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Purpose: In this study, the effects of changes in lens thickness according to diopter on the shielding effectiveness
against radiation exposure to the crystalline lens were experimentally verified. Methods: Radiation was applied to the
central point of eyeglass lenses with diopters of —0.25, —2.50, and —4.00 D. The radiation exposure conditions were set
with fixed radiation doses of 10, 20, and 32 mAs, while the tube voltage was varied at 40, 60, 80, 100, and 120 kVp.
Each condition was irradiated five times to calculate the mean and standard deviation. The results were regarded as the
Entrance Surface Dose (ESD) and expressed in pGy. Radiation attenuation was then comparatively analyzed for each
experimental value. Results: At 10 mAs and 40 kVp, the eyeglass lens with a diopter of —0.25 D showed the highest
radiation attenuation at 6.97%, while the —4.00 D lens showed the lowest at 4.75%. Under the 120 kVp condition, the —
4.00 D lens exhibited the highest attenuation at 3.32%, and the —0.25 D lens the lowest at 2.61%. At 20 mAs and 40
kVp, the —0.25 D lens showed the highest radiation attenuation at 5.67%, while the —4.00 D lens showed the lowest at
3.92%. At 120 kVp, the —4.00 D lens showed the highest attenuation at 3.12%, while the —2.50 D lens showed the
lowest at 2.85%. At 32 mAs and 40 kVp, the —0.25 D lens showed the highest attenuation at 5.38%, and the —2.50 D
lens the lowest at 4.52%. Under the 120 kVp condition, the —0.25 D lens showed the highest attenuation at 3.60%, while
the —2.50 D lens showed the lowest at 3.45%. Conclusions: Radiation attenuation increased as the radiation dose and
energy decreased, resulting in improved shielding effectiveness. Conversely, as the radiation dose and energy increased,

the shielding effectiveness decreased relatively.
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Fig. 1. Spectacle lenses.
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Fig. 2. MagicMaX universal x-ray meter.
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Fig. 3. Experimental method.
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Table 1. Radiation shielding rate of spectacle lenses at 10 mAs
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1. M2k 10 mAsY oj
At

HAR 2 248 10 mAsE AAQ3dkar ehgal=e] &
-0.25, -2.50, —4.00 Dl whe} g2} YA &S
Ak Ax}, bR =] T4 0.25 DAlA A3 40 kVp
Z7004 77.00£0.20 pGyE 7Fg SHA YEREAL, 120 kVp
Z704 1125.40+3.30 pGy= 78 =4 Vebstt WAt
A 28-S B 40 kvp 24NN 6.97%E 71 E=A
Uehton, #A 120 kvp ZANA 2.61%= 7S o
Al VRt eba@l =) &5 2.50D00 4] A RS 40 kVp
Z700| A 78.50+0.20 pGy= 71 A JEREIL, 120 kVp
Z70A 1123.4+0.80 pGy= 7% A JeEbdth BARA
2 &8 WAL 40 kVp AN 5.16%= 7FHE =4 U
Eltom, TSt 120 kVp ZA0NA 2.80%=E 7 B
yelyit}, ohgel=e] == 4000004 AFe 40 kvp £
1o A 78.80+0.30 pGy= 7 BiAl YERSEAL, 120 kVp
Z704 1117.20£1.60 pGy= 7F¢ =4 Vet WAt
A &S I 40 kvp ZANAN 4.75%E 7 =
yehtom, #AQt 120 kvp ZANA 332%= 7HF o
Al YRt Th(Table 1).
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2. M2k 20 mAs If
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HARA 248 20 mAsE AAskaL SHFEl =) &4
-0.25, —2.50, 1]a1 —4.00 Dol w2} Ak} ALK 219
£8 =243 A7, tAFA=] T 025DAA A
40 kVp Z79014 151.00+0.60 pGy= 713 SA Vebstar,
120 kVp Z7100A 2307.60+4.30 nGy= 73 A Vet
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Degree N —025 D —2.50 D —400 D
one *
(1LGy) Dose Shielding Rate® Dose Shielding Rate® Dose Shielding Rate®  p-value
kVp (nGy) (%) (nGy) (%) (nGy) (%)

40 82.80+0.40  77.00+0.20 6.97 78.500.20 5.16 78.800.30 475 @b (@=0.001)
a>c (p<0.001)
60 219.60+0.60 210.20+0.50 430 211.7040.50 3.58 210.50+1.00 413 b (@=0.002)
b<c (p=0.044)
80 460.40+1.8  445.10£1.10 331 446.00+1.20 311 444.30+1.00 350 b<c (p=0.035)
100 818.40£1.00 791.10+1.40 334 790.50+1.80 3.40 788.90+0.80 360 a<c (p=0.016)
120 1155.60£1.90 1125404330 2.6l 1123.20£080  2.80 11172051.60 332 0<¢ (p=0.00D)
a<c (p=0.001)

“Independent t-test
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Table 2. Radiation shielding rate of spectacle lenses at 20 mAs

Degree None -0.25D -2.50D —4.00 D )
(uGy) Dose Shielding Rate® Dose Shielding Rate® Dose Shielding Rate®  p-value
kVp (nGy) (%0) (nGy) (%) (uGy) (%)
a>b (p<0.001)
40 160.10+£0.60  151.00+0.60 5.67 153.10+0.50 435 153.80+0.20 3.92 b>c (p=0.032)
a>c (p<0.001)
60 455.30+1.20  436.10+0.80 423 436.20+0.80 4.20 437.10£1.00 3.99 -
80 981.40+4.20  940.60+1.10 4.15 945.20+1.10 3.68 940.70+2.00 4.15 b<c (p=0.005)
100 1686.00+2.50 1624.60+3.60 3.64 1631.00£1.20 3.26 1627.00+2.10 3.50 ?)ztc) (ézgggg;
120 2379.60+4.30 2307.00+3.20 3.05 2311.80+1.60 2.85 2305.40+1.70 3.12 b (p=0.017)

b<c (p<0.001)

“Independent t-test

o} HARA S-S BAY 40 kVp A 5.67%E 7
2 =4 Jept o, #H9E 120 kVp 2730014 3.05%%
718 G e bRz T4 2,50 DollA] ARke
40 kVp 27904 153.10+0.50 pGy= 7F8 SHA Vebstar,
120 kVp Z719)A 2311.80+1.60 nGy= 74 =4 Yelst
o} ARA 2H8-8 AAD 40 kVp A 435%F 7}
A=A Jehton, B 120 kvp 240N 2.85%F
71 GiA el PRl =] T4 4,00 DA A
40 kVp 274 153.80+0.20 pGy= 73 SHA| Yeba,
120 kVp 27904 2305.40+1.70 pGy= 713 =4 Vebs:
o} AR 28-S WAL 40 kVp 20N 3.92%E 7}
=4 Jelhon, 3319 120 kvp ZA00A 3.12%%
7 @A YR TH(Table 2).

3. M3 32 mAsY If
g

WAL g 274S 32 mAsE ARt SHEEl=e] &4
—0.25, -2.50, 28] —4.00 Dol whe} A&} WA 2}
&S =243 A, ehgal=e] £ 025DolA AFe

QIHBIX T4 WSO TFE WARM

Table 3. Radiation shielding rate of spectacle lenses at 32 mAs

40 kVp Z7194 24506.00+0.50 pGy= 73 SEA| LFERs:
a1, 120 kVp Z79 A 3844.20+£10.40 pGy= 7F3 =4 1}
Rt AR 282 B 40 kvp 22004 5.38%
2 7 =4 vester, At 120kvp 24
3.60%2 7HFE SHA YERgT FF-I=e] T4 2,50 DOl
Al 7S 40 kvp Z7A] 248.20+0.50 pGy= 71 o
Al YEREAL, 120 kVp 27304 3711.60+10.20 uGy= 7}
 =A Ueisth AR AAEEe Y 40kvp 24
oA 4.52%2 71 EA Vel om, B39t 120kvp 24
NA 345%= 71 SHA| el QPdRl= Y] &4 —4.00 D
o A A& 40 kvp 7ol A 248.00+0.20 uGy= 7}
A YERE AL, 120 kVp 27004 3710.00£4.00 pGy =
71 A dERETE AR 2SS B 60 kvp &
00X 491%=Z 717 A YERE e, et 120 kvp
Z0| M 3.49%= 71 A LR TH(Table 3).

4, == Hsl0f (2 otARI=o| WAIM XH|E H|EA
WARIE 238 10 mAsE A8k gA=e] w4
—0.25, —2.50, 7183 —4.00 Do wa} A=k} AR 21|

Degree -0.25 D* -2.50 D -4.00 D¢
one "
(1Gy) Dose Shielding Rate Dose Shielding Rate Dose Shielding Rate ~ p-value
kVp (nGy) (%) (uGy) (%) (nGy) (%)
40 259.90+0.60 245.90+0.50 5.38 248.20+0.50 4.52 248.00+0.20 4.59 a>b (p<0.001)
a>c (p<0.001)
60 772.90+0.80 734.60+0.80 4.96 738.30+1.00 4.47 734.90+0.80 491 a>b (p<0.001)
80 1618.00£0.70  1540.00+0.70 4.82 1550.00+1.00 4.20 1541.00+0.70 4.76 a>b (p<0.001)
b<c (»p<0.001)
a>b (p<0.001)
100 2736.60£1.80  2614.40+1.90 447 2634.00+2.00 3.75 2617.40+0.50 4.36 b<c (»p<0.001)
a>c (p=0.022)
120 3844.20+£10.40 3706.00+7.60 3.60 3711.60+10.20 3.45 3710.00+4.00 3.49 -

“Independent t-test
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Fig. 4. Radiation shielding rate according to kVp at 10 mAs.
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Fig. 5. Radiation shielding rate according to kVp at 20 mAs.
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Fig. 6. Radiation shielding rate according to kVp at 32 mAs.
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