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B, PASNECE, WEELCHESETR - T, EREE
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1. EHEH

MRI THHE SN 2BZLTIT LA EPEE
DELE V- TEL, EREFMONI—VE
Ho TEB I EVEETHS. BHIIREOLH
GEMmE) CHEEH (R KBS h, B
ANTRznzh#l/2 =505, £ TFTKOF
BEIE & A EDIREHT, FEMBEDICRES T
O ICEEH# (conversion) L, 303k % TIC
BEADERS M &2, REFEHRONER
FAERE A A TERICEARICEL LT\ 52,
BN T BB GREAEEHR, K\ TILhL
BHmOIRICEAHICEL ST 50, /AT
REMPBEICRONATAIL, B, WE,
HEF, WE, " EBE, EAKRETH
ZD~4)

S IMEEOPEIELYR M & - T B F I L
BEicix b L, B, OREHE~NDOEL (re-

conversion) D 5. ZDZE1LiT conversion
ST, REEAAE CERMO BT BRI
C % . Reconversion OJFRIZITE 110 4« D
BHIRE (8, SRUEEHE, B
&) BbbH. BEETOLREEERR UL B
OEMICREHMOMEMA R O, BEE, IR
DN, RTVVEBFICENZ ERHFEINTH
%56, MRI CESEHRZ & DX IR 7%
HTEMBBDOTEEBNLETHS (Fig. 1).

Fig. 1. Red marrow hyperplasia in the distal
femur in an asymptomatic 35-year-old female

Ti-weighted coronal image of the knee (TR/
TE=300/15) shows areas of decreased signal
intensity indicative of hyperplasia of red mar-

row.

F*—"J— F MR imaging, bone marrow, articular cartilage, synovium
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2. BB L IEH MR £

A¥vIa— (SE) EXEmE AT a
— (FSE) & : V—F vV THERIN, S/NK
OBFWVEEPBOLNLS, FEREEREHE
DAY FSAMISTIR k04 5. EEHHIT
fERS % i L C Ta/ T2 s FRGRILIC PRGBS &
75, FREHETMRRS & RS OEIEIC &
DRI AN, TiRGETEES, T Mg T
E~%ES%RT. FSE &34 < Ofz% T T2
BRPABRICHWONTWAR, B rEVEES
ERTDICHREL S IEEEOaIV S A
{3 SE BRICHANRTE 5. thab 3 5 BeR5HEHEIE D
RS ERTHS.

Short inversion time inversion recovery
(STIR) ¥ : OB SZHEI+5 & L b
KA L/-EG T, HAMIIERLTERESS,
HREHIIEHORETIRESICHEINS.
AUV L a—EETHETEWRE > HELSE
B L THETADICE LTV 5.

BeRsENElE « STIR ¥ Cid T BRI O%EHE L
7O D IHEI I N 72012, IEH OFEIREY
ESMEEBoNT\. E4EE MRl TV
NYASINIEBRETRAEICTL2HEN TR
STIR Bl T &\, JRIEOE B 2RI
gl 5 S LTIERRKRD 2EEOS
s 5.

i ) Presaturation pulse ¥ : g5 O $L1g &

& BT 6 X4 ¢+ 5 presaturation pulse & &
2 BT KRS DEE Tl 5 7 lebis
HAEShE\W. /2, F -8B, HE-H
MEBATIR 7 E AR T RE TS AR —
PR D 2T WIRAL T, H— e BERE A
BAHT EREEL.

ii ) Dixon ¥ : JgRH & KDORLAHDE W % FI
T53DT, FALAE (in-phase) &HALFH
(out-of-phase) @ 2 B OE & H & Fg i
WIS A HEGR 2B S Z LR TE 5.
Presaturation pulse ¥ 1 b N T, KRS

DEBETIFIATE, WBOTH—HITH
gxngpwy, BEREARC, ZEOHK
BOBNCENE DB H LT —F7 77 bHB4E
LA OB LB 5D,

755 4T FLa— (GRE) & : #¥)ix
NG RA—=REBIRTH L TAL YT a—kD
T1 ik T FR G S L L -EGRSB LN 5.
WBREIC L AP O — MBI R 7201
BREOEBE LML TCREBRENMET 5
¢, TE ©& 2T & - Tin-phase E{& & out-
of-phase HIEBNIREIN, KREHDOEETHE
b5 eudo> T LENRHS (NOTE
Z|).

& MRI: &% MRIICKBIFAILEEBHOT
VNV A RITER R WALIC L > TRZ Y, 7k
BHOL WAL & TNV AR BEL, &
BHTIRI LA I UNVABHRITIRONZ
V. BBHECIERAE VT E TNV AR
BWH, BEETLLA0X B2 555 LAY
HDLT LAWY, Zhic LT, BE,
RIE, FEMEET EOFHRETIEEFIC
HLTITUNVARREDPENC EDBEL, Bl
HEEEZHRE T % L RET L EEEHOE T
VESAMBELNS.

NOTE : in-phase & out-of-phase

BERG &K DIBRPER T LT LICREZD,
1.5T ORB#E T TE ORI 2B ¥ 5 &,
fERF &KD T b /344 ms DY A 7V
C Al f£ /] in-phase & 3 {57 /8 out-of-phase (op-
posed-phase) 27 %. SEETIXIZOMMED
EZx 180 E/VAIC X » THRIET 525, GRE
ECTRAHEOENEFICEEFE T SH. %D
R Tl & KOEESLME SN, HALHE
TR EIRBDEBEZE LS DN, Licho
T, KEBBHEREL TV %A out-of-
phase i CTEMHLEFESHEDEKTRAR LN
5.
EFEOREHIIK & Z&7®, GRE

199946 A 17 HZ#

BIRIEERSE T852-8501 BIGHIA 1-7-1 RBFKFERFIMMAHE A%
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& % F /- out-of-phase [H {8 TE B K E B
g (Fig. 2). Chicxt LTl % &%/
WEHIRAE (BESCHIMKL ) 13 in-phase
i & out-of-phase B DS BHEICIE & A
EEPR NN,
3. EEARIGH

MRI 3 EMBEETH S 2 I WEBKZED
WHICEN, BHFE (Fig. 3), BiFom#

%, ®EE BiE, SREEHEL OB
waEe e (Fig. 4), B#%K, FHHOEER
REDBKICERTHS. 727i2L, %L DF -
FHREIIRRERN T MRITRZRT 2 258
%<, BENCIERRET RO B2 +5
BRI HUNEDND 5.
MRID)V—F v O#FGEE L L TIE SE LT
T THAED, HEELOABICHE S 5720

Fig. 2. Out-of-phase and in-phase images of the bone marrow
A, B : Areas of red marrow show low signal (arrows) on out-of-phase GRE sequence (A) (TR/
TE=100/7, flip angle=20), and iso-signal on in-phase GRE sequence (B) (TR/TE=100/10,

flip angle=20).

Fig. 3. A 43-year-old female with transient osteoporosis of the right hip

A : Tr-weighted coronal image (TR/TE=500/22) shows a low signal intensity area in the prox-
imal femur on the right (arrow).
B : STIR coronal image (TR/TE/TI=2500/25/160) clearly shows the lesion as an area of high
signal (arrow).
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Fig. 4. A 56-year-old male with multiple myeloma

A : Bone marrow of the thoracic spine shows diffuse low signal on Ti-weighted image (TR/
TE=400/14).

B: On STIR sequence (TR/TE/TI=3000/14/160), patchy areas of high signal intensity are
demonstrated throughout the thoracic spine, indicating hypercellular marrow.

C, D : After chemotherapy, abnormal signal in the bone marrow is markedly decreased on both
Ti-weighted (C) and STIR (D) images.
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1243 STIR XIS ehA#iH T2 s@sRG 2B 3 %
ZEHREFE L\ (Figs. 3, 4). ARt e EEH
WA DX B 25 BB 75 % 1 C i out-of-phase
EGRSERTHS. & MRLIZEHIHE &
HRATAHIET, TUNVASNLRE % BIE
ICHH T 52 LR TELR, TOBKNERIC
DWTIRELERRORMD D 5.

BB (B STIR) #H\\ /-4 & MRI
&> TEBEBOBRRET, BYVFI S A
L0 LENBEREAE O NI LV OHERD
%0, ZOEERIERIC OV TISHD
B DBBETH 5.

M & e

1. [EFEAsNEE

BAEiER B T BB Ml S EEE L O 5
THETHAH. REXBHERIFICaS—F Vv,
proteoglycan, kB JUAKBOHEEKN O 5.
ABENCIER L ORDOABICGEI N
512),13)‘

i ) Calcified zone : #x & EZBOFHIKAL L 7=

REE

Fig. 5. Normal patellar cartilage on spin echo images

ii ) Radial zone: KB OB EM L L U2
T—7 VRMEPREREREICK L CEREICE
R 5.

jii) Transitional zone : 35 —4 VEHED 5
VX LIZHEFI L, proteoglycan % % & %
&L,

iv) Superficial zone : BKBEEEICK LTS
— 7 /RRMEDSEATICELSI L, proteogly-
can DEPMUDOBE L D b7,

Radial zone & transitional zone | proteogly-
can PEE THEKE L &4, BED shock
absorber & L TOFRMKTBEEICKEBEEL
TWa. F£7, a5 VHEHEIC k> TBR
NHEET7V—LE, REOHEEZROE L L
IZ proteoglycan % fR#F L Z DI # B <&
ERLLTVWA.

2. BB L IEH MR &

SE & : BISERE ITBIEIK & X5 & Tk
FE TSR LD PomiES, /o b VEER
FABTHEESR LD LRERES, T HWHABTE
RS SOBEE LTHiEah s (Fig.5).
BICBHEAE VI a—-EO T H#AEKG I
MTC 2y R D 7= &1 BAFTIRE D\ MESS 5 % 7w

C

A, B, C: The signal intensity of the cartilage is slightly high on Ti-weighted image (A) (400/14), slightly low on
PD-weighted image (B) (3000/15) and low on T2-weighted image (C) (TR/TE=3000/105), compared with the

signal intensity of joint fluid.
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L, BAEIW L kB BRICXBITE 5. AT
FRESEOHE L L THEINSA, chemi-
cal shift artifact & ORFNCER T HLEDBDH
%.
GRE #% : T:*MFG CHBRFEBEHKR LD
LREEEERT S, BER & BREICKEITE
7t\. GRE¥:T1#78% (SPGR, FLASH 7x
) Ti, BESRESK LD bEESICHES
h, EEw Lo/ FSAMBREW. 3D 7 —
AREIC LV ENATA ABELH, EROE
BEMEAEONAFEAD D, THICHEHT
k% n Z 72 7k A BAETIR B OFHIICIA < AW
BNBHEITIEoTz.

BeRG il - BEENIKE ORI I AR5 IHIE =
Bt % &, 1) chemical shift 2SR & NIKE
OEIDELWIHEATE S, 2) E LA
DEVWIAVFSANBELNRD, 3) XA F

Fig. 6. Effect of fat-suppression for delinea-
tion of the cartilage

The cartilage is clearly delineated as high inten-
sity structure on PD-weighted image with
fat-suppression (TR/TE=3000/15) (cf. PD-
weighted image without fat-suppression in
Fig. 5B).

Ry 7 VVVBIEKRT B 7D E DEMEIC &
LREOEEELOHHBICENS, 4 B»
LOT—F7 77 FBRAFIEINS, I EDOF
BRB5H. 70 b vEERRAG (Figs.6,7)
2 GRE & T1 34394 (SPGR, FLASH 7r &)
(Fig. 9) EPtHTA I LBEH .

Magnetization transfer contrast (MTC ) :
MTC #h BRI L D BESRE OB EHMET 52
L AR L CEAEiRE MR e OV T A
F &8 5. BAEEKE O collagen 7 MTC %8
KBS L TWEEEZLNTEY, WEEHED
BHZHAOGHABPHEIN TV BV,
MTC & f §$% C subtraction %47 5 7= %1,
B g & <, subtraction B8 TR &I &
HENBRIDVDIDHEVIREDDS.

MR BHEi&E  [EH ¥ E 1T proteoglycan @O
7-DICADBEREREL, MLLADEMERT
L#&EEH (GA-DTPA) #HiRT5EE 206N
T\W5. BREZE ¥ TiL proteoglycan DA 5
R, BEOEH LIHMICEFRIOER
(LARAR) &30, Lich-7T, MRB
HiE Y ClIEEEm OB Tl < RO
BEETRHETEL EEZLNTWAY, BIK

Fig. 7. Laminar structure of the cartilage
Axial high resolution image of the patellar car-
tilage aquired with a 3 inch surface coil (field of
view, 8 cm ; 3 mm section thickness, 512 X 256
matrix, 3 NEX) shows three laminae : superfi-
cial low signal, intermediate high signal and
deep low signal.
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BIZ BT B2EHEIC DWW ik E 2+ o Bt s h
TWiRW. Eiz, BEHAANOBFHD LAAA
AR BHITIE, BAMPICERH % i G BN R
BLTH»S6 MRI ZTbadidabzne v
SHIRRE 5.

NOTE : iR E D E#EE

B FHREE O MRLIZ J\  CRASEE 1< B &
ERDDB T EPREINTNAHIN20 . BOH
OWTH 25 BEHREEC L > TEbED
T, TNOORBREED EO LS kMm%
B L TN B D F 2RI S TR0 23,
a5 =7 VDR ECER, B 5\ pro-
teoglycan OEREICEIE L /&5 KO LSE N
BIHH0DEEZONTWA. %/, trunca
tion artifact < magic angle effect 7z & @ 7 —
F777 FHBEE LTSI EBbhro TS
B, =B LRBELERELN TR N2D.2),
Box OB CIIIEIFMSIE 20t Lo R GeE
o708 FUBERTRGE T, BEEFREICTARL
EL3IBORBEEIRO LN (Fig. 7).
3. RRIGH

B EORFIH OO ABMEATRID
554LDT, V—F /OMREBRETH, B
WEICERT 5 LD L VITEKR, KB,
B, FEERELEORERFERINSZ LM
LIFLE® 5. BICBEERFREIEN-DICHE
BORBYE (FBEE) CTLRELEMmTESC
EBEL, BEFRKIE (Fig. 8) oWk
Z L OBRBPIThbN T2 KREE-KE
MO B EE B HEIC N Tl 72 DI Hm
DL, W—F VERETORKREEZ B L:
b O B 1T BRI OZET M BIEHEIC
DOWT, BRAVVIa—E T MARIC LS
HEREOZWRE LR Lo, BEORELL
ST B BRI 75 2T RE &3R80 7229

RIS E ORG 2 A BICRE T 5 2 2t
HEBRR TR WS, BLiiEHE TokE
BEFMLRBEEZ R T I-ODERNEE L &
bRAALNTED, WEREORLZHCBE
FHEASRE L2 000h%. ZOLDHARIC
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Fig. 8. Chondromalacia patellae in a 25-year-
old female

Axial Te-weighted image (TR/TE=4000/
100) of the patella shows an irregular defect
and high signal intensity within the retropatel-
lar cartilage.

B U 7-BaEiEkE Ok & LTIk D LS5
EMERINS.
1) BE & REOBMESK, B, FARR Y
E DR BIDHEICTE 5.
i) BEOMPIREEHHTHOIt57%
ZER S fRRE A DD,

i) B OE S MO IR 5 23 AT 4E.

iv) FREMTHS.

B EOmBETEMNE LIcRBED S L&
b KHEINhTWADI, REFHISEHE O
GRE & T:1 9 #1& (SPGR, FLASH 7+ &) T
» %220 (Fig. 9). BAEEKE DA% L Tk
FOBRELHEET S & AT, EBOKE
B & ORI RIF AR BB O T\ 52028,
L 2 L, MR microscopy % fif - 7z in vitro ©
PHEE CIIBEEERE ORI A Rl 3 5 i1ciid
70 & 150 um BEDOHRBEPLETH S Z
DD o TR, BKOEETIOREE Y
FRTAHLRELWD. k2, TOHET
BEEICHESBEDEEE(LEHO 25T &M
R C b, BE & IREERIE & DX B BERET
TWC ER FRIBER D E L, SEROBEARR
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Fig. 9. Osteoarthritis of the knee in a 49-year-old male

A, B : Both Tz-weighted image (A) (TR/TE=4000/100) and fat-suppressed SPGR sequence
(B) (TR/TE=50/11, flip angle=60) clearly show the localized thinning of the articular car-
tilage in the lateral femoral and lateral tibial condyles (arrows). The contrast between the car-
tilage and surrounding structures on fat-suppressed SPGR sequence is superior to that of Te-
weighted image.

ns.

Vi) &

1. EEEE

RSN (VEREREED) (2B WRMEM ORIEIEICH
FN, TORGHEICEERD 5. BRI
AOREDMIC, BAEROWH R, BIFirO
& (barearea) #HE L T 52, KECF
A, BEEOERRICIIEE 2\, WIEITE
BN IEBOMIICEGHS (intima) &
ZF OB O MBI E H4 (subintima) 145
PG, FOXLEEREIBEMEOES, RO
BACESANOERY OB TH 5.
2. T
EHEOWEET MRI CTREETEY, #Hbd
% 1E 2 ORIEIEABICHE > THRE LB 2880
5E51Cins. WEOIRE T 5 TR
RS T LB L, BIEIK & ORFIBBHEIT R

5. BELBEORE S/ X — VI RIEDR
LEEME, R LORE, NEVTUVRT R
O RWEEICLDEE SN, TG TR
W ERBEDKFES, TRk CESKICHL
NTE~ZESETRT. &% MRIUIZIEE L
BELZ#HETHOICERT, BromnI/
NV AENRAE RS, BRIEEOHAAERT,
BEE U 7-VBIE & B & DR FIBE BT 75 53050,
Dynamic study C 3 4 fiE Ve B 1L B R 48 - 30
HHEBEIHEBRDERL, ZORIT ST+
—ICETSH. ERARGHRS S EERT S
LEEHOBHR~NOBITHPRONAID, B
BOBRGBPLETHS.

3. ERIRIGH

VEPEARE I« ORISR AICH > TRO LN
LR, BMXREIRBLEL, HETR
& LT, EEEES 5 \WIELE D erosion RO
%iCF /5. MRI T3 # MRI CHEEIE
EORECIEEORE#ILET S I L ATRE
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Fig. 10. Rheumatoid arthritis in a 24-year-old female

A : A radiography of the hand shows mild periarticular osteoporosis, but
is otherwise unremarkable.

B : Fat-suppressed contrast enhanced Ti-weighted image (TR/
TE=400/14) shows marked enhancement of the thickened synovium
(pannus) of the hand.

Fig. 11. Juvenile rheumatoid arthritis in a 2-year-old girl
A : Fat-suppressed contrast enhanced Ti-weighted image (TR/TE =550/20) shows diffuse en-

hancement of the synovium of the knee joint.
B : After 4 month of treatment with steroid and anti-inflammatory drugs, the synovial enhance-

ment has reduced.



FBIEIER A D MRI

T, BREGIERIC T AR, BEU v ~F
ORAZN (Fig. 10), BIFIR OIEBME CHBE
BHROHENDIEHABRAE BN T 53239
(Fig. 11) . IHEMERBEDHRHED/-DOIT,
BEEINIBEOERO AT, TUNVA
SIN/BROBEZEH T 5758, dynamic
study 72 EBERINTWAA, WIFnSFR-
DD HITETHREDOD ARERPE LTS
WEWSREDRDB. SHOBEELT, TV
NV A SN A BB 3 Ak AR
HIEPKBEEEZONS. T, EEHUU<
FD & 5 7n HFHBAER OWEEHFEHE D72 DIT
BEBESTBRET L2 TRATSTHY, B
REERAEICOW TR EICRRBBETH 5.

¥ & O

BHE, BISECE, WEICOWT, MRIDOH
Gk w RO L7 BRI O « OREIRE
IR DN D N B TG e R
BLENDHM, RONIKE CHEY) AR
T3, BRIRAT R OBERET RICES W T
MRIDE®Z+DICHBE L T T ENEE
TH5.
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MR Imaging of Skeletal Disorders
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This article focuses on the use of MR imaging in the evaluation of the skeletal disorders involving

bone/bone marrow, articular cartilage and synovium to emphasize the tailored approach for a

particular pathology. Normal magnetic resonance anatomy and criteria for pathologic change are

presented. Clinical application and limitations of recently developed MR imaging techniques are also

discussed, illustrating some representative cases.
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