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ABSTRACT

Radiation side effects and complications on the ocular adnexa during electron beam therapy for orbital
lymphoma can increase the incidence of posterior subcapsular cataracts. This study simulated a medical linear
accelerator and a mathematical model of the eye using monte carlo simulations to evaluate the dose to the ocular
adnexa and compare the shielding effectiveness on different parts of the ocular adnexa based on lens shield
thickness. The dose assessment results of the ocular adnexa showed that the lens's sensitive area had the highest
absorbed dose distribution when no shield was used, followed by the lens's non-sensitive area, the anterior
chamber, vitreous humor, cornea, and eyelid in descending order. With the use of a shield, a 2 mm thick shield
demonstrated a dose reduction effect of over 90% in the lens's sensitive area, over 83% in the non-sensitive area
and anterior chamber, and a dose reduction effect of 30 to 62% in the vitreous body, cornea, and eyelid. For dose
reduction in the lens's sensitive area during electron beam therapy for orbital lymphoma, it is necessary to use a
shield of at least 2 mm thickness. Additionally, shielding strategies considering the thickness and area of the
shield for other ocular adnexa besides the lens are required.
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I. INTRODUCTION
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II. MATERIAL AND METHODS

1. EH7IEE HARA}L

T-A(LANL)I A 71E MCNPX(Monte  Carlo
N-Particle Extended, ver 2.5.0)% ©]&3}3it} o]+
P AE A EHold AZEYo]zA dFsl o

e, g AR, vy A4 5 e Rof
o4 9 AgH s gk

1.1, 958 Ag71&57]

2 AFo A A8 A E 715 7] (Infinity, Elekta,
Sweden)©= X| 57| FAF e 224 54 1
B35t BARSET ¥ 7479 2= Fig. 19
Zol AAA TANHE AAZ F, 12 ZE o]
E{(First Collimator), AF@F3+(Scattering Foil), 23} &
2] v ] Ef(Secondary Collimator), HAAFA  FAF7] G-
(Electron cone)E x4 0 & vjx]s}tt 12} =
HolE = BHad AHE dAHson, BlS
em FAZ E9AA e F FEE A
Abehare A o AQda FA9eH, 0.1 ~ 03 mm
=9 oke W FeyE AAs) 23} 2] Ho]
B 82" QA2 9 em T4 SHA FE=
TAsR o™, X jaw 2 Y jaw FEE wjx| 3T}
AR Z2AF 7)1 22F ZE|vlolE of 9A g
T8 A FATE FuE 7Y ofel HAE
ZA 7199 A0 10 em X 10 em 2717F =

=% 2459,

Fig. 1. Simulation of a linear accelerator.
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Table 1. Physical properties of ocular adnexa

(a) 3D view of head phantom

(b) 2D view of multi-tissue eyes coloured by material
composition

Fig. 2. Description of eye models embedded in MIRD
phantom generated from MCNP Visual Editor.

Isotopic composition (% mass fraction)

Tissue Eyelid Cornea Vitreous body Anterior chamber Insensitive volume Sensitive volume
H 10.0 10.16 11.20 11.20 9.60 9.60
C 204 12.62 - - 19.50 19.50
N 4.20 3.69 - - 5.70 5.70
(0) 64.5 73.14 88.80 88.80 64.60 64.60
Na 0.20 0.0065 - - 0.10 0.10
0.10 0.0065 - - 0.10 0.10
0.20 0.195 - - 0.30 0.30
CI 0.30 0.065 - - 0.10 0.10
K 0.10 - - - - -
Density (g/cm®) 1.09 1.076 1.0089 1.003 1.06 1.06
Volume (em®) 4.30 0.978 5.99 0.308 0.179 0.0368
Mass (g) 4.684 1.053 6.045 0.309 0.190 0.039
) A3 Jrkes AL AE 71 F(IAEA)S] TRS-398
2. A9 B A& Fxsto] ol dguE-grPpD) ¥ dHAl
21 }d 30 %7]_ %%E(Proﬁle)% z;ag].o:] ]:]]Iﬂ_ E_Aﬁg]_oﬂr/} /\13
A Aol B ALRALE A3 e)mg 4y T 90 om X 40 .em 40 em Sl E AT E A
AgT\sh AABAL 2 AQG BAE s, A0 HHASSNE RHZAE AR Source-
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Fig. 3. Linear accelerator and MIRD phantom setup with
lens shield.
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II. RESULT
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Fig. 4. Analysis of Percent Depth Dose(PDD) and dose Profile
for 6 MeV and 9 MeV Electron Beams.
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Fig. 5. Absorbed dose in the ocular adnexa without
shielding for a 6 MeV and 9 MeV electron beam.
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3. FRA A FA
& 37}

6 MeV A A5 Al A A 2pAA] FA O wh

E A% EX+= Table 29F 2t} 2 mm 74 AR w7t
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Table 2. Absorbed dose in ocular adnexa as a function of shielding thickness for 6 MeV electron beam

Absorbed Dose [Unit : fGy/Particle]
Tissue 2 mm W 4 mm W 6 mm W 8 mm W
Sensitive volume of lens 29.9 28.0 27.4 26.4
Insensitive volume of lens 4.96 4.51 4.22 4.04
Anterior chamber 3.63 3.21 3.15 3.12
Vitreous body 10.7 10.6 10.3 10.2
Cornea 14.3 14.1 14.1 13.9
Eyelid 16.1 15.9 15.8 15.7
Table 3. Absorbed dose in ocular adnexa as a function of shielding thickness for 9 MeV electron beam
Absorbed Dose [Unit : fGy/Particle]
Tissue 2 mm W 4 mm W 6 mm W 8§ mm W
Sensitive volume of lens 46.3 35.7 35.4 30.9
Insensitive volume of lens 4.59 3.45 3.23 3.12
Anterior chamber 5.07 3.22 2.95 2.87
Vitreous body 21.3 20.8 20.4 20.2
Cornea 30.4 30.0 29.5 29.2
Eyelid 35.4 35.0 34.7 344
- (E:yshd
—— reli L 2 ornea
0 6 VeV -5 Gomes 9 Mev B
A Viterous body 100 4 - Insensttive volum|
- - < ¥ Anterior chamber - Sensitive volum
3 ¥ 3 e ok ¢ A
/ 80
§, 60 A S i/
2 40 p ¢ D =)
5 / S 40+ e o
2 i a— 2 / e
@ 204 » - .
20 ’,// -
o 4 N a/ ’
0 2 4 6 8 : ; . ;
0
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o -

Fig. 6. Shielding rate of tungsten shield on ocular adnexa at 6 MeV and 9 MeV electron beam.
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IV. DISCUSSION
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