T B i AH Tk 5 O MR &
—BetE BRI 350 B A N#H 2 F 72 3D FLASH B:O#idf—

EBRLE

B R —1,

1 7 2

IEHARFEET R RESAE RS 1 BHrHE

B

Osteoarthritis (OA) i3 TERZEBETE X
W1k EBREAME, BT, B, EBEE
FICE T 2RSS N HBEMEKE 2 &
0 & U7-BASRE R AR DB FT M & AR I B i
B IUBFRERESY X0 L 2 REREL %
FafE s ZREERRE] L EEINTWA. BEFIK
EEHAIR OB & # Il LIkEr&ES
ELTHBTE2BHIHE % H\v/-3D
FLASH ¥ MR #:1% OB & T 8k & H# H Ik
A ARE TREERSCEFEEICS VY THRES
NTEHVD, MEBRGORBICKTS2EH
HIC DWW TS OAFEFIIC 8\ CERICEE 23R
HFELTCEY. LrL, OATRLNS MR BE
B LOBREEREBIROARRICE T 5 5 e dE
Wz L oo, &2 TR CIIEHIG % H
72 3D FLASH #: MR #5& CR MM g
KL RIBGRPEXFEESETOANRD
NAMAIC OV THEES, MfkE&: MRFTR
DRILAETV, EEFIRE L THB SN /385
PEREREOWIBR THAERTHE LT3
PEIPICDOWTEHEZRAA DT ZICHid
T5.

il

HRE S VHE

1w &

ARFBICH VI RMAREL, £RTREDO E&
F R E UTERKRFEICBE S RS &
DRI N/RBET24 61 (B8 16 6, %«
M4 E8 M, FHFRMOTOMK Ths. EE
13 30% V< U VARIIRIE A B ER, 5%V
< VIKBERTLCTHREINIZDDT, 1
BRI AEA R L C MR &%, WIES
%=, BT BERT- .

2) i ¥

fif i % & 13 Siemens # %L Magnetom Vision
THRIZIT transmit-and-receive extremity coil
AW By —r AT CHESS 51 & 5
el =9t L7- 3D FLASH % Ch 5.

#4113 echo time (TE) 10 ms, repetition
time (TR) 50 ms, flip angle (FA) 40 &, slice
thickness 2 mm, FOV 8 cm, matrix size 160 x
256 & Uiz, FRv=y VR LicREREY B
W, PACEHE X B 2 B U BE SR IC B ME
RO VR RT FEEOBRBEGO L ST
EREEZHEE L CTREELER CEREEZE
T HEBICOWTH EAEfifT L, contrast-to-
noise ratio (CNR) #HH L BB 217\,
eV CAIRAT R, MR R & R ETT - e,

#2£ 4 femorotibial joint © medial compart-

F—"J— F 3D FLASH with fat saturation, articular cartilage, osteoarthritis
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MEBAEIREFECE O MR &

ment & lateral compartment O & % £ A
TIT -7z,

CNR 3B EERIEE CTEEE*ET AHE
& KRB BEHEIC 1 pixel OBE.LHEIRZFRE LF
BETHREDELYRD, Ny 7757 FOE
#FEx (ER1cm OEEMHFOROL % H)
TELZ LIk > TEH L.

BRI —20°CIo CoRfE L, BB O
CEDEERLImERS A AZER L TH
BT ROBZE % L7-. WIEFTR CI3ERAE,
AR O ¥ OB L ZBE Lz, fitw
TIDASA AFFEZH mm KOT 0y 7 i
LU, BK, 57 VEZEHETT\, 5um
BoWR L, havBékan s FLE
(pH2), A%t EH7)YO%M L, BEOE
TR Th AR 6, REAE, BEMLL,
cluster J¥BE, tidemark i, BERBBHD 6
HBIZDWTHRET L7,

BB L7-BEBIE A ORSHERIERIC X - T
MRS " 1T - 7.

& R

MR Ei# E CHEREIEF TEEBZELT
WAEBRITBIZE L7- 288 BT 23 @ATdH 1,
EEBEOBREL Table 1 O L5145,
fL%FE~N5% & Table 2 DFERTH - 7. iz,
CNR ###l¢ % & MR B CEEEX*ET5

Table 1. Classification of Cartilage Injury on MR
Findings

Grade I Decreased signal intensity at middle 1
layer

Grade I Decreased signal intensity at middle 6
and inner layers

Grade Il Decreased signal intensity at all lay- 10
ers

Grade IV Decreased signal intensity at all lay- 6
ers with subchondral bone surface ir-
regularity

BB T, Wiho grade 2 35T 4 MR B
BTH—TEEB2E LEE LEZONAKE
CHLEBICEMAEZTR L. Lo L grade T
TR T2 grade BTk, Zd CNR I
BELEREDON» - 7z (Table 3).

MR BEIZBWTH—CTREELZELER &
E 2 bNAWMOOBEL, AR CIIEkEE

Table 2. Abnormal MR Findings in Femoro-Tibial
Joint

Femoral Tibial Femoral Tibial

medial medial lateral lateral

condyle plateau condyle plateau
Grade I 0 0 0 1
Grade TT 0 0 0 6
Grade I 5 0 0 5
Grade V 2 0 4 0

Table 3. Contrast-to-Noise Ratio (Cartilage vs. Bone
Marrow)

CNR
(Cartilage vs. Bone Marrow)

Normal (n=265) 87.63+7.99
Grade T (n= 1) 39.94

Grade I (n= 6) 48.87+8.09
Grade l (n= 10) 54.00+9.21
Grade N (n= 6) 55.13+7.35

Table 4. Comparison of MR Findings and Macro-
scopic Abnormalities of Specimen

MR grade
%ﬁ%ﬁ;%sscomc Grade I Grade T Grade Il Grade ¥
Normal 0 3 0 0
Irregular
surface 0 0 0 0
Expansile
surface 0 3 8 0
Irregular
expansile 1 0 2 3
surface
Defect 0 0 0 3

1999422 B 15 AE 1999 484 A 30 AHGET

PIRIRERE T181-8611 HEH=[EWH/I 6-20-2 HHRAEEXTKABEEHE EHERE
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HORELCEE B OB K1 5 7 BERT
RIIRONED -7, Eiz, AREITBVTS
YL RIZRD SN - 7= (Fig. 1).
Table 4 © X 512 MR HEifg CIEE SR+ 3
DBHEEE, ARBRTCENENKRD XS TR
DRONT-.
MR E & CHBICKE B HEIE % RO g

Fig. 1. Normal hyaline cartilage of the medial
femoral condyle in specimen from an 60-year-
old woman, sagittal plane

(a) 3D FLASH image with fat saturation. The
cartilage is demonstrated as a linear structure
of bright high signal intensity.

(b) Corresponding macroscopic section.

(c) Corresponding microscopic section. Caco-
dylic acid iron colloid stock stain (pH 2) 10x.
Regular contrast, normal tidemark seen (ar-
row).
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(grade 1) (Fig.2) 1 CHEBEEROMEE
b, 2BICRSEHEOBALAR N,

MR B CHE & L OHBICERE B4k %3
DI-#kE (grade ) (Fig.3) 6 fITIE, W5
DEBREBRONENLON 3G, BhEeE

Fig. 2. Abnormal hyaline cartilage of the later-
al tibal plateau in specimen from an 52-year-old
man, sagittal plane

(a) 3D FLASH image with fat saturation.
Decreased signal intensity (arrow) is noted in
the middle layer (grade I) of the carilage is
noted.

(b) Corresponding macroscopic section. The
cartilage surface is irregular and expansile (ar-
TOW).

(c) Corresponding microscopic section. Caco-
dylic acid iron colloid stock stain (pH 2) 20x. Ir-
regular contrast and increased cell numbers of
the cartilage are noted.



WERASRS FEE O MR B

R SEALR 3B TRD NI,

MR E{f TEBICH - A EF B HEIEZ RO
BE (grade M) (Fig. 4) 10 I TR R
TEHREDOBILARON/I L DN S H, KER

Fig. 3. Abnormal hyaline cartilage of the later-
al tibal plateau in the specimen from an 60-
year-old woman, sagittal plane

(a) 3D FLASH image with fat saturation.
Decreased signal intensity (arrow) is noted in
the middle and inner layers (grade 1) of the
cartilage is noted.

(b) Corresponding macroscopic section. Expan-
sile appearance of the cartilage is seen (arrow).
(¢c) Corresponding microscopic section. Caco-
dylic acid iron colloid stock stain (pH 2) 20x. Ir-
regular contrast, increased cell numbers and
cluster formation (arrow) of the cartilage are
noted.

Fig. 4. Abnormal hyaline cartilage of the medi-
al femoral condyle in specimen from an 73-
year-old man, sagittal plane

(a) 3D FLASH image with fat saturation.
Decreased signal intensity at all layers (grade
) of the cartilage is noted (arrow).

(b) Corresponding macroscopic section. The
catilage surface is irregular and expansile (ar-
TOW).

(c) Corresponding microscopic section. Caco-
dylic acid iron colloid stock stain (pH 2) 20x. Ir-
regular contrast, increased cell numbers and
cluster formation (arrow head) of the cartilage
are noted.

263



AWERE F19% 45 (1999)

Flg 5. Abnormal hyaline cartllage of the medi-
al femoral condyle in specimen from an 77-
year-old woman, sagittal plane

(a) 3D FLASH image with fat saturation.
Decreased signal intensity at all layers of the
cartilage with subchondral bone surface ir-
regularity (grade V) is noted (arrow).

(b) Corresponding macroscopic section. Sur-
face irregularity and defect of the cartilage are
noted and subchondral bone damege (arrow
head) is seen.

(c) Corresponding microscopic section. Caco-
dylic acid iron colloid stock stain (pH 2) 20x. Ir-
regular contrast, increased cell numbers,
cluster formation (arrow head) and fissuring
(arrow) of the cartilage are noted.
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HmOMENL, 2BICRSKEORALA 2615
b

2RICHIHEEEHERL DY, »owEL
BERECAEZRDO/-KE (grade V) (Fig.
5 6 FITIIEBEEEmOME(, LBICRSHk
B OALD 3 FITR S NBRAT R C—I ik
BFOBREVPRONLH, BOMCKETFEICK
SIREE S BERBBERDIIEGD 3 G
Rohie.

Rt b, REMAE, KEMALK, cluster
Bk, tidemark #88, #EBEAED 6HHE I
DWTHRE L7ciiE (haovegkaos P
FtpH2) Tt (Table5), MR E{§ <@
IAESS S B Z RO /8E (grade T) 1601
REL S, EEAE, tidemark B58E, cluster
TR, KA MR D R e N & b 7.

MR BB THE L L UABICEE SR+
H7-BKF (grade 1) 6 Glid, LefadsS% 5 Fl

THRO, REATEP2H TR SN, cluster
Rk, tidemark THEEA I FITRD LN, WHE
MBI ECE 2B THmY A EAAR SN .

MR E& TLBICh /- 5 EESHEE LR
HRE (grade M) 10 Flix, &G CTHREDL D%
W, 2HITEEAERR SN, cluster %
7% 7 6l, tidemark % 9 6 T, KE
FREBIEINIRE T RBM L b DD, 2BIC
bl Rbhi:.

ERB IO HEESHERSD D, » OBt
BEEICNE LD IME (grade V) 6 it

Table 5. MR Findings and Microscopic Abnormali-
ties

MR grade

I I m v
Irregular contrast 1 5 10 6
Surface irregularity 1 2 2 6
Cluster formation 1 3 7 6
Tidemark destrophy 1 3 9 6
Fissuring 0 0 0 3
Increased cell number 1 6 10 6




RIS T ikE O MR #&

EfTHRET S, REAE, cluster BHL,
tidemark E RO, 3FTIEIH O 2K E
BOXRBRRAON, E/EEPEEL THEE
LTHEREBOBANRON. T/, BEM
fefEnisRE, WEICRD bhic.

AaAVIVEEEEa T FRE H7) Tikd
NTD case LW THL 2 RERAEZRD LN
TRino 7o,

% £

OA CIREREEEIC L 0 BEEEREELRC
U E7-BERBICEDEH LIBREICS R
T HMRBERICHEEE LD, EBEED
ORI R T A HMRICEE R U 2RI
ELALZETERBORETHLEZLNTY
%%, OA OZWIBERIREER & B EOR/ ML,
RETEOBLL LUBER, BEURLED
XEMEL TN TWAHLE, OA OWHIR
BrERHOL2AT i, BOTRETH Y.
MR #B& CIIBESETFIRE OZ L xEE LiCE
ERTAL LTHHTEARICREWT, ZEBE
ORGP A EPFETES. MRIBRIZLS
NI E TICE S OFRERIC L DRI,
spin echo (SE) #:, gradient echo (GE) &,
magnetization transfer contrast (MTC) #,
chemical shift-selective (CHESS) #:7x Kk 4
THERFEINTHS. LELWThORE
ECAFOPDOMBERAH D, MTHRE* K
TR T A 2 LA TE .

SE ¥ T1 i #& % A\ 7o B & Cld kB &t
BIMEEE L7n %70, KEERBOMMRED
HBHIIRETH D, T/EHROFENRDS
NAHEITE, KENBLHER TER\NI0~10,
GE 5% i W/-\mBR I\ Tid, three-dimen-
sional fast low-angle shot (3D-FLASH) T
TSRO FIIRITE 2, BHNOIRH
BERIMHTES, BE - BHEOBERLTH
% &7 D15, three-dimensional fast imaging
with steady precession (3D-FISP) & Cil#kE

FEfETE L THHTE S, BEEHKEEHA
DI OB B Z % © & I MTHRE % BRI
HWO2BZERTERWS, ki, IEMHE
5 Th % CHESS k& MTC ki, #THKE
NEET LB M, BERLEES LV EE
TR TEENC BB A7 EORBERPH
%16),17)_

L2 LESRA#I3EI % FA v 72 3D FLASH #:i3E8
iR L BHIARERE DE B2 HICIEIL, ®Ex
BEFELLTHETESLZ S, ZUhTERLE
IZFEWTEREOFERICE D S/N A L&
D oENREmELTWATZ &, SEREICHEN
chemical shift artifact L M7 —F 7 7 7 +
BN FOBBRIC LY, FERO MR HE
B TR TH - - BB BB E O/ 237
BETH5.

OA DWIHIZAL THREF LA PV ALY,
BEX Y v 7 ADERSTH A5~ ViR
MR L, NicaesIns/ast s hy
FESDHEINEH TS, Chick-> TGS
BEEMNL, MBIESEZHL L2
. WREL/caS5—rVRy P =T DT
TOuFF 7V AV L, T D7-0iKeED
BEELEVONTWAED. ZOKEOELE
Hamerman &3 OA DFEAFRAE - L THE L
(b\éw)_

OAILBTAa5—r vy bT—27 Diifg
RIS icEp) I Mas—rvos
AR INA T &01920, TRaS—»v
DRBICHFLEL, Tu5A 7V AV ESEEL
a5y P — 7 OB B BEOBEHER
KEELAFREEH > CWAKE a5~ 05
BPRBIDVAELSL VbR TN5.

CNR |z 2\ T grade I 28F 7D grade iZ
HAEMEYE LT\, grade T3 1 &FTO
ATH D HEICEI AT THD, SHBOELD
BWEIDSNETHS.

BRIORLAE LS, MRBEZICEWTERS
ShELCHEBITAR ATl grade ID 3
BICTREEZRD oo BB, o
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20 PITIRALA R OH, £MHBT RISV
T 23 G 22 Gl TEBICH I 5 REE 46
RO TIMELcas—4VERy BY
— 7 OFRTT T 27U 71/ BIRE LiKaE
BEED, BAEE LS MR E# T
EEEFE LTEIHEIh A DEEZLND.

F /= medial compartment TI3EE B
LRI SIEGISLERE A, KEBLTET HIER
BEWE WS HE NS S0, lateral compart-
ment TIHEE B2 - WBICIRB I A EFIH
% REAE, KBRS SEFBDZGE N
STERBBD LN, TNTIHREOBRER
medial compartment 7» 554 % % 7= H 5 DO
1773 lateral compartment IZ Ho NG S =
b & medial compartment 23 F 12 AR FIC
£ > THEEI NS DI lateral compart-
ment TREKE< MV v 7 ARG OEEREH
P« DERASHER A VLU —DEAR
W, MRABRSETOEE B LURIEHEDOE
b7 EOEMEMRF P L VEEE L T B
EEZONDDY. Ei, FRARWHEC
BWTh, NEMAME T THESEEE 1
BEET - 727200 CERSMOBERAHET 5 2 &0
FEINTEO, COZ Eh6LEHEDRE
HBICAEFIRFPESBESE LT 52 85
nb.

BT AT 3\ T cluster JBR%1T grade TG
6B 36, grade Il T 104 = 7 Fl, grade
VT6Fl&fIciEDd b, tide mark B 1T
grade Il T6 B34, grade M T104I4 9
B, grade VT 6 Fl&flic Rohi-. BEHR
L 4 T grade THEIN % FR3D /- 28 grade
I ClikhBEEAL, grade T, MM TiXLEMK,
grade V CIIEKE, BEEMTHENEROT .
INOGORTRIE, AL L TREERBIC R - 728k
BV MY v 7 2R wESRAEERBEL, KE
MRORB L EEL XY, VEFY v IeER
L7clzb b E 2 bh, T/ cluster R, tide
mark FEITEE < U v 7 APEEPHEFTT S
EHBITAFTATH Y, grade BEWIT E
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cluster JUik, tide mark BHEAEBRICE OGNS
ERPBRD BN/ TN OORERT RIZVwWh
LEEOERGETRTLOTHNY, MR BOD
grade & RHEEEAETE OMICHERS 5 L&
2bh5s.

Grade V CTHE DERE MBS D 7500 - /o
BEELTiE, B grade IZHE~N OA 23817
LEE< TY v 7 ADBEPE N D EEZ S
ns.

o, AaVIVEggEa oA FREpH 2 T
Yt m R, pHT7 TlIWFNOEFNC BT
LEBLREDRONGD - 72h, Tkt
LTALED D H I IVRFVIVEITRD BT
RO APHRTEI WD T EaRT. SE
DEETHE, EFRETLIREINT IO L
EVRBBOTL <) VRESBERL TS C
LR BHFETEZ . F /o, patello-tibial joint
Tld, EWEEBICE W CTEE 2 MRI €3 B
EEELTHHINAT BB HBY, TOFT
ROBHRICOWTIHFEHD D, £RFKRAHET
W7z, Femoro-tibial joint 122\ T IEH #I
TID3IBEEPBEIN LV BT
<, EBOOBERL TV,

& Ei

fe B 8 % A\~ 7z 3D FLASH # TR 4B
24 GO MR &% 1TV, ZOFT R A% AR,
HRFR R R ERIL L TR L. 2ok
R, ERCRBES2E TN EHTREFICE
HWLEES & LTSN 58T, »olE
DESORFE R DL WAL ESFTRAE L
THY, OAFDHEFEGEEET HEBOWHN
BTHLEUDOFIRRICARBEIEH &
Z2bMN, BEDOQOL DEEILHFELETESL0
LEbNh 5.
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i MR Imaging of Articular Cartilage in the Knee : Evaluation
of Cadaver Knee by 3D FLASH Sequence with Fat Saturation

Katsuhiko SATO!, Junichi HACHIYAL, Joji MATSUMURAZ

1Departmemt of Radiology, 2Departmemt of 1st. Anatomy, Kyorin University school of Medicine
6-20-2 Shinkawa, Mitaka-shi, Tokyo 181-8611

MR imaging of the articular catilage of the 24 cadever knees was performed using 3D FLASH se-
quence with fat saturation. Good correlation was noted between MR findings and either macroscopic
or microscopic appearances of the hyaline cartilage.

Low signal intensity area without significant thinning of the cartilage was considered to represent
the degenerative changes due to relatively early process of osteoarthritis.
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