Table S1. Minimal model for 1-year JOA (baseline-adjusted, HC3)
	Variable
	β
	Std. Error
	95% CI
	P-value

	AAC-24 (per 1-point increase)
	-0.68
	0.31
	(-1.29, -0.08)
	0.027

	Preoperative JOA
	0.57
	0.12
	(0.33, 0.80)
	<0.001

	Age, y
	-0.01
	0.07
	(-0.15, 0.12)
	0.859

	Male
	0.87
	1.54
	(-2.15, 3.89)
	0.572

	BMI, kg/m2
	0.05
	0.21
	(-0.37, 0.46)
	0.817

	Smoking status (former vs never)
	-2.25
	3.35
	(-8.81, 4.31)
	0.501


Heteroscedasticity-consistent SE (HC3). Two-sided α=0.05; 0.05–0.10 as trend.
Table S2. Minimal model for 1-year ODI (baseline-adjusted, HC3)
	Variable
	β
	Std. Error
	95% CI
	P-value

	AAC-24  (per 1-point increase)
	0.91
	0.25
	(0.42, 1.40)
	<0.001

	Preoperative ODI
	0.55
	0.11
	(0.33, 0.77)
	<0.001

	Age, y 
	0.02
	0.09
	(-0.16, 0.19)
	0.861

	Male 
	0.29
	1.84
	(-3.31, 3.89)
	0.874

	BMI, kg/m2
	0.19
	0.28
	(-0.34, 0.73)
	0.479

	Smoking status (former vs never)
	2.83
	2.78
	(-2.62, 8.29)
	0.309



Heteroscedasticity-consistent SE (HC3). Two-sided α=0.05; 0.05–0.10 as trend.
Table S5. Firth/brglm2 logistic regression for MCID ≥10 points (full model)
	Variable
	OR
	95% CI
	P-value

	AAC-24  (per 1-point increase)
	0.84
	(0.72, 0.95)
	0.007

	Preoperative ODI
	1.07
	(1.02, 1.12)
	0.002

	Fusion status
	1.51
	(0.49, 4.67)
	0.470

	Male
	0.79
	(0.34, 1.80)
	0.574

	Age, y
	0.99
	(0.95, 1.03)
	0.690

	BMI, kg/m2 
	0.93
	(0.82, 1.06)
	0.264

	Hypertension
	1.91
	(0.82, 4.60)
	0.135

	Hyperlipidemia
	0.67
	(0.25, 1.80)
	0.425

	Diabetes
	1.83
	(0.59, 6.27)
	0.305

	HU-based osteoporosis
	1.13
	(0.45, 2.87)
	0.791

	Multilevel fusion (≥2)
	0.95
	(0.40, 2.22)
	0.912

	Surgery duration, h 
	0.76
	(0.49, 1.16)
	0.209

	Blood loss, mL
	1.00
	(1.00, 1.01)
	0.046

	Smoking status (former vs never)
	1.33
	(0.25, 9.56)
	0.747

	EPV (events per variable) for this model: 3.64.


Odds ratios (ORs), 95% CIs, and p values are presented. Events-per-variable (EPV) is reported in the table footnote. Full covariate set matches the primary ANCOVA models. Logistic regression models were fitted using penalized likelihood with Firth’s bias reduction; see Supplementary Methods for details.

Table S6. Firth/brglm2 logistic regression for MCID ≥10 points (minimal model)
	Variable
	OR
	95% CI
	P-value

	AAC-24 (per 1-point increase)
	0.83
	(0.71, 0.94)
	0.003

	Preoperative ODI
	1.07
	(1.03, 1.12)
	0.001

	Age, y 
	1.00
	(0.96, 1.04)
	0.937

	Male 
	0.76
	(0.34, 1.67)
	0.493

	BMI, kg/m2 
	0.96
	(0.85, 1.08)
	0.486

	Smoking status (former vs never)
	2.62
	(0.53, 18.68)
	0.251

	EPV (events per variable) for this model: 8.50.


 Logistic regression models were fitted using penalized likelihood with Firth’s bias reduction; see Supplementary Methods for details.
Table S7. Firth/brglm2 logistic regression for MCID ≥30% (full model, sensitivity)
	Variable
	OR
	95% CI
	P-value

	AAC-24  (per 1-point increase)
	0.80
	(0.68, 0.92)
	<0.001

	Preoperative ODI
	0.98
	(0.94, 1.02)
	0.377

	Fusion status
	1.36
	(0.42, 4.13)
	0.601

	Male
	0.84
	(0.36, 1.93)
	0.675

	Age, y
	0.99
	(0.95, 1.04)
	0.810

	BMI, kg/m2
	0.93
	(0.82, 1.05)
	0.248

	Hypertension
	1.16
	(0.50, 2.71)
	0.725

	Hyperlipidemia
	0.59
	(0.22, 1.57)
	0.283

	Diabetes
	2.05
	(0.67, 7.36)
	0.213

	HU-based osteoporosis
	1.04
	(0.41, 2.70)
	0.936

	Multilevel fusion (≥2)
	1.19
	(0.50, 2.80)
	0.687

	Surgery duration, h  
	1.01
	(0.65, 1.54)
	0.959

	Blood loss, mL
	1.00
	(1.00, 1.00)
	0.722

	Smoking status (former vs never)
	1.07
	(0.22, 7.23)
	0.936

	EPV (events per variable) for this model: 3.07.


 Logistic regression models were fitted using penalized likelihood with Firth’s bias reduction; see Supplementary Methods for details.
Table S8. Firth/brglm2 logistic regression for MCID ≥30% (minimal model, sensitivity)
	Variable
	OR
	95% CI
	P-value

	AAC-24  (per 1-point increase)
	0.80
	(0.68, 0.91)
	<0.001

	Preoperative ODI
	0.98
	(0.94, 1.02)
	0.360

	Age, y
	1.00
	(0.96, 1.04)
	0.946

	Male
	0.81
	(0.36, 1.84)
	0.614

	BMI, kg/m2 
	0.92
	(0.82, 1.04)
	0.183

	Smoking status (former vs never)
	1.32
	(0.28, 8.52)
	0.738

	EPV (events per variable) for this model: 7.17.


 Logistic regression models were fitted using penalized likelihood with Firth’s bias reduction; see Supplementary Methods for details.
Table S9. Variance inflation factors (VIF) for multivariable linear models
	Model
	Variable
	VIF

	JOA (full)
	HU-based osteoporosis
	1.21

	JOA (full)
	Age (years)
	1.29

	JOA (full)
	BMI (kg/m^2)
	1.21

	JOA (full)
	Blood loss (mL)
	1.56

	JOA (full)
	Diabetes
	1.16

	JOA (full)
	Fusion (1 vs 0)
	1.12

	JOA (full)
	Male (1 vs 0)
	1.12

	JOA (full)
	Hyperlipidemia
	1.08

	JOA (full)
	Hypertension
	1.16

	JOA (full)
	Preoperative JOA
	1.10

	JOA (full)
	AAC-24 (per 1 point, total)
	1.18

	JOA (full)
	Multilevel fusion (≥2)
	1.12

	JOA (full)
	Surgery duration (h)
	1.66

	JOA (full)
	Smoking status (former vs never)
	1.13

	JOA (minimal)
	Age (years)
	1.11

	JOA (minimal)
	BMI (kg/m^2)
	1.10

	JOA (minimal)
	Male (1 vs 0)
	1.06

	JOA (minimal)
	Preoperative JOA
	1.03

	JOA (minimal)
	AAC-24 (per 1 point, total)
	1.10

	JOA (minimal)
	Smoking status (former vs never)
	1.05

	ODI (full)
	HU-based osteoporosis
	1.23

	ODI (full)
	Age (years)
	1.28

	ODI (full)
	BMI (kg/m^2)
	1.26

	ODI (full)
	Blood loss (mL)
	1.56

	ODI (full)
	Diabetes
	1.15

	ODI (full)
	Fusion (1 vs 0)
	1.12

	ODI (full)
	Male (1 vs 0)
	1.11

	ODI (full)
	Hyperlipidemia
	1.11

	ODI (full)
	Hypertension
	1.17

	ODI (full)
	AAC-24 (per 1 point, total)
	1.18

	ODI (full)
	Multilevel fusion (≥2)
	1.12

	ODI (full)
	Preoperative ODI
	1.13

	ODI (full)
	Surgery duration (h)
	1.61

	ODI (full)
	Smoking status (former vs never)
	1.14

	ODI (minimal)
	Age (years)
	1.10

	ODI (minimal)
	BMI (kg/m^2)
	1.12

	ODI (minimal)
	Male (1 vs 0)
	1.05

	ODI (minimal)
	AAC-24 (per 1 point, total)
	1.11

	ODI (minimal)
	Preoperative ODI
	1.05

	ODI (minimal)
	Smoking status (former vs never)
	1.06

	Notes: VIF = 1/(1 - R^2) from regressing each predictor on all others. No serious multicollinearity was observed (all VIF values were below 2.5).
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