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MCNP simulations of medical diagnostic X-ray spectra
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Abstract  [Background] In medical diagnostic radiology, detailed knowledge of X-ray spectra is required for
evaluating the image quality and patients' or staff's radiation dose. [Purpose] This study aims to simulate medical
diagnostic X-ray spectra by using Monte Carlo method. [Methods] First of all, a simplified X-ray machine head
geometry model was constructed in MCNP (A general Monte Carlo N-Particle transport code) software. Then, the X-
ray spectra and surface source data files in the output window were calculated under tube voltage ranging from
50 kV, to 150 kV,, filter ranging from 0.5 mm (Al) to 5 mm (Al) and anode angles ranging from 6° to 14°. [Results]
Database of medical diagnostic X-ray spectra and surface sources in the output window are obtained by various
machine X-ray head parameters. The calculated spectra are comparable to those of other X-ray spectra software.
[Conclusions] X-ray source and its spectra can be correctly simulated by electronically hitting the target through
Monte Carlo simulation, providing a basis for future applications.
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Fig.1 Diagram of simplified X-ray machine head
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Fig.2 Comparisons of X-ray spectra under 90 kV, (a) and 140 kV, (b) from MC simulations and XComp5r
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Fig.3 X-ray spectra under different tube voltages and their mean energy
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Fig.5 X-ray spectra under different anode angles and their mean energy
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5 18 272 Wt FH X S 2 ML IRD H AW B R R , 7E S
B IS P, DA S AR 1 B 4 A% B0 A 17 B
e, WA R 2 1 BEOR 7 IE W A SR BT 7T
T AR AT #4521 PR B S50 S 11 XA R, M
FR X A 7 0t B R S XA LR
5T, WT O Ja ST 2 Wi X 25 (8 R B pF A
S At T AR PO R

3

+3F
B

AW TR FH SR R 2 A MCONP 157 DL
B2 RIS W X 2R U5 Je Re it . ANRETE T35 B 1 B %A1
kS HU AT LA R RS X 2 e T
2 e E B R, YOI . SR DA
HLT T #1521 1) XA 2l T AR B H X0 2t 1
A (1 BH AR B R ONE , ERT T L L % 22 M o e
T I R R B — RS, R KSR . 5

110301-4



o oK

2019, 42: 110301

R R P ELAE H T Brag s Sos a8 rpLk =
BUANIE T , BLFEAS [ (P ¥R AL L2 A 55

AR 45 B 5 XComp5r G811 4 $2 41t
(1 BE B EHE T ik, B0 AE 1 LR AR DA S TE SR
FERIHERGTE , nT oA 5 B2 12 W X 9 28 TAE 2% AR,
BG5S N D3 7R B PPN S0 S0 28 ST 1 R R
T AL A

S5 3CHR

1 Martin U, Cornelia S P. Digital radiography: the balance
between image quality and required radiation dose[J].
European Journal of Radiology, 2009, 72(2): 202-208.

2 Fewell T R, Shuping R E. Photon energy distribution of
some typical diagnostic X-ray beams[J]. Medical Physics,
1977, 4(3): 187-197.

3 BooneJ M, Seibert ] A. An accurate method for computer-
generating tungsten anode X-ray spectra from 30 kV to
140 kV[J]. Medical Physics, 1997, 24(11): 1661-1670.

4 Ay M R, Shahriari M, Sarkar S, et al. Monte Carlo
simulation of X-ray spectra in diagnostic radiology and
mammography using MCNP4C[J]. Physics in Medicine
and Biology, 2004, 49(21): 4897-4917.

10

110301-5

Hernandez A M, Seibert J A, Nosratich A, et al.
Generation and analysis of clinically relevant breast
imaging X-ray spectra[J]. Medical Physics, 2017, 44(6):
2148.

Punnoose J, Xu J, Sisniega A, et al. Technical note:
Spektr3.0 - a computational tool for X-ray spectrum
modeling and analysis[J]. Medical Physics, 2016, 43(8):
4711-4717.

Hernandez A M, Boone J M. Tungsten anode spectral
model using interpolating cubic splines: unfiltered X-ray
spectra from 20 kV to 640 kV[J]. Medical Physics, 2014,
41(4): 42101. DOI: 10.1118/1.4866216.

MCNP5 - a general Monte Carlo N-particle transport
code, version 5[R]. LA-UR-03-1987, LANL, Los Alamos,
2003.

Nowotny R, Hofer A. Ein programm fiir die berechnung
von diagnostic Rontgenspektren[J]. Fortschr Rontgenstr,
1985, 142(6): 685-689.

Fung K K, Gilboy W B. “Anode heel effect” on patient
dose in lumbar spine radiography[J]. British Journal of

Radiology, 2000, 73(869): 531-536.



