B gk O 3T MRI

B JFIEEZ L

& [ #h 2
B R

H I fE fne,
Bk F1Eg 4

Ui PR ER S M RN BE SO AR R 2RI R

SRRFBES B R EERE I SR 0 B

T L &I

PAEER BT, B3IV ORBRORE S TR
T A EOKRMEE Y, FWLEE & T
TR BRI OEE 78 > . BIAkE T EEY
A AE R L, #EEBRE & ETHOE quality
of life #2 2 TWANY, @mmibpiELicon
CBHSTHRE O ZE M LTI I D < BT BIERE
(osteoarthritis ; OA) 2A#EnL, OA IZHAERK
SHELAFEERO 217> TV 5.

ARGTH, BIAKE O 48 % IR IEANC -
T&E AHME—DOEFZMIETH S MRLIZOW
T, EARNGIGE, S EER T IR T 5
HLWRGEE, 3T MRI o4 A, OA Ok
RIERIC I T H MRI O%E & SHOREICS
WO T .

RIENERE DS & #ae

BESIR I I REME U VN, Mk
BAERT, EICHR»ORESINS. B
BB ORENL, AT BEEOMYE R B X
B25EEBIC, BHAINOAMTBRING 5 &
Thsb. COHREEZAHRICL TWADIE, B

R BE IR i BE RO AR R 20 B

g ORM RS Th 5.
BIATER B IZIBERE D 60~80% K5 TH
D, EDD20~30% HilfasEE (xFUy
7 A), AT 1% Th 52 (Table 1).
AR IR OB E LIRS
N, BEEi~O&RBIN - 72D kI Nz D
TAHI LD, BEFESKENICIE TS L
TREIN TS, REFHIEOEE L& EL,
XMV 7 ABFELESTH T ETHSHH, HEH
fa BRI ARRETIIEARIRIIZEAER
bz,

<MYy 7T ADERS T T T ATV b
aA5—7VThbH. SasF7uaviE, Be
BB VNTBICAY FaAFURBR T XS
Vg Eo7vay 37U v (GAG:
glycosaminoglycan) & MEIEN 5 S &

Table 1. Components of Articular Cartilage

1. Water 60-80%
2. Extracellular matrix 20-30%
a) Glycosaminoglycans
b) Collagen (type II)
¢) Hyaluronic acid
3. Chondrocytes 1%

COfREIT, 5 35 M HAMKIEE AR EREE [BIHkE ] TOMELHLICE LDIZLDOTHS.

¥ —"J)— K articular cartilage, high-resolution MRI, 3 Tesla, cartilage repair
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LERETHS. a5 —7 i3 T 90
WREA LD, XKEgLttdicas—7 v
AR L CRBRESLEZ LD, kg OB x iR
LTWb. Fast7uhv/idy v rElE L
LI TV VERICH G L, KEDOKEZREL
TTrIVIRWE L7, a5—7 vOMAREEIC
WA En, MEEIEEE S FEEZHE-> Tv
%3,
Bk OE ST 1 mm 7 B AT 7 mm &2
B, F¥2,3mm W OIEFICH K TH
. RKE - FHEE - FE - AKIEED 4 8
LD, BEEEHKBORICIE tidemark &
EEN BN R D VR E TR LRIk
W& % (Fig. 1). B CRIKE MR
T, a5 VMBS IS AT IS LS
5. EBERLEL, REMIREc, o
F— VML 0K K NH AN R BRI AR T
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Cancellous bone

Fig. 1. Histology of the articular cartilage
The articular cartilage is formed from four lev-
els of superficial, middle, deep, and calcified
layers. There is a linear structure called tide-
mark between deep and calcified layer.

BAEE RS, WBEEAR D %V, AKLE
3, KEAKE TG & mEICEE T 5.

MRI i3, TORMESEA KB L T ToHENZ
tL, ERELPEEIL T ERAEL, LA
RALRE T Tl 5. S Drzsd, T
BERE»SEE IR 515N T, S5MENME
T+% (Fig. 2).
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Fig. 2.

Axial fat-suppression T2-weighted image of
normal patellar cartilage shows decreasing sig-
nal intensity as deepened from articular sur-
face, because T2 values of superficial and mid-
dle layer are long, and those of deep and calci-
fied layer are short.
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IC 30 AERE O R & B L 72 EC,
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Table 2. Magnetic Resonance (MR) Classification
of Cartilage Abnomality

Grade 0 : Normal

Grade 1 : Signal abnomality with normal contour

Grade 2 : Superficial fraying, erosion, fissuring, or
Partial thickness defect of <50%

Grade 3 : Partial thickness defect of =250% and <
100%

Grade 4 : Full thickness defect

(Outerbridge RE, JBJS Br 1961 : 43 : 752-767)

IZ DWW T, Outerbridge HIT ko TIRE X h
7-BFIERIC 351 % 5 JHITH - /2 MRI O grade
DEPEML LTV (Table2). 1.5T
MRI I k& % BIEik B BEOZERIT, ChE
TOHRE TR LRI T HIELRKRIT 8%
Bt L 7 D EWA, grade 1 2 2 7 K AM:
LPBREOBE TIREZRIT BN FiIHE &K
Win~15 L, 3T MRI #fHvwhid, swv
S/N %G M L CHE N5 fi#sE) 50~100 4 & \»
S =7 WIREGICE % & RGO MR B &%
BLTEMTEROD, ik, EEO
B/ NSl Y g T RICERIC
FHiid A M TES (Fig. 3). 61T, #k
BREGOFWFT R T HIFES, REEEOR
Vg ¥ OEALFR R BA IR EB, ik T A LD
LR B TS A 9 RN AT RE I
7,200,21)

3T MRI & 1.5T MRI @ b

1.5T MRI & 3T MRI O i % & R =
T4 7 15 A CHELL 7. 3t 15 i, 4
WEld 20 A6 60 5%, PB4l K. BEHIRET
Philips #-#4 MRI Achieva 1.5T % & U Achie-
va 3T G, ffif 2 4 )13 8 channel SENSE Knee
coil. #RGJH7EL, IRIGIE T: w8 G& (TR/
TE=3265/60) JiRWr{5 - eiRIT(5 - BEMTER,
TR0 PD SRR, Tisdd sk &,
3D-T15%7# GRE #TH 5.
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Grade 1

Grade 3

Grade 2

Grade 4

Fig. 3. Cartilage abnomalities on T2-weighted image

(a) Axial T2-weighted image showing heterogeneous high signal changes in the patellar cartilage
(arrow). (b) Axial T2-weighted image showing a partial thickness cartilage fissure in the patella
(arrow). (c) Sagittal T2-weighted image showing irregular cartilage thinning in the medial con-
dyle of femur (arrow). (d) Coronal T2-weighted image showing a full cartilage defect in the

medial condyle of femur (arrow).

a) 155 #E% It SNR : SNR (I # RS I1C1T

B 5720, RIUERE ST A =2 ThHniE

3T MRI {3 1.5T MRI O# 2 {50 SNR 735 5
N52. P BEFERT VT 4 7 TR L
WETd, BAMIEREIE T %7853 LU PD M
PR T, AW L HHIL PD m#AG T, thE
N2 %L ED SNR 88 517 (Table 3). &
W SNR #BEEOM EIZHTAHEEICIE,

matrix # K& <, A5 AEZ#HE L L HS
f#HE MRI % #8458 afhE & 72 0 (Fig.
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Mgl & K DI R $ D % 25 1.5T MRI O 2
fFIC 7 %70, BAMEKE A O chemical shift
artifact 75 3T MRI CIIBAEIC 5. Z DXL
L TRMEI A E R T 528, 3T MRI T
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Table 3. Changes of the SNR of the Bone and Soft Tissue : Comparison between 1.5T and 3T

TWI PDWI T:WI
3T 1.5T 3T 1.5T 3T 1.5T
Bone marrow 23.2+£8.7 17.1+10.9 289+7.1 23.3+89 158.8+34.3  95.6+26.9
meniscus 13.0+£4.0 14.2+13.3 48.1+20.6 19.8+6.6 26.5+14.5 15.6+5.1
Articular cartilage 91.6+23.9 13.5+13.6 142.9+55.7 68.9+£22.3 59.1£30.5 36.1+£11.7
Ligament 17.1+£5.7  14.3+8.7 63.1£24.0 25.8+12.8 30.9+14.2 19.9+6.7
Tendon 9.6+2.9 13.3+£11.9 17.6+6.8 9.8+5.0 15.4+7.1 9.5+4.3
Fat 37.1+£74  13.1+8.3 49.1+£19.0 38.8+16.0 176.1+42.5 105.6+42.7

Fig. 4. A difference of image quality between 1.5T and 3T MR image
Image quality of (b) 3T MR image is obviously superior to (a) 1.5T MR image.

15T MRI X D ¥ —7x R HIE & 2515 5 1
5. ZDIEH, RF (radiofrequency) /L AD
EENVIFBERKELKTAZELELERNTH
% 16)

c) #EFER : 1.5T MRI & 3T MRI <1, #
o T T EAZELT 5. BT HEET
i, HxOREICH VT, BISEKE O Tl
17X MR L, T fEid 12% %M L Twic
(Table 4)23. 3T MRIICH T, Tiav 5
A % 1.5T MRI & REEICHER 9 51213,
TR ZH 20% RS LB ERD L. Tea v
F S A RICOWTHE, 1.5T MRI & [RIFREEICHE
BI5ICiE TE Z 00 B RETLLERD
5.

d) WALHRLE : 3T MRI TRIEBALRL)E R K
EL 2 BH72, TmiHE= T2 % GRE T
BFHkERE OB S ME T L, BEEkEOES

% B/ NG A AT REME 3 5. TE % 10 ms »»
5 120 ms & TR 4 I L7236, BIEmik
FOWNIES &, ELEfiKOay F5 AT
BKRE LT 5. 3T MRI Tid, T:fEN%E
W sEELHY, BERKFOMEICE > TE
#7: TEX 15T MRI L V< 7%, TE=60
ms FiEANSES B LUMEKEOa v RS
A+ OMHE TEN TS EE 2% (Fig. 5).

RIENERE D MRI #&{&% (Table 6)

1. EARMREE

BASR R O ZERIY e B 7B, TN
%, /u v (PD) HE®HEME, THE#HET
H5H. BASEITITRLAICERL Y, 8E
DOFHMICIZITEHROELTT 52 M2 5D
BBEPBE L. 2OHT, FRIGIHE Tk
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Table 4. Rate of Change of T1 and T2 Values in Bone and Soft Tissue between 1.5T and 3T MR Image

T1 value T2 value
Tissue rate rate
1.5T 3T 1.5T 3T
Muscle 1.13 1.42 1.26 0.035 0.032 0.91
Fat 0.29 0.37 1.28 0.17 0.13 0.76
Bone marrow 0.29 0.37 1.28 0.17 0.13 0.76
Articular cartilage 1.06 1.24 1.17 0.042 0.037 0.88
Fluid 2.85 3.62 1.27 1.21 0.77 0.64
Table 5. Summary of MR Imaging Techniques for Cartilage Evaluation
MR technique Evaluation Advantage Disadvantage
T:W SE Morphology Subchondral bone Low contrast between car-
tilage and joint fluid
T:W SE Morphology Surface, internal detail Low SNR
PDW SE Morphology High SNR and spatial resolu- Unclear internal detail
tion
Fat suppressed T:W 3D Morphology ~ High contrast Blurring, truncation
SPGR
T2 mapping T2 value Quantitative, early assess- Low SNR, time consuming
ment
Delayed Gd enhanced MRI of GAG Matrix (GAG), early assess- Contrast media, time con-
cartilage (AGEMRIC) ment suming
T1p mapping Tip value Quantitative, early assess- Limited availability, time
ment consuming
1<)iﬁ"usi)on-weighted image ADC Matrix, early assessment Artifact, low SNR
DWI
Ultrashort TE (UTE) Morphology Calcified layer Limited availability

Fig. 5. Signal change of articular cartilage on T2-weighted image with different TE
(b) T2-weighted image with moderate TE (60 ms) shows internal structure of cartilage more
clearly than (a) short TE (10 ms) and (c) long TE (90 ms) images.
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3D-GRE @38k BRI DIV ez Wiie & L
THELE L, EZ2ERITOXFkEEHLNT
BO, BEABEOMEICHH LN 5202,

a) TisfaRfg « Tiomamgis, BASTRE 23 B
FEBREDKE IR 52, BERE HED
FHIICIEE L T\ A, EREIEAERE S R
7 OB BEGICHE D RE THOFHMICHH T
» % (Fig. 6a).

b) PD w# : PD sidiG3 5 =HE H (sig-
nal to noise ratio; SNR) 23k &<, BIfflKk
BOBHIIRMIKE LD LICWRPEE LD,
TG L0 F L <9 (Fig. 6b). PD
1 Qe O =117 111 e 2 S R g e T =
HORICER emEST LD, EOEMEBD
FHiicERH Th 5 (Fig. 6¢).

c) TooRaMf : TeoliG TIPSR A S E =,
BARIK & MEE 5 &l b7, BARAKE OFRmH
PR 23 BT B IS O R & T D BT L e
7%, SNR 2ME T4 5 72 bW 70 8 455 D 3P 1
W#Tdh 5 (Fig. 6d)20~28), 42 3T MRI T
(&, 1.5T MRI L FfEED TE TEEORF %
KFREFELVOT, PRESRET HUNELD
5.

d) T:1%%74 3D-GRE 1% : 3D Bi{& D 7= &5 ffhE
L <, BATKE OE & O FB & R4 5 D1
bEN TS (Fig. 6e). el % ofH ¢
NIIBERE A —nEET &0, kETE
DOaHENEES &0, BfiREDa V5
AP KREL A, RELL T, FREFHRN
RWZ b, BERGROFELZ TPV
Y, truncation artifact A R 51 %5 2 & TH
720

e) KRG GRE & : d) OIRIHH & ik
DHFEBEL LD E LT, KaERICHE S
LIGEEDN B AH . T OTTET H BIETERE 2535 B
mEETERL, EDBEILHER Y OERE
HFHIICE R CH 5. L L, FSE DR
Wl PD smaifg & 9 nid, blurring 12 k5
AiFOIF T %, B O truncation artifact 73 &,
His (Fig. 6)29.

Table 6. Structure and Tz Value of Articular Car-
tilage

Layer Thickness T value
Superficial 10-20% 30-40 ms
Middle 40-60% 40-50 ms
Deep 20-30% 4-10 ms
Calcified 5-10% 1ms

2. AL RGO 12D OBk

a) T2 mapping : MRI TZ Bl E O J@ kS
Rl T TEPZAE L, & PR T,
AR, BB & aKAEIE T 2558
(Table 6). #kEBBHINLLHE, 357
VRRHE B L CIFIEA SR 9, S OKSE
% 4% T2 mapping %, BKE DOFELY &
BINCFINCEHTi 5 ETHERAEEZ BN T
%303 UL, BASHIERRZ W LERRD
WRER 7”9 T & 7% <, magic angle 1231\
OB T3, BIfikEOXKBEOaZ—7
FRHEA BFTIE IC AT IS AEFT 4 5 72, magic
angle effect #5217 T Te DR T AN A H D
HESNETH 53 (Fig. 7).

b) REGEFRG MBI DK T DL EL % R
T AINBORFRE G, kEBRGICLD a7
VRRHEDIERE L 723G, IRBO RS EOZE L
LLTEBLZATENTEAEEZLNTE
D, BEREOFMZIICIGAETE LTy
%%) (Fig. 8). L2 L, BASTEKE i3 mAAa~K
DWALERKEL BRI L7207 —F7 7 7 7
<, BRRISHICIE S bk 2EEOUE P LE
ThHb.

c) dGEMRIC : 8k 4H (GAG) DRE %X
Mg %05k & LT, GA-DTPA 2%k 1 5 i (5
(dGEMRIC : delayed gadolinium-enhanced mag-
netic resonance imaging of cartilage) AEH &
NTw5. GAG [ FEWMET 5729, R
et L 2K GAd-DTPA ## 5.4 %
L, EHD GAG & GAd-DTPA B F L,
GAGBE L RIAL TEEAL M 57
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Fig. 6. Sagittal MR images of the knee

(a) T1-weighted and (b) proton density weighted SE image show chemi-
cal shift artifact on posterior contour of femoral condyle. Articular car-
tilage shows a significant high signal intensity on (c) fat suppression pro-
ton density weighted SE image. Signal intensity of articular cartilage
decreases remarkably on (d) fat suppression T2-weighted image. (e)
Three-dimensional gradient echo (GRE) image without fat suppression
and (f) GRE image with water selective excitation technique. Use of fat
suppression or water selective excitation arrows more detailed demon-
stration of articular cartilage.
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Fig. 7. At anterior articular surface of femoral condyle on magic angle, a signal intensity of ar-
ticular cartilage is elevated on (a) fat suppression T2-weighted image, and (b) T2 mapping rev-
eals slight elongation of T2 value on superficial layer of articular cartilage (arrow).

Fig. 8. (a) Axial diffusion-weighted image (DWI) and (b) apparent
diffusion coefficient (ADC) map from a healthy volunteer. Image quality
of DWI is insufficient because of inhomogeneity of the susceptibility.

Fig. 9. (a) Color-coded -cartilage transplant precontrast and (b)
postcontrast images show contrast enhancement of cartilage repair site
compared with adjacent normal hyaline cartilage (quoted from literature
39).
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o, ZL T GAG RE KNS OKE 13
WRRPR< 72 5. BERE OB, HRE
DORFGEREZ T2 ETHEHA:EZ2 N T
%360~39 (Fig. 9).

d) Tip 58RG : REEBENOKGFOEWIK
Wx R 5 Tip fElL, BRFEEOBE XX
Mg 5EE2LN, KEEHEOEELELL TT:
LY BEEPHNC EXHEHINTWS. &
A A A IR AEORE ST T E %
75, spin rock time & 2 CTEEEIRE T 5N
Epd 0, BIRES TGRSR < —miic
375 > TR W0.40 (Fig, 10).

e) UTE (ultra short TE) {4 : fx:E D4 Tk
BOWRE, AKALEOBREGIEIKE ORLEE
KL, BEEMIOREOEMERT I L50-T
/. IHIC, R, AR LB —EOEE T
BHESNTLEV, RRICIEEPRLNR
BB, EEEIUHEKILED T i
EFERICENOT, W O G TILFHm 3 R
Tho-77, UTE BTiImfEEiEke LTl
Ih5®(Fig. 11). Lo L, BFFETIEN—
FOHFIFID D O —ANTIT 7 > TWigwo.

f) DEFT (driven equilibrium Fourier trans-
form) ¥ : MEREAY A 08 I 12 B Bk B 1 R
9720, v TR T TisgO 7w, 71
PV BISE WA A=V RE BN 5. B
oav 5 A TR>7ms L ET
FLASH % LA 5 ity STV 5D,

®EEERLE MRI

OA DRI I RATHRE & kO
DNBH D, REFRES ORRRITL T L
b1 TiE <, BAMBIEIT R < ICETL, &
I I A TRSE R AT N hid, &
0 B A TGRS (activities of daily living ;
ADL) O ENE LN,

LaL, ALBSNICES £ TOF WM Tk
FHREHBES L A8 E L <, BSKERG
ICx L TRk % I 6 IR TED W B S N T
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7B, TEx O TIE R BT 5 2 LIdHEEET
Boto. EFFEERPIFFICERS N,
1994 FFICREFR SN 7c HR R A BN (au-
tologous chondrocyte implantation ; ACI )49 73
T 70D, BAAIRE OMEER LK EDRR
T HET TN S,

HRE AR 13 O3, A 23 7 < MRS BE MK
CEND, INESERERIBO B ARBRITIIAET
. BEBEY B E LBk & LT,
marrow stimulation technique, &EE B,
HEREEREBEMO=Z 008 bN5.

Marrow stimulation technique & (%, #kE /K
EROBFIZ F U IVIn & THEfHT 5T & TikE
BGHEmMICEH 2 D OBMRAAE L, B
I Hok 9 2 EERMaOEE SRS N, #KE D
FhEEMFETHAHETH AV, Lrl, B
AR O KA ITRHERRE T, BEICIIRAL D
HEWHbNTWA.

FHCEREBAEML, e RBREHD S5 LD
IS I BHRE R A B % J78 T (mosaic-
plasty), TEH I N/ TFIKE LB TEIB
MEN572, HFRREKEIC L A BEERRET
H5bH. L, BIFIARROIEFICTH S 7IRRE
BT A LT <, BEEWKEEONT
HRE L, REOBBROMEEKE & ORS & 2AHK
Brihds. o, WEFRIETOEZFIZ OV
THEBPLETH 5950, MRI Tid, B
HIC B ARG OS2 T <, FHAIT
OBMEE R OEBFRULFHE S5 2 LHTES
(Fig. 12).

HREEIKES MM (autologous chondro-
cyte implantation ; ACI) {3, 3 OIET EH
B EOBMHERE BRI L, A TlkE M
TR - WS, KIBETICERS LcFIE T
HEATHAHETHS. ACI Tl FECE A
MTBEIN, WEBEIRIE VO MRENS
W73, hypertrophy XA 7 ¥ ORJE L S
NTW 59250 ACT DIAHC b, fidisko
BAIREIC X AL T T\ 55 (Fig. 13).

HRFEE MR OWEE R RHIE & LT, MRI
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Subtraction image(TE0.45 — TE5)

Fig. 10. Axial Ti-weighted image
and T1p mapping of patellar car-
tilage

(Courtesy of Philips Medical Sys-
tems Corp.)

Fig. 11. Ultra short TE image of patellar cartilage. The deep
and calcified layers with very short T2 value show a high intensi-
ty band on UTE image (arrows).

(Courtesy of Hitachi Medico Corp.)

Fig. 12.
(a) Sagittal proton density weighted
preoperative image. (b) Sagittal
proton density weighted image and
(c) T2 mapping image transplanted
autogenous osteochondral plugs wi-
thin the medial femoral condyle at 9
months postoperatively.
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Fig. 13.
(a) Sagittal T2-weighted preoperative image. (b) Sagittal proton density
weighted image transplanted stem cells derived from muscle at 35
months postoperatively.

T B OGO XREHR LB 5
B, e TEOBHERAORE ST
T, Bl X 5B G & LT, T2
mapping #: <> dAGEMRIC O M AHE S h
T\W5%. dGEMRIC T3, BERIREHEDOHE
B TIIkEHRE (GAG) OBEENE L, XiE
TIHEWER AR L, MkBRE & <L Tw
72 LA X} T 23D ~30 3D ~39)

¥ & ®

BASIKE OB CIE T FEELE L, Ao
HEATITHE - THCBEE DA L, k5O E#EL
WHEL. 2O KD ke OZ ki, MRI
% VUG NES & CIERBEAVICEHE -+ 5 C
EMTE L. WEESFRILRHmE, TREFHIOFA
o778 UEERARS T mARSEHTH
D, STEEHAVWNEES MAE MRI X 55
M7 RHW S FTRE T 5 . BB RGO FIH2K
RFBEEGEOZFEHEICIE, T2 mapping <
Tip mapping, dAGEMRIC 7% ¥ OAAL¥1 75 15
WHPFEHTHS. I boERbEICis v
T, PAERE A IR R BAYICETG 9 5 MRI O#%
HIEIEIRE<L b,
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Magnetic Resonance Imaging of Articular Cartilage at 3 Tesla
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Smooth motor function can be maintained by articular cartilage. When the cartilage is injured, ede-
ma occurs, and as degeneration progresses, the cartilage thins and the cartilage matrix decreases.
Magnetic resonance (MR) imaging allows noninvasive evaluation of these changes. Fat suppression
proton density- and Ts-weighted imaging are useful in the morphologic evaluation of articular car-
tilage. High resolution, 3-tesla MR imaging provides more detailed evaluation. Biochemical informa-
tion from T2 mapping, T1p mapping, and delayed gadolinium-enhanced MR imaging of cartilage
(AGEMRIC) is useful for early diagnosis of cartilage injury and evaluation of cartilage repair. The
role of MR imaging in evaluating articular cartilage will increase in the future aging society.
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