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Abstract

In computed tomography (CT) scans, metal implants left in the patient’s body (such as artificial joint
prostheses, intracranial aneurysm embolization coils, metal crown bridges for oral restoration, etc.)
are prone to induce various types of metal artifacts, significantly reducing the density resolution and
spatial resolution of the image, interfering with the accurate identification of lesions and the objective
evaluation of postoperative efficacy. The causes of metal artifacts are complex and are the result of
multiple factors such as photon starvation effect, X-ray beam hardening effect, and scattered line in-
terference. How to effectively suppress metal artifacts has become a key issue in improving the diag-
nostic efficiency of CT. The current single technology is difficult to balance the requirements of artifact
suppression, image resolution, and radiation dose. Multi technology fusion has become the core re-
search direction in this field. This article systematically reviews the current mainstream and cutting-
edge CT metal artifact reduction technologies in clinical practice, elaborates on the mechanisms of
core technologies such as dual energy imaging and iterative reconstruction algorithms, compares
the advantages and limitations of various technologies, focuses on exploring the application mode
and optimization path of multi technology fusion, and prospects the development trend of this field
in combination with the latest research progress, aiming to provide theoretical reference and prac-
tical guidance for clinical precision imaging.
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[EL% S VAT i 7 e e R E DI

2.2. X ERBEWHEL

O CT BRE RS INAESBERE 0 2t X SHER, AGTARFIENRN, (RBEE)e T g, wife
BT BT E, SEUNLCT YRR TR G N TR, BONERE RN . £ H R
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2.3. HibHEhRmE R

Bk ERAZOHURI SN, BUETIE S BB BUR ROREE SR E B ah R R, St e
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Enf e m bR IR, 24T CT YU ORI S B BoRE. EdSkL. BT 4
L JE A B SE 3 N2 SRR TT B o BREARMAFAYIN, sSeilem b A Rant], HiEdaha
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3.2.1. EREMFERE A (imar)

& B F NSk (iterative metal artifact reduction, imar)/& 5 N4 BN T W @S,
BEWNEAMET I, IEZEEE . BENEESD R, IAGEARECN 10~20 k[3]. HiZOILH
FET, RSN A BCEE R 2 S B e ) R X, RIS AR RS SRR, B RO LR
RSB RIZIRINRE[7]; IR BEAS IEZ OS2 T AL CT 8, T T HSOKF, NEES it
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SUEERE @RSEEE T S RS R, A X SRR . RS R S S L,
1o %2 Gk AR S S PN 7S A 5 25 1A) 4 W R AR TH IO R HAR[6] o AR B ALE T, TR =425 A1)
A B T A, A RS A PR TTIA 13 Ip/lem, {SMELLIRTHE 25.4 db, A& BoR 4
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RE. EN RIS L AR, FEITRSRER G ERIERI[6]; 16K R 2 H PR A
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TR 22 3] 5 43 (deep learning reconstruction, dir)& A T8 Gt 5 ARAE B A AR A s BN A, HAZ O
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HRMRETZy: BT AR I RBON R 2 AR, WG SBE. B ST IURAT 55
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HATSRZ G2 — IR R VPN AR, #1120 BRI [2].

33 B MMUSHMSHEREEE: NIRRT~ E

T IR S B 8 SRR S MR, mT R R Sk 08D 4 D R (A T RS AL,
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SERCKTE BRI S, ARORS . LB IE ), Bt S &R s, EHT
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VRSN, AEARRE X PR DR IR S 2 42 [5]. = RFIRM S EOR, mitraa. 6755 A 8344
BHOM A, RERIDCTHIRSCE SRR, WiReE SRAL L ANE S X AR, niEWER 0.2
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(cpr)s ARAFIL(vr). HBORE R (mip)FHoR, 22 HEOREE AR N &m it A 5[10]. Har 53X haEE
BRI ERAIE A, 22D 5T &R AR S A E 2] -

SRR AARBLAE . ATSEl “f4 - A - G AR MR DT RE, S0 A E &R
AR 5 R R RIEFEE B 5 A BETTVA[10]; flan, XURER MR dir &5 MEHESE, 4 mpr £
FHEEZEREMAL . ARG SR AR R RN 5 B AL A R &R, SR E& 1) )=
PR AR BAR TR =4I REE, B RIS 8, BT mKENSE TR %
L2 SBRE[5]; X T ATIIBOR B IR s, PRE R E . whL. @SRRI T

HORMRME L EAR: FABERAEE R, & TIRBITERE, F MBI [10]; TARSS BRI 7 e T2
U A R AR EOR, BN E B s 5 B S AT i 5 AR e, AR
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Figure 1. Multi technology fusion decision tree model diagram
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1. BKASEAYIRIE T F4)

AR V75 80/140 kvp XU fE B A (RETE 2 60 kvp, FRBUTIE 53T HE), imar BB E I T
TRIX I (EAR 15 PP R 5 RCR), mpr Z P E (A + 5RO G M%) [5]. &R L oe s B4
AJG 1FEHELE, IR 72%, B 5% 5 RZ[7]-m 0 R 75 K %5t 100/140 kvp SUEEE
FH(ICREsR T 22 100 kvp Jilk/Me ), dir (B %L PN ZRBRY) + =4k A g (1R U4 %2 %0 0.08), vr
BAEHILOE Y L 30% R i 1) . TG EHE N B DE AR S RETFAB TS, RIVEMT R 0.5 mm 20 T ik
JE[1].

2. AEEIIE ARG (R T F A

KiGH @5 120 kvp B g EHRMERTHE IR E 250 ma L TILK), meitaifbHARGEIE <
60 kev fiKBEYET) + dir (LR AR Yl ik 08, cpr il T 2 2 (VB AR K i = A B pE R DA ) [9]
ERC AR EHA S, B B A LSS B 18 db #2714 28 db, &M R R [7].

NG B 4 JE 5t 70/150 kvp XURE R FAHE(RE T 2 80 kvp sifb & )& 542150 &), vne EilEE
JEHA (% )& BE — 1000 hu~ + 3000 hu) + dIr (F54HZ5 5 8Y), mip oK% B2 S 5 mm) [4]. &
W B EAN, EWREANRE, ML CT E % E 4 1IF# Yu (28 hu~40 hu) [4].

3.5.2. REHERAIE

MBFIW: TFARICFEE, EEFEH CT BBYIE S R(EIETFEEE: % E > 1000 hu, K
[E >5cem; RE TSR W% REIR KESREL].

ZHORA : XUREER kvp PTARHE B &% 2 5 R (40 ge ¥e#% H 80/140 kvp, VU154 A 70/150 kvp), #%
DRFFRERE 2 > 60 kvp.

BRI WEAE i (kvp + B FLIL)— A8 1 A0 3 (4l 4k /vnc)— 1% AR EE & (imar/dir/ = 4E2:4R) — J5 4b 3
(mprivricpr), ANATERENRFR[2].
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Figure 2. Effect diagram of artifact removal after spinal internal fixation surgery using titanium alloy screws

2. BREABEEARFEE B MEERYRE

1 RIS B Z (fop), W “I 2(a)” = HhALEMRH, 14~15 BR& G HRET ) Bl a) AR RO 52 (% B2
800~1000 hu), BRET SHEMRFHIBON], JoRIPASERET#AZ). Fop B, (KJE-T7Ee 8 Do s AR e ATy
TR BRI FIT .

2. —HARMFEXT LB, W “FE 2(b)” ¢ (imar)fhREUREE 50%, BRET - B FRTHITEM, E R A I (S
I EE 20 db); [ 2: (dect 120 kev): {ZMELLIRTFZE 24 db, HAHTTHEAL, B 2. (Z4ERER). &=
6] 73 #5221k 12 Iplem, (BONEAREE . B —HOR T SEEIE—48bs, EERBNEL “Mh + @adis +
fIRmgEFE "

3. ZHEARAEE, WK 2c)~E 2(f)” : K 100/140 kvp W AE R +dir (B #AEA) + =4Ei%/CE
i oAvr HETE, WBETTEA . MRS M TS o 5, HEM VP IRET AL B TC A S, MER TEREAE (vr MR
HALEIR N ] 8 RABEATEAS, (1B i) [9]. Ala B ARG E TP 50E m s s, WA= RIUEXT T
FE, dir P SA0, =4EER + vr 3RS EORCR,  FRE0A W 5 V48 7 R (8]

LR ERTIR, R BUG A EERE 7 B SR T RACE LS, RTAERDE] O 52 1 [R] i B A 4 5 77
&, GEREREBENWS, HAESEES GO AEIREAR[5]: SR RN A B 5 3
BE2F SIS TH 2], imar SERCH A BRI, 4R E BRI RGO PR, RS S EE Ik
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& ANRBE SR I = RO HE 20 R, =B W 5 BRI BEPHIRALER S AT [6]; BEMFIAL SRS HUE e
PR MR RSV IET G R, A Iesh D T, REZEREE IEERR[1]; 2R A B HoRIE
WA EEE RS R, ULIRRICW SHERR, WS OHER WG IR Sk BT
JEREEARAL DU YEFE R CT & OS24 1 e BEBORR R [10], FREARKIZ L E AL SRS
FHFHI AT I 2.

Table 2. Comparison of multiple techniques for CT metal artifact removal

2. CT & B EBR SR AT

AR Btk 2 eI
L TSI SASURA RS L B, faEE S
e e ERRESEEE. 2 I
MAERAREAR T et 2. ARG 30%-50% 2 B RIE L A
3. KRS R NRBLERESE 3. (AR R R
LOROOE TR, RIS 1 EAREEN A, B E
S CT & B
ISR SR Imar 2 BERIE, EEBUAESE 2 2eREAMIECLE R
3. L CT & He2e P S
1 IS MR T % 4 B - .
2. ST HL A e R\ % ;'igﬁigfkggﬂ%%
SR AR SRR LR S A
3. A4 HERIL 13 Ipfom, [ 4: %;W PRI
g
L AR SR 1 A RS (LA 5
. . N 65%LA I 2. BEBIRUSA S
EREATIL A (REEFAIRE) ) " ainoom, FATFHIRE 3. (Aol b SEo Rk
3. WAL, ERALER K
WEE R, # . .
;g eR i, BREERIVE | i, REREE
A% M ) > H- DL\b . — b /Alv 7 =N )] E; Xﬁu%&
ﬁﬁ’f*{j?{’tﬁ%%ﬁ ﬁ]‘;&ggj‘:ﬂﬂ \A%E He 2—‘;— Z{jj?lﬁ*iﬁui7 %@j%}ﬂ/#ﬂfﬁug 2 ﬁ'mﬁ*ﬁﬁ?ﬂ%ﬁ%ﬁﬁ,
ikt TR A = e
3 GBI, R TR
B SRt
L AT RO, %
R R R W I
pHAELE 2 MR, TS
A Pr~ P VIS MID 2 s 2. B A

3. AT PR AT IR AT B D21
T

3. R AT 19 1 e Kl o

5. RARRBMEHRKS X RiESE
5.1. HEARA TG LI
SR AR S CRILHLR 3 MR RS, (2 (I i85 2 e 20 S A [2]. — R BeR

SHCERCVEMER, A FBARR R SHORIZIEBAAEZSTE, GIUDNRERE BRI BE LSS dIr (BRI 2%
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SHERZ G ERARE, 5 FEREG R BGRR[0, —REBIREM SRS, ZEOREG AR
B 2 A PO (U e SR Kl + =AU + R ACEREIR), XEERE pacs AL EER 517
BRI ZOR[10]; =R IMRIIEA RBL, HATSRZH X ZHEARME T RS POrbriE, e
T EA A A F I AR 5 K2 BRE2]: DU BRI T TR s, 2 HOR G T 5m R 42 i
JREE, SOESHUE A B, W IRPR N 53 1k 3R IR BRI . — BORS F [6]

5.2. KKk RtaE

BEE N TR BEROAR . REWE BB BRI RIBHE AW, CT &)@ DMl BOR IESIE B REfL . K
#ELL . ARFVRALIITT IR R[], ARR A0 RSB ARBAE =I5 T -

—RRE A ABARMRE R &, EE RSB, STl “HiMS AUk - el -
DyFeami - BREE” M4infe B aEnc[o]. #lhn, BARWIRE S REARIM . 28 B3R
AU EERREH S dir BRSE, TRALT T FN RSB R EORE 1 e ) st s B s
W%, RTRLE T RIMEERCRE ST BeAh, B L. KRFEARN SRR G AR EE R, TR
FETHRERL Rz AL RETI[8], M RS L < JR AR N Dy B AR O A A ) R[]

TRZEEBUR IR FEI ], A — CT BSKIRIR, K CT 5 mriy BA . pet SFHORBETEES
BAEGRE[2]. B, FIR mri ERAEL SR LRSS, Rk CT em O XIS UE Bk K,
W GRS A S, AR “CT MREIE AL +mri THEERUE” MR a BIE, Sl & B & A
AR — DhRE — R AL PRAG 4] [N, RRMEHEX CT WS BB BRI A, S5 a A EAH
HgEA dir 535, EREREET S22 R AR KR(5].

=RARTE 5 e R AT BT AL, 38 PRI A R A (i B i B PR 5% ) R RS TT) IR
R REAABT, SCHUB RN R T H i R 6] IR, xS S5 nI e s AW R 1
MR R IR ZEARMERETT R, EICEADAF BB SRR FR, g CT SR E AR
ARJEREVT N A FH1]o BEAh, AL 2R G AR HEAL IR PRIIE AR R, 15 AR PR 37 5% (Ui A3 5K
TEH MM NRE)NBRB TR, HESHOR FTEALHE[10].

6. &it

SR ITAZANHRIRTE CT SWiiE. fRbEeREAY EE ARG VAR L OB 1I[4]. 2
AT O RE R AR IS RER A BRI e 2 AR 5 AL B Py [F) 5 JE8 P A Bl 2 A DT 58, 452K
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