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ABSTRACT

Monte Carlo simulations were used to assess dose enhancement effects for 60-, 90-, 120-, and 150-kV X-rays,
and for 6- and 15-MV X-rays. The MCNPX code was used for a computer simulation of the ICRU slab phantom,
and gold, gadolinium, and iron oxide (Fe203) were employed as dose enhancement agents. In consideration of
the buildup region of the incident energy, agent concentrations of 5, 10, 15, and 20 mg/g were inserted on the
surface of the phantom at a depth of 5 cm. Based on baseline values obtained in the absence of dose
enhancement agents, a quantitative analysis was performed by evaluating depth-dependent changes in the absorbed
energy and the dose enhancement factor (DEF). A higher concentration of dose enhancement agents led to a
greater dose enhancement effect with iron oxide, gadolinium, and gold in descending order. For kilovoltage (kV)
X-rays, as the incident energy was decreased and as the energy became closer to the ionization potential of the
atoms in the enhancement agent, the dose enhancement effect increased. In the megavoltage (MV) X-ray range,
dose enhancement was higher at 6 MV compared with 15 MV. However, the overall dose enhancements were
significantly lower compared to the results obtained with kV X-rays.
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I. MATERIAL AND METHODS
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Fig. 1. Schematic diagrams of the Monte Carlo
simulation for dose enhancement. The representation

are for (a) kilovoltage and (b) megavoltage X-ray

simulation.
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Table 1. The dose enhancement factor over cell volume
for various agent, different beams and concentrations.

Dose enhancement agent
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Fig. 2. A comparison of energy deposition over cell

for dose aurum, gadolinium and iron oxide (Fe,O;) of

20 mg/g concentration: (a) 60 kV, (b) 90 kV, (c¢) 120

kV, (d) 150 kV, (e) 6MV and (f) 15 MV.
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Fig. 3. The dose enhancement factor (DEF) for various
concentration and kilovoltage X-ray with enhancement
agent with (a) aurum, (b) gadolinium and (c) iron
oxide (Fe 03).
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Fig. 4. The dose enhancement factor (DEF) for various
concentration and megavoltage X-ray with enhancement
agent with (a) aurum, (b) gadolinium and (c) iron
oxide (Fe 03).
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