Supplementary Figure Legends
Supplementary Figure S1. Follow-up distribution by procedure.
Kernel density plots show the distribution of follow-up duration (months) in the PLIF and OLIF groups. Density is shown to avoid visual bias from unequal group sizes. Follow-up was defined as the time from surgery to final follow-up, where final follow-up wasfor this analysis as the last available postoperative visit at which patient-reported outcomes and standing radiographs were obtained concurrently.

Supplementary Figure S2. Covariate balance before and after IPTW.
Love plot of absolute standardized mean differences (|SMD|) for baseline covariates comparing PLIF versus OLIF before weighting and after inverse probability of treatment weighting (IPTW) based on a baseline-only propensity score model. The vertical reference line indicates the prespecified balance threshold |SMD| = 0.10. Covariates include baseline ODI, age, sex, BMI, one- versus two-level involvement, and baseline radiographic parameters (LL, SS, SLA, DH, FH).

Supplementary Figure S3. MCID responder analysis for ODI and VAS.
Bar plots show the proportion of patients achieving minimum clinically important difference (MCID) at final follow-up in each group. ODI responders were defined as ΔODI = ODI_pre − ODI_final ≥ 12.8. VAS responders were defined as ΔVAS = VAS_pre − VAS_final ≥ 1.5. Positive values indicate improvement.

Supplementary Figure S4. IPTW diagnostics: propensity score overlap and weight distribution.
Left panel: density plots of baseline propensity score distributions for PLIF and OLIF, showing overlap under the baseline-only propensity score model. Right panel: histogram of stabilized IPTW weights after trimming at the 1st–99th percentiles, illustrating the distribution of trimmed stabilized weights used in weighted analyses.


Supplementary Tables
Supplementary Table S1. Perioperative and early postoperative complications (≤30 days).
	Complication
	PLIF (n=53)
	OLIF (n=47)
	P value

	Any complication
	25 (47.2%)
	17 (36.2%)
	0.363

	Surgical-related complications

	Surgical-related complications (any)
	13 (24.5%)
	3 (6.4%)
	0.028

	– Dural tear
	4 (7.5%)
	0 (0.0%)
	0.120

	– Surgical site infection
	8 (15.1%)
	3 (6.4%)
	0.285

	– Epidural hematoma
	0 (0.0%)
	0 (0.0%)
	—

	– Reoperation
	1 (1.9%)
	0 (0.0%)
	1.000

	Approach-related complications

	Approach-related complications (any)
	0 (0.0%)
	10 (21.3%)
	<0.001

	– Thigh numbness
	0 (0.0%)
	2 (4.3%)
	0.218

	– Hip flexion weakness
	0 (0.0%)
	1 (2.1%)
	0.470

	– Ileus
	0 (0.0%)
	7 (14.9%)
	0.004

	– Ureteral injury
	0 (0.0%)
	0 (0.0%)
	—

	Other complications

	Other complications (any)
	13 (24.5%)
	5 (10.6%)
	0.123

	– Postoperative neurologic symptoms
	3 (5.7%)
	1 (2.1%)
	0.620

	– Postoperative urinary retention
	11 (20.8%)
	4 (8.5%)
	0.152


Notes: Complications were recorded during the index hospitalization or within 30 days after surgery. Values are n (%). P values were calculated using a chi-square test (with Yates’ continuity correction when applicable) or Fisher’s exact test when expected cell counts were small. P values are not calculated (shown as '—') when there were no events in either group. Category rows '(any)' indicate ≥1 event in that category; patients could experience >1 complication. Definition and capture window of complications are described in the Methods. Patients could experience more than one complication; categories are not mutually exclusive.

Supplementary Table S2. Measurement reliability (ICC)
	Parameter
	Interobserver ICC (95% CI)
	Intraobserver ICC (95% CI)

	Lumbar lordosis (LL)
	0.91 (0.86–0.95)
	0.96 (0.93–0.98)

	Sacral slope (SS)
	0.89 (0.83–0.94)
	0.94 (0.90–0.97)

	Segmental lordosis angle (SLA)
	0.82 (0.74–0.89)
	0.88 (0.82–0.93)

	Disc height (DH)
	0.85 (0.78–0.91)
	0.90 (0.85–0.94)

	Foraminal height (FH)
	0.76 (0.68–0.84)
	0.83 (0.76–0.89)


Notes: Reliability of radiographic measurements was evaluated using intraclass correlation coefficients (ICCs) with 95% confidence intervals (CIs). Interobserver ICC reflects agreement between the two independent observers; intraobserver ICC reflects repeat measurements by the same observer after a 2-week interval. Higher ICC values indicate better reliability. Abbreviations: ICC, intraclass correlation coefficient; CI, confidence interval; LL, lumbar lordosis; SS, sacral slope; SLA, segmental lordosis angle; DH, disc height; FH, foraminal height.

Supplementary Table S3. Sensitivity analyses of the procedure effect on ODI (ANCOVA and change-score models)
	Model
	β (OLIF vs PLIF)
	95% CI
	P value

	Primary ANCOVA (final ODI)
	5.04
	1.60 to 8.49
	0.005

	Expanded ANCOVA (additional baseline radiographic variables and comorbidity/diagnosis/smoking)
	5.46
	1.91 to 9.00
	0.003

	Sensitivity (ΔODI = pre–post; higher values indicate improvement)
	−5.04
	−8.49 to −1.60
	0.005


Notes: β indicates the estimated effect of OLIF relative to PLIF. The primary and expanded ANCOVA models use final ODI as the dependent variable; the sensitivity model uses ΔODI (pre–post), therefore the sign of β is expected to be reversed relative to models with final ODI as the outcome.

Supplementary Table S4. Procedure-by-radiographic-change interaction analyses with FDR adjustment
	Radiographic change (post–pre)
	β
	95% CI
	P value
	P value (FDR)

	ΔDisc height (DH)
	−1.915
	−3.837 to 0.007
	0.051
	0.152

	ΔForaminal height (FH)
	−0.432
	−1.817 to 0.954
	0.538
	0.660

	ΔSegmental lordosis angle (SLA)
	−0.192
	−1.057 to 0.673
	0.660
	0.660


Notes: Interaction terms test whether the association between radiographic change and outcome differs by procedure (OLIF vs PLIF). FDR-adjusted P values account for multiple comparisons.

Supplementary Table S5. Distribution of follow-up duration
	Group
	n
	Mean ± SD (months)
	Median (IQR) (months)
	Min
	Max
	≥48 months
	≥60 months

	PLIF
	53
	52.3 ± 10.0
	51.0 (IQR 43.0–62.0)
	37
	70
	34/53 (64.2%)
	17/53 (32.1%)

	OLIF
	47
	51.5 ± 8.5
	50.0 (IQR 44.0–59.0)
	36
	68
	30/47 (63.8%)
	10/47 (21.3%)


Notes: Follow-up duration is summarized in months using mean ± SD, median (IQR), range, and the proportion of patients with follow-up ≥48 and ≥60 months.

Supplementary Table S6. IPTW doubly robust model for final ODI (propensity score based on baseline variables only)
	Outcome
	β (OLIF vs PLIF)
	95% CI
	P value
	Weight trimming

	Final ODI (IPTW doubly robust; baseline-only PS)
	5.05
	1.86 to 8.24
	0.002
	Baseline-only PS; 
stabilized weights; 
trimmed at 1st–99th percentiles 
(0.69–1.72)


Notes: Propensity scores (PS) were estimated using baseline variables only. Analyses used stabilized inverse probability of treatment weights (IPTW) with trimming at the 1st–99th percentiles.

Supplementary Table S7. Covariate balance before and after IPTW (baseline-only propensity score)
	Covariate
	SMD (unadjusted)
	SMD (IPTW-adjusted)
	Balanced

	prop.score
	0.464
	0.000
	Yes

	odi_pre
	0.111
	0.022
	Yes

	age
	0.175
	0.000
	Yes

	female
	0.184
	0.008
	Yes

	bmi
	0.209
	0.023
	Yes

	two_level
	0.177
	0.001
	Yes

	ll_pre
	0.087
	0.033
	Yes

	ss_pre
	0.113
	0.017
	Yes

	sla_pre
	0.138
	0.004
	Yes

	dh_pre
	0.192
	0.009
	Yes

	fh_pre
	0.152
	0.009
	Yes


Notes: SMD indicates standardized mean difference. “IPTW-adjusted” reflects covariate balance after applying stabilized IPTW. “Balanced” indicates acceptable post-weighting balance (commonly |SMD| ≤ 0.10). Abbreviations: odi_pre, baseline ODI; two_level, two-level procedure; ll_pre, lumbar lordosis; ss_pre, sacral slope; sla_pre, segmental lordosis angle; dh_pre, disc height; fh_pre, foraminal height.

Supplementary Table S8. MCID responder analyses (unadjusted and adjusted)
(A) Responder rates by group
	Group
	n
	ΔODI ≥ 12.8
	ΔVAS ≥ 1.5

	PLIF
	53
	44/53 (83.0%)
	52/53 (98.1%)

	OLIF
	47
	29/47 (61.7%)
	41/47 (87.2%)


Notes: ΔODI and ΔVAS are defined as pre–post, with higher values indicating greater improvement. MCID thresholds: ΔODI ≥ 12.8 and ΔVAS ≥ 1.5.
(B) Unadjusted comparison (Fisher’s exact test; RR and RD)
	Endpoint
	Fisher’s exact P value
	RR
	RD
	Notes

	ΔODI responder (unadjusted)
	0.024
	0.74
	−0.21
	RR/RD calculated as OLIF vs PLIF

	ΔVAS responder (unadjusted)
	0.049
	0.89
	−0.11
	RR/RD calculated as OLIF vs PLIF


Notes: RR = risk ratio; RD = risk difference.
(C) Adjusted odds ratios (OLIF vs PLIF)
	Endpoint
	OR
	95% CI
	P value

	ΔODI responder (pre–post ≥ 12.8)
	0.28
	0.10 to 0.77
	0.014

	ΔVAS responder (pre–post ≥ 1.5)
	0.12
	0.01 to 1.13
	0.064


Notes: ORs were obtained from an adjusted logistic regression model comparing OLIF vs PLIF.
