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Influences of bone microstructure in point radiation field on energy deposition characteristics

ZHOU Ying-ying*, WANG De-hui?, WU Jun-xiang®, FAN Qing-wen', YU Xue-jun*, JIANG Rui*
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Aeronautics Science and Engineering, Sichuan University, Chengdu 610065, China; 3. Institution of Nuclear
Science and Technology, Sichuan University, Chengdu 610065, China; 4. State Key Laboratory of Aerospace
Medicine and Application, Beijing 100000, China

Abstract: Objective Bone microstructure is complex and difficult to establish digital model, so the simple model is always
applied in the simulation calculation, instead of real model. In order to validate its rationality, based on simple models, Monte
Carlo method is used to simulate the energy deposition of red marrow in different bone microstructures. Methods Based on the
principle of single variable, Monte Carlo software was applied to establish a series of bone structure models from single-cavity
to multi-cavity, simulating the transport process of the gamma rays. The energy deposition of red marrow in different models
with the same photon energy, and the energy deposition of red marrow in the same model with different photon energies were
analyzed and compared. Results With the same photon energy, the energy deposition of red marrow in different models were
basically flat. However, the energy deposition of red marrow in the same model increased with the increased photon energy.
Conclusion With the same conditions, the red marrow dose caused by radiation mainly depends on the energy of the radiation
source. With the same source energy, the red marrow model has less effect on the energy deposition. It is preliminarily
demonstrated that the simple model can replace the real model in marrow dose simulation.

Key words: point radiation field; bone; microstructure; Monte Carlo method; red marrow; energy deposition
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Tab.1 Elements quality percentage and density values of the real human trunk bone and red marrow

Item

Elements (%)

C H 0] N Na

Density (g/cm®)
P S Cl K Ca

Trunk bone  40.13  8.66

Red marrow 47.48 10.18 39.67 218 0.01

4035 258 0.08 0.06

230 0.46 - 0.23 4.97 1.27
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Fig.6 Model sectional views with 3, 12 or 72 marrow cavities
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Fig.7 Dose simulation results of 6 MeV photons in different red marrow models

AT fig 1 6 F (g 43 %) 4 0.025 MeV ., 0.05
MeV.0.11 MeV. 0.3 MeV.0.661 MeV.1.25 MeV. 3

hEEZWIBFERE 2014£118 $£32% $6iH

MeV .6 MeV 110 MeV ) ££ 72 /™ it s A 780 v () 4
IR AL ZE R anE 8 B .



-916- JRl A, A, R RS P OO R L BB R OB ARRME ( 5E
600 Liu BX, Li XB, Mao YZ. Calculation of red bone marrow dose and
» dose depth distribution in phantom from external gamma radiation
500! [J]. Radiation Protection, 1990, 10(2): 92-101.
S [2] *Vi&5E, Btk &, M54, 5. MERTF it L CT R iy
£ 4001 S B2 [R]. #@lﬂ#&*u%#w(” = %), 2011: 19-21.
§ Liu HK, Gao YM, Gu NG, et al. Monte carlo simulation of red
g 300/ bone marrow dose from CT examination[R]. Progress Report on
3 China Nuclear Science & Technology(Vol.2), 2011: 19-21.
?200‘ [38] % 46, ERA, LH K, 5. GEANTASPE i F bt i Ae ¥ F1h 444
& 100 R AR BEBA]]. H F 4 EE, 2009, 26(4): 591-596.
” Lu W, Wang TQ, Wang SW, et al. GEANT4-based simulation on
o " shielding and radiation effects of SPE protons in semiconductors[J].
Chinese Journal of Computational Physics, 2009, 26(4):591-596.
0 2 4 6 8 10

The photon energy (MeV)

8 FEREERINF M ERE A B a7 SEIL
Fig.8 Dose simulation results of photons with different

energies in the same red marrow model

3 &
TE AW Z& A AR R O D0 T, 48 5 B 802 & 71
EEEESLH%?%ET{J?E’J A5 TR TR AE AT [R) A9 155 00
TR R £ A B A R M AN, ) 248k 1
T’ﬂﬂ%ﬁf?ﬂlgﬁiﬂﬁﬂ“ﬁfﬁﬁ fi] B H AQR L SpE AY
HI T A Rl R S S LR Y SEA AN ], B AT S P B
AP A S BB A AR i DX, LS 5 v R
AR LA IR B AL 88 22, NI AE H R BOBESE i
LI Le R AR — RS S

[ &% 3Tk ]
[1] xIa%, ik, 2 REFE. Y SR BHR & TARB B A T A
FBIRE A R4F 5+ 3] 8435 47, 1990, 10(2): 92-101.

[4] Chiu-Tsao ST, Duckworth TL, Hsiung CY. Thermoluminescent do-
simetry of the sourceTech medical model[J]. Med Phys, 2003, 18
(3):449-452.

[6] #ilte. ZRHFF FEEEEEYE TG EAM]. F 2K 47
JRF 4k kAL, 2006.

Xu SY. Monte carlo method application in the nuclear physics
experiment [M]. 2nd ed. Beijing: Atomic Energy Press, 2006.

[6] #.& F. %47 F £ [M]. o5 /RIE: o5 RIE T2 K 5 sk, 2010.
Wei ZY. Radiation dosimetry[M]. Harbin: Harbin Engineering
University Press, 2010.

[71 Geng CR, Tang XB , Hou XX, et al. Development of Chinese
hybrid radiation adult phantoms and their application to external
dosimetry[J]. Science China: Technological Sciences, 2014, 57(4):
713-719.

[8] Ak AR AR R A M T AP AFE RS HM] b
P B AR $ iR, 2011
The Health Standards Committee of Health Ministry. Radiological
protection standards application guide[M]. Beijing: Standards Press
of China, 2011.

[9] ICRU Report 46. Photon, electron, proton and neutron interaction
data for body tissues[R]. 1992.

[10] #A 3 K. I 9 #0544 22 52 [M]. A6 3R JR-F Ak AL, 1999.

Hu YM. The tumor radiation physics[M]. Beijing: Atomic Energy
Press, 1999.

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.6, November. 2015



