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ABSTRACT

This study aimed to evaluate the clinical applicability of polymer composites as potential substitutes for
conventional tungsten shields and low-melting-point lead alloys in high-energy electron beam therapy for the eye.
Using monte carlo simulation, the shielding effectiveness of ocular adnexa was assessed. The results showed that
PLA+W composites achieved shielding performance comparable to tungsten and lead alloys at thicknesses of 4
mm for 6 MeV electron beams and 6 mm for 9 MeV electron beams. PMMA+W composites demonstrated higher
shielding effectiveness than lead alloys at 2 mm thickness for 6 MeV electron beams, achieving a shielding rate
of 90.3% in the sensitive volume of the lens, comparable to that of tungsten shields. For 9 MeV electron beams,
PMMA+W composites exhibited slightly lower shielding effectiveness at 2 mm thickness but achieved equivalent
performance to tungsten shields at 4 mm thickness. Polymer composites, through adjustments in material
composition and thickness according to electron beam energy, are considered viable alternatives to conventional
shielding materials. Additionally, they hold potential for the development of patient-specific shielding devices as

effective radiation protection materials.
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1. MATERIAL AND METHODS
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Fig. 1. Linear accelerator and MIRD head phantom
simulated using MCNPX.
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Table 1. Composition and density of shielding materials
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Table 2. Shielding efficiency of PLA+W by thickness
and ocular structures for 6 MeV electron beam

PLA+W(93%)
2mm W 4 mm W 6mm W 8 mm W

Tissue

Sensitive of lens 61.9% 89.5% 89.9% 90.5%
A< SSD 100 cm Aol A 10 em x 10 cm FA}oF
= ,.4- O}:FE EH/\LO = ZA]. ]_0:11;], }Jﬂ ﬂ./] Insensitive of lens  65.2% 83.8% 84.7% 84.8%
= 1= S A EH[ A -
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Table 3. Shielding efficiency of PLA+W by thickness
and ocular structures for 9 MeV electron beam
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Eyelid 103%  209%  22.5%  232% e e Owlvdhmb "lame” ame
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BANME 332%2 2.9%2F 22%, wAE Fig. 3. Comparison of shielding efficiency of PLA+W,
M= 209%% 1.6%9F 1.1%°] @ A &S B3 tungsten, and lipowitz metal at 4 mm and 6 mm
T} 6 mm FAAAE H2E @ A8&gHd I thickness.
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Table 4. Shielding efficiency of PMMA+W by thickness
and ocular structures for 6 MeV electron beam

PLA+W(93%)

Tissue 2mm W 4mmW 6mm W 8 mm W

Sensitive of lens 90.3% 90.6% 91.1% 91.4%

Insensitive of lens  83.2% 84.7% 85.6% 86.3%

Anterior chamber 84.4% 87.0% 87.4% 88.1%

Vitreous body 59.8% 60.4% 61.0% 61.5%

Cornea 41.4% 42.4% 43.2% 43.9%

Eyelid 27.4% 28.6% 29.1% 29.7%

Table 5. Shielding efficiency of PMMA+W by thickness
and ocular structures for 9 MeV electron beam

PLA+W(93%)

Tissue 2mm W 4mm W 6mm W 8 mm W

Sensitive of lens 73.1% 92.9% 94.1% 94.5%

Insensitive of lens  79.4% 92.5% 92.8% 93.1%

Anterior chamber  73.9% 91.4% 92.9% 93.1%

Vitreous body 52.6% 56.2% 56.7% 57.4%

Cornea 31.1% 35.6% 36.4% 36.9%

Eyelid 19.0% 22.3% 22.9% 23.3%
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Fig. 4. Comparison of shielding efficiency of
PMMA+W, tungsten, and lipowitz metal at 2 mm and
4 mm thickness.
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Fig. 5. Comparison of shielding efficiency of
PMMA+W, tungsten, and lipowitz metal at 4 mm and
6 mm thickness.
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