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Research progress of internal tension relieving technique in assisting anterior cruciate
ligament reconstruction
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[ Abstract] Objective To review the research progress of internal tension relieving technique in assisting
anterior cruciate ligament (ACL) reconstruction with tendon grafts. Methods The in vivo and in vitro biomechanical
tests, animal experiments, and clinical studies on the use of internal tensioning relieving technique assisted ACL
reconstruction in recent years were extensively reviewed, the impact of this technology on the biomechanics, histological
changes of grafts, and the clinical effectiveness were analyzed and summarized. Results The internal tensioning relieving
technique based on non-absorbable high-strength sutures can reduce the risk of relaxation and rupture by enhancing the
biomechanical strength of tendon grafts in vitro and in vivo, it shows good biocompatibility and support for the
ligamentation of the tendon grafts and the establishment of the direct tendon-bone interface in terms of histology. This
technique improves postoperative initial joint stability, range of motion, and functional scores in clinical practic, when
combining with the enhanced recovery after surgery can effectively promote patients to return to pre-injury exercise level
without serious complications. Conclusion The preliminary research results have confirmed the efficacy and safety of
the internal tension relieving technique on assisting ACL reconstruction, then showes some degree of significance and
prospect, but more research is needed to further optimize tension-relieving devices and related surgical techniques, and
clarify the specific effects of this technique on graft’s structure remodeling, biomechanical function, and long-term

clinical results.

[Key words]) Arthroscopy; anterior cruciate ligament; reconstruction; internal tension relieving technique; internal

bracing

DOI: 10.7507/1002-1892.202106080

RAETEH: zHEE AT ARBEREFFOTE (2X-2019-03-04) ; = &R+ X TS E (2018IC102) ; =H &4
FEATFKEHE (L-201601)

#EEH: FEM, Email: 852387873@qq.com

http://www.rrsurg.com


http://dx.doi.org/10.7507/1002-1892.202106080
http://dx.doi.org/10.7507/1002-1892.202106080
http://dx.doi.org/10.7507/1002-1892.202106080
http://www.rrsurg.com

TR E 55 BRI E 2021 4F 12 A48 35 B4 12 )

1631«

Foundation items: Project of Clinical Medical Center for Bone and Joint Diseases of Yunnan Province (ZX-2019-

03-04); CHEN Shiyi Expert Workstation Project of Yunnan Province (20181C102); Leading Talent Funding Project of

Yunnan Province (L-201601)

A2 X447 (anterior cruciate ligament, ACL)
1) FEEAE AR AR O R e M, 035 mT 3G
TR MG TR ACL #ii7Eis 3 by fg 4E A
B &, W ILTAvEEsh e . B EA
MG He S 32 B, ACL B MIGIRIATT ACL i
Pify FE T B, @ Ak RS ARNUE R T8
O R MR )T Re, R A T R R
W AR BRI X OF & E, (1
2H AR P i A AT i s ACL 8 vl o
B, EEA - AR TEZE L
Rt . FREDU S AL 5 ] o S A UL e 3 o 4 R Y
Ak ssm TR MY TERE, BEE RIS AR NUEAR
LRI RIF R, e T HEX I & AE s i A T4
WA MY LARS™ HATTEIG R H 25712 HACR
g E"

R4S ACL I ARLEAW 2L, (B A
BB T RS AR ) R 2R B B D RE R SN AR
AITE DL, A SAR S FEEALY K 1 5w SR
RFEMG, FEaE. O “SRAR” . HiERE
Iz B GLUEAR ACL g 0 17 5 R B AR ) e 2 I
R, HEREES R, @ By syt
PR o WU RS A ) A< 5 00 b R 2 38 1P TR J5
6 ~ 12 JAl “HEFAIN " NI IRET iR i, SRR
R ARG F A UK 2 RE M i g T, YAETE
SAVEASTE | Mol B A XU i ) o A
LR AT BE A7 A TE I K B B A, ) Bl
PIRSE . WU RS AE WA A /)N, 25 SO gk
2 WA PR ey T R, DA SR A A 4 far R R ) b
T, ATIER TS A R B R R MR
LA VR LR R SF L @ T R AR H
1990 4F Shelbourne 454} T ACL H )5 Il
TSR, MCE IR ik, B7EMRIAR
J& KA | G2 B DSz BRAEIT R AT, el AR il
& o AZAR GRS, IR sl w HURE R T 521
A RE R EOR G RIS R, BRI R

BEXT LA B AU, T4 A BIFFE 4 AT 4 F vy
JEE N T B WU RS AE ) i ACL, DUBAEAR
Ji 38 3k 57 AT 4 FH 9% fifk 5K 7 5 B0 B AR UL 5t N
B, BN 7 B UCGEREARTE, B “ I
skFAR T U X G EANFE R N L
(internal bracing) i R 7 J& T [Al — A Syu g™ ™,

ARSORE X AF A KBRS B ACL F 914
WAMIFSE AT RGE AL, B RN 1% 4
GUERE R LRI R ACL B RUR, 456 PPl i 4
AREISEPR

1 REGKE RS

1980 4F Kennedy 45" 4 H (i F ) 417 46 5 2 B
SEUNAR R R VR % /I (= b N
R, HMRHA) T BN I R i B AR TR
IRY. Bl B A YRR K& S, 18 U0 FiberTape™ .
Ethibond™ %5 15 5 Ji 48 2 BX 5 BF FRIBRET . #E4NAR
BR N R K B R TR 12 3 Z& G0 b v T Y AL, R
R AR I 2E e RN A AR A 5 TiBR T ACL &
HEAL, S R Bz Al ] T BT SMIAS
FaoE ma R EE . FIRMEI PR EE . 5
SO e L I R AR T
H
MWHRTRMER, WHERE AR ACL 5¢
HoAt )y Fadt, Sk il N Tk 2 AR
AR ST G5 DI RE, RO A G RN AR T
Gk A AR AL S AR R 5 2 A8 L
LARS™ A T4 W& F 52 A PE 45 ) AT RE AR e
B, RJGZHE £ A ASUI RN BAR
PR 2 AR G 1 I R B 5 5 s /0 HLAF 9 A
Ji, (R LARS™ A T 4071 #H G oK B D AFF 5%
W, SHUBBAEYIAR L, G R ROE 0 B 2
S HOOFAORE & A 3K, WENIE T ACL s gt rp i
FHAZ IS N TR R 1 5 2% ¥ R4 S 40 25 A AN Ty
RERR IR A R

2 WK ARTE ACL EEPRIN AR

FIRiT, ACL Wi 323697 o biinse 16 5
Y . WRE SR, TR A T 124
555, H ) Z 058 WA T PN el ek B R A 4l B AT o
ACL #5242 mk, n] A R Rl 28 A 15 B AL 4E By
K, FEAR 0 KBS, I ik 38 AR S &7 Th BE T
S, #E ACL FE, WUERS R A 7 Tt
R A T T AT 4 i, 2 R A S R 28
R R, 7EREE TS Bl P IRV BE G )27 55 s W K
Bt MTARR, T SEE N Ik R AE ACL
derp ol R AT T PR O AT TS, DU 430

http://www.rrsurg.com


http://www.rrsurg.com

1632«

Chinese Journal of Reparative and Reconstructive Surgery, Dec. 2021, Vol. 35, No.12

MARNSM ) T128 09T A2 RN IR = A7
AT 8T o
2.1 RN EIHHE

PRSI A= 9y 07 2 WX 2 3 Aok N7 R R ) 45 ) A
YR g 20038 2 50, ok W PN IR 5k 2 ) i
ACL WG Stk BB B2 I . Bachmaier %7
i FH 2 B FiberTape'™ 435Xt 4 B4 A fILEE AR 2
INERBAYIRY 3 A iU T TR, B
N ACL AP HHIY 3 mm [E KR A 250,
400 N AR I HEE LM a8 5K 11, 45 3 000 4
PEFR AR ST S, 2 BN ISTK Zefs 3 JBORT 4 JRDL
it TR AR 23 BIREAR T 50% 1 16%, %48 HITE/NE
RN R FIRTEIER ACL 142
BOE RN TE T W R BR 17 fr, R AR T
SO SRS . )5 Noonan 2™ 7R AR FE /)
FEROMHADSS T A BTG OLT , B A i [ o 2
BRI AR T R ET S, 7E N IBEKR B AT L
REFAG ) 12 PERE R SR AR T A5 3 T AR IZS 8,
Ui 2 B AR TE B PR 32 0 O R 2l H .
TESIA1 2 A58 b, BIFE & 00 T N - -
H A YRR N B R S, ACL 5 IR,
2 [ FiberTape'™ Y PN U8 5K A FH 4 % 4 90 76 22 5
50 ~ 250 N JE 20 Ji, A 2 40 0 BEAR T
18%""HT 319%™, - LA R £ fof A1 EAS [) B 4
s 2 B Ultrabraid™ 7655 B F2 2] T AHRUAY A=
DAL T ()

RN A g2 N REAE R AR BREE AT,
— 20 B A TR R TE AR R 25 I X TR A )
F & 12 MERE R RS2 . Soreide %5l Fi HL 1
FiberTape " i Bl A {41 e LIRS 4B & e e ACL, AR
Jo 8 JEI RS AE ) Al IR 70 g R DI 2 S 531k 3] B 2 )L
B A 1.7 5 F L4 4%, 755 —Ti 20 [R) ST
8, Buma 457l 2 BEgm 2L A0 X A IR O
(polydioxanone, PDS) g 274 By L1 3 [ {4 fe i E
H ACL, RJIGEY J124 50 K B PDS 48Uy ik 3%
Hhn TR A NG J1 2R R, BTERES 6 JA YR
B SS, ARG 12 JAES PDS 4a U457 58 B 3L A %
Ko VER NI iZ PN 8K 256 8 X RS AE ) A ) o T gt
JIE 7 AR R BTS2 e, AT RE S 0 ) O R
6 ~ 12 J] i PRI A Aol ok fige S 01180 PR D e AV P BRGER R 3%
AKX

A=) 12 B GERA T OA e e f el T R
R ARSI RS FE ) AR N ACL H A S W1 HR %7
SRIE, (HAESI YR N BIFSE RY IS S48 b, AN a1k
NIBERZE AN B T 22 SRS R, SR N TRUBKR B AR 1Y

http://www.rrsurg.com

A RO Tk B IR R A, A5 A RS AR LI )
i~ L 1e o RN A AR A A, P URERAE
/DA RIS, B N IR R i B RS
2ARF3IMALU L,
22 HREFE

ACL i J5 B A Y R4 B 2540 B 312 il S AR
Y 0125 BE B JE A, DR e PSR B R X T R A 1Y
)l AL A - A A A B R, [ A
RPERY B, Cook ™. T 6778 R ACL
AR 5# T 2 i FiberTape'™ 14 5i [i] Fft S 44 A% 1Y
SKNUIUERS AT, RIS 6 A B AT WAS AR LR () 45
TR RRR G N L - R A ST, O R E M
Mfe 5 1E® ACL X MRZH TG B 22 5%, HOoR UL
RERTREIN . TEFEWSE T Cook FFLEAHIR )
K ACL BRI I, 28 NIk 7 AR5 A 1 [H]
ol 5 AR JB 10 Sk LU 5 & 1t/ INAR 1l 3% (platelet-
rich plasma, PRP) fEf% 5230 B 5y 24 4 i -1 53¢ 1o
G MBAEY AL, BFPE R PR FE e T ACL H
™ (H—I0{fi F PDS 4 SVl B L2 [ A
HH ACL BIBTTEREL, ARJa 12 JA Ak B 54
KR, IR R4 A 9 | - i A AR
A=) 12 BV R [, HBUF AN R R RE &
PRSI T SSANIB LR Y I Iy S =9 A ik 4
Wi sh Kt ik 3507

bR T AR S IB LIS, NI A A S 1A=
YIARZS R A SR AL, A LIRS BT
fifi FH A N ISR R AE B ) ACL St rh 24 3R I E R 47
AR ZS R s B BRI Bk S s )
Wt J 5% Siti % % (1Y) FiberTape " FHA R FETW N, 14
B 7 H A G AN G e S, (H— IR 5 K
B, G IR R TE PN A T B RE R RS A 2 R
FiberTape ", YEARJG 8 JEIHFIFEH B2, oK L4l
ZUR A, AT B N 85K 26 5 1 E 2L RIAS
RS AT RE S 52 o - B AL 6 B, ()
RO T K R sh o h e T EE . A
glpgk PR ACL B A FiberTape' " I 5KER 1)
RIS RGP AR, TRl ] S LIRS
A ) 0 ks A R - SR TR A, K N DR e
AT ACL ST A
2.3 KRR

HAT, IR I s ik B R 4 B ACL H 421y
o, HBEDTRIAG . Hod—3 R pF AU
AT & TR R, FARIT R R
et FH 1o 5 B A R A T R AT PN R 7K A DG T R R B
W ACL fiff ) H A H AR, (i FH i F% A8 1) 60 45 []


http://www.rrsurg.com

TR E 55 BRI E 2021 4F 12 A48 35 B4 12 )

SERMURE™ . AR 3 ok 4 BREAEZE L™, B ik
JREU Sk ATUALAEE ™0 5 A - -1 AR JEig
it T A TR SRR A LR, T AR A0 G B2 4R
P Z A B TR 1 C R, ZEAR BRI OC71 2 B A
X R AT LI a5 S I 308 17 g 3 14 7 i 4 T A4 A Dk
TN, FEAE APk 7K 2 114 [ T R P
TKIIRR B, SR BB v Y [ 6, A
BT R A A UUREE R0 N sk Ze S R HE TR b, A
A ) TR S ST R E T AR AR R
(1), tA SRl 7 A2 vT DLGE o ok Sy 14 5K 5 985,
T IR e AT 2 ] A fr e R L O
I8 i [ B 8 R O e o A B2, 3 R AR A [ A
K 1R 430 T 30° A L7 [ R B AR A AT
PR AR B [ R PR R I R L I
ERIERE A ), B R AR K T R T
TR, IR FZEM R A6, Wil ERTFARE
A, AT G TR R 1 A
YR NIk 2k 01, JERAS T RAFRIRIR DT T 30
FE AR EPE

TE— I I R AF 92, Peterson 28" 481
4 AR R, 28 3 IR gm8U IR O BT SsER Y [ R
BB - AR S S WURE RS A A AH 1L, FEOGTY
FROEMEMIIRETr LR EE R, AR TSN
UK 2 T A T AR e AR i S TR A . FEBE S
(T, G 2EE AT 4 BEOR T e R ™
282%™ 2 it Ethibond™ 484k RN 2 Bt HAh 4% Lk (4%
LRSI W) " Bl [ AR IE 48 U FT ACL
#, ARG 6~ 12 HBEVI, 15 T BRI
ETERINEEPESr, JF HAEA MG R R E Tt
B, AL T e . 2R E AR BAFIH 2 i Ortho-

B1 M BEMREKE AR ACLER  a: MR
b: MIEKZR o FIRET  d: BET e NUBRESAHY

Fig.1 Independent hanging internal tension relieving
technique assists ACL reconstruction a: Endobutton b:
Internal tension relieving suture c: Interface screw d: Anchor

e: Tendon graft

© 1633«

cord™"™8 Ethibond ™45 4 H ERIHHY “ =ML
AR P T B RRIR gn S A AL 1 R 2, 1
AMIFFEIE % g LA e 2 b ar 284k, BT
(1R B IR 71 i LA R T 4 30 JUL Rt B A 7 DI B2 5 ot
12 A F BT &30, Al 132 90 21N 5K 4 4 B E A4
2 WUE ACL B RS AR E IR E %, B
ETREBOCTREE. R s P A
Bodendorfer %5:""'fifi Ffj 2 it FiberTape™ %l B B 4
4 JRNE 26 U #EAT ACL 4k, 23 30 M HBEVI &
B, ZEOR B EWGE T RS MO R M D RE VT
g7, Pem TYRE 2 Ois K B R L, R
idE TR RSTE], TP ACEAR . TE A 2 TR AR
WFgeh, &A@t 2 B Ethibond™ 48285 B H &
JIE 22 UL R B4 7 R 5K ACL B4, R4S T R AR ¢
IRRE TE I REVEAY, FEIIERE 2 BB A 2 A
AV RERY PRPRIA I ARG AT 1)« 5R il
7 AR, L UEE T FARIAL

I PRI 5% 2 B0 N 80k e R AE A L 248w A7
PR, HRH o a5 R wom Hg i M ACL
HEFOCTIIRE  FRUE PEREE Iy, Hx e
fm VIRE 2 Oiis sk E e, Wk 1, H
ANIE B BB T AREOR [RS8 T 45 R 2 5+,
X 5 ST 45 AR

3 RE5REE

VAU B AR XS T B 1A ) Ao S A UL e
H ACL B2 TBWAE, RBAELL N L. D3
SRESAYI B UG A=W )2 e, AAETEIR P T
(857 3% e A R PR B B 358 s (D S A ARl [m] Ao
S A R W) TE AR ST 0 A R I - T A
G O UERERMEY N AEY =R ERE; @
AR NP AOCTTE 2R, & B
R AP0 E AR e . (BAESh W sl R A5 vh & 9,
PN U e TR 7 R e B XS TR G5 2R A
HRW L TEMORHE £ b, T AT R AR AR Y
PDS Z 4Lty FIER O P DR Ay A DRl o A e A 30
Lo T Y@ /N E PR 118~ S R T 5 7 i )
FiberTape™"™ ™ "'l Ethibond™"" ™ ™25 Py sk £k ,
PR ELA SR SO R S RS 1 N RS KAE T, EAR I 51
WA AR T RFER, (HARHEAR N A 8 5
A i s it — DT

X FFAREORMF, —J7 RSzl B A U
PN Ut 2 TR I AR B v ] o T =X b ) 22 54k
IR LLUBE S 8y 3 PRI ER B0 A DRy i ) 5 TR
o T, I N BRI (57 55 1Y 4 [F A 1

http://www.rrsurg.com


http://www.rrsurg.com

1634 »

Chinese Journal of Reparative and Reconstructive Surgery, Dec. 2021, Vol. 35, No.12

F1 PBHKEARE ACL EEMIGKTR

Tab.1 Clinical study of internal tension relieving technique assisted ACL reconstruction
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