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Abstract

BACKGROUND: Anterior cruciate ligament knee reconstruction under arthroscopy is the most effective treatment for anterior cruciate ligament injury.
However, the choice of graft in anterior cruciate ligament reconstruction is still controversial, which is the key problem to be solved facing clinicians.
OBJECTIVE: To explore the clinical efficacy of autologous, mixed, and simple ligament advanced reinforcement system ligaments in anterior cruciate ligament
reconstruction.
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METHODS: Totally 132 patients who were admitted to First Affiliated Hospital of Zhengzhou University from January 2016 to January 2019 and underwent
anterior cruciate ligament reconstruction were enrolled in this study. These patients were divided into autologous group, mixed group, and artificial group
(n=44) according to the different graft selections. Among them, the autologous group took the medial half tendon and femoral tendon of the calf tibial nodules
and woven into autologous ligament for treatment. Patients in the mixed group were treated with semi-tendon, femoral tendon and ligament advanced
reinforcement system artificial ligament graft. Patients with the artificial group were treated with ligament advanced reinforcement system artificial ligament.
Before and 2 years after operation, Lysholm score, International Knee Documentation Committee (IKDC) score, Lachman test, Tegner score, and HSS score were
used to evaluate the recovery of the knee. At the same time, the bone tunnel enlargement value, ligament growth factors, quality of life, and recovery time

were observed.

RESULTS AND CONCLUSION: (1) The time for patients in the mixed group to resume daily activities and exercise after surgery was earlier than that of the
autologous group and the artificial group (P < 0.05). The SF-36 score of the quality of life 2 years after surgery was higher in the mixed group than that of the
autologous group and the artificial group (P < 0.05). The complication rates of the mixed group and the artificial group were lower than that of the autologous
group (P < 0.05). (2) The knee joint function of the three groups of patients recovered to varying degrees. The Lysholm score, IKDC score, and Tegner score

of the mixed group were higher than those of the autologous group and the artificial group at 0.5, 1, and 2 years after operation (P < 0.05). The KT1000 knee
range of motion of the mixed group was less than that of the autologous group and the artificial group (P < 0.05) at 1 and 2 years after operation. The bone
tunnel enlargement value at 1 year after operation was lower in the mixed group than that of autologous group and artificial group (P < 0.05). The HSS scores at
0.5, 1, and 2 years after operation were higher in the mixed group than those of the autologous group and the artificial group (P < 0.05). The number of normal
people in Lachman test at 2 years after operation was more in the mixed group than that of autologous group and artificial group (P < 0.05). (3) The levels of
ligament growth factor transforming growth factor 81 and basic fibroblast growth factor in the mixed group were higher than those in the autologous group
and the artificial group at 0.5, 1, and 2 years after surgery (P < 0.05). (4) It is concluded that the mixed ligament can be used as the primary graft for clinic, and
is more helpful in helping patients return to normal work and life as soon as possible. However, the use of mixed ligaments still has practical problems, such as

the need to extract autologous tendons and high medical costs.

Key words: orthopedic implant; autologous ligament; ligament advanced reinforcement system; mixed ligament; anterior cruciate ligament; injury;

reconstruction; functional scores; recovery
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Figure 2 | Flow chart of group assignment in each group

23 BB H AT 3ABEMER . M. AT
S B EE TR IA) L R0 4 — R BRbx b 22 R 2 T 2
PR X (P>0.05), Wik2, AAW M.

24 B EA ARG Lysholm 3 5 AR R F iR IR 3, 4.
2.5 AA%5FF KFT/E Lachman iXIh 4 2 BRI B SL30E
YUz 0 i E, ARG 24, IRE4. AN T4 Lachman iX
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MREE
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Table 2 | Comparison of general data in each group
fabr [ERLNA REH ANLAH XPFAE P 1Y
PE5 (n/%) 0.186 0.666
5 25/56.82  26/59.09 27/61.36
ks 19/43.18 18/40.91 17/38.64
ERS (xts, %) 29.9745.15 30.33+4.83 30.21#4.72 1.031 0.310
ZAGEE R TR E (xts, J§)  5.86+2.71 6.14+2.84 6.51+2.69 1.225 0.268
B0 (n/%) 0.746  0.388
sl 24/54.55 25/56.82  28/63.64
A 20/45.45 19/43.18  16/36.36
R (n/%) 0.407 0.523
AT XA 22/50.00 21/47.73  24/54.55
P BT A2 AR A 22/50.00 23/52.27  20/45.45
AR (n/%) 0.438 0.508
sl 7] 16/36.36  18/40.91  15/34.09
L] 15/34.09 16/36.36  17/38.64
oAt 13/29.55 10/22.73  12/27.27
G I H AR (n/%) 0.177 0.674
A 24/54.55  25/56.82  23/52.27
PA ol 20/45.45 19/43.18 21/47.73
Laachman {5 (n/%) 0.121 0.728
195 18/40.91 17/38.64 16/36.36
1% 26/59.09 27/61.36  28/63.64
SFEYREVTI ] (xts, H ) 29.17+2.43 29.39+2.61 29.28+2.53 0.955 0.328

*®3 | FEBEFAFE Lysholm T4 ELER (xts, n=44, 7))

Table 3 | Comparison of Lysholm scores of each group before and after
operation

2H 51 AR ARJG 0.5 4 ARG 14 KRG 2 4

AL 49.11#3.57 64.43+2.68% 75.63+2.24%¢ 81.35+2.21%
VBG4l 49.03.£3.47 79.7542.88% 86.83+2.44° 94.5242.14™
ANT4  49.2443.52 73.51£2.75¢ 82.21+2.31° 88.45+2.09°

F1I4 1.512 6.121 6.314 7.353

Pl 0.219 0.013 0.012 0.007

ik 5AT4IME, P<0.05; 5EHEAME, "P<0.05; SAHMIE, P<0.05

=4 | BEEH Lysholm FS MR E (n/%)
Table 4 | Excellent and good rate of Lysholm score in each group

25 n L7 =S HJ % (A=
Hik4l 44 19/4318  11/25.00  8/18.18 6/13.64 30/68.18
AW 44 26/59.09  15/34.09  3/6.82 0 41/93.18"
ANT4H 44 21/47.73  18/40.91  4/9.09 1/2.27 39/88.64"

x? 5.444

P{H 0.021

FE: 5 ATUAMEL, P<0.05; 5 aAk4LAHEL, °P<0.05

60 a | EEAKAERRSHCIATA Bl 58 %4

~50 MLk, *P<0.05
Za 3| RE24
:%30 LLHEBE Lachman
=% —p

o R R

£

Figure 3 | Lachman
{ l test results of each
1 } group 2 years

I postoperatively

Bl &
1

ARl &2H 8 IKDC 1143 K Tegner V- 73 LU 22 724170 i
EVERSL (P> 0.05). HAHEE AN IKDC 1571 Tegner 114315
= AR (P < 0.05). IRAHEHZ ARG 0.5, 1, 2 FEHIVES) IKDC PF
53 )% Tegner Y4335 EA4H. N T4 (P < 0.05), A .41 AJ5 0.5,
1, 2 4EITE4Y IKDC Y40 Tegner Y4440 144 (P < 0.05).
2.7 B EH T RATE KT1000 I % P A4 sh EAams R WK 6.
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x5 | BFEBEF ARG IKDC 5 Tegner iF57ELEL (xts, n=44, 73)
Table 5 | Comparison of IKDC and Tegner scores of each group before and
after operation

*8 | BFEBEFARRHHEKEFKELR (xts, n=44, ng/L)
Table 8 | Comparison of ligament growth factor levels before and after
operation in each group

213 IKDC 143 215 ALK L

Al AR5 0.5 4F ENER S R 24 A AR5 0.5 4F RIF 14 RG24
Fik4]  49.158.95 75.6846.84" 79.1346.31* 81.11+4.42°¢ E{A%H  195.59+20.07 252.41#19.21°  286.25+18.52°  301.57#19.73*
A4 49.1619.04 84.94+7.35" 86.2346.84° 94.2643.11° WAEH 193.76£20.14 327.41419.33°°  341.31#16.94™  386.85+22.02°"
NT4  49.11#8.96 79.85%7.21° 82.3146.57° 87.364.51° AT 194.11+20.27 294.51+19.51°  313.65+18.66°  348.21+19.32°
F Al 1.112 6.515 7.603 8.221 FAl 0.224 6.151 6.587 7.235
P 0.292 0.011 0.006 0.004 P 1Y 0.636 0.007 0.010 0.013
205 Tegner ¥F43 2551 Bl 2T A AR A B

Nl ARJ5 0.5 4 RJG 14 AR5 2 4 Al ARJ5 0.5 4F ARJ5 14 AR5 2 4
EiAkZ]l  1.31+0.48 3.28+0.51* 4.04+0.44% 4.37+0.62° ERZH  228.25+19.98 314.28+20.65°  367.65+19.69™  393.187+18.43*
BAEH  1.29+051 4.98+0.63™ 5.57+0.39°" 5.83+1.12°° VREH 231.01£18.64 376.15£19.96™  431.574#20.73"  454.54+18.11""
NI 1.30£0.49 4.11+0.61° 4.51+0.48° 5.12+0.87° ANT4H  230.14+18.52 341.32+18.54° 392.27+19.11° 421.35+17.93°
F A4 0.118 6.002 6.115 6.374 Fi8 0.687 7.235 7.662 8.218
P1{H 0.073 0.010 0.013 0.012 P 0.408 0.007 0.006 0.004

Fik: HGANTHMLE, °P<0.05; 5HELME, *P<0.05; SRR, P<0.05
# 6 | ZEBEFAFE KT1000 FRATIBNELLE  (xts, n=44, mm)

Table 6 | Comparison of KT1000 knee range of motion in each group
before and after operation

213 N ARJ5 0.5 4 RJF 14 ARG 2 4

Hik4l  8.85:2.11 6.3241.69° 5.11+1.55° 4.69+1.48°
A 8.86+2.09 5.41#1.53° 3.57£1.47° 2.11£1.36"
N4 8.84+2.13 5.91+1.71° 4.48+1.51° 3.22+1.24°

FA8 1.113 2.654 6.001 6.522

P1E 0.291 0.103 0.014 0.010

Fik: G ANTHMLE, °P<0.05; 5HELME, *P<0.05; SRR, P<0.05

ARHET ARG 0.05 4, &2 3% KT1000 B OCHT#3 FE L
BESTEEE L (P>0.05). $AHBHERGRITHRINE
B0 T RHAT (P<0.05), IREHBENRE 1, 2FEMBELTH
HER/STAKE. N T4 (P<0.05), NTHBEHEARREI1,
2 FRE KRB D T B A4 (P<0.05).

28 ZEHFARIGHBEY KMAAMT A KB FKFIL
2 W&k, 8.
x7 | FEBEFAREBERET KELR (xts, n=44, mm)

Table 7 | Comparison of bone tunnel enlargement value in each group
before and after operation

FyE: HATUIML, P<0.05; 5HMAKAME, *P<0.05; SRR, P<0.05

HAH B EARATMARJE 0.5, 2 FEREBEIEY KME LR %E
FYLEEEMERE X (P>0.05), METARA, FHEHEARG
1, 2 M REY KA N (P < 0.05). JRAEHEHFA)E 1
EREREY RMEN T AERA. N4 (P<0.05), Hik4.
ANTHEERE 1FEREREY KE R ZE 7R EEE X
(P>0.05).,

RAT, SHEBFFHAERKE T BL. Bl A 44 K
TR LR 2 ¥ e B & L (P> 0.05). % 4IARJ5 0.5,
1, 2 MK T BL. BlME AT 4t A K R T K38
FARAT (P <0.05), RAMEZARG 0.5, 1, 2EMFHEIEK
B By BlPE e g A K 7K P m T AR 4. N T4
(P<0.05), NTHEAREO0S5, 1, 2 FMHFHMAKRT BL.
Tl R A 2 A K R K P35 v T B 444 (P < 0.05),

2.9 AAEFFRATGIHEAT AR HSS iF ok Wk 9.

9 | BEBEFAREHEXTIINEE HSS DR (xts, n=44, 4})
Table 9 | Comparison of HSS scores of knee joint function before and after
operation in each group

Hil ARHT RJF 0.5 4E R 14 AR5 2 4
AL ikt Efk4] 42.13+11.29 47.43+6.64° 51.125.11° 70.36+4.25™
PNl AR5 0.5 4F ARG 14 RG24 BAY 42.07+11.06 54.01%7.21% 64.29+5.24° 83.94+3.67°
AT4  41.09+11.15 50.38+6.75° 58.84+5.09° 76.25+4.38°
k4] 1.04:0.01 1.23+0.37 1.58+0.34% 1.42+0.35°
WA 1.02£0.01 1.0740.35 1.31%0.31%° 1.29+0.32° Fia 1.305 6.032 6.583 7.201
A4 1.01£0.00 1.11#0.36 1.46£0.32° 1.42+0.34° P{H 0.235 0.014 0.010 0.007
F it 0.021 1.687 6.051 2.324 Fk: 5N T4, P<0.05; 5EE4IMHLL, "P<0.05; SARRIHLL, P<0.05
P{E 0.884 0.194 0.014 0.127
qum Rk ARAT, S HEHRRTTIEE HSS W4 Lh i 2 7 o B 2 1
A REOSHE  RELE KF 24 B (P>0.05), AHEEARRVEETIIRE HSS W Him T
EAZL 0.65£0.02 0.81£0.51 1.59+0.36" 1.39+0.48° ARHI(P<0.05), JRAA. NTHEEAR)G0.5, 1, 2FEHE
o abe c N N NN 5 S
A4l 0.53:0.01 0.72+0.43 1.28+0.11 1.16+0.27 FAETHRE HSS W4 T 1 Ak (P < 0.05), RAUBERE
ANT4  051+0.01 0.74+0.42 1.41+0.15° 1.31+0.29° X ) L
0.5, 1, 2 fEMIMEEATThRE HSS ¥E4r 3415 T A\ T.4H (P < 0.05).
FAH 0.064 2.305 6.437 2.681 . ) e X :
P 0.800 0.129 0011 0.102 AJE 24F, WRAEHE. N LHEE BRI IIEE HSS ¥Rt [

Fik: HATYIMLL, °P<0.05; HEALIMLL, °P<0.05; SARRIMLL, P<0.05

KT A4 (P<0.05), WLE 4.
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O B AN AT s £ | REBEARRERERLE . (n/%)

100 [ B Table 12 | Comparison of postoperative complication rate in each group
ﬁ 8oy MH o REM B WSS WA EEALE IR ROE K
Z 6ot i T 72 He R

o1 1AL 44 4/9.09 1/2.27 2/4.55 1/2.27 0 8/18.18

20 WREH 44 1/2.27 0 0 0 0 1/2.27

0 ANL4 44 1/2.27 0 1/2.27 0 1/2.27 2/4.55
RJG4 R 14 R 2 4

N . x? 5.261

Bl 5HaM4HHL, P<0.05 Pl 0.022

4 | FEBENRE 2 ERETINGE HSS N RELLE
Figure 4 | Comparison of the excellent and good rates of the HSS scores of
knee joint function in each group 2 years after operation

210 ZAEH KRG 2 FAERE SF-36 kiR IRAA.
NTAHEEARSG 2 F£4EIG R & SF-36 RS 4 E BT
AR (P<0.05), RAEHEHFAG 2 FAERE SF-36 =X
KL T AN T4 (P<0.05), N3k 10,

Fz 10 | BEBENRG 2 FEIERE SF-36 ERIFHELE (xts, n=44, 451)
Table 10 | Comparison of SF-36 scores for quality of life of patients in
each group at 2 years after operation

i3 B RAEH ANT4 FIE P1E
LIRS 41.165.54° 57.44+6.05" 52.235.62 8.181 0.004
1HEIEE 37.1144.19° 48.71+4.82% 43.61%4.73 6.207 0.013
HLThE 36.2744.51° 47.1745.35" 42.58%5.24 6.754 0.009
HEFRIRAE  35.2443.96° 44.51+5.33% 39.11+4.61 6.417 0.010
HRIRTHRE  43.2845.49° 55.91+5.84" 50.1745.63 7.654 0.006
— IR 42.5244.63° 51.36+4.37" 48.09+4.38 7.201 0.007
K PRI 31.9445.07° 43.98+5.04% 41.02+4.66 6.813  0.009
FERE R 42.88+4.76° 54.42+4.51° 49.17+4.49 7.014 0.008

Fik: S5ATAME, P<0.05; 5HEMKAME, *P<0.05

211 BMEHABRE A FEHT A AE M AR R
11,

F 11 | FEBERFREAEFHMERERELLE (s, n=44)
Table 11 | Comparison of the recovery time of daily activities and exercise
recovery time of patients in each group

2H PP HE R FEEATERE HETERSIIRE R B Eh RS R
(d) (1) [a (1) (1)

EiAZ  13.19#3.35° 3.14#1.11° 3.38%1.16° 6.59+1.02°

IRE 5.81£1.43° 0.94+0.26° 1.07+0.44%° 2.81+0.53*

AT 6.24+1.62 1.010.33 1.4140.62° 4.22+0.91

F Al 7.214 6.252 6.136 6.628

Pl 0.007 0.012 0.013 0.010

FerE: 5ATUMLIL, P<0.05; 5HMKAMIL, P <0.05

WREH. N THAEBEFHAG TR T HIE R 91T E
B[] H TS Sl R S (8] Sz sl i 2 ) TR 35 06 T AR 2 (P <
0.05). JRAUEE ARG HF SR ER A, 185 W& I H
B F N T4 (P <0.05), FLHEFHA R ), FR817E
B ) b2 22 S G W 35 1 3L (P> 0.05).

212 ZLARBEAAEM T R R 5 FEER A F R ILFR 12,

WREH. NTHBEEREIHFREREFLT BEH (P<
0.05), WRAEHE N THEERGHLERERLEE S LR
ZMEE X (P>0.05),

3286 | DEHERTIEHAR | 552645 | 55218 | 2022578
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