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Research and application of risk warning visualization model for
contralateral ligament injury after arthroscopic anterior cruciate
ligament reconstruction surgery*

Qu Wei', Zhang Yunpeng’, Pi Xiumin', Hu Hongyu’
(1.Department of Operating Room; 2.Department of Hand Surgery, the Second Hospital,
Tangshan, Hebei 063000, China)

Abstract: Objective To construct a visualized model for early warning of contralateral ligament injury risk
after arthroscopic anterior cruciate ligament (ACL) reconstruction, and to conduct internal validation of the warning
model, with a view to providing a concise, intuitive, and efficient individualized assessment tool for medical staff to

evaluate the risk of contralateral ligament injury in patients with ACL injury after surgery. Methods 583 patients
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with ACL injuries who underwent arthroscopic ACL reconstruction surgery from January 2021 to January 2024 were

selected. Excluding 51 cases those were lost to follow-up or had incomplete data, clinical data of 532 patients were

finally included. According to whether there was a contralateral ligament injury, patients were categorized into an

occurrence group (n=42) and a non-occurrence group (n=490). Data from the two groups of patients were

compared using single-factor analysis. R software was employed to obtain predictive factors and regression

coefficients through multivariate binary Logistic regression analysis. A visual nomogram early warning model was

established, and internal and external validations were conducted using calibration curves, C index, and decision

curves to assess consistency, discrimination, and clinical utility. Results Multivariate Logistic regression analysis

revealed that athletes, females, knee joint buckling, positive Lachman test results at 6 weeks post-surgery,

International Knee Documentation Committee (IKDC) score at 3 months post-surgery, age <20 years, and

preoperative posterior tibial slope (PTS) were influencing factors for contralateral ligament injury after arthroscopic

ACL reconstruction (P < 0.05). Based on this, a visual nomogram warning model was established using R software.

After Bootstrap testing, the model demonstrated a C index of 0.892. Draw the receiver operating characteristic curve

(ROC curve), the model's area under the curve (AUC) values in the internal and external validation sets were 0.820
(95%CI: 0.751 ~ 0.890) and 0.799 (95%CI: 0.712 ~ 0.886), respectively. The calibration curves indicated that the

slopes in both the internal and external validation sets were approximately 1. In the decision curve, the model

demonstrated significant net benefit in both the internal and external validation sets. Conclusion The contralateral

ligament injury after arthroscopic ACL reconstruction is influenced by age, gender, positive Lachman test at 6 weeks

postoperatively, knee joint buckling, IKDC score at 3 months postoperatively, preoperative PTS, and athlete status.

The visualized early warning model constructed based on these factors has good clinical application value and can

guide clinicians to carry out targeted interventions.
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Table 1 Univariate analysis of contralateral ligament injuries after arthroscopic ACL reconstruction
- PER (%) AEE (%) SCAFERE 191(%)
&= e <20% 20~35% >35% WIPRUT O @bt KRERLLE
KA (n=42) 13(30.95)  29(69.05)  21(50.00)  10(23.81)  11(26.19)  6(14.29)  13(30.95)  23(54.76)
REEH(n=490)  282(57.55)  208(42.45)  130(26.53)  208(42.45)  152(31.02)  74(15.10)  162(33.06)  254(51.84)
thE 11.08 2.13 1.96
P{E 0.001 0.034 0.050
o BHNG H1(%) AN B1(%)  AJG 68 Lachman kB FHYE B1(%)  2E ARG #1(%)
JE 5 A b JE & A T
K4 (n=42) 16(38.10)  26(61.91)  8(19.05)  34(80.95) 10(23.81) 32(76.19) 6(14.29)  36(85.71)
FR& A4 (n = 490) 95(19.39)  395(80.61)  42(8.57)  448(91.43) 31(6.33) 459(93.67)  58(11.84) 432(88.16)
! 8.20 4.99 14.26 0.22
PIH 0.004 0.026 0.000 0.640
a5 BMI(kg®)  ARHIPTSIC) A Lechman S B0 HERPALPRIEEET v g
1 B2 PR 2 B PR 3 EEFHME mm
KA (n=42) 23.76+2.18 12.03+2.10 7(16.67) 16(38.10) 19(45.24) 75.82+3.85 19.65+1.53
H S 20 (n = 490) 23.81£2.39 8.56+1.96 92(18.78)  180(36.73)  218(44.49) 76.10+4.32 19.32+1.74
i 1H 0.13 10.95° 0.19 0.41° 1.19'
Pl 0.896 0.000 0.848 0.685 0.235
- 2R (%) REBAREE  REREEE  RERRREE  ARF3
BRI AR R Hoft S B fmme A7 /mm T /mm IKDC PF43/43
RHA2H (n = 42) 22(52.38) 17(40.48) 3(7.14) 11.32+2.47 9.68+1.85 13.45+2.44 76.42+6.10
KK (n = 490) 274(55.92) 187(38.16) 29(5.92) 11.27+2.56 9.57+1.64 13.47+2.75 84.35+5.25
Y 1H 0.24 0.12f 041 0.15 9.27"
PIH 0.888 0.903 0.680 0.964 0.000
Wi A
®2 TEWME 2.2 ARUIEEMERRWERNANE
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Table 3 Multivariate analysis of contralateral ligament injuries after arthroscopic ACL reconstruction
. 95%CI

S B SE OR{E Wald x*{H. PE

TRR R
W 11.712 2.329 - - - 15.108 0.000
bk 1.666 0.315 5.290 1.326 21.107 27.969 0.000
A <20 % 1.170 0.412 3.223 1.418 7.326 8.069 0.000
B3 b 1.410 0.376 4.094 1.560 10.746 14.055 0.000
JEEIETT 4N 1272 0.278 3.569 1.035 12.304 20.941 0.013
ARHPTS 0.028 0.012 1.028 1.021 1.036 5.474 0.000
AJ5 6 J Lachman {56 BH: 1.389 0.328 4.010 1.368 11.756 17.929 0.000
ARJG 347 IKDC T3 -0.207 0.042 0.813 0.678 0.975 24.282 0.000
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