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Abstract

The primary cause of anterior cruciate ligament rupture is sports-related injuries, accounting for
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over 70% of cases. Anterior cruciate ligament injury can lead to secondary joint cartilage degene-
ration and meniscus injury, and even result in loss of joint function. Autogenous hamstring tendon
reconstruction of the anterior cruciate ligament is currently recognized as the most effective treat-
ment method, but failure rates range from 0.7% to 10%. The main reason for surgical failure is
poor healing between the transplanted tendon and bone tunnel. The healing of the tendon-bone
interface after anterior cruciate ligament reconstruction surgery is an important factor affecting
surgical outcomes and patient recovery. Therefore, there is an urgent need to identify effective
targets and intervention methods to promote tendon-bone healing as a supplementary treatment
measure. This article provides a comprehensive review of relevant research on tendon-bone healing
from a biological intervention perspective, summarizes key issues in gene engineering technology
at the forefront of medicine to accelerate tendon-bone healing, and looks ahead to future applica-
tions that can reduce the rate of re-injury after reconstruction, restore patients’ physical function,
improve the quality of life and the standard of living.
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1. 51§

22 XCH7 (Anterior Cruciate Ligament, ACL) & R 5¢17 HE R g 45/ 2 —, ACL W2 —Fpi WL
BHRGH, T RB—RAGRAER, K QREBOCTAM, SRR, Wi, ERERER
WeEYE ST 28, em i H O AR AUE B ThEE[1]. BEJST AT 32 X ) 75 22 (Anterior Cruciate Ligament
Reconstruction, ACLR) & i 2 X 715 Wi L 1) 15 16 v 97 7 3K, B ACL RE M) 3= 2247 A A4 LA A4 AL A
H A H B AR UL S ACL &R R A8 SO W i e iz LB, FLilm PR 22 4 1 A0 AR P AH Ve 20 T ek
BN TWUREL2], PRI PR AR 48 LI 2 ACL oA I UL 23], ACL HE TR B ARTE Ml %
RS T RIS XA, AR B R S PR R AE ACL 355 1 LS IR NI 7S A5 [4]. SRR i @Al
TR BRI E LA B R R A IR, G SRR 5 Bkt i Ea AR & FER
Ja AT A A FRR I M s EE B R IR, FLAE— e R BN T ACL PR XU [5]. TR,
S I E A ARV ACL EEAS RIS R IFFARBER M EZSbR[6]. BT, F&A015F
SRV IR R B A I . (R AR, KRS T ACL BE A s R R R A
FE NN AKEFRIT . TAAT . R TR, BERE. AV RRZy T, i+
WA T — 2 IR AR SC 3 B 20 B R 5 DRI VI 7 T E — 253
2. BHREFERT4A

B 7] 78 J5 T-2 2 (Bone Marrow Derived Stem Cells, BMSCs) & —Fh Z RE T-4Hff, AR € FF &M
BAZMSWAE. BE. D DNIRSEHZRMERR, &2 )RR EVRA R ERE,

I & BMSCs AMX AT LU F B S8 B I Z5 /RN Th RS, 38 mI 38k o S R R A 75 R 1) S e HlE 7 IS o %6 F
FLHBERE Sy, HIRI A SRR 0 A A T A A2 AR 40 ) 22 3% R RE[7] [8], # N T Z
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BRI A [9]o FE— TR TSR [10], UE S R (8] 700 T4 M A e TR IR AR SR AR A, TR A Y
HER T KEAFYERE, #E—PIUEsE T BMSCs Refedt & St &4 . Karaoglu S [11] & I BEE N #iE
MR RE i ST, LB S B BEIE 1 & G s WL RIEER, RGN, HrakANHE®, K5+
JE AT DL BH B AR AR A, B A S R R AT . KE W SUIESE BMSCs Wi @A A A A
PR BRAE o

3. IrHIE) 7t PR T4 At

NI 0L SRR P4 [80] 78 J53 - 200 B [ o S ) 7 o - L 1) R R, DR B AT T LA T P e B
BE 77 MG G328 S 1 () AL 3437 A [12] - Moon SW Z5[13]# HUCBMSC AT i3 ACL SE#EF AR, 78 2 £ 1)
BEVTH, UESE T HUCBMSCs W “Z2AfH, HASKANRKRIL . fE—IU 74, Jang KM SE[14]556 K&
I S AR AR R AT AT 2 S s AN B A TE S e HE R SO o DU JEL R, Stof R AR AR T AL A ) ) o 7 2 2R
ST AE AT Fi 1 BA S B R R A1 4 T SR X, LT WA B BR AR 42 23, )\ J N e i 57 18 DX T T ] A,
o WRAT Sharpey FELF4ERITE B R A4k, + R, e DA ) 8 W 8 35 2 18 RPIR i
JRAF4E o HH T WL, HUCBMSCs 1] ‘2 4= I T A\ A4 1 Jef 101/ 2H 23 R0 B2 4 40 M (1 11 sk (e gk e i 6

4. BRRRIRTEF4mAa

Z U FE R W], ADSCs Al EdERETZHE. LA, P9 B2 LR 1) Jm e R AR [15] . i, Oh JH
S5 [16]7E S A A A AL h i 5 ADSCs B0 iF i AR . TENLRE D7, J&EFST ADSCs 77765
KIS A WU B B X SR B i (6 6 Ay - SRl . ek, SRRy ADSCs mf LAY 5 i & & o
Valencia Mora M Z5&[1717E4F 58 H (i ] ADSCs 3% Y sl B 8 & 1AW 7122751, {2 ADSCs e840
OREJBL, 7K it A0 F P L T A o Dk 2>, 240 27 2 BT s o S A A X 9/l AT s L L g
ARSI . JFEEET, S AR R 4E T R AP 0 2 Fa bR o 4k . B4R ADSCs 7E fig
H A V2T RO A R, (RIS 2 . 5k, A RBIAJY ADSCs MY RERS 35
1, 32 B i LAt P R T A M G A W B AR T (R R L A1k [18] . Hvk, ADSCs AN n] LAY
YNAIERE . TR b, ARANEFR YIRS B R, B AT DU 03 A K R 7 N0 B IR 7SR ARt i
4. AN, ADSCs ] DR LU A YR Ek E RGBT, DAE BRI AL E 8 0 2
YR, (Rt A .

5. BERTT

VFZRMEZN, B B B 8] 78 0 T 20 A 2 DR B LT i G, JF 3 HA i B 1) 70 T T4
B —ME T B TR S A R, Bl A K B 7 B S R [19]. BRIk, BRI ) 4 R 78 5 48
38 5 B 2 i N RS T ah P sE it R . Wang R Z5[20)48 1 7 TGF-B 7 ACL HE 2 5 UL H @& i
YEM . TGF-B 18 % Gy iy 8 ) 78 o7 T 40 M LAtk gk, b R EEHAE . fEid ik H A 3 2 1) e 4
Y, E R AR S, AR HOR R 22 () 20 B AN A 4 R A0 BT O A R AR R SR AR 4. g5 R R
B, 1T TGFAIMAPK {5 5k, i ACL HE 5 BMSCs 1 TGF-4 K31k, fRiflig & &4 . Wang
LL 25 AWF5E 7 M/MRATA A KB T 547 B (PDGF-B) X BMSCs &1 J8 Alidi 1216 52 Ja WU & 54 ) 5200
[21]. FHEAIEHFE AL PDGF-B shRNA. i #iA Pc-DNA PDGF-B FIJE < i ki ik 4t BMSCs. H.Hf
LRI PDGF-B w] DMEHEAEAERE T Ui S AR 734 . PDGF-B 1] DAEE iy LM 2H 23 P A R 28k £ A
FEo AT TUE B ik PDGF-B AJ DM R e B e &G . MBS HAKRE P, (ki
A ORI R B T AR R D TR . (R A AR DG AR K TR R S 1 T 4 R
SefaE ). HFH, BT TARKNARIEEM M, AKEFRIERBZ M. XK, DT
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N Al AL D ARG YT AT B AR sk BN RREE. AR AR IR 3248 . SR, FE3E BRA YT IE K
ISP TR 2R, AT 5 TV 2 1) A [22] . A% 3k DR 1) A 2 B I 8] (R FERZ T 1 1, T RE 2= 3 5505 31
RE P FRTERUR A I TREVRYT (10— A L 2R HI[23]. BRiLZ Ak, HATARERR B ORIE IR 2 ERA T
LA, KOYRRE HIEAR . Rt R A AR B R .

6. &it

ZiEPTd, EEEL MR, ZHBHEE KRR, Hbr SR w EE A A UL 0 AL .
Plt,  EEAE M I & AR FARRCR M EE K. MERHAN SRR, BTN A
BORF et @, THRAA MR, R ERARI R, EEEadRhES 7 —Elk
HEMGIRAE T B R TT BENS 1 O T AR AN A R DR 7 R AR T I 8] 5 5RRE . BE R TR RO K =& A
MBS, K H AR RAA KB il A 5 A B i & A3 LA R AR 2 RO . R
KRERBTCLUESS T T4, AR T HIRRERX S & E A Bt e . AR, )
i B I R KRS E A T IR i S LI T, Ao ARG T R AL B 545 5, iR
BAERPGERE, AR,
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