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Abstract

BNCT dose fields are shaped by neutron transport, boron concentration, and tissue composition,
and therefore exhibit strong spatial heterogeneity. Two-dimensional slices can show local dose val-
ues, but they are weak at explaining the spatial relationship between dose hotspots and brain anat-
omy. This study proposes a CT-RTDOSE fused three-dimensional visualization method for BNCT
brain dose analysis. The program loads CT series and RTDOSE data, resamples dose to the CT grid,
builds approximate masks of the head, skull, and brain region with HU thresholds and morpholog-
ical rules, reconstructs layered anatomical surfaces with Marching Cubes, and renders the continu-
ous dose field with Ray Casting. The two results are fused in a unified coordinate system and linked
with three orthogonal slices. A single-case study shows that the method preserves dose continuity
while providing clear anatomical reference. In the current case, the maximum dose and peak loca-
tion remain unchanged before and after resampling, indicating good spatial consistency for aligned
data. Compared with slice-only display or dose-volume-only display, the proposed method is more
effective for hotspot localization, boundary inspection, and spatial interpretation.
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Figure 1. Overall workflow of BNCT dose visualization
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Figure 2. Workflow of head, skull, and brain mask construction
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Table 1. Inputs, thresholds, and outputs of the marching cubes reconstruction module
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Figure 3. Algorithmic flowchart of the Marching Cubes reconstruction module
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Figure 4. Three-dimensional reconstruction results of head, skull, and brain region
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Figure 5. Volume rendermg results under different dose thresholds
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Table 2. Dose statistics in different anatomical regions
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ROI Voxel count Mean dose Max dose p9s Peak in ROI

Body 1,618,279 0.1699 3.1050 0.4040 No

Skull 281,347 0.1632 3.1050 0.3930 No
Intracranial 1,336,932 0.1713 3.1050 0.4050 No
Brain-like 825,466 0.1737 3.0460 04110 No
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Table 3. Resampling fidelity analysis
F® 3. MEBERFREESN

Metric Value
CT shape 79 x 512 x 512
RTDOSE shape 79 x 512 x 512
CT spacing (mm) 0.974609, 0.974609, 3.000000
RTDOSE spacing (mm) 0.974609, 0.974609, 3.000000
Max dose before 5.5670
Max dose after 5.5670
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B3k
Metric Value
MAE 0.0000
RMSE 0.0000
Max abs error 0.0000
Peak before (z, y, x) (40, 248, 504)
Peak after (z, y, x) (40, 248, 504)
Peak shift (mm) 0.0000
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Figure 7. Comparison of BNCT brain dose visualization results under three display modes
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BEIERE: Tk C AEREUEAL . T FOUL AN () B gt 77 TH] 5E B
4.5. SRS RREIETHT
N RRSEHSEE RN, ACHAT | SEEURIESLR . & 4 B, ARSHIE SR
Y AN RS TE 45 R o A LN DX, (R IRE 1 R AR, BN T Z Ak s AR R
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Table 4. Sensitivity analysis of rendering modes and threshold settings
4. FEERERSHERE THSBERMSES T
R BE LIRS 4 AARmL CPRFE EERE i X AMA R 5 B /%

AR 0.10 1,307,898 3726.97 0.197 3.105 47.29
AR 0.25 296,718 845.52 0.458 3.105 42.28
A A 0.50 32,562 92.79 1.257 3.105 57.88
o DX A 0.10 689,333 1964.32 0.195 3.046 0.00
o DX A 0.25 171,280 488.08 0.426 3.046 0.00
i X A2 X 0.50 13,716 39.08 1.159 3.046 0.00
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R ARRY], BMEBN 0.10 I, S KRN E5EIR &, MR AN BEIE 2] 0.50
Ja, AEARTRBIEA N, EEE A B E . FEE PoE RTE X, BERE R RERE . A
RN E B R AR AT, AR XA A A AR S B EAMEAS 2, W ATR A AR A
I BE £33 24 B AE -

5. WiR54ie
5.1. &ERe

KINENRBET A EY SHHSRE TR WEIELE . S&GU &N, SHEL8%T
MZEAHLE[1], BRI EEEEA AR S5 ERAEHYERAIE B, &6 BNCT X0 7% 7] 5 R Uk
3% 5. Marching Cubes 45 Hi 5#11 5, Ray Casting (REFIELSMLEE, WE GGG, FSUnT 7L B I 0
RN AR . ASC AR OME 3 B SS R R R A MR 2 T, & S1E NILA BNCT TPS 24T
FEfAh e, AN B & it B S IR .

5.2. RRS#TTE

RTTFERRIR A = Ho—y DKL PR A Sk S5 A R SR AT AR B AR T i, & AR
ARSI, BEE G TR BIA LR E . 2, IR T IACBOR AR FE I (5 5 3% B B2 A% 32k o B0k
B, FMASHSWWESER. L=, RCRIET DURREE LB MRS Bt it v E, MABRE
Bl AR E R SRR R[11]. thAh, HETSCREAR RIET VHP ATFRHE CT Ak E
J§% ] RTDOSE, A& di A FBIEALE . A FFIED A AL BRG], B 77 ik & i
i 38 B O SR RS R AR TS 28 PR

JRSETARPN=T7 R TT: —RMEEE 24 BENBIEE, MIANAFAREALE. ARGED A’
SV EEERCAERR ], ARGV SRR R T R EAREAE I R TR BTN
WTERAE 7 s, i — DRI T U-Net MUTRIESE ] 0 BIREAY, 3RTF AR PR S X 55 5 SR At 1) 45
HRHRBORS ;=2 A E RN, IRt DG B R IR 0 Al . TPS FRIE 5| BEAN S 52
HRER, HEZHRGER AL + ERIEAET AT SR

53. fie5RE

ARSCHRH T MRl S CT #4545 RTDOSE 7 &7 1) BNCT =4ErI #ib ik . %5 kil 23 a 4t
—. IEUFENEM . Marching Cubes R M E . Ray Casting F B ARG H| M = LAY Besl, LT A
il BNCT F LS e AR . SR 25 SRR B, 7 VA Re e s B Hh 52 TR 37 5 M S A 45 4 2
TR R 540 V) v oS et =485 SR L, EAERSUERL. 2 52 W 2 40 W 2207
AR AR B E R LE RAB U R, X 5 AT A BE B AE O 55 88 EORFRR T A0 (1) 725 1|] — 5
PEo BEEINEZS A BNCT ML H TPS HURREEHEDE, [ m) 25 MR E I AT A A A T e ). AN,
YETG A R EIET VHP A CT 5 CHkim LA RTDOSE B 5E, J58hR4 &2 Bl
FUTHE ks B2 H 3 oy E1 5 itk — P 58 % .

E&mE
A NBLR G E SR O REVRIE TE e (2 B REVR S 60 =) I H (21K ZS202)
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