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Case-control study on remnant-preserving strategy for preservation and reconstruction of anterior cruciate ligament
WANG Jiang-tao ,ZHA O Gang,BU Jian-li, ZHANG Jia-ting, ZHANG Jia,AN Ming-yang,QI Wei* ,LI Chun-bao ,ZHU Juan-li,
and LIU Yujie. *Department of Orthopaedics ,Chinese People’s Liberation Army General Hospital , Beijing 100048, China

ABSTRACT Objective: To investigate and compare the clinical efficacies of remnant-preserving and remnant-non-preserv-
ing, remnant-non-preserving remnant segment preserving and remnant root preserving with anterior cruciate ligament recon-
struction. Methods: From March 2014 to December 2017,204 patients with anterior cruciate ligament (ACL) injuries were
treated by single-bundle ACL reconstruction with hamstring tendon autograft. According to the different methods of remnant
preservation, the procedures were divided into remnant segment preserving group (A ), remnant root preserving group (B),and
remnant-non-preserving group (C). There were 37 males and 39 females in group A aged from 16 to 43 years old with an aver-
age of (28.80+5.41) years old. The time from injury to operation ranged from 2 to 11 weeks with an average of (3.68+1.04)
weeks. In group B, there were 39 males and 25 females aged from 18 to 41 years old with an average of (28.42+5.60) years old.
The time from injury to operation ranged from 2 to 10 weeks with an average of (3.36+1.68) weeks. In group C,there were 37
males and 27 females aged from 18 to 43 years old with an average of (29.10+6.11) years old. The time from injury to operation
ranged from 3 to 11 weeks with an average of (3.54+1.46) weeks. The range of motion (ROM) of the knee was used to assess
the range of extension and flextion of the knee at pre-operation and 24 months after operation. Lysholm score and the interna-
tional knee documentation committee (IKDC) score were used to assess the knee function. The differences among three proce-

dures were judged by comparing among the three groups at 6,12 and 24 months postoperatively. Results: All incisions got a
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one stage healing,and no complications,such as vascular injury,nerve damage and articular infect or the like,occurred. All

the patients were followed up,and the follow-up duration of group A ranged from 24.00 to 45.96 months with a mean of
(35.52+14.40) months;the follow-up duration of group B ranged from 27.96 to 48.00 months with a mean of (37.56+10.68)
month;and the follow-up duration of group C ranged from 24.00 to 66.00 months with a mean of (37.08+13.44) month.

There were no significant differences in follow-up time among three groups (P>0.05). Six months after operation, Lysholm
score 80.74+3.14 and IKDC score 79.92+3.44 in group A were higher than those in group B 80.74+3.14 and 78.21+4.63,
and higher than those in group C 79.22+3.63 and 76.63+3.80 (P<0.05);12 months after operation, Lysholm score 89.84+
5.13 and IKDC score 87.90+3.93 in group A were higher than those in group B 85.74+6.04 and 83.62+5.64,and higher
than those in group C 82.83+3.43 and 79.21+4.04 (P<0.05). Conclusion : Compared with remnant-non-preserving group ,the

residual tissue of anterior cruciate ligament is preserved,which is conducive to promote the healing and remodeling of ten-

don graft and accelerate the recovery of joint function. Proper fixation of residual tissue and restoration of its tension are the

key factors affecting the postoperative efficacy.

KEYWORDS Knee joint;
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Tab.1 Comparison of preoperative clinical data of patients with anterior cruciate ligament injury in each group
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% u A 2 i iEahts scifs g HAbBis (wxs, i)
A4l 76 28.80+5.41 37 39 46 30 48 11 13 4 3.68+1.04
B4 64 28.425.60 39 25 36 28 39 9 11 5 3.36x1.68
il 64 29.10+6.11 37 27 40 24 38 8 15 3 3.54x1.46
Kt i F=0.24 ¥=2.33 ¥=0.55 Y=1.71 F=0.18
Pt 0.78 031 0.76 0.94 0.84
A AL P sk AL B Al R RN Al C AL R E AL, T

Note : Group A ,remnant segment preserving ; Group B, remnent root preserving group ; Group C, remnant-non-preserving group. Follows the same
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Tab.3 Comparison of Lysholm score at different times after anterior cruciate ligament reconstruction in each group (x+s,score)

4 Bk R i) Bty A it P At LS b T8 Ay
A 76 AT 2.90£1.21 2.12+1.14 11.04+3.62 10.00£0.43 10.81+2.03 7.62+2.00 5.61£2.82 2.21+1.03 53.63+6.80
Al 64H 421£1.00 3.53+1.22 13.34+2.40 19.84+3.71 18.68+2.81 8.94+1.64 6.92+1.44 3.24+1.32 82.52+5.24
ARE124H 434£1.12 3.90+1.53 14.16+1.42 21.64+2.73 21.61+2.71 9.02+0.09 8.00+2.14 4.13+1.02 89.84+5.13
ARJG 24 ~H 5.00£0.00 4.76x1.03 14.86+0.14 23.24x1.51 23.61£1.37 9.62+0.29 9.06+0.84 4.60+1.00 93.90+4.14%
B 41 64 ARH 2.52+1.31 2.30+£1.00 9.53x2.21 10.51x1.04 10.00+2.12 6.91+1.50 6.12+1.40 2.00£0.62 52.61+7.82
Al 64H 3.71x1.10 3.90+1.52 12.90+2.63 19.48+2.62 20.41+3.67 8.38+2.41 6.68+1.51 3.36+1.35 80.74+3.14
AJg 1240H 431£1.00 3.93x1.05 13.61+£2.32 21.52+2.64 20.66+£3.51 9.14+1.47 6.82+1.71 3.94+1.18 85.74+6.04
RG24 ~H 4.88+0.01 4.74£1.00 14.66+0.38 23.32+1.28 23.56+1.26 9.48+0.26 9.26+0.76 4.58+1.01 93.84+3.424
(OFi} 64 AHiT 3.11x1.14 1.80£2.02 9.43x3.61  9.63x1.30 11.00+1.01 7.32+1.60 5.74+1.91 1.44x1.72 50.44x8.12
RIg 6 4H 3.60£1.12 3.67+1.25 12.06+1.97 19.39+2.47 18.49+3.71 827+2.35 6.56+1.64 3.26+1.39 79.22+3.63
AJg 1240H 4.18+1.32 3.53+1.22 13.34+2.40 19.84+3.71 18.68+2.81 8.94+1.64 6.92+1.44 3.24+1.32 82.83+3.43
RG24 4H 4.74£0.14 4242143 14.16£0.62 23.28+1.34 23.47+1.17 9.27+0.69 9.00£0.88 4.49+1.41 93.32+3.81*

i 5 ARFTH L, ®=44.25,P=0.00;4:=38.74,P=0.00; *1=36.72,P=0.00. AJ7 6 1~ A 3 4l tL4,F=11.13,P=0.00; % Fj LL 4% : A 415 B 413K 1=
2.41,P=0.01;A 415 C 41t 4 ,1=4.28,P=0.00;B 415 C 41l 4 ,1=2.52,P=0.01, ARJ5 12 4~ 3 4l b4, F=35.31,P=0.00; Bi Py HL 4% : A 415 B
2 ,6=2.23,P=0.02;A 415 C 4 4 ,1=9.36,P=0.00;B 41 &5 C 4 4% ,6=3.36,P=0.00, RJ5 24 1~J1 3 4l 4%, F=0.48,P=0.62

Note : Compared with preoperative score , ®=44.25,P=0.00; 4=38.74,P=0.00; *1=36.72 , P=0.00. Comparison among three groups 6 months postoperative-
ly,F=11.13,P=0.00;group A vs group B,t=2.41,P=0.01;group A vs group C,t=4.28,P=0.00;group B vs group C,1=2.52,P=0.01. Comparison among
three groups 12 months postoperatively , F=35.31,P=0.00 ; group A vs group B,1=2.23,P=0.02; group A vs group C,1=9.36,P=0.00; group B vs group C, 1=
3.36,P=0.00. Comparison among three groups 24 months postoperatively , F=0.48 , P=0.62
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x4 J[ANZIXHHEERAREAERNE IKDC 53 L& (345, 77)
Tab.4 Comparison of IKDC scores at different times after anterior cruciate ligament reconstruction in each group (x=+s,score)
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g g I i) PEIR i ik L8 NS iZ3) Lt EEi ARy IS

A #H 76 A 12.18+2.42  3.51+1.30  2.11+1.41  1.02+0.77 0.76+0.54 15.83+1.41  11.47+1.53 47.19+3.72
ARJE 647  18.84£3.12  4.76£2.02  2.65+1.10 2.25+0.13 2.06+£0.24 20.55+£3.97  16.29+2.13  79.92+3.44
ARJE 1247 2217£3.62  586x1.29  2.94+1.37  2.97+0.67 2.72+1.29 28.68+3.33  17.68+1.32  87.90+3.93
ARJG 2441 23.26£1.05  7.26x024  3.14£1.01  3.31+0.27 3.46£0.09 31.86+4.04  18.26£1.40 92.82+3.14*

B4 64 AT 11.09+1.83  3.29+1.35  2.19+1.16  1.20+0.57 0.68+0.41 14.73+1.58  10.97+1.63  45.71+5.04
ARIE64H  17.74£2.82  4.54£1.79  2.73+0.84  2.32+0.11 1.99+0.37 19.95+4.17  16.01+£2.19  78.21+4.63
ARJE 124 H  20.88+£3.55 5.52+1.66  2.86£1.91 2.91x0.51 2.55+1.35 27.14+2.54  17.44+1.28 83.62+5.64
ARJG 24 4-H  23.23£1.08 7.25+0.28  3.18+0.87  3.28+0.26 3.39+1.04 30.68+4.34  18.28+1.31  92.70+£2.43**

c4d 64 A A 10.69+1.46  3.16x+1.10  1.37+0.66  1.00+0.76 0.65+0.23  13.52+1.46  10.24£1.77 45.41+6.52
RIG64H  18.04+2.94  446+2.12  239+1.23  2.28+0.21 1.96+0.48 19.25+3.67  15.99+2.47  76.63+3.80
AJE 124 H 20.08+2.92 516139  2.66+1.77  2.67+0.71 2.48+1.25 25.58+4.01  17.28+1.22  79.21+4.04
AR 24 4H 23132098  7.13x0.67  3.16£1.00  3.26x0.21 3.43+1.11 31.67+£3.97  18.36£1.19 92.31+2.83*

i 5 ARFTA L, *1=80.73,P=0.00; **1=67.80,P=0.00; */=53.01 ,P=0.00, A7 6 1~ 3 418 L4k ,F=12.28,P=0.00;A 415 B 41 [ # ,1=2.51,P=
0.01;A 4145 C 4114 ,1=5.42,P=0.00;B 415 C 41 L&, 1=2.15,P=0.03, ARJ5 12 3 41 He§E, F=64.19,P=0.00;A 415 B 41 1445 ,1=5.33,P=
0.00;A 415 C 41 1b%¢,0=13.00,P=0.00;B 41 5 C 41 11%¢,1=5.12,P=0.00, AR5 24 4~ J] 3 4 L3, F=0.60,P=0.55

Note : Comparedwith preoperative score, “t=80.73,P=0.00; * *t=67.80,P=0.00; *1=53.01,P=0.00. Comparison among three groups 6 months postopera-
tively, F=12.28 , P=0.00; group A vs group B,#=2.51,P=0.01;group A vs group C,¢=5.42,P=0.00;group B vs group C,=2.15,P=0.03. Comparison among
three groups 12 months postoperatively , F=64.19,P=0.00; group A vs group B,=5.33,P=0.00; group A vs group C,t=13.00,P=0.00; group B vs group C,

t=5.12,P=0.00. Comparison among three groups 24 months postoperatively, F=0.60,P=0.55

B BF, 0,34 % HIERTS R TR Ta. RETSORAL MR R B2 SCBIHT B BE R B AL 187 28, 5% o
BAC Ibe RPATHTSE LB H R B sk AR Teo RIS 6 D JARAL MRT 7R LR FS AL o 52 i W, 42 13
KB 1de ARJF 12 A H SRR MRT 7R URE #8 R4 2 5% W47 2 A5 0GR, BT ki Te. RJ5 24 AR
ARAE MRT 7R JURE % 0 4 2 52 R A T2 A5 A0, 2 5 il 28

Fig.1 Patient,male,34 years old,anterior cruciate ligament rupture of right knee 1a. Preoperative MRI on
sagittal position showed the anterior cruciate ligament was ruptured from the attachment of the femur with long
remnant 1b. The reconstruction surgery of anterior cruciate ligament with remnant segament-preserving was per-
formed 1ec. Postoperative MRI on sagittal position at 6 months showed the graft had clear shape with mild edema
1d. Postoperative MRI on sagittal position at 12 months showed the graft,which was thicker than before ,had good
shape with no obvious edema  1e. Postoperative MRI on sagittal position at 24 months found that the graft with

plump morphology was shown clearly, which demonstrated that the remodeling process had finished successfully
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B2 &, 9%' 23 % CHIETIE X P WL 2a0 RTTRARAL MR R T 38 SUR) 5 5 B o o, BT 3
AL, AT UL ISR AL 2b. R F AT SR R B AR AR 2¢. RJS 6 A KRG MRT 75 LR B8 A4
BB WT SR K 2d. ARG 12 A3 AR A7 MRI 7R UL B8 1 490 S 52 35 0, T 25 Rl B R, Jo s e
K 2e. RJG 24 A~ AR MRLZR U RS A4 5% A RSB0, & 58 i
Fig.2 Patient,male,23 years old,anterior cruciate ligament rupture of right knee 2a. Preoperative MRI on
sagittal position showed the signal of the anterior cruciate ligament was significantly increased and disorganized
with a stump on tibial =~ 2b. The reconstruction of anterior cruciate ligament with remnant root-preserving was
performed  2c. Postoperative MRI on sagittal position at 6 months showed the graft had relatively clear shape
with obvious local edema 2d. Postoperative MRI on sagittal position at 12 months showed the graft,which was
slightly thicker,had clear shape with mild local edema  2e. Postoperative MRI on sagittal position at 24 months
found that the graft with plump morphology was shown clearly,which demonstrated that the remodeling process

had finished successfully

B3 0, 0,20 0 AT S LR BT 3a. R SOIR AL MRT R T 28 X Bl 15 5 8 B A7 2500, Wl
WAVFERAF A LT 4 3b. R AT RIS U AR R AR AR 3e RJF 6 T SR MRT /R LIRS 45 4
R BT EAROK A B 3d. RJF 12 4~ H &R 7 MR 7 UIE B A8 9 0 5% 2035, Jm Bk i 3es R G
24 A JT R ARAL MR R WUBERS A ) 5% AT TR 28 RAT, 56 iU ¥
Fig.3 Patient,male,20 years old,anterior cruciate ligament rupture of right knee 3a. Preoperative MRI on
sagittal position showed the signal of the anterior cruciate ligament was increased and disorganized with a few
remnant fibers  3b. The reconstruction of anterior cruciate ligament with remnant-non-preserving was per-
formed  3c. Postoperative MRI on sagittal position at 6 months showed the graft was obscure with obvious and
overall edema  3d. Postoperative MRI on sagittal position at 12 months showed the shape of the graft was im-
proved with local edema 3e. Postoperative MRI on sagittal position at 24 months showed the graft was in good

shape and had finished the remodeling process
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