Advances in Applied Mathematics B #2435 &, 2023, 12(5), 2553-2560 Hans X
Published Online May 2023 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2023.125256

P EZAHEES T EESRER
SRS FIEZEIR

EAR, 24, BT, 1/

L TR AR TR, Ll
2IEI R I R 5 — 1A AR B A R, g

WekE H . 20234F4H28H; FHHEM: 202345 H21H; kA HM: 20234F5431H

H E

AXETFANMAFAMRIBGEHLESTESEALIE, BidMatlabXf BE 3T HCERE, EHFS)
SEIRE S ERE AT BB ZAVER A, BEXVIGRE TR B4 RNURBSHIE, &
Tk 33 [ TR = gk SR AR R A 38 A 222 A B o e AT S e s o [ 2200 ) i THT A4 BREP-P6
REAAE30Z2MEE, BILEENHERSAE KR, BBRERARRS . 53HE T EILMARRE
N5 &AF TR A FIR(10-° MeV~20 MeV)FTBZEMEEE FIGLAIBELRRE, HEHLERR
RPI-P6IEBIBATH . ERFAFEZET, BEEF FIRERNEMN, RIEFIRHES: REAEFHMER Y
KiGHFEAR—B, 7£10-°MeV~1 MeVEEERX A, REWMKEE HIRER /S, 7£1 MeV~20 MeVEEEX
BN, ZREMEKER. REGIERRAEFEECTREREM, 2 EHKEH.

XA
HEZEHEA, MRIER, BREPHERD, HTE, SN FMH

Construction of a Surface Radiation Dose
Phantom and External Exposure Dosimetry
Study for Pregnant Women in China

Mingchen Xial, Haowei Zhang!, Heqing Lu?*, Ying Liu?

'School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai
2Department of Medical Equipment, Shanghai First Maternity and Infant Hospital, Tongji University,
Shanghai

Received: Apr. 28", 2023; accepted: May 21%, 2023; published: May 31%, 2023

CERIER

ESIF: FWIER, mikih, BOESES, KB el i e A T A R S B S IR SRR AT U] N Bk
Ji€, 2023, 12(5): 2553-2560. DOI: 10.12677/aam.2023.125256


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2023.125256
https://doi.org/10.12677/aam.2023.125256
https://www.hanspub.org/

HER %

Abstract

In this paper, based on a six-month MRI image set of pregnant women and combined with Chinese
reference human data, we used Matlab to pre-process the images, combined manual segmentation
and automatic segmentation to build a 3D initial organ model, then optimized the initial organs
and generated NURBS surfaces, and assembled them by reverse engineering 3D solid modeling
techniques and based on anatomical distribution data to build surface model BREP-P6. The model
contains more than 30 organs, and the main parts of the fetus are brain, bone and soft tissue. The
fetal dose conversion coefficients in the surface model of pregnant women due to in vitro neutron
sources (10-° MeV~20 MeV) were calculated under five different standard incidence conditions,
and the results were compared with the RPI-P6 model. Under the five incident conditions, the
growth trends of the absorbed dose conversion coefficients with increasing neutron source energy
are basically the same in both models, with slow growth and small errors in the 10-° MeV~1 MeV
energy region and faster growth in the 1 MeV~20 MeV energy region.
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2.1. B&AIIRE

WL EE RS TEA CT. MRIL HAERBUER . X FRAIZEE S RARSE[7]. T AR 20 R HUsU
PEEE SRR CT 94, AR SRR, REREEEL, e XMW RG TEN MRI. N7
S4BT L AR R A R, IR BN S N A2 # BB . BT MRI 2GR A TH B K%
B s PP RHEE BE I — 44 R A I PP TR B . IR TR 27 &, Z)E 26 A 4 R, JFERRRIAE T
WS R E . REERS N PHILIPS A F ) Ingenia CX 3.0T, K144 841 5K DICOM % 2 4 4 A -
5 4mm, 433E% 560 x 560, K56 E% I8 DICOM. & 1 BoRiZZ M o R w0 e R T
1 5 .

Figure 1. Different cross-sectional views of the pregnant women
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T J6AE Matlab Hoxt MR EEHEAT T TRACERERAE, K AbBR 4T EHE 5 A2 Mimics Medical 20.0 #, F| A
H B FIF- 3 7 B A A8 5 R ARG & 17, 0 AR BB ST = R A, AW FUREL PM YA
NURBS i 45 & I M @B WIIR 2R B AL . BT HIAR S B350, AW A Fahit ) LaE R 77 =G,
ARSI e @G LA AL IR 23355 5 N2 Rhinoceros7 HidE AT 2600, FERCHT 4% —
YRR SR BEATTCHE, FRRARICAF (iR ) LI 7 BB, T BB AR LB R — MR T, KR
JUBEAR BT T B 2E A BRI, B e TRATETE MRI MRS A 2 B B S RPE FEVE AR IE A, A
Vo H RSB RR LR TP R AR, LAETS MRI G SR AR 10 s F Rhinoceros7 & HC i 2 H bR ic s
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AL\ HRAER R DGR N B B TR, 45 212250 9754 H b B 2200 B iR ) LAY (BREP-P6) , i 44 &
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2.3. B4 ET HEM MCNPX 18R

SRR % J71%(Monte Carlo method) & —FhGi i 5250 7 A s ML FEFR [8], B2 2k TR Gt B iR
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Figure 2. The BREP-P6 phantom for
Chinese pregnant women
2. fFEZ% 43 BREP-P6 AL LE
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#e 24, % 15 BRER-P6 #5471 RPI-P6 HLAY (1) 2400t LU [15] [16] [17]. [ 3 N FhbRiEMA SN NI 26 4F
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Table 1. Parameter comparison between the BRER-P6 model and the RP1-P6 model
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Figure 3. Comparison of the fetal absorption dose conversion coefficient of BREP-P6 and the RPI1-P6 model

[#] 3. BREP-P6 & )LIRFIES R A H S RPI-P6 HRBEIAYRTEL

PR AR G N, % R e R K IR 3R — 5, 7F 107° MeV~1 MeV X1, %R EE K
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BRI T RGN B UL NS ORI U, iP5 1 b R R B 2,
(R R SIS iEy i pilhe itz Lt

3L e 4 TR PR R ) LIRS B e R KRS RPI-P6 R AR A 34 A — B, AEWI AT FE 5L
{1 o TS 7R R S ST (R R AR L, — A A A S b R IR R R ST B4 AR S E FE B FT kAt T
LR AR LB EERT, SUERT A 2R IE R, IR LICBORI i R MR R, TR Ja NS 26 AF
LR IGR R e R B/ . RSN, S TREE ST 1 MeV B, 1% REOY KIRGE, WAL (AR 2
£ ETHE%, KPR EEFRR S BREP-P6 MR AR, & FAMEM E o L& BB K[18], &
SRR Al RE AR P EA BAE R LB, hrRERE =T 1 MeV I, BREP-P6 LAY
W [ RE BT BOR

AR BRI R AR R ), SCHGR A YRINIIT AR (224, BRI G LR 4R s B ANE TR R T
WEAEI HI[19], AHT R Re TS & B s LA AR A A%, HIRJL DNA Jy B i Tt
TR T IE B T S BUIR ) LA B RAE[20] . PRIAE FH AR v, 2200 R e R o R A B
I, B AT DL ST R AR S A BEAT 5

DOI: 10.12677/aam.2023.125256

2558 I3RS


https://doi.org/10.12677/aam.2023.125256

HUER %

EemB
[ 2K B AR G T _ESCRRIH (82073474).
S0k
[1] Saeed, M.K. (2021) Comparison of Estimated and Calculated Fetal Radiation Dose for a Pregnant Woman Who Un-
derwent Computed Tomography and Conventional X-Ray Examinations Based on a Phantom Study. Radiological Phys-
ics and Technology, 14, 25-33. https://doi.org/10.1007/s12194-020-00598-9
[2] Li, X, Yang, K., Westra, S.J. and Liu, B. (2021) Fetal Dose Evaluation for Body CT Examinations of Pregnant Pa-
tients during All Stages of Pregnancy. European Journal of Radiology, 141, Article ID: 109780.
https://doi.org/10.1016/j.ejrad.2021.109780
[3] Abadi, E., Segars, W.P., Tsui, B.M.W., et al. (2020) Virtual Clinical trials in Medical Imaging: A Review. Journal of
Medical Imaging, 7, Article ID: 042805. https://doi.org/10.1117/1.JM1.7.4.042805
[4] Stabin, M.G., Xu, X.G., Emmons, M.A., et al. (2012) RADAR Reference Adult, Pediatric, and Pregnant Female Phan-
tom Series for Internal and External Dosimetry. Journal of Nuclear Medicine, 53, 1807-1813.
https://doi.org/10.2967/jnumed.112.106138
[5] Zhang, H., Sun, S., Lu, H. and Liu, Y. (2020) Construction and Application of Brep Phantom for Chinese Women of
Childbearing Age in Radiation Protection. Radiation Protection Dosimetry, 189, 407-419.
https://doi.org/10.1093/rpd/ncaa056
[6] Shi, C. and Xu, X.G. (2004) Development of a 30-Week-Pregnant Female Tomographic Model from Computed To-
mography (CT) Images for Monte Carlo Organ Dose Calculations. Medical Physics, 31, 2491-2497.
https://doi.org/10.1118/1.1778836
[71 Xu, X.G., Taranenko, V., Zhang, J. and Shi, C. (2007) A Boundary-Representation Method for Designing Whole-Body
Radiation Dosimetry Models: Pregnant Females at the Ends of Three Gestational Periods—RPI-P3, -P6 and -P9. Phys-
ics in Medicine & Biology, 52, 7023-7044. https://doi.org/10.1088/0031-9155/52/23/017
[8] Nagaoka, T., Togashi, T., Saito, K., et al. (2007) An Anatomically Realistic Whole-Body Pregnant-Woman Model and
Specific Absorption Rates for Pregnhant-Woman Exposure to Electromagnetic Plane Waves from 10 MHz to 2 GHz.
Physics in Medicine & Biology, 52, 6731-6743. https://doi.org/10.1088/0031-9155/52/22/012
[9] Ange, E., Wellnitz, C.V., et al. (2008) Radiation Dose to the Fetus for Pregnant Patients Undergoing Multidetector CT
Imaging: Monte Carlo Simulations Estimating Fetal Dose for a Range of Gestational Age and Patient Size. Radiology,
249, 220-227. https://doi.org/10.1148/radiol.2491071665
[10] Maynard, M.R., Long, N.S., Moawad, N.S., et al. (2014) The UF Family of Hybrid Phantoms of the Pregnant Female
for Computational Radiation Dosimetry. Physics in Medicine & Biology, 59, 4325-4343.
https://doi.org/10.1088/0031-9155/59/15/4325
[11] Xie, T. and Zaidi, H. (2016) Development of Computational Pregnant Female and Fetus Models and Assessment of
Radiation Dose from Positron-Emitting Tracers. European Journal of Nuclear Medicine and Molecular Imaging, 43,
2290-2300. https://doi.org/10.1007/s00259-016-3448-8
[12] Rafat-Motavalli, L., Miri-Hakimabad, H. and Hoseinian-Azghadi, E. (2018) Hybrid Pregnant Reference Phantom Se-
ries Based on Adult Female ICRP Reference Phantom. Radiation Physics and Chemistry, 144, 386-395.
https://doi.org/10.1016/j.radphyschem.2017.10.001
[13] Bozkurt, A., Chao, T.C., Xu, X.G., Bozkurt, A. and Chao, T.C. (2000) Fluence-to-Dose Conversion Coefficients from
Monoenergetic Neutrons Below 20 MeV Based on The VIP-Man Anatomical Model. Physics in Medicine & Biology,
45, 3059-3079. https://doi.org/10.1088/0031-9155/45/10/321
[14] Vaz, P. (2014) Radiation Protection and Dosimetry Issues in the Medical Applications of lonizing Radiation. Radiation
Physics and Chemistry, 104, 23-30. https://doi.org/10.1016/j.radphyschem.2014.02.007
[15] Taranenko, V. and Xu, X.G. (2008) Fluence to Absorbed Foetal Dose Conversion Coefficients for Photons in 50
keV-10 GeV Calculated Using RPI-P Models. Radiation Protection Dosimetry, 131, 159-166.
https://doi.org/10.1093/rpd/ncn163
[16] Taranenko, V. and Xu, X.G. (2008) Fluence-to-Absorbed-Dose Conversion Coefficients for Neutron Beams from
0.001 eV to 100 GeV Calculated for a Set of Pregnant Female and Fetus Models. Physics in Medicine & Biology, 53,
1425-1446. https://doi.org/10.1088/0031-9155/53/5/017
[17] Taranenko, V. and Xu, X.G. (2009) Foetal Dose Conversion Coefficients for ICRP-Compliant Pregnant Models from
Idealised Proton Exposures. Radiation Protection Dosimetry, 133, 65-72. https://doi.org/10.1093/rpd/ncp020
[18] Yeom, Y.S,, Griffin, K.T., Mille, M.M., et al. (2022) Fetal Dose from Proton Pencil Beam Scanning Craniospinal Ir-

DOI: 10.12677/aam.2023.125256 2559 I3RS


https://doi.org/10.12677/aam.2023.125256
https://doi.org/10.1007/s12194-020-00598-9
https://doi.org/10.1016/j.ejrad.2021.109780
https://doi.org/10.1117/1.JMI.7.4.042805
https://doi.org/10.2967/jnumed.112.106138
https://doi.org/10.1093/rpd/ncaa056
https://doi.org/10.1118/1.1778836
https://doi.org/10.1088/0031-9155/52/23/017
https://doi.org/10.1088/0031-9155/52/22/012
https://doi.org/10.1148/radiol.2491071665
https://doi.org/10.1088/0031-9155/59/15/4325
https://doi.org/10.1007/s00259-016-3448-8
https://doi.org/10.1016/j.radphyschem.2017.10.001
https://doi.org/10.1088/0031-9155/45/10/321
https://doi.org/10.1016/j.radphyschem.2014.02.007
https://doi.org/10.1093/rpd/ncn163
https://doi.org/10.1088/0031-9155/53/5/017
https://doi.org/10.1093/rpd/ncp020

HER %

radiation During Pregnancy: A Monte Carlo Study. Physics in Medicine & Biology, 67, Article ID: 035003.
https://doi.org/10.1088/1361-6560/ac4b38

[19] Karbalaee, M., Shahbazi-Gahrouei, D. and Tavakoli, M.B. (2017) An Approach in Radiation Therapy Treatment Plan-
ning: A Fast, GPU-Based Monte Carlo Method. Journal of Medical Signals & Sensors, 7, 108-113.
https://doi.org/10.4103/2228-7477.205507

[20] Segars, W.P. (2001) Development and Application of the New Dynamic NURBS-Based CardiacTorso(NCAT) Phan-
tom. University of North Carolina at Chapel Hill, Chapel Hill, 110-156.

DOI: 10.12677/aam.2023.125256 2560 I3RS


https://doi.org/10.12677/aam.2023.125256
https://doi.org/10.1088/1361-6560/ac4b38
https://doi.org/10.4103/2228-7477.205507

	中国孕妇曲面辐射剂量模型的构建及外照射剂量学研究
	摘  要
	关键词
	Construction of a Surface Radiation Dose Phantom and External Exposure Dosimetry Study for Pregnant Women in China
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 图像的获取
	2.2. 中国孕妇曲面模型的建立
	2.3. 蒙特卡罗方法和MCNPX程序
	2.4. 吸收剂量计算方法

	3. 结果与讨论
	4. 结论
	基金项目
	参考文献

