiet &4
B Ao ARS-E B AF HARPE, kVp, mAs, =

Aeo] AR A& piAe B G 5]
A8l Ak EAREAS A, 282 (F=3854.12, p<0.001)
I BHG(F=2145.67, p<0.001)°] =}H&ol| théte] =3]
o3l aa-= e OU:] gl= A} sl Gon|st &
FH(F=185.34, p<0.001)Z BT} E3] AxpAYxZ4
9] 3x Ao Ago] FAXSE FYsHA UEs=T)
(p<0.001), ©]= A=9] A gRo] oyx] o] w2
=24 A G890 w3 Fdl fFevsiAl sl
AS-S HolFY, vhd, BAFH(mAsyS @5 a3 2 g
HRIEHS] e *‘El}d‘lﬂl Al FAA ool YERA]
RATHp>0.05). o1& AeIAM ool Hge] =g

Table 3. Radiation shielding rate at the optical center of yellow-tinted spectacle lenses

+3.00 D (3.80 mm)

0.00 D (1.90 mm)

~3.00 D (1.15 mm)

mAs  kVp (IflOGI;e) Dose Shlif;?;?g " Dose Sh}i;l tdeing u Dose Shlif; tdei cn & M i F
(uGy) %) (1Gy) %) (uGy) %)
40 7383:0.18  4420:0.19 4001 —0.82 52412016 2902 030  5624:0.16 2383  0.13 Ei‘;*:i
60 200.16:040 13202028 3404 092  14820:033 2596 034 15558043 2227 0.1 f;f:
10 80 424108092 294.34:063 30.60 097 321.58:041 24.17 037 33534143 2093  0.10 Ei'z*:: 1412
100 75654:1.68 547.92£079 2758 —1.01  589.30£1.00 2211 —039 607.12:0.86 1975  0.08 f;'z*:
120 1075.001.58 80028:1.73 2556 —1.04 857.16£1.09 2026 042 882.82+4358 17.88  0.06 f;tc’::
40 14438:0.19 8593+0.18 4048 —0.82  10250:030 2901 030 109.92:024 2387  0.13 zi‘z::
60 41790:096 27548:028 3408 —0.92  309.08:037 2604 —034 324.54:084 2234 0.1 Ei‘;::
20 80  89724+190 627948221 30.01 098 687324120 2340 038 71336:0.82 2049  0.09 f;E:: 1524
100 1555604134 1132.80+1.10 27.18 102 121820:1.10 2169 —040 125480130 1934 0.8 Ei'z*::
120 2201604270 1655405195 2481 —1.05 1765.60£2.07 1980 —042 1811.20:0.84 1773  0.06 f;'z::
40 236.04:057 13958:037 4087 —081 16684065 2932 —-029 17874038 2428 0.14 f;tc’::
60 70828:175 46736£034 3401 092  522.50£1.87 2623 034 549.84£0.52 2237 0.1 Ei‘;’::
32 80 1472606080 103340:152 2082 098 1127.60:0.89 2343 037 1173206084 2033  0.09 Ei‘;:: 1584
100 2498204277 1829.00£0.71 2679 —1.02 196320£3.56 2142 040 2025.604134 1892  0.07 ii'z::
120 3535408297 2672.60+134 2440 106 2835.80£1.79 1979 042 2917.80:1.92 1747  0.05 f;'z::

One-way ANOVA followed by Tukey’s post-hoc test

"p<0.05, “p<0.01,

sk

9<0.001
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Table 4. Multivariate analysis of radiation shielding rate in
tinted spectacle lenses

Source df F P e
Diopter 2 3854.12  p<0.001 0.912
Color 2 18534  p<0.001 0.864
kVp 4 2145.67 p<0.001 0.245
mAs 2 1.05  p<0.352 0.002
ColorxkVpxDiopter 16 1245  p<0.001 0.084
ColorxmAsxDiopter 8 0.54 p<0.824 0.001
Corrected Model 161  142.189 p<0.001 0.958

df: degrees of freedom, 5% effect size

A= mAse] WsP7} A=o] RF B2l A (%)
e G HINA Fe-S AARIE

Ardoz v A5 Fuse geE BaFE
ZARG= oy A] Y kvp)ell Ae =2 (power)®]
Az} A= A (colone] ZFo] $-HH 02 el Eofo}
g SAIHCE YTtk (Table 4).

2.1. ¥A|8 253 =(+3.00 D)
+3.00 D #=9] A WA A9 &85 A% 4
2 F(mAs)E FHtkvp) ©

8l =2 FABAE BAT BE AFA #Hgte]
40 kvpoll A =18 A4 e oF 40.20%, 120 kVpell A 2}
¥ A= Bt oF 2430%0-F YERKERZ AAGHA] &),
WAL oA ZFo] wE oUA] 2]&3F 7+ EA4o]
FEEH vehgt v, B A Wold BAFES
10 mAsOlA] 32 mAsZ 271808 o] &8 W3l 2.00%
njko 2 ylotg]o] 2y F-8o nXE JTFe AFHHY
< FRIsIA

Az Aogo] M2 vl 4 Ay, Aoy A o 940
kVp)ol A& brown 2J2Jo] 718 & (AW 41.65%)
& 7153 27] A Aol 7P 958 Aoz U
St 28y 60 kVp o9 FaelyR] 9oz WY
SHH A brownd gray?] &8 F43
yellow A2 oA o= bt 7k =
7roll A 71 =8 1= G8(120kVp 71E 24.40~25.56%)S
frAet oA Tt g 7Ha JA| SN 7 &
o] SHEATH(Fig. 5).

e

o2
i

=

2.2. ™ 3Ix(0.00 D)
0.00 D A=9] AAE WALA 2} 8-S B3 23
RE Az BHD(KVp) S w2t 2 g8
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o

Fig. 5. Radiation shielding effectiveness by lens color at +3.00 D

conditions.

om|EHA FHashe AUA] o]&4 Zgke] IRIFHAT &
3] 40 kvpollAl B 27.61%, 120 kVpoll Al HiF 17.61%
2 Y] Al wet Al s Tt 74 SAS
HAHEE AAEHA 2. vhd, B-F3K(10, 20, 32
mAs) H3slol| 2 A& HEEL 1.00% W ZE JHEH
of, HAFTFY S7h= A &8 2ol AuiRl 81lo]
obdo] F =t

A 2| S vlash A, Aoy A] 9§40 kVp)
NA yellow AAFo] B 29.12%= 7P =& &S U
ERAO ™| brown(28.31%), gray(25.39%) =082 1 HE o]
AT 60 kVp ©]/de] a1 A] FHNAME yellow 27
2 B A o] Ao 95473 A RS B
TAHSZ 120 kVp ZANA yellows= F 19.95%2] &&
S A3 BHE | gray(17.03%)$} brown(15.85%)S AHth &
o2 7IE THAES VIS W XS5 et

AEZFOZ 000D =7 3PA Yellow A A== A
AR thH(full energy range)ll Al 7Hd $-=gt 2 A
TS BYoH, dyA] o] 4545 Brown? Gray

Radiation shielding effectiveness (0.00 D)
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Fig. 6. Radiation shielding effectiveness by lens color at

0.00 D conditions.

J Korean Ophthalmic Opt Soc.


Fig 5
AI_Extraction

Fig 6
AI_Extraction

Table 4
AI_Extraction


40 Beom-Hee Han, Hye-Gyoung Chon, and Youngju An

A=o] 5 Xﬁ} Zo] Yellowol| HI3] Jdjdo=z o =
Al BAYsH= Ao E B ATHFig. 6).

2.3. ZA|E 2=#=(-3.00 D)

-3.00D A=o] AE WAbd A9 &S EA4% 4
3}, €} D Z7A(+3.00D, 0.00 D)} vz A2 3AMKVp)
7t 2 FEs A9 d%] A 1= 40
kVpell X B 21.45%, 120 kVpoll X B 15.28%= oA
o] sl wet AHES FASIATHER A AIBHA
). $HH, I FH(mAs)S] WSt E 58 WEe
-9~ wlw]ate], 73t OﬂLﬂXl X A Fee T2
RSt o3 2HES ARASHAT

A Hnl B4 éﬂ—‘— et 2ok A F3E yellow
Age] $AE Yo, —3.00 D A= XMMXI
(40 kVpyF-El YA (120 kVp)ell ©]27171A4] yellow A4
dol M =L Ad 288 71=3A T 40 kvpolA
yellow= BT 24.13%2] X5 Yo, o= 5 =4
2] brown(19.82%), Gray(20.54%) tHH] 2F 17.00~21.00% %=
2 Ggolt

Uz 742 IS AwRd, 3384120 kvp) 73+
NA yellows B 17.69%°) Tx]—% FrASH AHES
z‘ﬂf\z‘z}éﬂ U, gray(13.71%)} brown(14.43%)S At 2] 0.
2 93 AF &S BATh 53] gray S #AY 71
o W& 4% At 7P FEEAA YER a4y A

Jool A 71 vk AueS B

AEHOSZ 3.00D A yellow A A== Y]
A A el A 7P P ola gk A s
35k Ao Yelydtt. o)e d=9] FdEo] 29 W
o7 AAFFElEY &84 AU Fo] Halgl
2h) yellow A%Fo] 71 WAk §3 9 F5 5409]
Aol HBH 373 Wstel o 715 (robustness) 283}
I U5S AAFRHHFig. 7).

v}

Sﬂﬁ

3. EMAIXO wE 2
£ Hlm 24

3.1. Brown Z{EI=X

Brown M2l =9] é‘?‘—i"‘ﬂ(ﬂ 00D, 0.00 D, —3.00 D) *H
3lo] W2 WALE X 28-S BAdKVp)H BAFH
(mAs)o] ¥stol| e} A5 Ao, BE AL 2o)A] Jl
z9] ZAgo| F(-)elA Kol HIFoRE Foldes
AR 2 282 foju] 0]'7'” 7P s ZATh A
NUA] G40 kVp, 10 mAs) 715, +3.00 DA 40.97%=
7 =& A S 7153192, 0.00 DolA] 27.82%,
-3.00 DollA] 20.14%2 ZA o] Gropgo|| ule} x}w|-&o]
F243] A8 aolvA] 99120 kVp, 32 mAs) 7]

ZEHE U= SAUHS YA x|
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Fig. 7. Radiation shielding effectiveness by lens color at

-3.00 D conditions.

=, +3.00 DA 41.65%E 7 =& 29 A%S 7=

%21, 0.00 DA 28.63%, —3.00 DA 19.74%= %Xé
o] ol me} ahH o] FFAs AT T4k Vp)
Z7tell M AE ZE&9] oUA| oS AvETA, A3
3to] 40 kvpollA 120 kVp=E SV}t wie} RE 249
XA 2 &L YA YEF R AT
+3.00 D 2719] 7-5-, B gl met A2 40.97%

N 243%SF °F 40.70% HAashH 7P & WHE S
B 000D 719 A%, 27.82% 4 1555%= <F
44.10% Fraste] TR W3l 71 wizkshA w-gskch
-3.00D Z279] %, 20.14%N A 14.76%2-Z F 26.70%
7rasteit.

BAFZHES 10 mAsOA] 32 mAsE A8k ZAshy A
st Ay, Y BHY WellA ] A5 e W= 1.50%
w|Rke] wjm|gt F~Fo 2 AEE AT

AH}Z O 2 prown AR = FHH0) *“r‘% WAL
A 29 A5o) AlEE EAL Holw, B3] +3.00D
oA A} o] AMAS AFds= 7P ‘%‘f
A58 35T b, 2] #42(-3.00 D) ¥ A
TA g oz vre 2 88 Holu, 11 4%‘2
2 45 sk A A A FL& 7S Ao o
YA Al tis] =2 7391 (robustness)S YEFATH
(Fig. 8).

rﬂi BN

[‘

3.2. Gray &AMaEl=x
Gray 2L = 9] %’—@_Eﬂ( 0D,
o W& WA A &8 % TR
(mAs)®] Wzl we} £4% 23, e A} iﬁoﬂ/ﬂ
Gray ilzxﬂgq_]z 9] %@Eﬂo] 2(_)01] 1 o1:( ) ,] HJ—S’C]:Q_E =
ol 4R WA A& FrYu|eH STt FdE
ATk AoluA] G940 kVp, 10 mAs)S 7|F0 8 A

0.00 D, =3.00 D) tﬂi‘r
1% (kVp) & HAF
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g. 8. Radiation shielding effectiveness by diopter for brown-
tinted spectacle lenses.
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g. 9. Radiation shielding effectiveness by diopter for gray-
tinted spectacle lenses.
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Fig. 10. Radiation shielding effectiveness by diopter for yellow-
tinted spectacle lense conditions.
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