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Abstract

Objective: Based on magnetic resonance imaging (MRI), a new mapping technique was used to de-
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scribe the bone bruising patterns of noncontact anterior cruciate ligament (ACL) injury, and verify
the most commonly reported mechanisms for ACL injury in the literature, including valgus stress,
anterior tibial translation and internal tibial rotation. Methods: According to the same criteria,
100 patients who underwent ACL reconstruction from 2021 to 2023 were enrolled. The location of
bone bruising was mapped on fat suppression T2-weighted coronal and sagittal images. Results:
There were more bone bruising in the lateral femoral condyle than in the medial femoral condyle
(72.7% vs 27.3%, P < 0.001), and there were more bone bruising in the lateral tibial plateau than
in the medial tibial plateau (72.4% vs 27.6%, P < 0.001). The bone bruising of the femur is almost
entirely located in the anterior/central area of the femoral condyle (94.1%), rather than in the
posterior area of the femoral condyle (5.9%) (P < 0.001). The bone bruising of the tibia is limited
to the posterior area of the both plateaus (74.9%), as opposed to the anterior/central area (25.1%)
(P <0.001). Conclusion: The new mapping system provides a standardized and reliable method for
describing the pattern of bone bruising in noncontact anterior cruciate ligament injury. The bone
bruising pattern determined by this technique indicates the most common mechanism of noncon-
tact ACL injury.
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I 22 CHA (anterior cruciate ligament, ACL)Ha 4% ] Lt ich 42 fis P Bl E 42 b P AL R AR o G R R A e
MU B85 LAY, WA RN TE B T 1) 5 it 32 B N S SR B 0 s T 24 1] [2] Befub PEATL il id & 2
LA R TR AMI ) o 4k FEAMRI T A& A B0 W4 (2] IRk 45 A DL AR O e i B b, X T T
fife ACL 5145 e85z [R 28 A il 5 A5 25 () Pl 7 S s 2 b AN ] 2 [2] [3] [4]

TERGAE B R, BORHIAN 1 S 8RB MRS 2 MR AR S, R RE N,
NG G R A L. K, TERCE RG] [5] [6], LT 80%~99%fH &t ACL #i15[2] [5] [6]. XLk
W B B 45 £ T DA W PRI PE RS AR SR (MR R v A, ZER 4] T2 kMg ER B T
EE T, FROAE BEK I SR IR B 85 SR [7]. IR B 2 AT 1R3R T ACL B i B FH iR B K
ARl PR IO, @ I VAR A A AT DAURE IR N T R ACL 5425 HL I [5] [8] [9].

Patel % A\ [8]7E ACL #if5iJ5 MRI REIAMIAR T, HETEMARIFTEH, MRIREHN 6 KF 9 JH

5. Graf %8 A [1010F 7B, AT ACL 4530 8 2 I P E B J5 K20 6 JA s 2 T - Tung 55 A[11]
AR R, AT 52 AR FE BRI 5 T2 4.3 JAHEZ T MRIKS 2 . H T8 #4473 0] BE7E — B )5 V3R
T HERR IR B A S ER TN R ALK, 7ESZ05 )5 30 IWHEAT MRI A 7 & ASHIT 51 3R 15 St v i 40
1 P NN AR o

UL RER . PSRRI Sk ACL BT B I A, B AT A AR VA G IR . AHF 5T
(19 H 2R A Jay Moran 25 A [2]42 i —FPi AR A, SR 5 AT SE R SRl M 5 28 )5 (ACL)
B0 AR, 20 R IGUE SR 58 LA ACL B3 ML, ELHEANBIN 77 R RT~F R i
HNIER, .
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2. 5k
2.1 HRMR

£ 2021~2023 “EHIE], B ACA 4 B 155 B R E BBk AR RS Bl PR S RHE 52 AT AE X )
WHEETFAR, Hh 100 4 EEFEAF TR CLTFRAREE: (1) 545 H A MRI K E H 2 7] <30 K;
(2) FEFERALANIARAL LA N7 T2 AR ET MRI R8s () StbldlAics: (4) FREEAltERTE
XWditis (5) BoH RIAZ X A BEAE S s (8) FRAERTAC XKW 1), o HERE A 5 28 XKWl e s b
UERIRAIG AP

22. IRA*E

AR g v (3 2 O R R, BHLEI D SO AR Rl P B v o RIS T 5% R RO )
WL BMIL 4540 H A MRI A& H . B3 100 44 3 IIPEAR B 3.0TMR A b2 b ¢ 5 454 R0
FEHEAT TR MRS & . FTAT AR AT FU e Al — A7 32 5 R S0 X DR g AT B B o 2, O Sr iR il 10
i T2 DIBGEARAL AN IR AL B G i R K Bk A

2.3. BERKMER

A TR AR IEA, ERRE KA EX T, XM EEL, e EHh. LT 5IfE
TEEARBL S SRARDE R AL B AT 73 [X o
2.3.1. BRI

TE ARG RO 1) 4 X an B 1

0 o G R R U ) 30 R R ) — A% R (A ) K B R o D R A, 3 S SR A R P
(medial femoral condyle, MFC). % #Mil#E(lateral femoral condyle, LFC). &8 A{II°F & (medial tibial
plateau, MTP) 5 & & #Mll>F- & (lateral tibial plateau, LTP). 3t py 4l #Mul2 H 4 6940 JE A A 3% 55 30 25 (5
LRYZ A XA, 2 Sl iE 55 9 B i P9 8 P9 A (Femoral-medial-medial, FMM). BB 4MEE M (femoral-lateral-
lateral, FLL). & PIAISF & P44l (tibia-medial-medial, TMM)AZ B 4~ & 4l (tibia-lateral-lateral, TLL).
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Figure 1. Femoral and tibial zones in the coronal plane
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T A R A MR [ R A RS mAL ) — 2R B (L) ¥ T gt — 2D Al gy o Bl i e AN B
25 2 TR X8R40 590 g Bt P 8 v g (femoral-medial-central, FMC). B 4 o 9 (femoral-lateral -
central, FLC). J&-H A~ ¢ rh g (tibia-medial-central, TMC) A1 2 & #M il “F & t 1 (tibia-lateral-central,
TLC). BEFR3ELE 5 IEH 2k (4 2k) 2 M H X 3k 43 A o . B BR8] §0328 P 1 (femoral-medial-notch, FMN)
J B BR1A117) 125 5 M (femoral-lateral-notch, FLN). &8 YU T [X (tibia-medial-subspine, TMS) A iz & 4l ik
T X (tibia-lateral-subspine, TLS).

FEFRDIR b CABRIE VD g 7, s 1R R 2653 9. JBCE 1 245 Al (femoral-medial-trochlea, FMT)AH
J% B 18 4 Ml (femoral-lateral-trochlea, FLT).

2.3.2. RRAGL

TSR RAL AL B S5, SR AR IR A7 B e i R I T JE AL B (el 24 1 3).

JBE DRI P AMIUER A 3 25 XI(T) s R S (C) R (P) e B I AR A 1 Sl AN i
H RS PO RO A, LI LR(FIZR) I (A T 2 ) B O B IR ol 2 R AE
8 B R BT G T (LL2R) R 5 (W 28) M2k B B R0 T C R P WA e il S e 28 R AN O 4K
 F X A P B W ) — 2% 2R (R 4R), W i b gt — 20 48 43 AT R (A -

Figure 2. Femoral and tibial zones in the sagittal plane
2. BERRESEX

e XK E A AMIE G20y 3 AN BTFB(A). R ES(C) MG EE(P). Hoar SR e 4 id i B Al
B R R 1 DX B T U (L 20) LA 2 A UR 1 i B A R I e T N (B ) o

Figure 3. Tibial zones in the sagittal plane
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DOI: 10.12677/acm.2024.142537 3861 I IR = =23t e


https://doi.org/10.12677/acm.2024.142537

HKIRHI 2%

2.4. BARWIER

EFEF MM R BMIL 5145 H A MRI A H .

VSR A TREIR AL S FARAL (B BRI A B o U O b 7 T 22 AN DXH, - D00 G S A 381 ) A
MXIGHEAT THA QORI AR 2, R TR pris ) BN X3 AN S A Bl 7K )
5T IR AATR.

AR R 0 R SR AT P K [ P o A, P e A T e TR TR B 6 A o

25. GHES

THEEHER (X +5), 184 A OC REL(ICCs) VAL 9 VB 14 0 B A S T §E M. ICC (AR I T -
<05 7%, 05 % 0.75 %%, 0.75 £ 0.9 Bif, >0.90 275, W E#AHERE0HT, 13 I 58 Kk 5 Hrif
FUAF B P AE, DRSS VLS. FrE St BRI SPSS Giit 23t AT b . A & LW
BIE % e N P < 0.05,

3. R

TEBRATIBE TS, G358 29.66 + 9.65 %/, 15 Lotk Lkl 76/24, BMI ~F#51E M 25.05
+3.73, I EAN MRI A A I (8] [A]F34 9.59 K.

X A [ i A 1R 9 K T e i e R v s R I e A BN, T PR SRR 1CC B 43 ) 0.983,
J2E I 1ICC 19 0.986, FTA ICC {HIYK BfR ACL 4510 & BE K I Ar B ) m] S Al ey

AT, F 86%EH /A 1A EHEAKM . Hrd 47%M LT (n = 47)7E MFC 2/ F
1 AMEAE, 60%IIE KT (n = 60)7E LFC /0 1 AMRAR, XU ZERILHIT 5= (P >0.05). [FFE,
MTP 5 LTP Z /D 1 /M A8 IR ¢ 1 B0 20 0 o 44.79, IX W it % 5 35 P 22 57 (44% vs 79%; P >
0.05).

PEVEA e R T AT B80T, R I A MR % T~ P4 I #3055 22 (221 vs 83; P < 0.001), [FIFEAENR
BHPEL, SHNFEREL, SMUSE & B9 30 2 (254 vs 97; P < 0.001) (W14 1) -

Table 1. The total bone lesions in the medial and lateral compartment zones for the femur and tibia

F 1 BRE. BRERIMUEBIZERLS

Pyl A+ P&
= 83 (27.3%) 221 (72.7%) <0.001
B 97 (27.6%) 254 (72.4%) <0.001

TEJRTA, BB 0 LT 58 4 T BB R 0 A 38/ b e [X 35k(286; 94.1%), 11 AN A& J 8 [X 35k (18;
5.9%). SZ AR, BE L RERET AT 6 15X (263; 74.9%), 1A 2 Hi B/ YL [X 15(88;
25.1%) (W14 2).

Table 2. The total bone lesions at the femur and tibia in the anterior/central and posterior zones
=2 BREREAN/PREETHELS S

i/ g JEH PE
P 286 (94.1%) 18 (5.9%) <0.001
s 88 (25.1%) 263 (74.9%) <0.001
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25 TR R S IRASE 5o B i I 4k 57 B IR AT 20T, R BRLRSE AV 4+ 22 47 F FLL 175 (40%) &2 FLC
HIHR(12%), T0AERE ORI 2 AL T FMM F S (an < 3).

Table 3. The bone lesions at the femur

3. IRBMERELS

=g
FMM FMC FMN FMT FLT FLN FLC FLL
T 8 2 2 2 2 1 5 13
A 15 1 1 0 5 8 40 52
C 47 2 0 1 10 15 23 31
P 2 0 0 0 4 2 6 4

TERE PG REFod, RIS 2 R BR T iR E-F & e R X . JRE W IE & 53
N 248352 TMM J5#8 30%. TMC J5 6 29%LL & TMS J& 38 23%, Bed ZMUSF & )5 3 B A 2255 51
J& TLS J5# 43%. TLC G 71%LA K TLL 53 67% (413 4).

Table 4. The bone lesions at the tibia
= 4. BENNRLSTE

i g
TMM TMC TMS TLS TLC TLL
A 2 1 0 4 5 10
Cc 3 2 7 11 18 25
30 29 23 43 71 67

4. W1ig

H AT A WH P AR B ARG B, Patel 55 A [8]0FHIAC X W 4 A (1 B 1 8 0dk AT T R R
P, FEIRHIRADEBI B MRS TR AL E . R 2 H SO RBR T LFC. LTP. MFC
B MTP, A — D RRTE & B E AR & B ARG B [5] [8] [12]. ASCRARYE Jay Moran 55 A [2]
WEFCH — MR AR R, FLah & 1 B PRECE 12 2 2 2 (ICRS) IR 1T BUCE AR AR K [13 A L e 3 B
PR A VP 5 (WORMS) L R G5 [14], X PRl RGLE VP H T R PR T TR 2 HRIZER
HEER A B O S . Peterfy 28 A[14]/0% WORMS $E43 IR e, LB TbAR AR B R B 70 N
SRR PN (R T o &9 = 1 7 i N 2= B A P I R PNV 35 g = 7 i = 0 N SN e Rt 7 8
HW L 7% WORMS P4 1 —# R m (k2 4 ICC 15~ > 0.80). 5 WORMS #Lt, ICRS J7i:fE e
RO EATEZ XK, I HLE BRECE AT 2 22 AN T X PR 5 1908 A48 2 (o7 (RS P8 () R [13] [15]. AHF 7k
— R E i IR AL 2 8 ANX, SRARBLAY N 4 ANX, AR T i £ el AR AN SRR 23 ) 53 6 AN X
4 X o TEERAT A HE— 2045 X H 5 JR AL AT B 5 B B ARSE &, PT LASERE (6] 44 3 B Qg A7
iR[16].

SR FH I HT B AR B A o AR [F) B s S R PR (Rl s 2 rf, Birfs ICC {3 > 0.9, IX KB H RS
R AR e A8 SCHD A A5 0 HR BB K A, A AT SR A o S ACL A IR T B K R S A A Bh
TE— 2 b B AR A L
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AW G R 5 PR P 1 55 205 SR mh 4 P R A 1 1T 52 DA L BRI — 38, g — 2D SR
TOXFE AR AR A o FRATRIL, SBEOCTT RIE A E = A B, RO R I AN [ = P (R
B EL, XEMWE ACL Hifhrt, LFC 1 LTP 2 [ ffll#Etk MFC A1 MTP 2 [al Rl ERIZ!, 5
e HT SCHRARTE (1) ACL F5 4% B #4315 X 0t 98 45 SR — 25 [5] [8] [12] [17] [18] [19] o iX Fh gy ¥ A5 4%E A A T
P 0 BRI R DG AR 77, S EURE R BIAMIN 2 &, 5 R A = A L, B8 B M R] = P 1)
ilf 42 B 5 2 o

IS RART AT, FATTARIPA B B B #8455 PR T A i s, i i IR & R
P SR PR T JE 38 X 3k [20] . X LE R IR, TESTEFE g, DU AR B ¥ & B S IX 385 0 AR B B AT
[ ISR RS, I T B R S S E AU 40 06 R ot R RO R T A, X R SR B P R X 2
AR FE 4R 5 B w0 PR W &[5] [8] [12] [19] [21] [22].

W5 MFC il LFC b OIRTH B #A B A R Bh T 7 MR P i s a e AR . BATTR B LFC |
A R IR T, W MFC _EAREE 3 (1 & P 0 JR BR T v e X ek 7E SRl iR & P88 B 1R N S e
RO, MFC I LFC BRI SOIRTH B PR A T AR R ) SR T X 3. 10 24 i e it LTP (1)
J& BB DX I R A e, MTP [ 3 X ) J5 e, F30 LTP J5 65 LFC Rk Lk MTP J53#5 MFC Al
B AR, XSOV E A —5, R 2 AT A s ACL 547 £ bl 5 B B i e ix — 451
FFE[5] [8] [12].

AHIFC B E R AR R B, TEARE A M AT A SR L R, R A R R AR SRR ETE RS
XU gE B S qi R SO — 2, E— 2B SRR T X MOE AR I AR R 48 [12] [23] [24].

5. &hig

bRy HiE AR Al ACL 147 B e D SR A 1 —Fbbr AL HLU TSR 05925, A8 2 AR
SE N H PO AR Y] T AEEAE ACL 4505 e WLAOMLA . SMBIR. 77+ e AP RS IR B Y e % -

B
R E SR AT . UM SR IR I BT L
P
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