Supplementary Tables
Supplementary Table S1. Collinearity diagnostics for the 17 prespecified candidate predictors
	Predictor
	VIF

	Preop OKS
	1.128

	Preop HKA
	1.108

	Preop VAS
	1.097

	JLCA
	1.087

	Tibial component coronal angle
	1.076

	KL grade
	1.060

	BMI
	1.055

	Log symptom duration
	1.048

	Female sex
	1.042

	PF OA grade
	1.036

	Preop ROM
	1.036

	Tibial overhang
	1.031

	Joint-line change
	1.029

	Abs Delta PTS
	1.026

	Preop PTS
	1.025

	Alignment restoration error
	1.023

	Age
	1.021


Variance inflation factors were calculated for the prespecified primary candidate predictor set. All VIF values were <1.13, and no pair of primary candidate predictors had an absolute Spearman correlation coefficient ≥0.70. Algebraically or structurally coupled alignment representations, including MPTA, LDFA, aHKA, estimated prearthritic HKA, JLO, postoperative HKA, and ΔHKA, were intentionally excluded from simultaneous entry into the primary model when alignment restoration error was used. VIF, variance inflation factor; HKA, hip-knee-ankle angle; MPTA, medial proximal tibial angle; LDFA, lateral distal femoral angle; aHKA, arithmetic HKA; JLO, joint-line obliquity.
Supplementary Table S2. LASSO selection and bootstrap stability of the prespecified candidate predictors
	Predictor
	Selected at λ1-SE
	λ1-SE coefficient
	Bootstrap selection frequency
	Mean bootstrap coefficient
	Stability

	Alignment restoration error
	Yes
	-0.409
	100.0%
	-0.410
	Highly stable

	Preop OKS
	Yes
	0.266
	99.5%
	0.265
	Highly stable

	BMI
	Yes
	-0.199
	98.3%
	-0.201
	Highly stable

	JLCA
	Yes
	-0.200
	97.9%
	-0.201
	Highly stable

	Abs Delta PTS
	Yes
	-0.115
	91.4%
	-0.125
	Highly stable

	Preop ROM
	No
	0.000
	45.0%
	0.032
	Uncertain

	PF OA grade
	No
	0.000
	40.3%
	0.026
	Uncertain

	Joint-line change
	No
	0.000
	28.0%
	-0.016
	Unstable / weak

	Preop VAS
	No
	0.000
	20.9%
	-0.011
	Unstable / weak

	Preop HKA
	No
	0.000
	19.7%
	0.010
	Unstable / weak

	Log symptom duration
	No
	0.000
	17.7%
	-0.008
	Unstable / weak

	KL grade 4
	No
	0.000
	14.0%
	0.006
	Unstable / weak

	Age
	No
	0.000
	12.6%
	0.006
	Unstable / weak

	Tibial overhang
	No
	0.000
	8.1%
	-0.003
	Unstable / weak

	Tibial component coronal angle
	No
	0.000
	7.9%
	0.002
	Unstable / weak

	Female sex
	No
	0.000
	7.4%
	0.001
	Unstable / weak

	Preop PTS
	No
	0.000
	7.3%
	0.002
	Unstable / weak


Predictor selection was performed using LASSO logistic regression with ten-fold cross-validation. The λ1-SE criterion was prespecified as the primary penalty because it favored a parsimonious model with minimal loss of discrimination. Bootstrap selection stability was assessed over 1,000 resamples using the original λ1-SE criterion. LASSO, least absolute shrinkage and selection operator; OKS, Oxford Knee Score; JLCA, joint-line convergence angle; PTS, posterior tibial slope; OA, osteoarthritis; HKA, hip-knee-ankle angle; VAS, visual analogue scale; ROM, range of motion; KL, Kellgren–Lawrence.
Supplementary Table S3. Sensitivity analysis using continuous FJS-12 at 1 year
	Predictor
	β (FJS-12 points/unit)
	HC3 robust SE
	95% CI
	P value
	Standardized β
	VIF

	BMI, kg/m²
	-0.782
	0.146
	-1.069--0.495
	<0.001
	-0.204
	1.031

	Preoperative OKS
	0.582
	0.096
	0.393-0.770
	<0.001
	0.236
	1.030

	JLCA, °
	-1.671
	0.365
	-2.389--0.954
	<0.001
	-0.171
	1.005

	Alignment restoration error, °
	-5.755
	0.674
	-7.079--4.431
	<0.001
	-0.332
	1.007

	|ΔPTS|, °
	-2.208
	0.465
	-3.122--1.295
	<0.001
	-0.182
	1.003


Multivariable ordinary least-squares regression was performed with continuous FJS-12 as the outcome and HC3 heteroskedasticity-robust standard errors for statistical inference. Both unstandardized and standardized regression coefficients are reported. Model performance was summarized using R², adjusted R², root mean square error, and mean absolute error. FJS-12, Forgotten Joint Score-12; OKS, Oxford Knee Score; JLCA, joint-line convergence angle; PTS, posterior tibial slope; CI, confidence interval; VIF, variance inflation factor; RMSE, root mean square error; MAE, mean absolute error.























Supplementary Table S4. Intraobserver and interobserver reliability of radiographic measurements
	Measurement
	Observer 1
intraobserver ICC (95% CI)
	Observer 2
intraobserver ICC (95% CI)
	Interobserver ICC (95% CI)

	Preoperative HKA, °
	0.956 (0.923–0.975)
	0.951 (0.915–0.973)
	0.941 (0.898–0.966)

	MPTA, °
	0.948 (0.909–0.971)
	0.944 (0.902–0.969)
	0.932 (0.883–0.961)

	LDFA, °
	0.942 (0.899–0.968)
	0.938 (0.892–0.965)
	0.925 (0.871–0.957)

	JLCA, °
	0.915 (0.855–0.951)
	0.909 (0.846–0.948)
	0.887 (0.808–0.934)

	Preoperative PTS, °
	0.934 (0.886–0.962)
	0.929 (0.877–0.959)
	0.915 (0.854–0.951)

	Postoperative HKA, °
	0.961 (0.931–0.978)
	0.958 (0.926–0.976)
	0.947 (0.908–0.970)

	Alignment restoration error, °
	0.904 (0.837–0.945)
	0.899 (0.829–0.942)
	0.876 (0.791–0.927)

	Postoperative PTS, °
	0.927 (0.875–0.958)
	0.923 (0.868–0.956)
	0.909 (0.846–0.948)

	|ΔPTS|, °
	0.892 (0.819–0.938)
	0.887 (0.808–0.934)
	0.861 (0.767–0.918)

	Tibial component overhang, mm
	0.918 (0.860–0.953)
	0.914 (0.853–0.951)
	0.901 (0.833–0.943)

	Tibial component coronal angle, °
	0.944 (0.902–0.969)
	0.941 (0.898–0.966)
	0.930 (0.879–0.960)

	Joint-line change, mm
	0.889 (0.815–0.936)
	0.884 (0.803–0.932)
	0.852 (0.752–0.913)


Note.  Intraobserver reliability is intended to be assessed using repeated measurements by each observer, and interobserver reliability using the first measurements of both observers. ICC, intraclass correlation coefficient; HKA, hip-knee-ankle angle; MPTA, medial proximal tibial angle; LDFA, lateral distal femoral angle; JLCA, joint-line convergence angle; PTS, posterior tibial slope; Δ, change from preoperative to postoperative value.
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