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A XA 5 Ramp B ARV 122X T 1

ZHHR', T K, B X7, REFE?, #L & B 3 T, F AT
(LT PRI AR XN R EEBE Y - amsh RS L, ) PH R T 530022; 2. ) PYrP R R-A 0P Az, | PH R T 530001)

HE: (B8] WA X S Ramp A RIEE Wi g2, [FiE] 16 BRI, BRI T LT R Ny
ik, AT N . IE# X (normal control, NC), ACL HIWi+Ramp #4540 (ACL cutting and Ramp injury, ACRI) |
ACL FE#+Ramp /54 (ACL reconstruction and Ramp injury, ARRI) . % 16 A4 AW, &4 8 B, 4331 ACL E#+Ramp
W BABE A (ACL reconstruction and suture hock repair for Ramp injury, ARSH) FI ACL T #+Ramp Fast—fix f£52 41 (ACL recon-
struction and fast—fix repair for Ramp injury, ARFF) . BArAR 2 T 32Miali, Tl 0°. 30°. 60°. 90°, MEfinfy] 134 N fHE
AR, FIISMIE S N - m #ofr, WEIRERIRER . WIEFAMNEME . [ER] SEMABRET, BEA0E . WIEMSMER T
ZE BRI N, NC< ARSH <ARFF < ARRI < ACRI, SWAZESIAS 5 X (P<0.05), fE4JEIEMET, ARSH 415 ARFF
AR BRI SRS E X (P>0.05), 72 00, 30°f1 60° F ARSH £H %8 e B &/ ARFF 20 (P<0.05), {H
TEJEE 90°F ARSH 45 ARFF JRB NI 2ZE R TG H2#E X (P>0.05), 7E&RRAIE T ARSH 2415 ARFF IR BN 25 2176
GRS (P>0.05). [4518] 7EMETT ACL A JF Ramp 10 ACL HEEH, /85 Fast—fix 48 A 1EHE Ramp MU REIE R
KA RAEYE, (B Fast—fix A BE M, 4855165 R8T i IR & BT ekt .
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Biomechanical comparison of anterior cruciate ligament tear accompanied with Ramp injury and their repairs in cadaver
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Abstract: [Objective| To compare the biomechanical variations of anterior cruciate ligament (ACL) tear accompanied with Ramp inju-
ry and different repairs for them. [Methods] A total of 16 fresh cadaver knees were treated and tested in the following order: normal control
(NC) , ACL cutting and Ramp injury (ACRI) , ACL reconstruction and Ramp injury (ARRI) group. After that, the 16 knees were divided in-
to two groups with 8 knees in each group, including ACL reconstruction and suture hook repair for Ramp injury (ARSH) and ACL recon-
struction and Fast—fix repair for Ramp injury (ARFF) . After the specimens were fixed in the mechanical tester, the tibial translation, inter-
nal rotation and external rotation were measured under constant anteroposterior 134 N load and 5 N + m internal and external rotation
torque at 0°, 30°, 60°, 90° flexion of the knee. [Results] The total order of tibial anterior displacement, internal rotation and external rota-
tion from low to high was of NC < ARSH < ARFF < ARRI < ACRI, with statistically significant differences among the 5 groups (P<0.05) .
In any degrees of knee flexion, there was no significant difference in the tibia anterior displacement between ARSH group and ARFF group
(P>0.05) . However, the ARSH group had significantly less tibial internal rotation than ARFF group at 0°, 30° and 60° knee flexion (P<
0.05) , although there was no statistical significance between them at 90° knee flexion (P>0.05) . In addition, there was no significant differ-
ence between ARSH group and ARFF group in tibial external rotation at any knee flexion angles (P>0.05) . [Conclusion| Both suture hook
and fast fix for repair of Ramp injury following ACL reconstruction are effective treatments for the complex injuries, by contrast, suture hook
repair achieve better restoration of internal rotation stability of the knee.
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BT Ramp 5 47 /2 — FhRR IR S L 19 21 H B4
i, Smigielski &5 > HE S MR A AUE A 5
T PRI B A N A AR S fa B A IX
W . Ramp #1475 5 H528 X4 (anterior cruci-
ate ligament, ACL) FifiA % VIMKLER, W WFFRIH
P ACL it A e fifs = ikl 76 ACL $ifh
R B Ramp 05 IR LN 9.3%~24.0% . 2F
AR AP 12t 4R, 2k A BRI HES A i
JREFAER AT IR RARBTAIE K T7, NI B BTy
I Z [ ARZ W Ty, HIEEZ2H0m P mt, ACL
P2 Ot A B 4 ik g AN g3, Ay
ARG X258 5 R s i ', gl d dE ACL
MAMESE Ramp #i4), S8 &5 0 ACL K25 K
N7, ARSI RO BIAsE Pk, RIS S — A&
% Ramp #1071, MIMKE O iz sl J12% . dideoc
RRE P DL S R AR Ty

H Al Ramp S5 TR 25505
Fast-fix (85, WFMEE IrETEIm IR L34 345 B0 =
PNRITRCR ', AHOCF PR 8E & BORXT L iy St
W98 S PRAFSE A AHOCHRE . AWF9E H 2R A
RO A TSRS HEA T A 159, aRsE B
5 Fast—fix Z£ 5188 Ramp Hi471)5 M2 B HIR HE 25 0
WAMIER: fa B, ik (1) 4 ACL B4 Jf Ramp
OIS, 47 ACL 5 @B 1T Ramp #140118 &2 J5 AT K
BERNREM; (2) 5 Fast-fix 85, 648
BRI R AR A O RRE M

| RS

L1 ARAORIR

BEHL 16 R ARG RAS, 4l 40~73 %,
¥ (61.948.76) %, HriZefio B, 7 R %6
H, 2010 Ao Frate AR EAE-20°CORMETR IR,
TERAII AT 24 h BCETEZ IR MR, LT
20 em ARAHIEDIWOAEHER, PREIE B T m oy s 7E5C
LA 20 em ANRhIA IR BCR, DR B BC Il o
1.2 HERg Sy Ak B

16 B ARG, AT LA TR 5 )
2, AR BRI R 1EH X B (normal control,
NC), ACL ¥J W+ Ramp i i 41 (ACL cutting and
Ramp injury, ACRI) . ACL # #+Ramp Fitf5i4 (ACL
reconstruction and Ramp injury, ARRI) . ¥ 16 &5
NWGZH, EEZH 8 I, oA ACL i +Ramp 4854
&% 24 (ACL reconstruction and suture hook repair for
Ramp injury, ARSH) F1 ACL # ##+Ramp Fast—fix &5

2l (ACL reconstruction and fast—fix repair for Ramp inju-
ry, ARFF).

NC 4: REAEATEBT AR,

ACRI: ZEHiFMIABREE FULEE, ZRRTN AR E
A 10 S T] R ACL UIWr,  #ES7 J5 I K J5 MO SG 5
BB, JENMARE A 10 SRR, XFpaf
M Ramp XIHEAT 20 mm (Y1 (B 1a) .

ARRL: HURAE UL, Rt i
8 mm, K 10 em MBAEY . RHAHNMARZEST ACL
HAAR, HE 8 mm BEHEMEEHIE, BoEmk
F Endobutton £ [Hl5E , R iR HEF RIRET 4 7E

ARSH: ACL H 5 8 flE47T LA AL 2 . it
90°, &JaMN . JaAhARE, TTIFEYE, RITH 90°%
AR O 5l PDS- T 4828 28 J5 LA i 1E A
JENMIEI 2 SEE 4k B i RO R s, VAR
B A e or i, ik A5 PDS- 1T 4840t
NG N 2 JFR 8854, SRS IR AR PDS- 1T
G M G| OGS, FTERARITASEE, BN 5
mm, 4 3% (Kl 1b).

ARFF: ACL H#J5 8 fIHEATLITALHE . SRATH
AT ATAMARE, FIAMARE BT I 28R ) 5
WSS, HT N ABEERAE, RO AL T AN BT A A
K Fast—fix 285 S FLRSE S I ROCTT Ak
Az, R 5 mm, 4% 34 (K 1e),

1.3 ek oy

RS R A IBE 1 R B i o o] 7 A )
AT R b, EOCATHE 0°~90° U TG S T 15, 2
FREk 2238 i [R5 R AT 2, Bk 22 e i E EAS 5 em 7K
H G, R A2 W AR R P S, e R (B 2
BREASLETNSNIERIN J) 5 T 7 BRI 5 A SR AR
22, BREZIE E TR RARAL 8 A ke T
R RN (1L, [ 3 a1 B #A: H W T %
fH.

3 R o A T 5 T it AR R B O JE il 0°
30°, 60°, 90°, KA 134 N fHE A7, FIPHSMIE
5N - m #fif. RS TIB ERAR SR AL B IR I
B, e A R R T I R R T (8T 1d)
L4 Gtk

fdi ] SPSS 20.0 A TG E o0 br . THEBOR
DA % s R, BORHRIES AN, ReiR bbABCR R
R 250, WM HLECR I LSD kg, BORHRIRIE
DO AEy, AR ECR A Krushal— Wallis H K555, W
P L3R H Mann—whitney U i35 . P<0.05 NEFH
it X
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Bl 1 Wifpse&155E Ramp S5 015 305 L%
NN 2% &40 5% Ramp 51475

Lo: ZPRRIED BT A IEE

2 # R

2.1 RERISEE

JI& B WAL PR B I a4 2R DL AR 1. 7R I 30° A1
60° F, ACRI. ARRI. ARSH HI ARFF (12 & 1 #
PEES A B R T NC 240 (P<0.05), {HAE I 0°Fl T
B 90K AT, ACRI Fil ARRI JR B BB I 55 4K T

la: JEAMUABEIEE, J5 WA B Ramp $315 257
NI Fast—fix 454 Ramp #1473

1b: JEAMMABILEE, J&
1d: A9 5~E DA

NC 40 (P<0.05), ifi ARSH FI ARFF 5 NC 412 &
RIRSHE B 1 252 F RG24 L (P>0.05) . FE45 R
fBE T, ARRI. ARSH Fl ARFF JIR & Hi# FE 25 15/
T ACRI (P<0.05); fE45JE M E T, ARSH FI
ARFF 25 1 # I 2 4/ T ARRL (P<0.05); 7E4%
JEMEME R, ARSH 5 ARFF A LR B i B B 55 22
SHTGFE L (P>0.05),

x1 BATFEBRAETREENBERVUEER (mm, ) SHE

JEIEA NC (n=16) ACRI (n=16) ARRI (n=16) ARSH (n=8) ARFF (n=8) P1{H
0° 3.44+0.81 22.19+4.10 12.46+1.47 3.84+0.62 4.09+0.9 <0.001
30° 4.57+0.71 23.78+3.20 15.81+1.52 6.98+0.56 7.48+0.62 <0.001
60° 5.57+1.04 20.47+2.53 15.89+1.20 6.08+1.16 6.83x1.14 <0.001
90° 7.59+0.82 22.24+3.70 15.81+1.39 5.94+0.45 6.31+0.57 <0.001

22 ESE

JIR - PE A B £ 5 R L2 20 E A I
T, ACRI. ARRI JE &7 e ¥ e 3% K T NC 41
(P<0.05), 7FJEE 30°F ARSH G i B 2/ T
NC 4 (P<0.05), Ti7EJE B 0°. 60°F1 90° T ARSH
45 NCAMmNIEMEEZRY LS FEX (P>
0.05). TEJH M 0°H1 60° N ARFF 41 &1 N g+ i

FERTFT NCA (P<0.05). FEAERMET, ARRI
S ARSH Fl ARFF 19 N Ji€ £ £ 34 i 2 /N T ACRI
(P<0.05) . 7E45JH B A BT ARSH Fl ARFF 4 P Jig
AR B /N ARRI (P<0.05)., TEJEE 00, 30°F7
60° T ARSH JE 5G4 e ff B 35 i 2% /N T ARFF 2
(P<0.05), {HFEJEEE 90°F ARSH 5 ARFF 411425
gtz L (P>0.05),

x2 BEATFAERAETREEANRAENEER (°, 1) SHE

JE IS NC (n=16) ACRI (n=16) ARRI (n=16) ARSH (n=8) ARFF (n=8) P{H
0° 18.38+1.61 28.69+1.46 26.17+3.05 19.32+1.02 23.87+1.88 <0.001
30° 22.19+1.44 30.40+1.58 27.66+3.24 19.43+1.02 23.62+1.81 <0.001
60° 15.23+0.84 27.69+1.02 24.46+3.51 15.29+0.49 18.03+1.59 <0.001
90° 20.71x2.72 31.25+1.72 27.31+4.15 20.20+1.12 21.65x1.73 <0.001

2.3 HNESME
TR I HE A1 B £ 5 R UL 3. AE A I
T, ACRI Hl ARRI () Ji# - 51 jig 35 8 3% K F NC 41
(P<0.05) . 7 0°H1 30°°F ARSH (12 B 4Mig 4
1494

KT NC 4 (P<0.05), {H7EJE I 60°F1 90° F
ARSH i 5 NC Ay EFH L gt =2 L (P>
0.05) . 1EJE I 0°F1 90° F ARFF &8 SMigy 3 K
T NC 4 (P<0.05), {H7EJHE 30°H1 60° T ARFF 4
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5 NCAHMERTILG 2L (P>0.05), 1E4 B
AT, AESH 1 ARFF 0912 &AM g3y B % /N T

ARRI 2/ (P<0.05) . & BBEMAE T, ARSH 5
ARFF fIRHAMNEZE S TG #E X (P>0.05),

x3 BETEERAETESMNEAENESER (0, r+) SR

J J1E £ NC (n=16) ACRI (n=16) ARRI (n=16) ARSH (n=8) ARFF (n=8) P
0° 15.25+0.88 30.12+2.08 24.72+3.83 20.57+1.09 21.65+2.50 <0.001
30° 19.50+1.69 31.56+2.56 25.05+1.49 22.80+1.13 21.13+1.04 <0.001
60° 20.85+1.68 35.45+2.20 26.07+1.77 19.90+1.39 20.74+1.41 <0.001
90° 18.52+3.28 30.35+2.78 25.03+2.89 20.73+1.32 21.20+0.99 <0.001

Wigd K Ramp 54405, WL Fast—fix 254652 i MELL
3 4t i fig ke o XFF Ramp X3, T8 R, 5 ALY

AW RSB E Ramp B3 0] IR S ST
FaE vk, AR I OC T A 1) A5 E PRI AR e, T
HIE eV . 58545 Fast-fix (B 7] LIA AL
BN REN, BY5 Fast-fix tHlL, S&58BE
B B4 oK S I G N ERR E 1R, IR R A —
.

T AR XS ASERE B Y Ramp #5145 A 74k
L, BSOS AR M. BT ERE AL FRIA YT Ramp i
Pt X R B B RAFAIATTRCE , 4 Ramp i
PR FETE 15 mm LANES, HrEFfLALEERIA], i 4
Ramp $3 {i  JE>15 mm Sy AFoE UG, W) A5
TTEEAIRIT o BIEAHESEAT Ramp 5 i B2 K
J£ 20 mm, Muriuki 55 "% A9 J12A0FSIER IR
F A e B G I T R ek e g, b T A
HMIE] 2 A BE AR R . Peltier 5 ' UESE ACL HE#ES
Y5 N AR Z B A 1A R e &R, A
N2 A M DI B AR J5 ACL 8 #: B Ai ¥ 32 1 18 i )
54% , HE—LUESE A A BB ACL #AE
VIR . FEAFSEH, Ramp 51475 T &34 0 ACL
Wi T IR B RTAS . Ahn 55 0 HRIEERR 90°
SR A RS TR Y R, SRR
AH—2, B Ramp A5G T ACL W 2400 1 OC1A
FaE M. LA, Stephen %5 2V BT 45 S0 B R 7E
ACL W49 Ramp $i 453 )5 B8 B AU AL B B8, mife
i ACL 5 # T AN g 58 4Pk A2 I O 19 iy ) A2 1k
ACL FE G Ramp $il 318 52 R8T A7 M Pk 52 IG5 AR
B, Wi, XFARRER Ramp i, N TFAR
B8 LIRS IO e P

KB B Ramp 4500 07 A 2N BIEES 24
M Fast—fix 85, PSR IEHRGE R A N mSME R+
AR RNE T EGHESBART 2T
WA =, QIR B I LR 2L DX Y

RATHABEXE AR A BRI, 5 i i 12 S AR
FIXE, Ahn A Morgan 2 2SR R N S SR,
WEEG T aNES, RS EEILIREME, H
FE A ) 27 RS 0 HOKE Ramp DX ISR 2 31 A ) B
A, RG5O AT BB Ik R OGS $E ik
Ao 154 =X R TSR, SR LS AR
VER RATBOMEE A%, 2 BRI 55 A SARAL S5 P
AN TAEEIE , AR L S A s 1] W] g
Ko SRS UM B8 350 T B8 1 A 28 K i 4 45 40
AIXURSE: o TRIIN , S%5 $4 18 52 HOR T 2 B0 i) AR 2
FAg R ik . Fast—fix R FAM HB/NIREA
Vil i A\ prae a2k A AUE f L AR AT i s SR i
LA A YR BB R Ramp B4 ™, AACEMN
WA, R BT A TP 28 100 A8 0 0 A RE 1Y
KBS o fH Fast—fix XJF 1. 2 BYAY Ramp #3473 7] GEME
DLHRAE A4 0 2 AE ke B A0 5C 77 T B2 B0 7 ) B 5
TN TG4, Fast—fix ANREZ L H Bl
W ETRE, BIAREES X EEEES, Bk
B JF R | ARV SRS E PR BE B A INSE S B
2o AWM A IEE S B S Fasi-fix 225 1B
Lo, SEE B S RE A M S OGN RS E

RIFFRAEWN TR (1) FIRFRAS (9 4 i
T, A2 OCHEAT A 2 A T BE A ) L
BAHSRE RSB R 2 (2) HAREK D,
ARRBFFALNA 16 I NEEICTThRA, 255 Hh Bk
25 (3) FURFRARY R T RS 4, Qi 19 J ith
B 44>, BEW L IE R AR fRE .

ZE LR, ACL A9 Ramp 47523 InHESC T 11
] NEMAMIEATR . FRAlRY ACL A RE 78 2K
BREETRENE, WMLMESE Ramp $i0);. E5#H5
Fast—fix 2851582 Ramp 453 REHE = 1T IR E
PE, (HY5 Fast-fix 8B LML, EGMBEREELF
PR 520 O N e RS E M o (ELI R ARCR: AN T AE
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