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Evaluation of fat fraction of multifidus muscle with Dixon-VIBE and magnetic
resonance spectroscopy and its correlation with isokinetic strength of lumbar and
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[ Abstract ]| Objective To explore the evaluation effectiveness of MRI Dixon-VIBE and magnetic
resonance spectroscopy ( MRS) on the fat fraction of multifidus muscle, and to investigate its fitting degree to
isokinetic strength detection of lumbodorsal muscles. Methods A total of 38 middle-aged and elderly
subjects were publicly recruited from the outpatient department of the First Affiliated Hospital of Army Medical
University between 2020 and 2021. All the subjects underwent MRI Dixon-VIBE sequence and MRS sequence
scanning, and received isokinetic muscle function evaluation of lumbar and dorsal muscles, whose parameters
included peak torque (PT), flexion/extension (F/E) and endurance ratio (ER). The fat fraction ( FF) of
multifidus muscle measured by the 2 sequences was compared, and the fitting degree between the multifidus

FF and the isokinetic muscle function of lumbodorsal muscles was analyzed after weighted correction.
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Results

In Dixon-VIBE sequence, there was a positive correlation between multifidus FF and F/E

(r=0.350, P<0.05), and after weighted correction of height, weight and body mass index (BMI) , FF was
still positively correlated with F/E (r=0. 371, 0.382, 0.338, P<0.05). While in MRS sequences, no

significant correlation was observed between multifidus FF (including corrected) and F/E. In addition, there

was no notable correlation of multifidus FF (including corrected) with PT and ER in both Dixon-VIBE and
MRS sequences. Conclusion The multifidus FF measured by Dixon-VIBE sequence is correlated with the F/

E of isokinetic muscle function of lumbodorsal muscles, and the correlation is further improved after weighted

calculation by body weight.
[ Key words |

magnetic resonance Dixon-VIBE; magnetic resonance spectroscopy; multifidus muscle;

fat fraction; isokinetic muscle function

Supported by the Major Project of Military Logistic Scientific Research ( AWS17J004 ) and the Special General Project of Technological Innovation and

Application Development in Chongging ( cstc2019jscx-msxmX0221). Corresponding author: LUO Fei, E-mail: luofeispine@ 126. com

S WUVE A 44 1E RS B FEBh S e S et
JEIZ SRR A% O U T BE AT 5 A
IBTTHESIR I R LE R FSCR BT, 2y | T R 45
SR E BN o DR, o 2 00 TR A BB LD e AR
BUXT T AEAHSCER R T PP AL a7 7 XSk BUG
T LA S R F AT FEARA TR0 14 A L R HL A E
2

SEHILPA D REIN 2 H AT 2 TA R L ZH RETFAG Y
“EARUET , [H BT ARSI B A AE A% B L T
BUR BARZSR S A NEFER RER A REESER
BNl AR SR B AR AR AR A LA 2 AE
PR AR R AR R A R, B o N A K1
R, Horh, i EIROK IR 23 B9 e 81 ( Dixon-VIBE) K
LR B R Z L1 7 51 ( magnetic resonance spectroscopy,
MRS) 7E 4 VARG AR D5 25 15 5 T 00 4% G i 3L 4 A 4
JP4, B T I AR R A R IR A L2 o ABESE
DRSS LS LA SO REVEAS A b ™, X Lo i 3t
P& Dixon-VIBE MRS J¥ 51| St Z R AR 2 74l 22 24 WL
JI 107 AR B 5 S L A5 3 JUL P S BE ) 485 A B, A il
SRR N A 5 i DR TG A T LA L A
T REAS I Fr) A8 DA I UL BE A i R S Bt SRR R
BT 5

1 ARSI

L1 —f 4

PEPE 20202021 4F F fifi 45 4 e K245 — Bt s =
Be A TSR 38 24 AR R IEEE NIRRT S, A
W9 22l 22 42 12 K2 55— i )i s e A B 2% B 25 ik o
(KY2020235 ) F i BE P s PR BF 55 3 WF (305
ChiCTR1800019459) . 2N AFRE: 4% =45 % . HEFR
Pt : e KM R R AR B A
S5 BB SE AR A Q0 2 FENA BT AR

SN 1 AENAHT & M P B B A M A
A T s 5 T 1B OGO s M
b H RGP E O AT AT 3 5 A 4 JE A AW T
TCIEAR 2 A IR A 2 19 S8 3 5 © X A W) b i
SR 5 ) N X i 5 N K I 9 g TR ) R
ik 23 3 4 H NBEAT 3 IS /N T i SR s B AL
RGN EE

1.2  #2¥& Dixon-VIBE /%] % MRS /732675 %

ZAE AT R 4> B 3.0 T 5 MRI( Siemens,
TrioTim, Erlangen, Germany) JEHME Dixon-VIBE J¥ 41| K&
MRS J59 14K . Dixon-VIBE £1H5250: TR 9.05 ms,
TE 1.23/2.48/3.37/4.98/6.23/7. 48 ms , fl #f FOV 328x
420, %6 % Matrix size 256%256,J2)& 3 mm, MRS 948
Z3. TR 2 000 ms, TE 135 ms, fLE FOV 150x150, )2
JEE30 mm(5K 1),

MRS 41 E 14 J5 AL B . 78 Siemens J5 40 # T 4F v
(Syngo, Siemens Healthcare, Erlangen, Germany) I
17, AT E R AR, 43 I TA/S 2 T Y i Jg e
JEEAE S K Vg B2 AR, 38 4o 345 P i D7 I 0 TR RRL 7K 8
AR 38 (fat fraction, FF) o FF =I5 5 1%
N HBY (I T ALK R

Dixon-VIBE 781 K114 5 b B 7 A 7 07 [ 154 A
Siemens Ji7 2t 3 T 4E %% ( Syngo, Siemens Healthcare,
Erlangen, Germany) , E{V L4/5 MER] 3.0 2 10, ) 1
LA/5 HEI] v J2 T 22 24 USSR X IR, 72 1 L PR 56
JER Esf T AL PR A AR W 2H 2 . SRS R 58 A sl A i
] DA AR D15 5 R B RS SR B IR
LKA TR BT NR 5 70 K FF = JR i {5 5 58 B2/ (IR
Wifes S+ A S ) 7

KIG G b H R | 4 BA 3 4R DL B TAR IR
FHEIB AT



2194

Wi 42 222441, 2022,44(21)

http : //aammt. tmmu. edu. cn

# 1 W434R Dixon-VIBE 531 % MRS B 5| # 55
BiH = A ]/ ms [0 352 s 1]/ ms HLETF/mm JZJE/mm SR SRAEIH]/s
Dixon-VIBE 9.05 1.23/2.48/3.37/4.98/6.23/7. 48 328%420 3 256%256 44
MRS 2 000 135 150x150 30 - 177

1.3 & U R LA BT 77 0
M5 125 : OAKFEAS BE FE S B TsoMed-2000 4
M3 2248 ( D&R Technology GmbH , £ [E 1 2% 7 {7 ) i
A, #f 3 8 AT RS LR 2 ~ 500 °/s, i R A R
500 N« m, AL EE R O I i i 20, @i Ll
RN GHE T P B 32 1835 1 4 25 368 DU A o7 (it 188
i 90°) , I8 5 T b M R , 4 52 A2 1 PR ) 3k T
o @ISR 2 41,55 1 417E i (60°/5)
TS S W AT e A S 1] MR iz B, 5 2 HAE
(120 °/s) T Al K AR e fif Ji& 1.0 Wi 46 32 3l 20
UL B RS, 2 min, AT BRI/ 57 % DN £ 45 SR 1Y) 5%

M @B E YR TS 3h Bl 40° (+20° i iy, —20° ¥
fi) IR AL E Ky 0°um A A (& 1) o @M H Ia AT 5L
AT 3 WL fE AL iz gy, Pad fe b i A5 N LA
Wil = RS 2 IR A e R e A . It
SEERE ARG T S S, T SR L
IBEFACIRDR (& 2) o T JJ B (endurance ratio, ER) X,
TN T W 4 Bt i 32 9% 57 O g 1 L RO 6 1K
WU 1 5 ) 6 LA R 2 Hok R o

PR TEAR : JEE (e JULAF U ) 4 (peak torque, PT) |
Ji 8 H (flexion/ extension, F/E ) Fl i 71 H ( endurance
ratio, ER)

AHT R 20°;B: ¥ 542 0°;C 5 A 20°

1 F#EALADIREMIK (-20°~20°)

100 -
30
60 -
2
R 40
oo
20 4
0.
W CE— 141k 1) X AR 150 N*m
W 5 (BJG 1 dTPRD) S 122 N°m
B R — 1 4k 1) SFH) 8.5 N°m
W RS 1 4Lk 1) P 6.9 N-m A
2

60 = B - - S S -
sod 4| 0 D N S =E—L
40
30 /
=
B
17 &
|

-20-16-12-8 -4 0 4 8 12 16 20 16 12 8 4 -4 -8-12-16-20

— i CF— 14 1)
— JE(EJE 1Pk )
— f(E— 1P 1)
— (g 1 41k 1)

S ALATHREMIL B NIRRT R (A) RENMERES (B) 1FiR



http : //aammt. tmmu. edu. cn

Bl 4242 PR R 241, 2022,44(21) 2195

1.4 %eitek ok

K SPSS 25. 0 i A1 ge it 2# o3 A , i 278 it
Bl s Tono 2232 YE Dixon-VIBE Fz MRS
J 9 AR 2R AR I 00 5 S L IR D) e 2 [ A A e
K Pearson A543 Hr . LLSUMKL 52 P<0. 05 25 57
BEiTFRE .

2 #R

2.1 — MR RS ILA 2 e L

AT A 38 ]2, Ho Bk 6 ], Lotk
32 {5 s AR IR (62.346.3) % AR5 (83. 1+3.6) em, B 15
(152.946.7)em (RGN (56. 4+7. 4) ke, (K= 18
BU(BMI) Ky (24. 1£2. 4) kg/m” | JEZF i JJL PT Hy(78. 5+
37.0)N « m,F/E #(1.2+0.6) ,ER H(1.0+0.2) ,
2.2 % 3 WUmE Ik Dixon-VIBE % MRS 57| #1443

BEZFHHTILE

Dixon-VIBE Jz MRS J¥ %1 fir il XU 2 24 FF LA K
SR B R BMI B IEZ 5 1 FF L3R 2;
Dixon-VIBE Y MRS 351 & IR 22 F8 bR A7 7 e FEAH G
H: Dixon-VIBE J%%1 FF/BW 5 MRS J%:%1 FF/BW #H
KR E (r=0.790,P<0.01) , i3 3,

2.3 % ZLWUmE 3k Dixon-VIBE % MRS 5 7] #4143
1B T 45475 5 3k UK 2 58 69 48 K 5T
Dixon-VIBE J7 3| Z 2L FF 5 F/E 255 1EAH¢
(r=0.350,P<0.05) , % 5 f& & BMIEEZ )G
5 F/E 25 IEM S (r=0.371,0. 382.0. 338, P<
0.05) ; Dixon-VIBE % MRS 551 £ 2L FF( &1 1E
J5) 5 PT ER RAIMBLRAHCM:, MRS 751 Z 2L
FR(EEIE)G) 5 F/E R AR ARG, L3k 4.

3 itig

W BN B I AL 2, A B AT PR B 1
EAE N B AR B4R ETHE S R LN
FAE G 7 AERp TP 1 T 2y s oo, LIRS
SERERAT BRI KA R RS R BT
U, MER 2L R T L REAR DL , XHRZR B HB T
AR E AR AR IR AT RO (19 SR HL A K i
it A A RS

AT B LA O i 2R e Ly i i g
PSR e L ANELIE S R QLD AT AN YR Sl
R AARE IR WA o BRI T IR IR
KM, (H i = G — b ifiE o 76 JE 77 LD RE Bl A A5 07

#2 38 5=k FREILIR Dixon-VIBE & MRS 5| R FIBITE MR (x+s)

551 FF(%) FF/Age(%/% ) FF/BH( %/cm) FF/BW (%/kg) FF/BMI(% - m/kg)
Dixon-VIBE 28.3+9.2 0.5+0. 1 0.2+0.1 0.5+0.2 1.2+0.4
MRS 60.7+11.9 1.0+0.2 0.4+0.1 1.1£0.3 2.6+0.6
FF:HSHﬁh\&*i;Age:@#«‘;BH: % 133:7 ;szﬁi/ﬁf’@;BMI:ﬂ‘}ﬁ%?Eﬁ
£3 38 fIFiXHF W LR Dixon-VIBE K MRS 3 & IR AR AR K14
Dixon-VIBE
MRS
FF FF/Age FF/BH FF/BW FF/BMI
FF 0. 678" - - - -
FF/Age - 0. 628" - - _
FF/BH - - 0.712" - _
FF/BW - - - 0. 790" -
FF/BMI - - - - 0.747°
a:P<0.01;FF: 5 W5 o4k ; Age: 5-#4;BH: & & ; BW . R 2 ; BML. AR R 245 8¢
x4 BHIFREETNHEFREERSSENATIEERNHEXES
Dixon-VIBE MRS
fibn
FF FF/Age FF/BH FF/BW FF/BMI FF FF/Age FF/BH FF/BW FF/BMI
PT -0. 164 -0. 144 -0.203 -0.214 -0. 142 -0.022 0.023 -0.084 -0.103 -0.001
F/E 0. 350" 0.316 0.371* 0.382" 0.338" 0. 145 0. 047 0.190 0.204 0.123
ER 0. 149 0.175 0. 180 0.249 0. 196 0.079 0.093 0. 141 0.249 0. 157

a:P<0.05;PT % A 45, F/E. RAP 1L ;ER . & 7 1k



2196 Bl 42 22 R 2441, 2022,44(21)

http : //aammt. tmmu. edu. cn

17, S5 I REIIA H A8 2 0 T A5 WL FE S P
SE B B R E DL RIL P g A S AR 2 4
B AU SRR A L T T LR S R PR
R VPR o Horh PPAL ) R R AR
PR SRR T U A R R
REMNAX HA RREE LR RO AR B A S T B R k2
DO, A R LA B2 A A B9 b o™, (AR S B
WL HATISRAFAETE Z2 [ G, 2 I A A%
£ bt HLERAE A 2% 7 20 Ml N B AT IS 44 5 FLK,
XA EME 9 5t s 246 P B R R s 119 A2 X
H R R A7 A — E BN 7 A B T 02 2K
I 5 [RJAF, 52 335l R DR DA A T R AR M A, L 226
TEBE A E IR, 3 S0 2 25 SR 1) 15 3 A AR 5 e
Jai , AN [ B S5 AR S A 45 2R 2 [ X LA A T
A EG o DRI, TS SR 2 A B 2 3R — Pl R
JEE RIS 1) S5 L A D RE TN bR HA B 20 o

FI R R _E T B RS WU AR ARG T ik 32 2
5 CT Ol A BEILIREE o FEP AR N A B i 4K
LR N HRTI R TS e A AR R A
PTG o PR IE RS IR BB A R DTS (A
ML IR Dixon-VIBE JRAREEAE LA K H BLA BT i
SEYR A G 51, e SBR[ a3 (K R T )
TERFRE itk P A JEIR A 3 22 St el ok o g O A 55 7K
FPARIRIT & o IR ER PR LSRR T 51 1
W, AN SIS BE i AN S TR A R B, H
A AR S PR R SR IR 1] L 7333 LA S B 1)
STV o IR B TR D A
DA S Z2 Pl 2 W A5 20 )2 A A A
LB AL E 20 P B D o (HIZEAR T
FIRINRIT 7340 5 3% BHEG S DL€ IR W1 = 2k T1
FAE DRI R 0, D Ri  A 7E 1 PR A5 313 B T
AWFFELE IR A 9 6 (8] 3% Dixon $144 ¥ 51, HAEL
P T Pl P A MERR P S A T2 4 2.3 s
B o MRS UGB AR A A5 G0 il AL 4R B Al 3k —
R SRR T — BT R MR BOR | R T A AR K
R i B, oot 2H 2 A ) e J3E R e e I i il 46
(U T30 , A o < HE AL ZE R R ZE AR I
FIR 2 R M0 e PR L PR ) S5 0 1912 Wi B 4 o AL ol fF
FEITMNL AT 2o {EARXE Dixon £, MRS f$14# 4%
PFESRATZ] FENHS 0 HEAR B e A PR P 52 2%
EEERG) 5 B BOGIR  EPE R
BRI T MRS FE i PR 1 KN AT X PR
RESCIRFFIR UG P 5 B T B AR 52 108 2 RALB S
SE TR BT, X LA A R T 2 2R 5 4 O

VR FH , T) ek XL L0 45 Tl AL PR 2 B DAl X —
HE” WA R EE, i 2 DR e i & S R I G
VAT I UL 45 UL PR S R A ) ) S S UL
BER I R SEBR AT SR IR R B AR DT

DA 22 ZMLA R 2 1 ek LA 7 3 IE o 1A 25
AR A S AR E SR B SR rh R4 T R
YRR, St T AR s g 273 0 22 JL7E M AR
B 554 P B S T AL Pk T i Z R WU AR,
JULIA B 27 4 S B R AT 1, AR M AT B [l JDLIAY
HRJZ A AR . RN 4 =T 2%
SR T LA/S J2 AR BUA B R . AR
T AN JIUT 75 , 22 2 UL 44 2 R T - 45 1%
TG S R AR ROV o B eAh, 145 Y
BB T B R R S B, BRI R R,
SRS R BT R AR 3B S BT, BEAEBT
FEFHY M ST 1B AR 1 e AR A LA/S 2R Z
UL IR AR AR G HERC I B, 3R T4/5 2 TS
JULIR A B ) | SOAS TS e L4/5 J2 11 22 2L LA
TG,

L% Dixon-VIBE & MRS 9 i {54 AR A 2 1
WAL & S A ILE . A £,
4z Dixon-VIBE 58146 JFFIE | JE AR LA KM 1B RE N i
RN A5 BRI g — B
T HAE L BB AR R TR B R D . A
554 Dixon-VIBE F1 MRS 3 9 fth 5 T A [] 4% 58 R A1
TR B BB SRR I 9 T T 22 2L s 5 B I
X FURIFSE S Bk DIl 52 971 T 75 22 4 JULRG s 4 it L
A7 BT A 8 R R A, L 8 AE R O, B3 7
P20 1538 F T LR B 7 e A

TEMHERD b, ABFFE T #3548 Dixon-VIBE &
T TR U 15 I 5100 22 2L W7 43 £ ) PEAS 5 I LA
S THREAG I 1 P07 R . B UL 25 5 3 A ARG g
“JEA L SECR IS R AU T =0 L e, AT
TE— 5 TE 5 0 B P 0k 8, 5k dox — T 05 O 4 7 [
T A0 WL g A7 7E S A 000 4 R R B, L AR
Dixon-VIBE FE51l%5 MRS % 22 2L 5 5 & 46 I 15
JeE A L AR At B S U T3 80 X 2 e e UL 3
JULy 2 655175 1507 TR B g R, 2 T 0 0 e o UL
SR S A TSR b o A UL o A 00 P £ 0
HE AR UL P i i 5 R o R R D R, TR
SRR WU 32 5% 25 RE 1 R/ L ARG 45 Rk R
5 i JULIGE %6 T 7 45 Dixon-VIBE 31 ¥ 2 4L
AR RSB A G5 U e b
O, 5, B M S 8 2 2L B K L B



http : //aammt. tmmu. edu. cn

Bl 4242 PR R 241, 2022,44(21)

2197

il L 22 UL AR 9 IR R PR T e LI 1 R
it 7 S e 1 (AR WOLAEE 1) UL P S RECIR O, Je ek B —
JZ 11 22 2L IR AR R AN BEA 20U BB AT L)
IS 3R BEAR KT o HEUK, 22 2B S 1) 1R 2R B
B W i LR AR e R LA R R R 2 4, i
915 53 B8 S e S S ML A U 3 R i 3 7 T ] REAS 2 e
GRS, MRS Fy 9 Kl (14 22 2UIR 5 7 K55 55
LA D BEA AR AR AR & LA G it 24 T U AR Rk,
AYRESE H T PR A1 B R B AN TR] , MRS 7 1) e
TGRS TS HOR S, F i 45 R 5 32 3]
SRR DRI R o o T IDURE I AR X DN,
IS AL IR 7 A BRARN 235200 MRS 781 19 7K 3%
WAL, (2 A0 3 91 76 [v] — 2 280 X35 N Jr s B A AR [
TR DX A 1 B D 2 B AR AT e 30% %%, B
25 5 ] H A2 PR R AE A GE it 2 2% 5%, Dixon-VIBE
Fy 50 Ui 5 30 By 1 22 VRS A AR AR A D SR
DX, 308 2 7R B IR s A B 15 5 J3E L B T 345 s
I, BEME A fo K AR JEE b (R UIE SR A S B PR Al B 42
R o DL MR AR 4 SR AR R 4R Dixon-
VIBE Fy 314 22 2ULHA i 15 3 RO A T

HREEIAN AR | B R R S BML X LA B2
1R IRAS TR BE R0 2 AR B G0H T A AL AR 9]
[ A 22 22 UIR 5 70 B AU TEAL BES PR xt
FUWETE , S S LA I REA U A AR . 45 2R
KB, 25w AR BML IS AN 3L e 5 e
0 i 7 5 ek A O ZR A B 5 i o LU R 4005 i 2
— BT, A, SR TR AR RS A SRR RN
BREERTHEE RV T N, AT, X T AR
I B BMI SRR FR I & , (A5 %) T 2 2N 2
(R P fe o, 76 PP LA IR D AL AR E I, IS A
S BT A RN A R B IMAZE R . TE IR
A B, R BCE A G L9k Dixon-VIBE 731
A ) 22 2 WURR 0175 2 1 S et fe e Pk LA e A4
PR,

ARSI SR BRI : AREAS R, WS4 SR m]
REAFAE— 2 B EFE O 137 ; PN 5 51 19 32 18 A AL B
FH— R (LA/5) — WL (2 2RAL) B985 I 2
Tt

£i B PTiA, W3R Dixon-VIBE Jy 81145 U % 4 ~ 5
ST ) 22 BWUAR D7 0 K5 R LA S UL PA) D REPEA
) B bR — i i LU A —E ORI OGE, 2R
IS E— AR TR G RERE , B X AR 23 I ik 2 57 4%
AREF WA TG 58 A AL A D eI i) 8, %
T3 35 AT S PG HEAR 2 IS L RE R AT 6

SE k-

(1]

[3]

[5]

[7]

OGON I, TAKEBAYASHI T, TAKASHIMA H, et al.
Magnetic resonance spectroscopic analysis of multifidus
muscles lipid content and association with spinopelvic
malalignment in chronic low back pain[J]. Br J Radiol,
2017, 90(1073) : 20160753. DOI.10. 1259/hjr. 20160753.

VAN DER HORST N, DENDEREN R V. Isokinetic
hamstring and quadriceps strength interpretation guideline for
football (soccer) players with ACL reconstruction; a Delphi
consensus study in the Netherlands [ J]. Sci Med Footb,
2022. DOI:10. 1080/24733938. 2021. 2024592.

B, R, WA, ORI A B U B AF
FEHRELT]. P E A B S Sk, 2019, 25(7): 788-
792. DOI:10.3969/j. issn. 1006-9771. 2019. 07. 009.

XUAN L, WU J X, PAN J W. Advance in isokinetic concept
for rehabilitation medicine (review ) [ J]. Chin J Rehabilit
Theory Pract, 2019, 25(7): 788-792. DOI. 10. 3969/j.

issn. 1006-9771. 2019. 07. 009.

TR, ARG, R, MRS R R B A R AR
£ MRT UG H BENR W DT R B0 E LT ] o [ B B fs
s, 2015, 21(6) : 691-696. DOI.10.3969/]. issn. 1006-
7108.2015. 06. 012.

ZHANG L Y, LI S L, HAO S. Comparison of 1H-MRS
imaging and in-phase and out-phase MR imaging in the
detection of bone marrow fat deposition [ J ]. Chin J
Osteoporos, 2015, 21(6) : 691-696. DOI.10. 3969/j. issn.

1006-7108. 2015. 06. 012.

VRIS, Bt s, AR, RESLIR I UG DT 4 22 HiT X
DGR EEIERAXS EHEAR 2w [ ], BB A,
2020, 30(2) : 280-283.

CHEN E L, SUL H J, YANG S J. MR spectroscopy-detected
changes in marrow fat following bilateral oophorectomy in
premenopausal women[ J]. Chin J Med Imaging, 2020, 30
(2): 280-283.

R, B, fEW], 45, VIBE-Dixon ¥4I & #fii i &
5B A B AME PP T IR SET ]. PEE
JRFAA SRR, 2021, 27(12) ; 1774-1779.

LUF, ZHAO Y J, NI J M, et al. A comparative study of
VIBE-Dixon sequence bone marrow fat quantification and bone
mineral density in the evaluation of female osteoporosis[ J].

Chin J Osteoporos, 2021, 27(12) . 1774-1779.

YOO Y H, KIMHS, LEE Y H, et al. Comparison of multi-
echo Dixon methods with volume interpolated breath-hold
gradient echo magnetic resonance imaging in fat-signal fraction
quantification of paravertebral muscle[ J]. Korean J Radiol,
2015, 16(5) . 1086-1095. DOI: 10. 3348/kjr. 2015. 16. 5.

1086.



2198

Bl 42 22 R 2441, 2022,44(21)

http : //aammt. tmmu. edu. cn

(8]

[10]

[12]

[14]

ROTH R, DONATH L, KURZ E, et al. Absolute and
relative reliability of isokinetic and isometric trunk strength
testing using the IsoMed-2000 dynamometer[ J]. Phys Ther
Sport, 2017, 24. 26-31. DOI. 10. 1016/]. ptsp. 2016. 11.
00s.

GARCIA-VAQUERO M P, BARBADO D, JUAN-RECIO C,
et al. Isokinetic trunk flexion-extension protocol to assess
trunk muscle strength and endurance: Reliability, learning
effect, and sex differences[ J]. J Sport Health Seci, 2020, 9
(6): 692-701. DOI.10. 1016/]. jshs. 2016.08. 011.

PG, P, X, AR AR UL IEA S IR Y

Wt ()] AFE R, 2011, 32(4): 52-58. DOL:

10. 14038/j. cnki. tykj. 2011. 04. 002.

HUANG Z P, YIN Y, LIU M, et al. The research evolution

of the isokinetic technology in testing and training[ J ]. Sport

Sei Technol, 2011, 32(4). 52-58. DOI. 10. 14038/].

cnki. tykj. 2011. 04. 002.

SUN D, LIU P, CHENG ], et al. Correlation between
intervertebral disc degeneration, paraspinal muscle atrophy,
and lumbar facet joints degeneration in patients with lumbar
disc herniation[ J]. BMC Musculoskelet Disord, 2017, 18
(1): 167. DOI.10. 1186/s12891-017-1522-4.

JERMY J E, COPLEY P C, POON M T C, et al. Does pre-
operative multifidus morphology on MRI predict clinical
outcomes in adults following surgical treatment for
degenerative lumbar spine disease? A systematic review[ J].
Eur Spine J, 2020, 29(6) . 1318-1327. DOI. 10. 1007/
$00586-020-06423-6.

T, A, PR, eSS ULPEAY J5 1% B 5 AR
AR BTk (0], p E S E AN R R AR,
2020, 34 (11). 1462-1467. DOI: 10. 7507/1002-1892.
201912120.

WANG W, LI W S, CHEN Z Q. Progress on the evaluation
method of paraspinal muscle and its correlation with lumbar
diseases[ J]. Chin J Reparative Reconstr Surg, 2020, 34
(11): 1462-1467. DOI.10.7507/1002-1892. 201912120.
SRR, AR, SIS A AR s IR T A
KATEIRA ST LM ELT]. hIME IS, 2022, 20
(7) :42-45. DOI.10. 14033/j. cnki. cfmr. 2022. 07. 011.
ZHANG X H, HU Y B. Value of isokinetic muscle strength
combined with proprioception training for rehabilitation after
total knee arthroplasty [ J]. Chin Foreign Med Res, 2022,
20(7): 42-45. DOI: 10. 14033/j. cnki. cfmr. 2022. 07.
O11.

Whll, Bafk, 5, 5. ROGBAT PR ALY oo 4 R
WM LR S s SRR [T . TP R, 2020,
42(23): 3030-3034. DOI: 10. 11675/]. issn. 0253-4304.
2020. 23. 06.

[16]

[17]

(18]

[19]

[20]

(21]

CHEN C, YANG S, TANG Y, et al. Characteristics of
isokinetic motion of lumbodorsal flexor and extensor in
middle-aged and elderly patients with adult degenerative
scoliosis[ J]. Guangxi Med J, 2020, 42(23) ; 3030-3034.
DOI;10. 11675/j. issn. 0253-4304. 2020. 23. 06.

KFdn, MaHE, BIRLL, 55 S IU i BROC Y
R JER U R [T]. P EASUTRISE, 2015, 19
(46): 7425 - 7429. DOI: 10. 3969/j. issn. 2095-4344.
2015. 46. 009.

SONG A J, DENG J J, LYU X H, et al. Isokinetic muscle
strength characteristics of the knee, ankle and trunk [ J].
Chin J Tissue Eng Res, 2015, 19(46) . 7425-7429. DOI.
10. 3969/]. issn. 2095-4344.2015. 46. 009.

g, MR, MR, 5. 2 R 200 B 4 i /K i
BEATE FAFARIRAT P AE O B 2 2R AT A2 /Y
WIEOEFELT ], EIRBERIR A2 E4Rk, 2021, 46(12) : 1501
1506. DOI:10. 13406/j. cnki. cyxb. 002948.

HE M, CHEN P Z, CHEN C, et al. Evaluating multifidi
degeneration in patients with degenerative scoliosis using
multi-echo Dixon sequence: a preliminary study [ J]. J
Chongqing Med Univ, 2021, 46(12):1501-1506. DOI.
10. 13406/j. cnki. cyxb. 002948.

FEIENG, S, RESEHR Dixon HEA 7 BN 2 ik o
RFHLI ). O 2 923, 2020, 35(10) ; 1344 1347,

DOI; 10. 13609/j. cnki. 1000-0313. 2020. 10. 026.

QI G J, PENG P. Application of MR dixon technology in
bone marrow fat quantification[ J]. Radiol Pract, 2020, 35
(10): 1344 -1347. DOI; 10. 13609/j. cnki. 1000-0313.
2020. 10. 026.

MW, WEART, MRTK, AR HEURE RN T B A
Bz 2 KL B SR h RSN E LT ], P EeR R,
2021, 24(20) : 2601-2606. DOI.10. 12114/j. issn. 1007-
9572.2021. 00. 557-1.

PEI X J, PAN Z Y, LIAN Y F, et al. Predictive value of
fat fraction quantification of lumbar spine for newly diagnosed
multiple myeloma [ J]. Chin Gen Pract, 2021, 24 (20) .
2601-2606. DOI. 10. 12114/j. issn. 1007-9572. 2021. 00.
557-1.

KR, A, i, S fEIEIRPOEHOR B R N
HERELT]. T ERE M S FEE, 2019, 25(2): 201-
204. DOI:10.3969/j. issn. 1006-9771. 2019. 02. 013.

LIU J, LI J J, GAO F, et al. Application of magnetic
resonance spectroscopy in clinic ( review ) [ J]. Chin J
Rehabilit Theory Pract, 2019, 25(2): 201-204. DOI; 10.
3969/j. issn. 1006-9771. 2019. 02. 013.

ROSATELLI A L., RAVICHANDIRAN K, AGUR A M.
the  musculotendinous

Three-dimensional ~ study  of

architecture of lumbar multifidus and its functional



http : //aammt. tmmu. edu. cn

Bl 4242 PR R 241, 2022,44(21)

2199

(22]

(23]

[24]

[25]

[26]

implications[ J]. Clin Anat, 2008, 21 (6): 539 - 546.
DOI;10. 1002/ ca. 20659.
CRAWFORD R J, CORNWALL J, ABBOIT R,

Manually defining regions of interest when quantifying

et al.

paravertebral muscles fatty infiltration from axial magnetic
resonance imaging: a proposed method for the lumbar spine
with anatomical cross-reference [ J ]. BMC Musculoskelet
Disord, 2017, 18 (1) 25. DOI. 10. 1186/512891-016-
1378-z.

Wk, O, B0, 4. MRI§{R Dixon-VIBE J7 5]
SE ST B AL PR O ™ S8 M 55 LR A AR P A AT A7 1
[J]. PSS Hiay7 44k, 2020, 34(1): 72-76.
DOI: 10. 13507/j. issn. 1674-3474. 2020. 01. 020.

YANG S, WU W J, LU Y F, et al. Feasibility of MRI
imaging with Dixon-VIBE sequence for quantitative
evaluation of paravertebral muscles degeneration in patients
with degenerative lumbar scoliosis[ J]. J Chin Pract Diagn
Ther, 2020, 34(1) . 72-76. DOI.10. 13507/j. issn. 1674-
3474.2020. 01. 020.

SR EAME 2 YRGS IR B 55 540 R ST IB AR B A5G
PE[I]. B 24, 2021, 42(1): 103-106. DOI: 10.
3969/j. issn. 1005-7234.2021. 01. 028.

ZHANG J.
multifidus muscle and facet joint degeneration [ J]. J
Cervicodynia Lumbodynia, 2021, 42(1) ;. 103-106. DOI.
10. 3969/]. issn. 1005-7234. 2021. 01. 028.

LI X J, KUO D, SCHAFER A L, et al. Quantification of

Correlation between MRI data of lumbar

vertebral bone marrow fat content using 3 Tesla MR

spectroscopy: reproducibility, vertebral variation, and
applications in osteoporosis [ J . J Magn Reson Imaging,
2011, 33(4): 974-979. DOI.10. 1002/ jmri. 22489.

SRPERE, BEMR, XA A TR EER I &
JEEHER BE AR DR ST [T ]. Ay BRI 2 5 R A 2% A
2003, 25(8): 469-471. DOI: 10. 3760/j; issn: 0254-

1424. 2003. 08. 008.

[27]

[28]

[29]

ZHANG D H, HUANG C L, LIU D C. A clinic study of
trunk muscle strength and lumbar curvature in young patients
with low back pain[J]. Chin J Phys Med Rehabilit, 2003,
25(8): 469 -471. DOI. 10. 3760/j: issn: 0254-1424.
2003. 08. 008.
FEBURL, SRIE. AR SS LA I RAR OGS ik [T ] w1
23 5 I PR, 2020, 20 (15). 2542 -2545. DOI. 10.
11655/ zgywylc2020. 15. 026.
DU K W, ZHANG J. The clinical research progress of
lumbar paraspinal muscles [ J]. Chin Remedies Clin, 2020,
20(15); 2542 -2545. DOI; 10. 11655/zgywylc2020. 15.
026.
XU, FEEAL, S, . HECRTH-MRS (106 RS TS
PERELT]. [ BREE 2 i 2 2%, 2012, 35(6): 553-
556. DOI: 10.3784/j. issn. 1674-1897. 2012. 06. Z0610.
LIU B, DONG G L, GUO J, et al. The clinical research
progress of 'H-MRS on vertebral [ J]. Int ] Med Radiol,
2012, 35(6): 553 -556. DOI. 10. 3784/j. issn. 1674-
1897.2012. 06. Z0610.
W, BEEA, MR, S5 BEIEHIRZ 181 Dixon FRAINS
R AT REAE D REVE LA - B 5 B L i 5 32 1 9 5
ML) e RS 27 4= i, 2021, 40(12); 2340-2344.
DOI; 10. 13437/j. enki. jer. 2021. 12. 020.
TAN H, FAN Q J, YANG Z, et al. Quantitative assessment
of fat infiltration in the functional muscle-bonein patients
with osteoporosis by MRI multi echo Dixon sequence[ J]. J
Clin Radiol, 2021, 40(12) :2340-2344. DOI. 10. 13437/
j. enki. jer. 2021. 12. 020.
FORTIN M, VIDEMAN T, GIBBONS L E, et al.
Paraspinal muscle morphology and composition: a 15-yr
longitudinal magnetic resonance imaging study[ J]. Med Sci
Sports Exerc, 2014, 46 (5). 893-901. DOI. 10. 1249/
MSS. 0000000000000179.

(U5 :2022-04-03 ;1% [1] : 2022-06-20)

(mig K %)





