N o . ®E % mE W g 4o W W Lo T

qgEkas T, v owmT ® o = o o iEF mE Lo

522 L wrw v oWy o omw aFE T LA HE

L x %o L -, ) N K3 A+ ~

= ol iy g K ) o] X o = =0 opk X TR o o EE%

TFTRE XK wr reEe mh BT =R g 2P

ST . R S BH o= Zga® S5 W

LW T M X ®wA B P O 5 E ko W

oy 'y D= 1 e To 1M o o) = I P) LU

o)) = TR T ~ X0 ojp o of %0 o DT_ go ] g e ny m, = £ N w

£ TEeT pEa T OERE LT Tok nPg o, Eum”
H .._0 ~||1UJ|1| CH—_ O\I R _ nl eU

8 PTSE e 5 mEl ek 3BE T8 25 h o

T & < ol : | H ° CLUI K& 2L o

E g o &F E_E_@DMRMW REE my B Rei malpd

o 7 Nop = & & B = WX o g M CIS W e o ok

a0 oﬂoJLﬂMﬂa = B & = mﬂm,m. o 1__H1__/lw ‘Lnllﬂo &o,mo_.TLdu_‘Mu

= 2 TN g Boodwaw o oo B o I

Lol ~— Kl

5 B wmici L¥Fn_ Zae® Te falsule zrite

B s mﬂ@oﬂ@o B oy H T F 7 R Mau@l@%ﬂ@ W™ N

— —A ‘mo_.ﬂ._q L.H;O__o,ﬁo. rAF ;OO.‘@‘ L.r;o ..qzvﬂt

PR TR Ba P E R mF oy BESE R Y F X Koai g g A

A I I I W %%%m@%mﬁﬂw %fmmﬁﬁ

~ 0

9 auw ﬂd&bhﬂ,MmoM.%ga%Nwmﬁﬂmm ,ﬁwowjuwﬂwuuwﬂx% WE LT

= = = oy = — = =~ Ho Z pu o U = 5 3

0 ~ T W oE W N oop NN R D ak o w w & T = B Mo
0 o —_ odd] W R o )

8 ¥| EEEifRoneTess Dofipre~tN £ 0La3

3 SN e T % PNy Ty T omE N wog ey

S S| £.5ftlg¥relTool 2HTIFE_Lawem fZgw

c o wrlnneaTELTREE PHeTEITLE g% Fiiol

1421 o O ~— L

- fmAII Mo%ﬂqWWEﬂuﬁT.*WWoﬂa%ﬂ Mﬂ/FWEP;MHATMO\../.L‘M‘.M_ ﬂ»&amcﬂ_um_.*l
— 0 — —_—— — —_ for T g — 0

o I| Euciiitrrilefs jiidzrEecy Lr]

s ﬂ;o_g_.m&ﬂﬂu%w/uﬂao_aﬁa@ow@ ww.miﬂoé,ﬁ%waM ,m_mhymomﬂ

= o zﬂetmﬂM_‘ X o _ g - < L = — Ik

J..‘MOZﬂ = T - K I X

S whTgdra. CETREL EeglTamtat P o T

w 3 W TS AN <L SSET W T o R oW . g o0

< GO T T B ER K g g = T E W - TR ¥ oz oo X R

ﬁbwmu.mmﬂ.u_/» m.,_ﬂMM»]Moﬂa mb.m‘_lu*,mc JlMMoE.%MﬂnMoo

w oy sa oA TR E¥ BER XTI E L TR EEE”

ﬂilaas.vﬂoR‘a. W g N g S_OATRM_QQM T & o S 2

ﬁﬂmﬁ%mMﬁ_m:auu@r%o_aﬂw%idr.mﬁaMowrﬂﬂ%ﬂﬁwnwnnﬂmw

Ty = o W @ Hy L s Py T B w° uceﬁ_]z

%oﬁ_@mzamﬂﬂﬂﬂN%#ﬂom.wﬁ%ﬂﬂ@%w%dﬂﬁw%mﬂ

ol FEET N T Py YW A S E Wy e g g 0 B+ T M

KEme wEe T BB F 4T S o WS

fast

gradient echo,

and 3D-

Z2D-

spin—echo,

L

-

A= AR

s
T

1

o
=

o] &

o

=

protocol



spin-echo(FSE), 19]el fast imaging techniques®l\Y fat-suppression, magnetization transfer
imagingZ2-2 7I1¥ %< A3 Ahgdch

AWl gadolinium ZFAE FY3 &QsE MR arthrography HE3F shoulder, hip,
wrist, knee 59 THE oA A= glon ZGA FYA g Ao HEEE =

Aot dHA ot

T ZEHA MRIGAME £54U ANHERE F3t9 959 G3E AHSdE 93 cine)d %
I AA BEel & FUA E9ste ¥ 3 Aldynamic, kinematic) g3 FH e FR 23
Ebe] WA AAY FEAFEE Lotd F Uk #HY NEHA FojFE G EFAT G4
T dF Y B¥EE AGs] e 4 FAERE 5 ARY 7170t dolok Bk £
T T AL LA 3 AFTH Y 4FE AFAEAM HAEs] H8ME open
MRIZH & @3ttt

otelA] Z2BAA MRIIM N3 o]gsE F/PE] U 122 A9 7% 193
HgrokFol tste] dolnEs BT

A& A Ao A(Fast Spin-Echo, Turbo Spin-Echo)

FSE+ 19860l 4:70¥ RARE(rapid acquisition with relaxation enhancement)”’|®& 71220 &
sto] EE FF/IHoREZA 1A FHQA AFojhe vsld FFAIZEE dE2AL £ 7] HE
HIZAe B FHoA 722U gy o g A1 9t FSEE 2719 180 ° refocusing
pulsesE 718t el AN oi2E A7) W&ol refocusing pulse®] AFTE #3
ZHcd FSET #3A100] Zotx] o] SAYe] 43S @ B MREGAMS 5848 ¥
d 4 oy nHLEY FA4E & + ot

FSE#E4 9] 37}A parametersi= ETL(echo train length or TSE factor), echo spacing, effectiv
echo time(TEe)Edl TE« 7} Z42 K-space?] WX o] A5 7t 733 short TE echoZb 19 A)
7] e FHoZE ndEdE F4E BE vk FIR K-spaced FYHFE F49 dix
Eof #qstn MARE F4 WEEA FABY] wl&ol long TEer oIM F =7 & G2l
THEo] o, FSEollA short TEr €% 249 4571 Bojx 2 blurringe] XA =T old &

& ETL7Y 252, interecho spacing®] 242 y& Z71€0h

=

olg}e] EE ETL(TSE factor)”} 10 ©}3 TEer 7} 110ms, echo spacing®] 20ms ¢! FSE®] Al A

echo’} U2 A& EAIE Zolg,
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AA
FSES] Aede des 2ed 28e AAZ 90l ETLESE 29 % 97 d2e) ua
Axel 94< 274Y NEX(number of excitation)& Z7HA1Z 4 U3 193 SNRE &4 A2

F At EAR FSE€ o817/19 180 ° refocusing pulseE AH&3t7] wli ol magnetic susceptibility
of @ WZ3A ¥} o]H o] FE 28} magnetic field inhomogeneity & ©F7)3te Z£54 2

FE(metal artifact)o] AA vedo, @2 ARNZ T2ARFAAM o] TAZTHAEE HY

AEe]l HHolv g3t ge] HHE #EE] ¥t EAME longer ETLelA image
blurringe] ZAEW. AMAZ 180 ° refocusing pulseZ} S#H  Flsixl7] o Eo] A3

(magnetization transfer) & 7} £7}% 11 RF(radiofrequency) deposition ©] 7€t dxz &8

4 W72 hemosiderin FFE Y= @ FaleA I

Ao} A 71 ¥ (Fat Suppression Techniques)

29 .
FSEelME T2RZRAN Awase WEZEN A dsus] @Ed 25l Hzd
NEAES EHe] AN BALIE Sud ARIAE AWSHE FFUY PET 2NE
FES 91 AFATEFE AA UEdA 9uh =¥ 294 FAF TIZEILINE 294
S AR NBAES LA FIHE AYAAS ARsE 2953 2AVY Jye
& & 9o

)] = J;
Zo] TlojgAzko] FHE Ztex A7 57 wEe] uHFelxyolast & £ Ju. AR
frequency-selective fat suppression(saturation)2 A %ol F= & FHFETHE Aexg oz 71sho
Ao AFZATUS AAEE W OR o] AL short TI| A S HolE A FoAM el A
IS A F P ZAAol YA T field inhomogeneityoll 73t 23]
% &

AA = A &L uneven fat-suppression

ofN 2
H,
flo o

vl A o

& TIAZGANA BEFdddd AYGA7E 285 H trauma, infection 5

o] HHxyg 298 F = 7] wEed MAT FYst 2789 AAME oppsed-phase
= B3 R9AajoleA] dojuE chemical shifting & ©]-83}9 in-phas

9} opposed-phase 974& dEd olAE MZ ZHAFSHH fat-selective or water—selective image

& F A BoHFig.3).

imaging(phase effects)



STIR (short-tau inversion recovery)

180°

180°

Fig. 10 STIR(short tau inversion recovery) fat suppression.

Frequency-Selective Fat Suppression
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Fig

. 11 Frequency-selective fat suppression{saturation).



: Chopper Method of Fat Suppression

Phase Cycled Pair
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Fig. 12 Opposed-phase imaging(phase effect).
73 Aol 1294 % (Gradient-Echo Imaging)

GREE #9A17te] HodME T2Z4234E W& & A7l "2 2237 MRIIA @] °]
23, 23U 2AAA e ngF T27R=zer7] Boe T2" Z4%o)7] dEel field inhomogeneity |
wustn QJFEe] & ’iﬂ 0th. E3] cancellous bone 3 bone marrow Atbelel local field
inhomogeneity 2 8ol ZFUe] EFoly AHA HHEE BFEy olgrh HZele =AW
o] ol¥ field inhomogeneltyi Q13 T2 WFE 2Asle TUEZAAR o]&dH= AFE AT
GRE9 ©Z AJdoe=zE TEZ Z7] uio hgament-‘l} tendon H#Hol A% “magic angl
phenomenon” ©] ZAE o] tendinitisvt tendon rupture ME #EEH % Fhoh

3219 GREE &3 9o interspace gapflol ¢FS Ao g #go] 71538la SNRo| 7] W&
of THHERHN pAS WS BFst=H W3] o) &=

GREE TR, TE &% flip angles Z% 3} 5——]71} P2REE v & ded oo
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1) Steady-State GRE
FISP(fast imaging with steady-state precession) - Siemens
GRASS(gradient recalled acquisition in steady-state) - GE
FFE(fast field echo) - Philips
FAST(Fourier-acquired steady state) - Picker



2) Spoiled (non steady-state) GRE
FLASH(fast low angle shot) - Siemens
SPGR(spoiled GRASS) - GE
CE-FFE-T1(contrast enhanced FFEwith T1-weightig) - Philips
T1-FAST(Fourier acquired steady state with T1 contrast) - Picker

3) Magnetization prepared GRE
Turbo FLASH, MR-RAGE(magnetization-prepared rapid gradient echo) - Siemens
Turbo SHORT - GE
TFE(turbo field echo) - Philips
RAM-FAST - Picker

2} 3}A o] v  (Magnetization-Transfer Contrast, MTC)

Arstdol & A E Aol 288 proton(bound proton)# ¥ Eeo| ¥R proton(free, mobile
proton)Akel el cross relaxationo] 2}8¢d MR AlZ 7 x o] MEr} okrjslE 21L& »dtcth RF pulse

=

£ bound protonell¥t 7}8lH bound pool®] protonEe] saturation® =6l bound proton free

protong Abo]e&= cross relaxationo] %3 doju}r] wiEel free proton2l magnetization©)
bound proton Z2.2 Agxo] A2 O F magnetic equilibriume] =23A T}, oloujz A=
< free proton®] AZHAE7 ZAA Hed AsHolamrt E4E ANIZATY A 3A L
ot} (Fig. 4, 5).

Aet o)A ZA o wEld 29 A Z(cartilage), ZS(muscle), inflamed synovial tissue

59 Bl A3AHo) s dhol °a‘°11«¥*1 AT e 747t mxa AHHfat)ol Y joint effusion®s
& fluidelM & el 7t A dojux gobA AZ A=) Wart nvjsith. inflamed synovial
tissueollA] AAspdolzt dojutwd T274Z2 g del  AZAE L Haso] HHe] WA o] ot
Aol G4 BAdRGZAM 2T dx FA stAY gadolinium =% F 7ol
MR angiographyell 4l background® A ZZEE A G4 dE2EE FIAINE BHoZ
AbEH O g
FAAEE Astdolrt ZA dojue ZALIAM Aol HFe FAE AR A
2

T
Lo
=

(subtraction)dtd T|AJF Y nAITAEe W2 Yeus A4S Ut} o] =kl 2
Abed AF(magnetization-transfer subtraction, MTS)& T17}%-321 973 Aol Z(SPGR)I A A WA A
Al e At FAISE AT Ee FEAITe] dAS I8 F Q)



Magnetization Transfer(MT)

free pool A
before MT [,/

free pool
after MT

! bound pool

Vi o

fo Frequency

off-resonance

: pulse

Fig. 13 Selective saturation of bound protons by radiofrequency
irradiation in magnetic transfer imaging.

Magnetization Transfer(MT)

|
|
3
) cross- ol
| relaxation diffusion
1
I

chemical
exchange

Fig. 14 Basic principle of magnetic transfer contrast. Cross
relaxation between bound and free pools.

Gadolinium-DTPA enhanced MRI and MR Arthrography

TEZAAMRINA  gadolinium FFAE AMRdE AT FTFAA ’d(cystic)FHAY 13
(solid) ¢ & B3 TEIAE o, TdHoll A (necrosis)FH THF22Y FEo Yo
e o

=R 1]
= RL
O X
2e & g

oft

Folth. ZFAE bolus FUANE TUH] EAEFTY o] @EHHe ANE AL
ZHolE TIA  FUF O AAYEExEHL] MR angiography®E  EHErE sted



TOF(time-of-flight)u} PC(phase contrast)& ©]-%3% MR angiographyell ¥|&le AF o] 21 £
< FAE 2L F Ut

shoulder, hip, knees 9 FH Al FA7e AR EAEFE 2Py 9t FEZ2UE MR
Z2FAE FU3te A& MR arthrographyzt &tk Y& FAA2 MRZEA 2ml & A3 4E
% jodinated contrast(60% meglumin diatrizoate) 10 ml & 1112 2jojx =4
ARLE & £ YA s ﬁﬂx*(shoulder)oﬂl\i—‘f Z 10-15ml A3EE FYst
=

FEAZNE A 2dALAE FYHA X ZF el FAHE gadoliniumE FAMSL BEE
£ 20-308FQ¢ Al Fo] MRE%Y S 3+ indirect MR arthrography S A8 & Qth o} &
ZYA 2d5g F3td FHAUE {EE7] i HHY 2IFAELE 4L 5 W
o & o]t}

FEAZY 98 A F9PYE TolM MRI 5 7M€ ¥ de AP ¢in
FHAE MRIE @4 22474 MRIGA 743 Z333 QleE BokFel stuz A dAzA #dQ
5 AT o8 7iA IR ECl AT A7 DA Tl A

BHLEE ATz 745 len ol 7 $2 IUd(collagen)dfe ¥FR FE,
proteoglycan, &5 Aol2 <lste] MRIAM ©E AZZFES wEges FFddoy To.
TEAEY 2FAFHA ZFo] MRIA FZHE AZAEE dFASd B3A M2 a7 B
nHE3 Yed olde ATEZH ANIZEI FHHAR e AN AFAE EEH
ol #&o] HA &+ -t BHAZ #4FY AIZEE FE ANHT £ 7] HEY Aer
CLIEUIes

#EAE MREG ol TIZZ SE, FALEZZE 9 T2Z4Z SE, Ashdo]dd, g4 33

[e}
el /\}Oﬂi(fat—suppressed 3D spoiled gradient echo, SPGR), AW A T27%Z n&EAHNZE
(fat-suppressed T2-weighted FSE)S9o] &% Z2o=2 w =gl

AN —
#AAZo] FHIH HE FUHoZ AANIZZLEE HolE negative cartilage imaging
)\

T2 ZSE, 487094, zlm A-T2AZ n&aBZEclN 48 4 Jon BAAZ0 A2
st #AH Yo vt 1 Z}E & B ol positive cartilage 1mag1ng€— T17+%SE, 3D-SPGR%

|4 AL AHE Y X}i}%‘ﬂ"]ﬁ"‘l(magnetmamon transfer subtraction)@4elA €& & Yt}
Z A EZ %ol (osteochondral injury)y GZehZo] AWEHYLS A Sols HH T ojzFol

T 1A MRI 902 #dAFe] 27HeE EsedE TAV vt 84 A2
Zyv BEAZ 2NEYPPHEEE FFE7] YA F3F9S 40-50 mm ©]FE Fo T2 ©]
2 A X (relaxation map, relaxometry)tt Gd-DTPA? enhancment, sodium MRI $¢] E43% #47]
HE AR A=) FEHT oA I FFd7 ZldiE sz Q.
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Zt 239 T1 & T2 o] ¢kAlzke] Hfol2 ZAstd MRIGIN 22 z7he] FRo] 7ssht zaue]
L QukA 9l MRIo|A BHEE7)7F B8t Sazd
e TE 2HE AosA T 2AHIFE B2z it
WES oy old ZEX ,] FAtel 918 proton®] H+7 #(phase shift)7t doivtz MRA
AE7t A2 A B #ate] # HE 2ZL AAIZE ato] Z HA gE 2L 14T

BN
g
_I;
)
lo
Jﬂ
P>
i
rir
o,

%

v}

T 1

% (subarachnoid cyst)&¢ Zdel F=2 °19~54°4°L} ﬂ:LoﬂL 27 1 BofollME &4 W
.]

e gEAGscH 2&& Foe Buge] Yo TFAEC watM AFe T g2z
ol EFde el Fugzggel Tol AvE R} JAAT olAAA BFE AH: &
HEA sk

Kinematic MRI

Open MRIZHI= &A7F Eol7be gantryd o2 Fbo]l Eegle AHE AAAZE E Ao
M gztel zzto] Jhestn &xe A Ye] HEdtth open MRIE W& 03 Tolate] A%
o] JFAME AHESHY] WiEel 1Y n&FGo] PR W AXBHY LFo] e WE
ol kinematic MRI ZAtell o] o] 25lm gltl. ol kinematic MRS &#H oA patellofemora
joint®) tracking o)A RE ZHAlsly] YA o] &5 o™ wrist, shoulder, ankle ¢ 2 &3¢
FHHY AAE AMAME ol 8E & I

Z7]°l kinematic MRI= #d9] %29 2% (passive movement)S A|AFE LA E o] &
[o]

sl 298 A4S cine(FBHZ VS0 BYAT DA FGF AAGLHA WS BEE]
A= 553+ (active mvement)dtolA] &9 F kienmatic MRIVF B2 & ARE A3
ot
Best Sequences in MR Imaging of Musculoskeletal Tissues
Bone STIR FSE with FS T1
Cartilage STIR FSE with FS GRE with FS
Meniscus GRE T2 T1 Proton density SE
T1 after intraarticular Gd .
Labrum L GRE T2
Injection
Tendon/Ligament GRE T2 STIR FSE +/- FS
Muscle STIR T1

Note. STIR(short tau inversion recovery), FS(fat saturation, suppression), Gd(gadolinium)



84 24 BYRT A5} AAF
1) Shoulder

Q AEE 7dd] Q%3H g2 g
A3 BARY 2dA FQOF labrumo)y #A

BARTY A¥ xRS B
#: fat suppressed T1WI 2D-GRE, proton density
2) Wrist

2 23
&3 MR arthrography 24X interosseous ligament X%, TFCC(triangular fibrocartilag
complex)
g,

#ad: fat suppressed TWI, 2D-GRE, 3D-GRE
3) Hip

AF: MR arthrography & o] 2% labrum, HEZ Z5¥ 3
4) Knee
A meniscus$} ligament g, B4 A

Z(articular cartilage)
#9J: proton density, 3D-GRE, MTC(magnetxzatlon trasnfer contrast)
5) Bone marrow

N I
=T

A &M F 4 (red marrow)st B4

#o: T1WI, fat-suppressed FSE
6) Spine

AT AF35us, 43 o

“(yellow marrow)® +&, &

29

£ & STIR, contrast enhanced T1WI

259 259 TR,
w

ith fat-suppression
e

nde &F
#<3: bone marrow imaging, kinematic MRI
7) Muscle, 7)€}

‘L?{-"

= 3t

A3 delayed onset muscle soreness(DOMS), muscle strain injury, myositis, kinematics

#93: STIR, phosphorous MR spectroscopy, fast imaging, turbo FLASH(MP-RAGE
magnetization—-prepared rapid gradient echo)

A8 02 ZEAA MRIIME &dAlzto] HoHA, SNR oluh tﬂ =7t w& 2= 4
AE A FE71Ye) Bosy EAAYY HA pulse sequenceE S A3 Agste] R4
€ Z Y F YEF 3t =Ho| A&Hojo .
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