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Secondary Signs of Anterior Cruciate
Ligament Tear at MR Imaging

Mamoru Niitsu, Masashi Kuramochi,
Izumi Anno and Yuji Itai

The value of secondary signs of anterior cruciate ligament
(ACL) tear was evaluated. MR images of 47 knees, 15 with
normal, 6 with acutely torn and 26 with chronically torn
ACLs confirmed at arthroscopy, were reviewed. Lateral and
medial anterior tibial translocations (ATT), posterior
cruciate ligament (PCL) bowing ratio and depth of lateral
femoral notch (LFN) were measured.

The degrees of lateral and medial ATTs and the PCL
bowing ratio of the chronically torn ACLs were significantly
higher than those of normal ACLs. With cutoff values of 5-
mm lateral ATT, 2.5-mm medial ATT and 0.35-PCL bowing
ratio, torn ligaments were distinguished from intact liga-
ments with accuracies of over 80%. Depth of LFN was less
sensitive and less accurate. All knees with lateral ATT of 6.4
mm, medial ATT of 3.5 mm, PCL bowing ratio of 0.43 and
LFN depth of 1.5 mm or more had torn ACLs. Higher corre-
lations were revealed between lateral ATT and medial ATT,
and also between lateral ATT and PCL bowing ratio. Com-
bined criteria of lateral ATT and PCL bowing ratio indicat-
ed the highest diagnostic value as a reliable secondary sign of
torn ACLs.
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Magnetic Resonance Imaging (MRI) (3 J&ERfiR: B
MR 2T AR WL 2 L) k- TE L, BiHF
ARSI 2 W T L MRIIZEPIEI S & &0y 32
FHICKLZ > TITbN B Z D%, ZOMPZI&E
[Z & »D2 MR BEEE & Heifih oot 41 L 0 B+ s
Wizdic &t 2 MRI o2 Miggidm L L 225 % 57, 14k
e, BEEEOBEIEEY L 2EALS Lk, 22
T 5 fzd AT HEERT TR O TR s LT, IRE
DETH A, -+ oJiih?, lateral condylopatel-
lar sulcus OEAFEALY L A F N FHEGNICE]E ST
b, AW TR I LDEEOFT R A ARSI L, #it+
TR O MEET R - L TR BT G 5.
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XFE ERRAY I R HE F 2 (2 ANGRE B b LT
MRI A 47 & 1, 22 1 4 A LN BB EisimzE o
Thlz 6 £ 4THTHH (BHE264, w204, FH
Fb 26.5 7, 11 %63 %), BIMiSIRAEOM RICEkDE,
it iciEBaoRbsn st EHEH (15
), BI-HFEAT e OMR S IER O 9 b,
REMIASBAHE T MRI 227 6 BRI LINICITbh b 2 &
M (64), 64 ALLEo L o ZBRIATERIZB] (26
) & 3BT 2%, B O MRS R0 1R
MHZ L TIE E & T WIERNZERA L 22, SFH4FE T 3 BERIC
BELERRLN -7z,

fifif MRI 24i& (2 GE #8 SIGNA 15T T& ", %%
EILHEREER 2 A vz Auvie, BEORMINEALL &
L, #15EnsE s & L IcEBEIR MBI THREPIC
B WEREC AR PEEHCTEELZ, 2L RY
(% spin echo 2000/30, 80/1 (TR/TE/excitation) % Hl
vy, 16cm field of view, 256X 192matrix 1= L 2 BiRIEi4
A Ao — B dmm JEO SR KT MR i 2 7572,

Al BEEF O BRRAER B & BB R E SR 5 2
s Liz, 7a b CEEFICREIER O 7 4 VA LTI Y
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Fig.1 Measurement of lateral anterior tibial translocation. On a
proton-density weighted midsaggital MR image of the lateral
femoral condyle, the degree of tibial translocation (arrow) was
measured with two parallel lines.
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Fig.2 Determination of PCL bowing ratio. Distance (A) between
femoral and tibial insertions of the ligament and deviation (B) of
the ligament from the line were measured. The ratio was deter-
mined as B/A.
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Fig.3 Measuring the depth of the lateral femoral notch. The
depth was measured perpendicular to the line drawn tangentially
across the notch at the deepest point (arrow).

K= b2 Fr—2LTEEL 72z, SR §T 5 &AL
(lateral anterior tibial translocation) I, ik wHilEE
DRIz F LI T A 2 TIE S & vl o
FRIZHET 5 MREHE L TOHRRBHFPATRE REL #
DEEERMEL 22 (Fig. 1)¥. WRAEERIHEM (medial
anterior tibial translocation) I3, [EEEIC PHIEE O oz
WL T A 20z TREH T & NE S B IR
L7z, #tauit i dhE (PCL bowing ratio) (271
FRHONE B L AR BAASOMEGRHIc BN BD
D E AT SRR A, F O SR B WA R
FTOMMELE B & L, JBillisE B/A 25 L7z (Fig. 2),
SR BRGE M (lateral femoral notch) I3, JoBR-E 5100 EE /Y
FH oM (lateral femoral condylopatellar sulcus) % #5440
LEMABE L, *ORIREREZL L 2 (Fig. 3)9,
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Table 1 ic BBISERER &R T, BI-H32 8 BB PE K245
TIEEGIC LT, S, PRI SR HEMS & ost
FRA R 3 OO IEIR W TR L FEICEEL R L
7z (P<.001), AMAKBEMEM OB S ICHOWTIZAEEZIIR
bedr o7z, BYEMREFIIZIEERICHE L T, #+58
WA 1 %KM TH IS B E 2R L 2205, MU, PR
IEB B EALE & CPMIKRRBEM OB S T L FEE
RSN -7z, BI-HFEE)HBRIB 2 & Bkl
D 2 FERIC I, SMUBR BT LIS D v TR IE M N As
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Table1l Values of secondary signs of anterior cruciate ligament tear

mean-tstandard deviation cutoff sensi speci accu
normal acute tear chronic tear value tivity ficity racy
items n=15 n=6 n=26 (% (%) (%)
lateral anterior tibial
& 1 =
translacation (mm) —0.30%3.87 3.83%3.6 10.4‘??5.01 5.0mm 81.3 86.7 83.0
*
medial anterior tibial
translacation (mm) —143%3.2] 2.92+5.00 5.58?4,43: 2.5mm 78.1 86.7 80.9
*
PCL bowing
— * |
ratio 0.28%0,08 0.40%0.11 {].SD?D.M 0.3 81.3 86.7 83.0
*
lateral femoral
notch (mm) 0.23+0.50 0.07+0.16 0.66+0.87 L2mm 28.1 93.3 48.9

*: P<.001 **: P<.01 PCL: posterior cruciate ligament

1 %KMETHE BB AR L LM, AEZERLNE
iz,

Bl 1E P WL 2 BT 2 —BRIC F & o TR
Mgl & L, &EHMEICcSWTAHy P A 7R EEL, M
g% A FLIC 280 7 sensitivity, specificity, accuracy @
BoOBOZHEMRL 7 (Tablel), YMUIKERTHiEALE #+
FHEFHMERE S P A 7R BB O 5.0mm & 0.35 &
L 72854, & 412 sensitivity 81.3 %, specificity 86.7 %,
accuracy 83.0 % # 7z, A F A 74 2.5mm iz & 2 A
% 45 Bif 5 #2437 13 sensitivity 78.1 %, specificity 86.7 %,
accuracy 80.9 % & R L 72, —K, SMIlKIRHMOBES I
DWTikA sy A7 E 1.2mm & L 7234, specificity
1£93.3% #* 1% % #%, sensitivity i 28.1 %, accuracy I
489 %Iz EF 7z,

S BT RN AT 6.4mm FBZ A L o, PIIIEE #i
FiEfiAT 3.5mm # B2 5 b o, %+ A 0.43

W2 A0, BLUMIKERRMOER S A% 1.5mm % #
25 L003, “WTFhogA b BIEEIc & 0 Ei-H R i
AR b, SIS ERAL, NS E R ERAL B &
U5 i i o 3 §HillfEiss w3 nd kiko s » b+
7{E (5.0mm, 2.5mm, 0.35) LL_Eofii% 5361522
PIGEAEL 255, FOTXTHA-HFEFNR (&flTi
24 #RL, EEFARBIALRLAE» - 2502
SIS A AR AL & # R T R o) 2 M 2 v 72
FIREZc iR ) 40F Tid 24 B (iij -+ - 300 Wr 2400 & 6 o 75
%) MIEZ R,

SMED & NS ARG A, ST, B & ot
K BRKEM D 4 28T 2 — 7 =iz & 2HPBMFR % Fig. 4
-6 IR E, MRS CE BT dE AL & IR T O R A
(Fig. 4) (3 AHBIGRE 0.77, FHAME-E B AL & 7 3
W EhEe (Fig. 5) 13AHBIfRE 0.74 0, I d 5l ~FHHEY
BI 4R 2 OR L 72, 7400 B B B0 05 s A & A IR0 oK R B 1
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(Fig. 6) T3, #MUKBRMEMOBEMIT 0 2% ¢ (447
Bk 32 1), AHBIRE0.39 - A A HBEBERIZE S Yy
oz,
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BEBI T MRI Ei{%IC B3\ T, KERFHEME 2 85ET 2 5
TR O R E B— R KWEHE TR 2 = & 13#c R
ETH D, AR MRI R & 202 07
BTN OREES2MATE L VWELL D
BV, KERE S O partial imaging ¥ 55 O &
MEORE, WO L ©, 2W % 2 5 Wk L

10

TWHERS 29 MR g |- TR+ BR i
RERZWIN I BE - D RF 722 10 B S A B Y 7 KT R Ak
SND%6IE, FHFEEFMZIC T 5 MRI 02660
A EIZKRWICHE T2 2 L HFEND.

FEF RIS RRRIC BT 2 EFMRETH 2ETHTIHL
7AF, Lachman 72X b EDA L AT 2 Plo KX
NHH+FHF RGO RA—>TH 5. MRIIC
& B TR ST 5E A BT - U M ) T RB9T R 7
D152 WREMEIZ 28 & DR S LT W22, FOERIYFE
flild & 9 %< 1993 iz % - T Vahley 51z L ) #iE2 #11
TWaBY, HoDfEIB LAy b 74 (MR T i
FZEEHE S5mm) &, Z4Uc k& 5 2K (sensitivity 58 %,
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specificity 93 %, accuracy 63 %), # L F1E # | B
Tmm 2 DWW TIIE—B L ks 2 1572, F 72 [IEEIC S0
B B LTI M D F U T W IER S % 75 L 72,
PAV IR B 17 7 AR 4 AN A5 B i & i W AB 2 R L 72
feé, MR E L TiliEO— % Hv 284120, S
BERM G RMEEOMEXIRATNIIEHTH 2 L2
5,

BRI DV T RERIZBEE 3 o e PR i
ICEDW TN T & 120, Ri+FEAF K2R I 5§ 5 %
+ AR O M BLIZ B B T A <, BRh e TR
Ll HEv 0B D H DY, AR TR R
EHE I MR B R H RN & FBR I B IE® 2 Rk L, Bt
T R R L e V1S3 REtE 2R L 72, FRic
NS RTFEM E oM F DA v b A4 74 (5.0mm,
0.35) ZHWEIRND G TR T5BDIEZRERERL, 2D
ST B BT A & 2% AT TR R 2 % v B )
B%, XM RIS & % RS M A o e b AR Tl
B hHETHEET LS.

SMI A BRFGE M Z Cobby iz X DRE S N2 dH 5 —2D
ZRWFTRTH 5%, IEW EBRE 1.5mm iz o Tz
FRZc kSR ARz, b LARFZE TR ENE 0 ik
&, EEZFT 4 20RO b TRIEZR L2, 2k
WHEMER T b L — ARBEMEE L SHE EoREIC L B
WG DR RKEWEEZ LS, LIzd-T
1.5mm LITF ol BRRE M D v T, #IkToFR) %
TRWFTRTH B LIEF VR, L, SR
W TR AME OB 1 & B subchondral bone con-
tusion T& % bone bruise A5 Mll A BRKE M iz Kb b
ZEDHNY, ZOEEITBHO—Bh NG5,

A2 |3 T B Holse L C BRI p & B
T LN L) R AEEIIRET, F IRz
Bl & BHEWTRBI O 2 BRIV BEE L BE R b NG - 72,
ZHE OB E, BEmanoZESLHESEEL L, B
BEETEhE M2 HIRT 2 W D DBERSEZ Lz, Li
L AW TO BB OESIRIL 6 61 & 2 TH ), 4%
SEBIS A Bl BE b ETH S .

LS gD TR AaeE e w2t 1K it TR e o el et 1T
2 & S RBE BRI RERT A EZ LN TED, =
DMEIEFHBEBIEATRE N Z L I BRI N B, AWF
RTIEHPERBICEE LA Db s vk e Yy g =
YTICER R 2, 2725 ORITFEATERE) TR A
B A A H TR EELEBE» RO, 20
Ha DB L R b iz, L2zdht - THiFEismigy, 4
e ELBIBEMZEDZENICBWT, EERTHEMNE %1+
FEREIIAAE T RNFFRTH B EEL L9,
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1. MRIic & % Hi-HF80arlizdoy — KT Ric 2w,
SRS B R AL, PR R R, T e dhe
B X USMIKBGEM D 4 HIZHD>WTFNZIEE B DB D
BB % R L 72,

2. BT W 3 RN e LT, A, P
T E BT HERALE & U4 58000 T e oo -0 e il L AR
EEZAR L7z, SRR M OB S A EEE R s e
oz,

3. SMUEEE TR EEAL & IIRE R s, B & o
T A e & - SUE T R o 0 D o A B AR
iRl 7Tz,

4. A b A T7EHESMUIE S F AL 5.0mm, %
HETRMEE 035 LEL A, BOBOHMTLE
WIERZEERL, FRmEC L BN T REATRIC
& BRI R M O L ARk i Th - 7,

5. IEH _LMRE L, S8R S i 5 AL 6.4mm, YIRS
AT AL 3.5mm, AT dhER 0.43 B & UMk
BRREM O EEE 1.5mm T&H - 72,

MEHZ HICHIZY, FEFHZ HAT S vE L 25 IER
FREEF£RAETZAARHEARM G, M ERBACBRAE A 1 BRI 7 2
BELET.
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