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CBCT-guided denoising process
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Synthetic image Reference CT

M2 $LiE 7 VI & % Cone-beam CTHI{E DY, (a) /4 AL DWGAK 7Tt A, (b) AWM & 2 g

REMEOAER L, 2 OWRFEER O IG# IR0 SR %
DRSO WTHINT 5. BRBICB WX, E#
PG L BENTT OWRBAM OB, HRFOREITA %
WiF w4 X =Y v 7, RRICORHIT— 5 2250
RGO T BALAIFRFE NS,

PAE T, 22 ORGSR B — BT O XHEm(E 7 &,
Fisd TR T OWGEED SR Y 22— 47— & R3KTHIR
R T % A1910 25 7b T, #lziE, X2CT-
GANW [ ZE 22 DFZ WG 2 bR IEF 8 % v T3k
Wi {5 % AT B PATH Y, BRIRISH O W REVEATRGE S
NTE7. LaL, TNHEFIVTIE, HILTHERIRIT
THHAMREE DR BUCIR SN TB Y, BRI O Wi{E4E
MEHMBET 22 LR E LCGRETH L. i b imH
M O3D-CTH{EATEH L, BEMAT -5 T LI/ %217
)T ET, MG RE WA IERZENC X 5 g
KIBDEHREE R HIC 2 KT 287 B I Tw 5.

— M, BB IE S s O3 KITIAR F K
T 521, 2RITCOWGZERMNO G5 X0 HRITD %2 H
DEANDOMIE G2 LEYP DY, FATHHEI L AT
HOPICARBEMETHL. ZoMEL2 R EDME L
LCERALT 572012, EHEEHEHICHUS S 11723D-CTR
3D-MRIW {12360 { ME A OEIRIEREFH T2 &
NEZOLNL., 207 7a—F132D/3DIEEHE L IR
M, HEICIUS S N2 K TR MR S e O 47 E %
B ML, Z2EMMESDE T X ) ERITOEKRE
WOEEZREICT 5.
2D/3DAETE A Ao 13 B T B R AT 53 37 12 35 v T FS 1A
FEEINTEMHEGTHEO—2>TH L9, FiZ, WkE T
R & L722D/3DMHE A A bR, XM B 5%
KROMERIE ZPET H/8F A — & OHELIEEE L

260 (30)

TIELAMIE SN TE 7220, R REEDRIZT 7 4 VAR
T OEE LEEE L TeEMbE b0l LT, MEE
LB A DEIEEA RS bV (Displacement Vector Fields:
DVF) of# b e L THbh b, FFIZERIELS D
2D/3DZEALIE A b T, 2KICHI{RE3RITTARY 2 — 4
B ORI 2 HAIEZ RO D 2 ED5EE 2 b, AMEAIE
Hhe L3RR, MERMESDLETIEY 7 v 7R
A2 P OBUTHHIT 5 KB 8T X — F i@ bzt L
b, Fl2, K a— L7 =Y IIREBEEPORBETDH
7o, AT I XUVPSBIRETVEREL, Thb0
PR B 2 2Kt {§ FIZERG LD FENER & E 2
SNb. K, AvyarHWBIRERIZ, PEOLEHR
THEERRE RN 2 TR L 2 R T & 57202022 )
TIWEALEDRDOND AT AIZHHEH LRI\
AR, FEESITH—BND S8 6N 52K BRI
HUZERA Y v aliBEHLEOHMA E LT, Image-to-
Graph Convolutional Neural Network (IGCN)23 % #E4E L 7.
RETFNIL, 2RITH BB OWGIFEIIE D W COPRIBIRE
TIPS OEREZFE L, BBk v ¥ 2 O LA #E
BbEEERTHIEICE > TEHBMEGEZERT S, &5
2, IGCNOYFEHIE D2 L, WifRE %2R L7
SKICEN B A % W RELC L7z, SCROIGCN+IE, U-net
R=ADENYERETNE T T TBAARL Y bT—2
BAA LB A2 L LTWwh. H3IFIGCN+% W CH
— DM XM % (Digitally Reconstructed Radiograph:
DRR) (/) 12K LT, PMISN/A3RITA v ¥ a2 HEHE
be L-mEWIE () 2R LTwaA, BB TIRYE, +2
6, WREOWMBIIMETE RV OO, B OO
GBI e ORBREZ 2B T2 LI2L 5T, ZRNENDE
WOMERERE FHUTE L 2 LRI N

M&IEER X T 1 7F 55 Vol. 79, No. 3 (2025)




- .
' ' l

EFROERAHZERT DS SN EsIE

FEREDO TG 2 & & Il I & N 5 il O TR IR /ML O
WM ERRA Lt~y Tty 75\ Ve ST EF LA
LT, ZEHEEOFRITHNS.

B4 (FE2) Tid26fl, X4 (TE) TiE3081 /iR 7% 3D-
CTF—=FR=ANSF T IFA VHEHDOEZFIEINTH
i<y 549 73X VELYF) 72k o THE
L, MEAGHLENRNTA—=FOFMI AT 2 FHT LI LI
Lo TTIBEDZERZRA TS, F— 7 OEREITMZ
T, ERIIMBHBETH LI L ELLDN—FL2H5b
B35, ERIREFOBME & DRk 2 LR R OHE AL X -
T, HRMICHFRE SN KEDETIVHBEEIHELNLDD

H5.
4, LTV
ARClE, BRI T A B OB WG %
Input X-ray image Predicted meshes L LT , @f%ibja L ﬂé/ljﬂilﬁ/a\bﬂ'*fﬁﬁ \z EQ@— 2 ﬁﬂ:%ﬁb fﬁ]
I3 BEUXHEIEI TS B s O, B, R, E, B EHBIEREN L7z BIREFIZBWT, B 2EH L
BA) OUER A 2 ¥ 2 fIB & DE 7= WA BB EHING X 2 B~ o B 7 £ 30 % B R

BN BB LS, RITOWERA S 8 RKIT DI 1)

HHZEWTE D L V) FFREFD. MRS T by
RIEE 2\ 722D/3DM AL E G D, W ah R MUBRIZ BT W7 W - RIS O R 28T 5 2
DGRV FARN BT B A A F~OFH 23 ENTESNG. (202542 19 H Z A1)
fFEINTwD. FIZIE, MAnCIUE L7z 83 B A 03K

| " (&)
CTHifg 2 blseET VALK L, Zhz FlihoNHEE
AASHEBRICEREDLESL I EI2L - T, IRNBLEE WS 1) Wikipedia, https://ja.wikipedia.org/wiki/:C:R
. . - _ s 2 e i 2) X.Yi, E. Walia, P. Babyn: "Generative adversarial network in medical

EAERT B 2 EATT X %), B4 ML S 1550 M I 5 i imaging: A review", Medical Image analysis, 58, 101552 (2019)
BT Dl IROEREE R LR L TW5, BIRES% 3) T. Wang, Y. Lei, Y. Fu, JF. Wynne, W.G. Curran, T. Liu and X. Yang:
. L L 2 L ORISR IZ BT Li, 223 - 7 "A review on medical imaging synthesis using deep learning and its
ﬂ‘i I:_/ %;ﬁ&i:ﬁ—% ,:; It k\‘: " FHIA clinical applications”, ] Appl Clin Med Phys, 22, pp.11-36 (2021)
RS T — 5 ﬁ)ﬁﬁj ok l’\‘l-ﬁn PRETH L., bhb 4) M. Nakao: "Medical image synthesis and statistical reconstruction
NITEIER ETCEBDPLI VTV I2aL—FFLAATH methods', Advanced Medical Engineering, 12, pp.21-27 (2023)

_ . o — . PN 5) J.W. Stayman, Y. Otake, J.L. Prince, A.]. Khanna and J.H.

- pas — 22 3
7=y EM W, M‘E ahENT A 4 0)%?;? &17 )E7 Siewerdsen: "Model-based tomographic reconstruction of objects
T A VB OB A R LT 5. BAKIZIE, 3D- containing known components’, IEEE Trans. Med. Imaging, 31, 10,
CTHI (% & 1M, S L7 BB A DS X > ¥ 2 % i, PP.1837-48 2012

Frame Semantic label Manual registration Predicted registration Overlaid image

K4 754 VFEHETIVIC L DIER A v > 2 D2D/3DEA b
(RBe) BERESTM (2020 2 AP IR O &, (T B MFESTm 210 2 BEMITIRO EE. 7225 FMBEO17 L — A, U2net?0) |2 X B FH%1 5 X
VOTFHFRER, FEIC X AMEADE, FlShESDE, BEEG. BEENHSOREREE G5, 7 ) Ll Gk 2smHbshTtns.

(31) 261




'

6) C. You, G. Li, Y. Zhang, X. Zhang, H. Shan, M. Li et al: "CT Super-
Resolution GAN Constrained by the Identical’, Residual and Cycle
Learning Ensemble (GAN-CIRCLE), IEEE Trans. Med. Imaging, 39,
1, pp.188-203 (2020)

7) H. Emami, M. Dong, S.P. Nejad-Davarani and C.K. Glide-Hurst:

"Generating synthetic CTs from magnetic resonance images using

generative adversarial networks', Med. Phys, 45, 8, pp.3627-3636 (2018)

L. Gjesteby, B.D. Man, Y. Jin, H. Paganetti, J. Verburg, D. Giantsoudi

et al: "Metal artifact reduction in CT: Where are we after four

decades?", IEEE Access, 4, pp.5826-5849 (2016)

9) Y. Zhang and H. Yu: "Convolutional neural network based metal
artifact reduction in X-ray computed tomography", IEEE Trans.
Med. Imaging, 37, 6, pp.1370-1381 (2018)

10)H. Liao, W.A. Lin, J. Yuan, S.K. Zhou and ]J. Luo: "Artifact
disentanglement network for unsupervised metal artifact reduction”,
Med. Image Compt. And Comput. Assist. Interv. (MICCAI), pp.203-
211 (2019)

11)M. Nakao, K. Imanishi, N. Ueda, Y. Imai, T. Kirita, T. Matsuda:
"Regularized three-dimensional generative adversarial nets for
unsupervised metal artifact reduction in head and neck CT images",
IEEE Access, 8, pp.109453-65 (2020)

12)M. Posiewnik, T. Piotrowski: "A review of cone-beam CT

8

z

applications for adaptive radiotherapy of prostate cancer”, Physica
Medica, 59, pp.13-21 (2019)

13)T. Hase, M. Nakao, K. Imanishi, M. Nakamura, T. Matsuda:
"Improvement of image quality of cone-beam CT images by three-
dimensional generative adversarial network", 43rd Annual
International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC), pp.2843-2846 (2021)

IO RERGR, PAEE, PR S & e 7V & v 72 Cone-
beam CTHEOMEELHEORA", B¥HEM (MDD, 128, 411,
pp.109-112 (2024)

15)X. Ying, H. Guo, K. Ma, J. Wu, Z. Weng and Y. Zheng: "X2CT-GAN:
Reconstructing CT from Biplanar X-rays with generative
adversarial networks', IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR), pp.10611-10620 (2019)

16)Y. Kasten, D. Doktofsky and I. Kovler: "End-To-End convolutional
neural network for 3D reconstruction of knee bones from Bi-planar
X-Ray Images", Machine Learning for Medical Image
Reconstruction, pp.123-133 (2020)

17)L. Shen, W. Zhao and L. Xing: "Patient-specific reconstruction of
volumetric computed tomography images from a single projection
view via deep learning", Nature Biomedical Engineering, 3, 11,
pp.880-888 (2019)

18)P. Markelj, D. Tomazevi¢, B. Likar and F. Pernu§: "A review of
3D/2D registration methods for image-guided interventions",
Medical Image Analysis, 16, 3, pp.642-661 (2012)

262 (32)

19)U. Mitrovic, Z. Spiclin, B. Likar and F. Pernug "3D-2D registration of
cerebral angiograms: A method and evaluation on clinical images",
IEEE Trans. Med. Imaging, 32, 8, pp.1550-63 (2013)

20)C.J. F. Reyneke, M. Liithi, V. Burdin, T. Douglas, T. Vetter and T.
Mutsvangwa: 'Review of 2-D/3-D reconstruction using statistical
shape and intensity models and X-Ray image synthesis: toward a
unified framework", IEEE Reviews in Biomedical Engineering,
Vol.12, pp.269-286 (2019)

21)M. Nakao, M. Nakamura, T. Mizowaki and T. Matsuda: "Statistical
deformation reconstruction using multi-organ shape features for
pancreatic cancer localization", Medical Image Analysis, Vol.67,
p.101829 (2021)

22)]. Tokuno, T.F. Chen-Yoshikawa, M. Nakao, M. Iwakura, T. Motoki,
T. Matsuda, H. Date: "Creation of a video library for education and
virtual simulation of anatomical lung resection”, Interactive
Cardiovasular and Thoracic Surgery, 34, 5, pp.808-813 (2022)

23)M. Nakao, M. Nakamura, T. Matsuda: "Image-to-graph convolutional
network for deformable shape reconstruction from a single
projection image", International Conference on Medical Image
Computing and Computer Assisted Intervention (MICCAI), pp.259-
268 (2021)

24)M. Nakao, M. Nakamura, T. Matsuda: "Image-to-graph convolutional
network for 2D/3D deformable model registration of low-contrast
organs', IEEE Trans. on Medical Imaging, 41, 12, pp.3747-3761 (2022)

25)T. Oya, Y. Kadomatsu, T.F. Chen-Yoshikawa, M. Nakao: "2D/3D
deformable registration for endoscopic camera images using self-
supervised offline learning of intraoperative pneumothorax deformation”,
Computerized Medical Imaging and Graphics, 102418 (2024)

26)X. Qin, Z. Zhang, C. Huang, M. Dehghan, OR. Zaiane, M. Jagersand:
"U2-Net: Going deeper with nested U-Structure for salient object
detection", Pattern Recognition, Vol.106, 107404 (2020)

27)/IMRELSE, REIIHA, AREE, WE#HA, FREE "+ 754~
FB &7 ERESTI S 3 A TR E A bR, B8Rk (MD),
124, 184, pp.12-15 (2024)

Z P b HH
B 20034, HURRRSRAA BT AT TE
BHELRMEE T, AARZBEERAIERI T (FFE), 4%
1 ROBURRLABA R R A A AT SR B, N —
- N— NRZEABEIMITER, SRR B
WFERHESIZ 2 46T, 20224 X 1), HUHERFRFBEE
e N R RERL 7R B Sz, HIBEE To# ISP §
BHFFEICHETE. il ().

MYGIEER X 7 1 7F K56 Vol. 79, No. 3 (2025)



