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Investigation of Coupling Effect for Adjacent Orthopedic

Implants on MRI Radio-Frequency Heating
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This paper investigates the mechanism of radio-frequency (RF) heating that occurs when two adjacent
orthopedic implants are present together under magnetic resonance imaging (MRI) at 1.5 Tesla and 3.0
Tesla. When a patient has multiple implants close to each other, interactions between the implants may
increase RF heating. Typical generic interlocking plate and antibiotic nail implants are adopted as
examples. To analyze the effect of adjacent implants, the amplitude and direction of incident and
scattering vector electric fields at the hot spot position are calculated and extracted using numerical
simulation based on Huygens principle. It is shown that a strong coupling effect occurs due to the
existence of both the incident field and a strong scattering field. Huygens principle can be used to obtain
the first and second order scattering fields generated between implants. If the first- and second-order
electric field terms are summed within a certain region, the RF-induced heating of this dual-implant
system increases.
finite-difference time domain, Huygens source, magnetic resonance imaging, orthopedic implants, radio-
frequency heating, coupling effect
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P AT TR SR, FRE e b4 LU
fTEE. A, (A —CEPrr B TR AR —
MERHEWAS (— " EE R A EEIRET),
BRI, AT EEITEE, REZITHEAFHA
gt frEdrieE,

iR {4 (magnetic resonance imaging,
MRI) HA TG G145 Fiot 5 20 2 A9 300 R 4 S8 e
FrLL et B FIE A s AT PR B T A,
EF AT, MRUHTFAEFHF. EHEAE,
MRIA] HF PR AL E . FARILIE. BRitR
DK WIRET . 2Aim, HTRE%E, HRitEARE
FIMRISZ ™k PR il H ST S ot T 2
Bz—, B, XX 5 IR N AU
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AL, V205 & W8 BHE A 9 (EMRIBA
5 T A2, B O B AN S I MR A
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ERRESHEAZNERHEA W ARG, BIfERH
IR RGUA R IR & A S IR Sk (e 4
0, {H2&ZAEFHEA S bR S st ] 5
A B TE 2 A

PR A EMRIASE T Y I ECEAIAR TS
PR TR . EEMEHKE S (American
Society for Testing and Materials, ASTM) F2182-11A
iR T 2 E & 25 ik B R (Food and Drug
Administration, FDA) #7205 8:, BIAEARMEMA L
HIH T EEIEER 7k (gelatinous, GEL) , #5640l A\ A 24
AU LA A5 R R SRS . R Z T,
£1.5 T(64 MHz)/3.0 T(128 MHz) MRIZAYE 4%
HRAEGIFHIRSRCLH THREHEWRN Y,
XEERFFER I, AERHEA R SRS R RE
MRIZ¢ 4 Hp 1 BB 520 R 35

MIRE A B2 B PHEA RSB E 2
MRIAS AR, AT REmlE 5 S A S, T2 &
GG OL, B ARG &R 2 B RS A 2808 T
eSS S I ECAEE R . T 2 A A RGE
UL, SIREEHHLGE BAHEA RGRAFE . A
RE R B AT Yy, PN U
WATREVE K AR AU, FEAHR SR I HU
PR,

PR P SR I, B AR R AT Y
SHREEMLHIGEAT T, &oE, E15TH3.0T

MRI 5 T 3R AR AL B R R g3k E
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W% (specific absorption rate, SAR) {H, FfHE
FRIEAROLAE DL T B T A SRS i e D
Jilal, REEEA R S BN, R THEA
Yy 2 A EAE B TEARpLEI, 32D T E4TT
HEHEA P O T MRS SRR A 300 7T RE
ST AR RS

1 WF5Ediik
1.1 EafizEig
XTI A 25 bR S5 1 RE & A M BE AT

MR, A GWAEMRIT (I SHRBEAPE il &
LEIPRFIHE T Z—. WA G ST 5 DA & 2
GIZES M SRR ARSE, X ER o A bl
Wi S A RE 2 AE A AL R b AR TR CRE B,
SARNM A, FIRSARKYERSIE LA :

S(r)= %E(r»z = %E(r)ﬂ* (r) (1)

Her: E(AmY, o, por BIAEYA LN SRR

%R, fESim4Lifesk b, HAFEBIIRERS M
{5 )8 FH 5 T B Pennes A A3k 5 B TH, BII

c aTa(:’ D VT (1) + pS(r) @)
Hrr: B2 FAERE(W/(mK)), cbb#m(/(kgK)),

pREAT BRI % FE (kg/m’), 1R A= IR PR SN B
K@) ATEAREAKG):

oT(r,t) S (r)

=aV2T () + —= (3)
ot c
Hp: a=k/pcAFRa SRR P Y HeR., AR
0T (r,1)
S(r)e o1 4)

SARFNR & T+ @ B b= kL. Bk, SAR
Bk, MmITHE, MA(DAT %, SARIEFIEEY)
F3%, AILAS WA S EM T 5 B

E(r) = E° (1) = E™ (1) + B (r) (5)

WE, AR RS BGR, BYH
M REART R, M A WISCE (EASTM
fRA I, JE BB AT B — B e 2204 0.47 S/m
HIA TR 0T, R SO L B 7 A B A S RT UL 555
R, 5&RHEAWBE. LR KERR, £
ERRRATERT, SrodaRmbm, #—Prai
S5, &R AR % B Y B SR B R
(perfect electrical conductor, PEC), HL{E £ ST
FEvlnimsh. Fit, {E4E Sy 2, B
RIS TAAT B, [FI R ERRUSARE S EEK .,
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ZRGBIFHERE L, FCR S AT LSy DA i ST 2k Bl
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BrEc sy, s FoR, aTEARIE A .

E°'(r) = E™(N+E) (n+EE (n+
Ey(0+ES () +o(Ej, () (6)

Eiign

Hod: Ef FNED & Z G0 AT R G0B b S5 2 oA S
Yys I —F B, Bt RGEB M —Frsdt
YIERGA LI "B, R, EjRGA
FEE ) — B RO S RSB LR S . BN,

v Ul €2 B/ A i e V1155 €2 B2 U N g €%

%/ LE"e, [

Ei HE - EZ H?.
M {,j | Sy /7,,) .'.
EA HA l B B l
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Ef HY Ej, Hjf

F1 Ak ht ey vt

Fig.1 Terms of incident and scattering electromagnetic field.
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JFRSARMLE K, ARRAE %/ NI I A BRI RE &
FEHC, MRS T E . AR, AR AL 2 AAH AR
M, im TR B2 T,

1.2 BRERSEMW

HIRARGAE T RO WHIBTE G b, HT
TR B A S E . X E Y, Al
LMERZA AR5, LLd B RASAE T RGA G
AT, RREZA SRS Z R EIEM . {E
AkWrgid, BT IR RS FIRCE , {EH]
SimdLifeX (xR ETFNE 5T AR A TR, 4

Fr7R.

PR B MAGIIMEHE B A TR TRA, T
KEERNIRIBE 43 31430, 50 mm, - Y5 BEFNTE B
5rIAS, 15 mm, HLEETAILNE £THY B AR5 B A
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ANV EE . AR BE AT SRR B L 228,
B LA IR BB BRI T A BE 1 A A e vl S A
DA BRI ELE . Horb S A S S BAE (R Y

FEEFDR PR R, A0 FR,
(a) WARET Y E AR (b) HLEET (c) AMHET
(a) Plates with screws (b) Thick nails (c) Thin nails

B2 4% A Sim4Lifedk A 2t i BRAT Fo B 4T 04 B AR AT AR
Fig.2 Modeling a bone plate with screws and bone nails using
Sim4Life software

K1 EMRFEATH R
Tab.1 Length of plate and nail implants
B/ : mm
By R Ml HLATET
b A ANBB AN A ZHRB bR A B
15T 200 300 190 190 190 190
30T 100 200 110 110 110 110
arhkB
= AR A 1
[ | i 1 i —— ¥
A #ws| y
i - = )
(a) B AR EHLE (b) FETI AL (o) H AR AAL
(a) Front view of (b) Front view of (¢) Bottom view of
bone plate bone nail bone plate

B3 BARAL ZMBEASTMARFE F 6945 F

Fig.3 The position of device A and device B inside the ASTM phantom
1.3 HEHE

{3 TR A TRZ 4> (finite-difference time-
domain, FDTD) 2 Hy 4 i B i {5 B8k {4 Sim4 Lifeidt
TTRMETT E . %8 T 64 MHZF1128 MHz# /> 41 2
Xt 1S THI3.0 T MRIZR GBI 6L /R3¢, ASTM
TRBAE & T8 2 B N YIRS 4n < S o . 2R RY EL AR
630 mm, & 4650 mm, 1 5 L% B N A R
WA LR S, HI8ARAE & Tk BB AL &, ix4E
T2 T LIS 55 o) LA AR R /N Frm/ A48 7 3 & Y
EEESZIE S . X P AT Cpk Iz (TGS
TEY s AR T 0 1 Hh O 5 5 03 2 B 1 ket
F5. ASTMEEREHIAT R LT 1, HARX /L 4L
§=3.7, B 5%EK~=0, HFHe=80.4%10=0.47 S/mfy
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Fig.4 Peak 1 g-average SAR values for generic implants
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NRWEFRGB, REEAGANTIE, BIpERK
R B OPR, EXFhSRMET, R
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E™F—Mr S EL Ak, Wik, syl b=
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E: =EA -E™ (®)
EX HBIEEAEBHEMAS, miRMBA
Sti%, —ET W] DL ik 6 58 2% B S5 1% B ke
PR RGH] B EAE B w] AR — Bt

YE,. . FESTXFERITL, B —FT Ik
OLE R

0dB

-50dB

B5 ANHB>HABELST (£)30T (£)
Fig.5 View of incident electric field distribution at 1.5 T (left) and 3.0
T (right)

0dB

-50dB

%

6 ZuwsZ4%B, REIERKAR LGS

Fig.6 The electric field distribution with device B ignored device A
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—3, BE—PURIE T AT RS TR IE
B2

0dB

-50 dB

H7 AR EZHRRT EANR LG A
Fig.7 Using Huygens source to generate the same electric field
distribution
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B, Bk, XMI5ERT ZIRRITHREE R S H
R AR AT

0dB
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B8 fr& B AR AR L BB T 69835 5
Fig.8 Electric field distribution under Huygens source and opposite
birdcage excitation
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Fig.9 Electric field distribution with device B existed under Huygens
source and opposite birdcage excitation

FE0~ 71,5 THIB.0 T F BB M Fn A B 4T Hy
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H—ft A1 W, i H Sim4Lifefk {4 3F 17 M4 1A LA
ST EOEAE, AT R —M, E°%H
Sim4Lifeik fE 5 {E HH RA BB, EMRRFS 5L
BRI IR A S, EL Fi EB & M ph ZEEATN
Ml RS BIERFELE FTRIA S, EfREH RS
B — [ #ic s 3p A G 8] RGAT BT . RIEE
i, ESEH RGAN M8 AR R 5
BIHEL s, EM™ A ipin S,
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Tab.2 Electric field components for double plates at 1.5 T

MLf7 . Vim
T - T
E"©t —42.53+j9.42 3.24-j0.94 -14.90-j1.33
Einc -1.33-j0.97 -0.17-j0.14 -13.13-j4.70
Eﬁqc —29.57+j15.63 4.88—-j2.16 —4.54+j5.58
Eﬁc 1.83-j14.04 0.11-j1.63 5.31-j3.38
Eﬁ -8.90+j17.84 -1.33+j2.31 -1.04+j2.93
E‘g -4.99-j13.83 0.66 +j2.39 -1.22-j2.16
Es'™ —42.97 +j4.63 4.15+j0.77 -14.62-j1.74

A3 LS TFAHAATE ) REE T Q15 F
Tab.3 Electric field components for double thick nails at 1.5 T

PR . V/m
Eot ~0.11+0.09 ~0-j0 ~161.50 + 43.69
gine 2005 +0.01 ~0-j0 ~15.85-8.99
A . . .
Emc -11.22+j2.13 0.07-30.09 —59.47+j9.80
o . . .
Einc 11.14-j1.98 —0.07 +j0.09 —59.06 +j9.00
Eﬁ 3.02-j2.84 -0.05-30.03 -10.53+j12.67
E‘g —2.99+j2.75 0.05 +j0.03 -10.49 +j12.23
poom ~0.09 +j0.07 ~0-j0 _155.40 +34.71
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R4 1.5 TFRMFATR G REE T w10 %
Tab.4 Electric field components for double thin nails at 1.5 T

PAf7. V/m
s e B B
pot ~0.16+0.13 ~0-i0 ~133.90+129.34
fine ~0.05+j0.01 ~0-jo ~15.87-9.58
B C1L8142.51  —0.05-j0.07  —52.74+(1043
Eﬁlc 11.72-j2.36 0.05 +j0.07 —52.36+j9.73
E? 058—j1.91  -0.05-j0.07  —543+j8.05
El ~056+j1.85  0.05+j0.07  -533+4{7.72
Esum —0.12+j0.11 -0-j0 —131.73+j26.35

%5 30T FREREHREL T Q9T
Tab.5 Electric field components for double plates at 3.0 T

$1TL V/m

E'©t 8.69+j31.26 —-0.08-j2.59 -5.31+j4.07
Einc 0.08 —j0.06 —-0.11+j0.02 —5.62+j8.05

A . . .
Einc 3.51+j16.66 -0.40-j2.97 1.94-j1.05

B . . .
Einc -3.65+j5.27 —-0.40+j0.57 -1.84-j2.21
Eﬁ 5.81+j3.38 0.79 +j0.60 —-0.19-j0.51
E‘g 2.31+j7.68 -0.26-j1.42 0.39+;0.07
Es'™ 8.07+j32.97 -0.37-j3.21 -5.32+j4.36

K6 30TTAMFATR S REEF A% F
Tab.6 Electric field components for double thick nails at 3.0 T

iz V/m

Etot —-0.01-j0.05 —-0.01-j0 —19.38+j55.75
Eine ~0.01+0.01 ~0.01+j0 ~10.26+j3.23
BA ~1334j5.63  0.05-j0.02  —6.88+j23.40
EB. 133-i5.68  —0.05+j0.01  —6.77+j23.51
Eﬁ -0.58-j0.41 0.02 +j0.02 2.40+j2.45

E‘g 0.56+j0.43 —-0.02-j0.01 242+j2.43
ES'™ —-0.03-j0.03 —-0.01+j0 —19.09+j55.01

KT 30TTFRMEATE G REE T Q5=
Tab.7 Electric field components for double thin nails at 3.0 T
E‘iﬁL V/m

Etot —0.06+j0.09 -0-j0 —17.44+j50.18
Einc -0.01 +j0.01 -0+j0 -9.23+j2.97
EA. ~1.33+j5.63 0.04—j0.02 —-6.19+j21.06
EB 1.30-j5.73 —0.04+j0.02  -6.10+j21.16
EB -0.12-j0.08 0.02+j0.01 1.44+j1.47
E;} 0.11+j0.09 -0.02-j0.01 1.45 +j1.46
Esvm -0.05-j0.08 -0+j0 ~18.63 +j48.12
MEERILLER R, TR B B 6 T
EERES, X —BIEUE TR IR AR TS

IEHYIERTE, EN™ 5 EC R IR T R U — L
BUEATENE. Hik, SHEARGRERE RS T
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