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MR Diagnosis of Internal Derangement of

the Knee by SE T1 and GRE T2" Weighted

Images: Evaluation of 300 arthroscopically
proven knees

Taisuke Sasaki', Yoko Saito", Hiraku Yodono",
Hiroyuki Miura", Atsushi Shinohara’,
Keiko Mizuno, Shuichiro Abe", Yoko Itabashi,
Shinji Kawashima?, Keisuke Nakano?
and Mamoru Nishiya?

To evaluate whether or not the combination of sagittal
and coronal spin-echo (SE)T1 and sagittal gradient echo
(GRE)T2* weighted imaging is adequate to diagnose inter-
nal derangement of the knee, a study was done in 300 knees
of 293 consecutive patients who underwent both MR imag-
ing of the knee and arthroscopy. In prospective analysis, the
MR imaging had an accuracy, sensitivity and specificity of
more than 90% in the evaluation of medial meniscus (MM )
and of 97% in the evaluation of anterior cruciate ligament
(ACL). In the evaluation of lateral meniscus (LM), accu-
racy was 83 %, sensitivity 76%, and specificity 88%. In a
review of false-negative MR diagnoses (n = 42) of menisci,
the most significant lesion was not in the meniscus but in
the ACL in 32 knees (76%). Conservative treatment was se-
lected in 25 knees (60%), rather than partial meniscectomy
(n=13)or meniscoresis (n =4). There were 21 false-positive
MR diagnoses of menisci even in retrospective analysis, and
17 of them (81% )had findings of tear in the posterior zone,
which is known to be a difficult area for arthroscopic ex-
amination. The results were similar to those of other authors'
with SE T1 and/or proton density and T2 weighted images.
The combination of sagittal and coronal SE T1 and sagittal
GRE T2* weighted images could be sufficient as a routine
MR protocol for diagnosing the internal derangement of the
knee.
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WEABEIZ 31T 5 MR imaging (ELFMRI & B&$) OF H L
JEL STV A, 19944, Rubin' & 12 X 1) fast spin echo
(LLFFSE & 1§ ) sequence (32 A B ORBET IV 5 <
ETEHRVEV S EEN R S TLSE, MRIC & 2 REPRE
BWOWIEY — 7 T ATEEREIC LD B EEETHA L
Bbhs, bhvbiidspin echoik il & AT1HEFA% (LUFSE
TIWI & B&9) & gradient echoi: 12 & 5 T2 5@ #{% (L FGRE
T2*'WI L B5T) 2 BENEERB T O )V — F- A kfgiE & LT3,
RAENEE THER S N 723000812 DV TOMRIDS K RE 2 483 L

-SOREEOR RN, MESICOWTETOMR 25720 T
WET 5.

FOR

19924F 6 H 4519974 8 H ORI HFRENE 2 1) =
2B THEOMRIASHET & AU BIET$E THERD & 725865293
B, 300fEx AR E Lz, WERIZBME16141670E, 132
BII33MET, EHIII3ED ST, FEBIETH S, LB
RBABN A & L & L 7R OZETAE BIATE 2 © UVl i4
DFEBIIZERAL L 72,

A

MRIIZ0.5T #{=E%E & (Resona plus & Vectra IT, GE-YMS
medical system) TIUREH I 4 V& VT L7 2f1,
BT 2F 8945 (1T 72 SE T15ER 72 & UFICGRE T2 5 F KT
{8 &£ SE TUEFFERIT @A RiE S N7z 47T TIE I hizinz
TFSE TS IRET b T s iz, v —2 2 AlL, SETI
WIT400--460/20~25/4~5 (TR/TE/excitations), GRE T2*
WIT460~-520/25~-30/4/30" (TR/TE/excitations/flip angle),
FSE T25% 8% (LU FESE T2WI1 & &) T 3800/90/4~5 (TR/
effective TE/excitations), echo train lengthi® 8 & 721X10T
b, AT A ARXEIRBHEA 4mm, TIREHEIE S5mm, 2
FAA - Fr v 0TS ImmT, < M) v 7 A13256 %
192Ta %. SE TIWI(S&IKWF 2 & O TERIF) B & U'GRE

HARERSE $£58% £11%5
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Table 1 Comparison between GRE T2" and FSE T2 weighted images in Diag-

nosing Meniscal Tear: 51 meniscal tears of 47 knees i& F
12w FEETeW S1D: FARMTZL A BIHHE CRERR S M7= 47 s
positive negative positive negative IZOVVCRSE T2WI & GRE T2'WIDZHTfe # It
true 44 38 26 39 4% & (Table 1), FSE T2WI D&ktEZ
false 5 7" 4 25 B551OWIB AR D25 & % < (Fig.1), 14k
‘{_J\ = M £ *\AJ 3
sensitivity (%) = = PEB WX fEIRE 1 % LUT TGRE T2*WIHSFSE
T2WIL W HREIZA R o7z (x*E) . FSE
specificity (%) 88 91 I iy o
peciticty T2WICHH T % 7: %4 T b GRE T2'WI & J{#
1 0
accuracy (%) 87 69 5 ¥ BB O 2 B FIEGRE T2"WID F5 A5

#Significantly less than number of false negative diagnosis by FSE T2WI(p = 0.0051)

T2'WI (FARW) (B B WG RE I ALE & o J OREWTE % &
HT0HHETH A, BHEHSIIET—2DOERINFHE
(SK)Ick b, #ildo 07 Fu—FThiff 7. MRI®
U b & T—AOBSHREHE (TS) 3TV, BIENSERT R & &
L7z MRIZ & 53 AMMROZHNIZ, FARADES
& FAETH OB % 21 grade 1 206 3 F THIEI IO
grade 3, B GERAEIHIZET 2EHRADOEESTH LWL
AMDTRERE D3 B YA S D29 & Uiz, w58
TR IIRET S 2 © NEIRET R TR+ 20 b 0
DI G, ETERY, BERKLETREFE R EOEERR
&, F#HF (bone bruise), EHDRIHRAM D 5\ ikt
WA O % & OBIERT R GEEMIHIE L7, s
5. % gold standard & L 72356 D H *&?':'15 72 b IR
W ITROMRIC & 5B W %2, ERRZEr 2w, B
ST RIC L AR ) D Wi &, \_ﬂ%c’)réiﬁ’é‘:%% [
Lz EToOBEIC L WEH LA BUF, &EETIEEE % pro-
spective ZfGY, 43 % retrospective 7T & H _EIT5 2
&\29 %, FSE T2MHIRIFEANEBIN S N7-470E T, ¥
AR DOZIFE* GRE T2 & FNFNH £ \ZHaT LHE L
7z,

Fig.1 Meniscal tear seen only on GRE T2' WI
A: Sagittal GRE T2'WI(420/25, 30" )shows tear in posterior zone of medial meniscus. A
B: Sagittal FSE T2WI (3800/90Ef) does not show meniscal tear.

ERC10E9H 250

ENLTWIzb D% 72 (Fig.2).

2931, 300/E D BEEAT . % gold standard
& L7236 DOSE TIWIL(EIKET 22 & O IRET) & GRE
T2'WI(ARE) I1Z & 5 MRIDZWTHE % Table 202773, P
A S ORS8O ITAE Lprospective 2 BiaT T b
sensitivity, specificity % & UlZaccuracy V3 1L $90% UL 1T
otz LHLeds, SMIEABRIZOWTIEWT 90
%LLTFTH Y, FFilsensitivityld76% & AMEIEZET O£ &
(120D H29) B3 72 o 72, (BREMEZ 1T Hretrospective 72
HoR CTHIZL 2 T C & 72 b DId, WHREA TR
PO T ETH - 72 (Fig.3) A5, SMIREF K Cl3200E 7 H’E
(24%) Tsensitivity b82% 12 & & F o7z, M AMZ

WA A RO BRI 2 EFnEREL S EFLm
%f)ﬂfﬁ O fgaT L7 fi 4 Table 31589, EMZEIT VTR
ST FEHHHE NI < @29pRk328E, 76%), S
A7 S TICPEIEA RS ERETH -2 b DIz FNFh
200 4 JE(14%), 1308 1 BE(8 %) & ko lz. G
FHiExkADE, H#B %68 T 54 A WE5E AT 255
TENTDENEIEA RT3 3 e Dotz 4
4 B A CIE 29 10 IS ER - W B 4 S LAz s, HiiE L
2hoTES N M I v E N2 BRI A R
EREES RV, BILREERD 2 VTR 29E 41905 (66
%) &R 7z (Figd)., —F, FWMEHI AR T

e

A
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Fig.2 Meniscal tear diagnosed with higher confidence on GRE T2'WI.
A: Sagitial GRE T2°WI(420/25, 30°)shows a definite meniscal tear.
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B: Sagittal FSE T2WI(3800/90Ef)shows meniscal tear, but it does not demonstrate component of
tear as well as GRE T2"'WI.

B UIBRAPRE G 72 & ORI IER D 2 SNz d Dk, W
FEARTI3MES 1 (8 %) T, 4 EFIJ-%--H WTId2008H 2 fif
(7%)DHTH-7:. FHRMEOBRRE % fi+58H 2

Wi L Chhdozb DR L TV O THET S &
(Table 4), EEEIZANMEE AW CTHIED94%, HEHB3

%, SMIEARCENENST%, 67% THo7:. Hi+FH
WETE A BE LR BT O MRIIC X 5 2T Gk

Fig.3 Sagittal GRE T2'WI(520/30, 25") with false-
negative interpretation of medial meniscal tear. Tiny
radial tear in posterior junctional zone was seen and
trimming was done arthroscopically. Questionable tear
could be diagnosed retrospectively (arrow).

(sensitivity) (XA HFE85F ICWT L 2 A2 o 722 AW O #
MIZHART, PEIEA R CIRERZ0.5% LT T, FMAEH
WTIEE § BLLT THIEIED = 72 (2 #E).
AT OB TEZ I % retrospective ([ZHEF LT,
T BRI L S S5 25800 b ORI AT 30
100k (Fig.s), ZMIlEAMCIZ22lE b 11D 72, 2ho
D 1% b P o AL % H (middle), #

% Bii (anterior),

Table 2 Prospective and retrospective MR imaging interpretations of 300 knees by SE T1 and GRE T2' weighted images

Medial meniscus Lateral meniscus Anterior cruciate ligament

positive negative positive negative positive negative

true 162 (159) 122 (125) 91 (103) 158 (164) 129 (131) 162 (163)

false 13 (10) 13 (6) 22 (11) 29 (22) 5 (4) 4 (2
sensitivity (%) 92 (96) 76 (82) 97 (99)
specificity (%) 90 (93) 88 (94) 97 (98)
accuracy (%) 91 (95) 83 (89) 97 (98)

Numbers in parentheses are retrospective value.

HAERESE #5845 £ 115
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Table 3 Evaluation of false negative meniscal tears by MR imaging: About main le-

sions and ireatments
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(posterior) Mzone (1) & 4 (inner) 1/3,
i (central) 1/3, ¥}(outer) 1/3DarealZ4y

(n ];hgg) (nhih%) (nT::til-!) VFTREST 5 EAE AT I00ES
ATHEBIT, areafll TIE 1 JEAS
ACL o 10 32 “'(Z‘J TRHEIT, are 1EJ.’Cii 1 BEATH1/3
™ + sianificant | MM 0 5 . 7oz b DDA 9 JEIINABH B ik
] nimcant
193?0?; S SRS LM 4 ] 5 PSR LM/ THo7z. ZHZHL
- ale ey LR EL D)4 14
Othors 5 . . O A ORI R OB 11
‘ : AR 7 BEE B H o 720°, iR
F’am.a.l menllscectc»my 10 3 13 WS 2 Fob o7, N, B, SO
Mer.lls.cor.ems: . 2 4 & areafll TlE T X TOarealZ A L TH
Methods of Fusion with fibrin glue 0 4 4 D —sE MR o T
treatment Trimming 2 1 3 e 1 s e o ¢
— , 1 1 I+ FEY IR OBIEVES NI 4
Nu:":?llage 1; . &Ho7zH, 2 B retrospective (ZIXHT
o | N LLBIITE B TLWET, 23 ret

LM: lateral meniscus,

ACL: anterior cruciate ligament,

A

C.( 4

Fig.4 Sagittal GRE T2'WI( 52@!30, 25" )with fa.lse-negative diagnosis of lateral
meniscal tear. Findings of arthroscopy was small tear in inner portion which was

MM: medial meniscus

rospective |2 b BT & Lo 7z, HiHE
AT FREM AL SNAs, BFEICITE
BATE R SR ot, T, 2L
5 MRIMAH F TORMIZ 1 B2
rATHo 72083 RIE—EL L TH-
7o, BERYEBWNE S A Y, 3HETIR
W e 7 M D BE A3 22 A > 72, Retro-
spective R HRFTTH 2B 4 MEILHTZ L
B ED% 2 o705, BEEET
2D 6 1 R O % 70,

1 BB 2 0RO RS & 7
BT & LB S o i,

Z =

Fast spin echo 12 & A T20#FA{£ I3 5E
3K Dspin echo T2HFAARIZ AT, #H
F558 5 VIS ENLLT ORFE THRIE T
EDLORRPHRDH LI ER R LS

left intact. Inner edge of lateral meniscus appears dull retrospectively (arrow).

Table 4 Sensitivity of MR imaging for detecting meniscal tears:

Intact vs torn anterior cruciate ligament

Anterior cruciate ligament

Location of tear Intact Torn Total
Medial meniscus

No. of missed tears 3 10 13

No. of tears 105 60 165

Senisitivity 94% 83%° 92%
Lateral meniscus

No. of missed tears 7 22 29

No. of tears 53 67 120

Sensitivity 87% 67%" 76%

a: Significantly less than with anterior cruciate ligament intact (P = 0.0039)
b: Significantly less than with anterior cruciate ligament intact (p = 0.048)

FHE104E9 A 25 H

{OFEHTIELAVENRT WA, EHE
BilZ 2w TIZ19944E, Rubin 5VAFSE
ZBWHZCFHVARETHEZVWE W) g%

FXFABEEOR
LTl BEPBEZHI O OMRIED 70 F 32—V idE
ML) s FEFTHLLEDND,
FEROHEYTRENT VWA LI IZTIRREIED D) Th
< T25#E% S FE3K D spin echo IETHR(ET 5 Z & 4%, Tk
ZWEEFFTEL L o L EVEEMS Lz, L
L ARATS —OBEOYTIZR & W7 TMRIBE %
WfTd 2 LESH A LTS HBAATH LN, FSEERgra-
dient echo{E DHRIZIRER I b DIT & - TIEHEH Dspin
echo T2HBFAE & o\ IE & 20 TH(® 4 5 2 &L 2 8w
EIWET L L HFEETIEILHL S 2,
AEObIbNORETIE, BIESHCHR S N:470,
5104 HIRITZEOFSE T2REHE1Z X % ZWiFEIL sensitivity
51% & GRE T2 5@fi{@ Ic b THEIZE L, FSE T2i#iR{E
A RBE DB B RE TR LW I LRSI
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Fig.5 Sagittal GRE T2*WI(520/30, 25" )with false-positive inter
gitudinal tear in peripheral portion of medial meniscus (arrow). Findings of
arthroscopy was normal. It is known that posterior zone of medial meniscus is
difficult to see arthroscopically, and also that stable tear of outer area has a great
potential of spontaneous healing.

7. B ABA, TOIZLIIFSE T2MiE s LThivbiuys

AWy =22 AR THY, %I IZecho
train length Pecho time’s & D/ F A — & — # (L 897
AOMEEEDNL, L Lad s, 4hloFEhrHEDH
< % TOSTHE{ZEMRIZEE DSE TISRIHICIRIT 72 & USIZTEIR
W5 & GRE T2 3 s FIRWHE DA S D2 X B ENBEDZ
BraEZ & IS 2 TAZ L TH 5.
HHNDprospeciive RARFTIZ & 5 300iEDZRIHE# FHFY
Dy & BT 5 & (Table 5), (ZIZFEBOMERE LD L
7o, bbb, PR MCidsensitivity, specificity 7 S UF
IZaccuracy & 1290% UL ETH D (ZITWE TR & B & &
BN, SMIHEFRIZ OV TIZEEIS sensitivityHT76% & i €
MRIIZ & B BREMZ %V ESMETH - 72, BERED
MRIIZ & A WTREIS, BHREIC L 2 F BRI LW LS
0.5TE LSTOEIZ L 2B THH SN TV A0, e D
R R EFEROVIZ L BspinechoiET1H BV 70 b o B

mEPolZEhs, rOHWTAS S0
o=, $4&bBHSE TIHHEIRE 2 & OF
\ZFEEARMT & GRE T2 5 f & ARWT IZ 0V — 5 > @
WfgiEs L CRE MBIV EEZ bND.,
MRIIZ & % 2 AR DB a2 Wi & Mgt
b &, FNFhOIHREIEENICHT 5
ﬁwﬁw & (76%), é%uﬁ+%wﬁwﬂ
AF L7z A T2 oA be 2 T e+
ﬁi:"rﬁ\r_ﬁﬁ :0)7;aﬁ=of_¢-ﬁ$ﬁwr¢é® Fiuzk
RTHEBE S Dol bdbhorl, 34b
LRI TS AP L7z H AR R
HELRTVONE VR D, T ARISREME
B ERFE» ORET 2 &, 50k
Wi SNAzDIZPEE AT I3 3 &
D7 CHMIRE AR T2 100672 - 7245,
A IEDWIZUIIE E A SR LEL L
wT%ﬁﬁ@*b%%ﬁ@oﬁ.—ﬁ,%ﬁ
722 AR A TR T2 R L BRAfy
ﬁ&éntquM$HWﬁm%¢lw,%
iQﬁfE%W2%®&?%ot.%Wﬁ
ZUWFIZBT A MRI DIFENL, T4 FHE D BV BIR
EEABHEOT L ThHIEVIELF ‘{- HAHIWB F
MRITZHTE LWL ) BN E L H 5 VIEREEED W
F AT B ST R BIE IR 2 L 2 W AP REWE Hn
BNTWEY, LizdioT, fAEMZEITEEIEZ X b £
mofzlEid, TOHLINEE LT Ehd Lk,
RIABIGHERZ NI 2 W THERE L TAHIZWw, eI
FREFOLDIZHLREE L, ThbLBENEZI D S
EWVI)ETHD, BBFICL > TEZOHEIFIEEF T 1072
P, METONTVERI AL 7 7O —FI2 & A BIfiE
TIITRE OBFIROBIEAR P B CHREER 2 & A8
ZV Vb TWE S BB % retrospective | ZHR
AL, LB LB ED %22 o720 ODUEIC
PRI ABTE Do 72 (13ER100E) 2 &, %6 2B
DU SN AR OBALIITE & DRET T %oftwﬁﬁ&
DiEFIE, MRIOBIEHESET OIS OBREM:S

FE, T25RAE, HIZIIGRE T2 5aF{E b Hlas b Tl
ITEINTVWBLSTRIEEMRIZEB OB F B L T K

B FEIFNTVWE S &%$&L1w%.h70t
DI E AW ATHRBIE T AR TH L. FAHEEE

Table 5 Diagnostic efficacy of MR imaging in detection of meniscal tears: Comparison with other authors' studies

Number of Sensitivity (%) Specificity (%) Accuracy (%)

Author case orknee | Magnet(T)and sequences MV LM | MM LM MM LM
De Smet” 400 1.5TSET1,PD&T2 93 80 87 93 90 89
Justice” 561 1.5T SEPD & T2, GRE T2 96 82 91 98 95 93
Quinn® 254 1.5T SEPD & T2, GRE T2 92 70 82 95 88 89
This study 300 0.5T SET1, GRE T2’ 92 76 90 88 91 83

MM: medial meniscus, LM: lateral meniscus
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XM 2 728, ANEEMED 2 IR OFERTELE B
RGBT D WEEMEATR WS EHIS TV AY, Fie Dbk
HZE OB TH, FFICREIEAR TSN/, BIb g
DUFEAFEETH o7z, L7zhS> TMRIZ & 2O
FEtEZETOHIZIE, MRIBEATH 25 BE#E T TOMICER
BHLILOREENTHWLAEEELHE. —H, retro-
spective ZMEET TIBIGHERBIHEIIES N/ Db H 1, IHiC
SMUE AR TS o 72 (28R 11EE) . S omizidsMaER
WE D 5 VCITRBREA T 2 DX {mehTn
Apitfall DfflZ, GRE T2 R0 A THWT L 772012552
L72bDbdH o7z, GRET2 MG TIRFEAWAICEESH
H5H L) IZHZHADSE TUHERETIZEAR L BB O
BETHAZLVMHRATELI LN H o7, LI2HT>TSE
T17% 5 UIZGRE T2 ifE DA G & B BT OMRI
PR AP, pitfallllEET A LR EAATH S
7%, GRE T2'Sfif{£i1XH Y T/ { SE T15RFE b fF& T2
THLEND L. RO ARSI % A TR 2
RACED SN D X0 (BIEHBET E BOR S T8 hhskt) & #
AbNB.
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retrospective ZHRET T b % B L BHE X2 % 2 kWb 0
AYS W 4 BEA G BRI D IR A B
PTRNT 5 L OMARCHEDTEB L LI ZE T HLE
W BODMH LI,
SEOMFEOMES L LTIE, TP 1 ZOREHER
B2 & AMRIOKETH ) FHHMEL SO TEBIEIZZ L
WEHBZETO NG, FEHRITON T LG D200 TirE
L7okER EARIO300ETOFRRITIIRELZETI R, #Fh
BEMEICE R SRV EEZ TS,

= B

0.5 TIEB{REMRIE{E % F\SE T1iREAKARET 2 & ORI
ARIET, GRE T2 5RERIRRTATHEIT 3 AL723000E 04 H M iz
2 5 ORI+ TR OBWIHE L spin-echoiE |2 & 5 R
DL L AT o 7. 3001470 TIZFSE T23RFAS<AKT
bREAT SN, AR OB % GRE T2 i IR TS &
B L 7:4%, FSE T2MiFE DB IR A E I Ed» o7, L
725> T, SE T1ERREIKET 72 & USIZERET & GRE T2* &7
FARMT DA BT L AMRUE, LR b 4T < MEpapE
DV—F il LTlEY EE2 517,
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