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Feasibility study on the construction of predictive models of knee joint cartilage thickness
CHENG Zhi-ming"*, XU Zhong-hua' ,MAN Xiao-jun', LI Yu-heng'?, LIU Zai-yang', ZHANG Yuan'
Sports Medicine Center, Department of Orthopedics, the Second Affiliated Hospital of Army Medical University , Chongqing 400037, China;2.

(1. Joint Diseases and

Department of Orthopedics, 964th Hospital of Joint Logistics Support Force of PLA, Changchun Jilin 130062, Chinaj; 3. Department of Bio-
medical Engineering and Medical Imaging , Army Medical University , Chongqing 400038, China)

Abstract: Objective
mathematical statistical models of dataset for the prediction of cartilage thickness. Methods A total of 304 patients diagnosed as knee

To determine the knee joint cartilage thickness using different methods and explore the feasibility of

osteoarthritis (OA) combined with varus deformity and undergoing unilateral total knee arthroplasty at the Second Affiliated Hospital of Army
Medical University from March 2023 to March 2024 were selected for the study. All patients had complete preoperative and postoperative
clinical data. The healthy cartilage at four anatomical sites of patients, including the distal femur lateral condyle, lateral tibial plateau,
posterior medial femoral condyle, and posterior lateral femoral condyle were selected , and the knee joint cartilage thickness was determined
based on preoperative MRI analysis, robotic navigation system tracing, tissue section of surgical specimen and digital vernier caliper. The
baseline indicators of demographics, disease and imaging ffor patients were collected to construct a dataset, and four models of linear
regression analysis, principal component analysis, Least Absolute Shrinkage and Selection Operator (LASSO) regression analysis, and
K-nearest neighbors (KNN) analysis were established for predicting the accuracy, determination coefficient (R*) and root mean square error
(RMSE) , and the regression equation for predicting cartilage thickness was established. Results The knee joint cartilage thicknesses
determined by preoperative MRI analysis, robotic navigation system tracing, tissue section of surgical specimen had no statistically significant
difference with that by digital vernier caliper (P>0. 05). The predictive efficiencies of models of linear regression analysis, principal component
analysis, and LASSO regression analysis for the knee joint cartilage thickness all failed to meet the expectations (R*<0. 3, RMSE>0. 03). The
predictive effect of KNN model on the cartilage thickness of the distal femur lateral condyle and lateral tibial plateau was not ideal (R*=0. 23,
RMSE=0.29) ,while it had potential predictive value (accuracy=0. 21, accuracy=0.15). Conclusion The prediction model of knee joint
cartilage thickness based on individual parameters has certain scientificity,and the feasibility of KNN model is relatively high. However, due to
insufficient sample size and unclear individual parameter weight, the efficiencies of the four established prediction models are not ideal,which fails
to provide definite prediction equations. Therefore,the construction scheme of the prediction model still needs to be further optimized.

Keywords: osteoarthritis ; knee joint; cartilage thickness ; robotic surgery ; regression analysis
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(AT EI>104F) , R’=0. 004 , RMSE=0. 30

FRBEH R<0. 3 . RMSE>0. 03, ¥R 3k 4l , 15
RORASFRAR
2.5 LASSO &2 n5#r

LASSO IR AR ZE R W, ey s RER AR R
Ji AMER KA - £ T AR 28 34 TE AT R AU Ak
RPN R 25, B MR =2. 026-0. 01 1 £855 i 7] +
0. 006X 4F % (if 21 ) -0. 176 (if KL 4331 IV 1] ) +0. 094

e(OPT_NN)=10
e(TEST_ACCURACY) =0.2100166862726068
e(TRAIN_ACCURACY) = 0.9999999999939077
¢(BEST_INDEX) = |
e(SE_TEST_ACCURACY) = 0.4302982821120934
e(N_FOLDS) =10
e(Train_mse) = 5.90124736866¢-13
e(Train_mape) = 0.0000149194660032
e(Test_mse) = 1.54540299539¢-14
e(Test_mape) = 2.85332152412e-06
e(N_features) = 20
e(N_train_all) =405
e(N_test_all) =31
e(N_train_used) =397
e(N_test used) =31 @

e(OPT_NN) =10
¢(TEST_ACCURACY) = 0.0108483172475499
¢(TRAIN_ACCURACY) = 0.9999999999964551
e(BEST_INDEX) = 1
¢(SE_TEST_ACCURACY) = 0.8820725108193114
e(N_FOLDS) =10
e(Train_mse) = 0.2067472928317168
e(Train_mape) = 15.22809820308863
e(Test_mse) = 6.54603661371e-15
e(Test_mape) = 1.83860454490e-06
e(N_features) = 20
e(N_train_all) =498
e(N_test_all) =31
e(N_train_used) =490
e(N_test used)=31 (©

Gf F K ), R>=0. 12, RMSE=0. 31, I 15 &I 8 151 0 A 751
R*<0. 3 .RMSE>0. 03, )R IA U , TSR A AL |
2.6 KNN &% #f

KNN T A5 70 25 B 5 o, e SR AR i
Y- £ 0 ASE AU A A v 7E 00 W] BB (accuracy=0. 21,
accuracy=0. 15) BTN I A AR (R>=0. 23, RUSE=
0.29) ; B I PR B T &/ AR L 0 A 76 3 00 {1
1% (accuracy=0. 05, accuracy=0. 01) , VL& 3,

e(OPT_NN)=10
e(TEST_ACCURACY) =-0.52894097894935
e(TRAIN_ACCURACY) = 0.9999999999948314
e(BEST_INDEX) = 1
e(SE_TEST_ACCURACY) = 0.9267522958827795
e(N_FOLDS) =10
e(Train_mse) = 0.1919993437688182
e(Train_mape) = 15.8864368162501
e(Test_mse) = 1.20008387440e-14
e(Test_mape) = 2.85625050596e-06
e(N_features) = 20
e(N_train_all) =467
e(N_test all) =31
e(N_train_used) =459
e(N_test_used) =31 ()

e(OPT_NN) =10
e(TEST_ACCURACY) = 0.1480034823438107
¢(TRAIN_ACCURACY) = 0.9999999999919629
¢(BEST_INDEX) = 1
e(SE_TEST_ACCURACY) = 0.8223319309987912
e(N_FOLDS) =10
e(Train_mse) = 0.3057007551572296
e(Train_mape) = 16.38223289247054
e(Test_mse) = 3.50040519895e-15
e(Test_mape) = 9.45820616035e-07
e(N_features) = 20
e(N_train_all) = 529
e(N_test all) =31
e(N_train_used) = 521
e(N_test used)=31 (@

a: A IR b B G MR RS SR d L SMU LR T S
B3 KNN&#H
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