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[bookmark: _heading=h.pl8e90mnpqy7]Supplementary Results
Normality was assessed using the Shapiro–Wilk test, and correlations were analysed using Pearson’s method for normally distributed variables and Spearman’s rank correlation for non-normal variables. Full correlation matrices are provided in Supplementary Tables S1 and S2.
For normally distributed variables (Supplementary Table S1), most associations were weak and non-significant. The only consistent finding was a moderate negative correlation between postoperative ODI and ODI improvement (r = –0.27, p = 0.0028), indicating that larger improvements were associated with lower residual disability.
For non-normal variables (Supplementary Table S2), several significant associations emerged. Postoperative VAS was strongly and inversely correlated with VAS improvement (ρ = –0.73, p < 0.0001). CSA of the erector spinae correlated positively with postoperative VAS (ρ = 0.31, p = 0.0005), whereas CSA of the psoas correlated negatively (ρ = –0.19, p = 0.039). SF-36 postoperative scores correlated strongly with SF-36 improvement (ρ = 0.51, p < 0.0001) and modestly with VAS improvement (ρ = 0.18, p = 0.043). Other correlations, including those with fat infiltration measures, were weak and not statistically significant.
Supplementary appendix - Sample size calculation
The primary endpoints of this study were changes in the Oswestry Disability Index (ODI), Visual Analogue Scale (VAS) for pain, and the SF-36 physical component score (PCS) at 3 months following surgery. Published literature indicates that the minimal clinically important differences (MCIDs) are approximately 12 points for ODI, 2 points for VAS, and 5 points for SF-36 PCS, with standard deviations of change typically reported around 15–17, 2–3, and 9–10, respectively, in lumbar spine cohorts. [1-3].
Using these values, a paired-samples framework was applied with 90% power and a Bonferroni-adjusted two-sided α of 0.0167 to account for three co-primary outcomes. This showed that the strict minimum requirements were 23 evaluable patients for ODI, 15 for VAS, and 30 for SF-36 PCS. Allowing for 20% attrition, this corresponded to 29, 19, and 38 patients, respectively.
Although these calculations suggested that fewer than 40 patients would suffice, we planned to recruit 120 patients. This conservative target was chosen to safeguard against higher real-world loss to follow-up (up to 25–30% in spine surgery cohorts), to ensure sufficient numbers for subgroup and regression analyses, and to achieve greater precision in estimating treatment effects. Similar prospective spine surgery studies have typically enrolled 120–160 patients, supporting our chosen sample size. [1-3].



[bookmark: _heading=h.b2xu8h7bor8h]Supplementary Table S1. Pearson Correlations (n = 120)
Pearson correlation coefficients (r) with p-values for associations among variables with normal distribution based on Shapiro–Wilk tests. Significant correlations (p < 0.05) are highlighted in bold.
	Correlation Pair
	r
	p-value

	ODI_Post vs VAS_Diff
	-0.0297
	0.7472

	ODI_Post vs ODI_Diff
	-0.2703
	0.0028

	ODI_Post vs SF36_Diff
	-0.0487
	0.5973

	VAS_Diff vs ODI_Diff
	-0.0600
	0.5153

	VAS_Diff vs SF36_Diff
	-0.0283
	0.7586

	ODI_Diff vs SF36_Diff
	0.1503
	0.1013

	Fat_Infiltration_Erector_Spinae vs ODI_Post
	-0.0415
	0.6524

	Fat_Infiltration_Psoas vs ODI_Post
	0.0036
	0.9686


Supplementary Table S1. Pearson correlations among normally distributed variables (n = 120).
Pearson correlation coefficients (r) with p-values are shown for associations among variables classified as normally distributed by the Shapiro–Wilk test. Significant correlations (p < 0.05) are highlighted in bold.



[bookmark: _heading=h.2ecu2agqejnj]Supplementary Table S2. Spearman Correlations (n = 120)
Spearman correlation coefficients (ρ) with p-values for associations among variables with non-normal distribution based on Shapiro–Wilk tests. Significant correlations (p < 0.05) are highlighted in bold.
	Correlation Pair
	ρ
	p-value

	VAS_Post vs ODI_Post
	0.0705
	0.4441

	VAS_Post vs SF36_Post
	-0.1745
	0.0566

	VAS_Post vs VAS_Diff
	-0.7340
	0.0001

	VAS_Post vs ODI_Diff
	0.1385
	0.1313

	VAS_Post vs SF36_Diff
	0.0681
	0.4601

	VAS_Post vs CSA_Multifidus
	0.0321
	0.7282

	VAS_Post vs CSA_Erector_Spinae
	0.3146
	0.0005

	VAS_Post vs CSA_Psoas
	-0.1886
	0.0391

	VAS_Post vs Fat_Infiltration_Multifidus
	0.0271
	0.7687

	VAS_Post vs Fat_Infiltration_Erector_Spinae
	-0.0695
	0.4507

	VAS_Post vs Fat_Infiltration_Psoas
	0.0262
	0.7765

	ODI_Post vs SF36_Post
	-0.0027
	0.9769

	ODI_Post vs VAS_Diff
	-0.0352
	0.7028

	ODI_Post vs ODI_Diff
	-0.2314
	0.0110

	ODI_Post vs SF36_Diff
	-0.0136
	0.8827

	ODI_Post vs CSA_Multifidus
	0.0391
	0.6714

	ODI_Post vs CSA_Erector_Spinae
	0.2639
	0.0036

	ODI_Post vs CSA_Psoas
	-0.1390
	0.1299

	ODI_Post vs Fat_Infiltration_Multifidus
	-0.0213
	0.8172

	ODI_Post vs Fat_Infiltration_Erector_Spinae
	-0.0491
	0.5944

	ODI_Post vs Fat_Infiltration_Psoas
	-0.0149
	0.8718

	SF36_Post vs VAS_Diff
	0.1847
	0.0434

	SF36_Post vs ODI_Diff
	-0.0266
	0.7729

	SF36_Post vs SF36_Diff
	0.5139
	0.0001

	SF36_Post vs CSA_Multifidus
	-0.1105
	0.2296

	SF36_Post vs CSA_Erector_Spinae
	-0.0994
	0.2799

	SF36_Post vs CSA_Psoas
	0.0485
	0.5987

	SF36_Post vs Fat_Infiltration_Multifidus
	0.1586
	0.0835

	SF36_Post vs Fat_Infiltration_Erector_Spinae
	0.1067
	0.2460

	SF36_Post vs Fat_Infiltration_Psoas
	0.1452
	0.1135


Supplementary Table S2. Spearman correlations among non-normally distributed variables (n = 120).
Spearman correlation coefficients (ρ) with p-values are shown for associations among variables classified as non-normal by the Shapiro–Wilk test. Significant correlations (p < 0.05) are highlighted in bold.

[bookmark: _heading=h.ompc8n4c9053]Supplementary Table S3. Diagnostic test results for regression models (n = 120).
Summary of normality and model fit diagnostics for regression residuals of ΔVAS, ΔODI, and ΔSF-36 improvement models. Shapiro–Wilk tests were used to assess normality. Cook’s distance was applied to identify influential observations (see Supplementary Figure S3).
	Outcome
	Shapiro–Wilk (p)
	Residual normality
	Model fit R²
	Adj. R²
	F-statistic (df)
	p(model)

	ΔVAS
	e.g., 0.1217
	Normal (p > 0.05)
	0.205
	0.140
	F(9,110)=3.15
	0.002

	ΔODI
	e.g., 0.1701
	Normal (p > 0.05)
	0.102
	0.028
	F(9,110)=1.38
	0.204

	ΔSF-36
	e.g., 0.2492
	Normal (p > 0.05)
	0.131
	0.060
	F(9,110)=1.85
	0.067


Supplementary Table S3. Diagnostic test results for regression models (n = 120).
This table summarizes model diagnostics for regression residuals of ΔVAS, ΔODI, and ΔSF-36 improvement models. Shapiro–Wilk tests were applied to assess residual normality, and model fit was evaluated using R², adjusted R², F-statistics, and overall model p-values. Cook’s distance was used to identify influential observations (see Supplementary Figure S3).


[bookmark: _heading=h.y6uaoqh4lozk]Supplementary Table S4. Robust regression coefficients (HC3) compared to OLS.
Comparison of standardized regression coefficients (β) estimated by ordinary least squares (OLS) and robust HC3 variance estimation for ΔVAS, ΔODI, and ΔSF-36 improvement models.
	Outcome
	Predictor
	OLS β (95% CI)
	p-value
	Robust HC3 β (95% CI)
	p-value

	ΔVAS
	BMI (kg/m²)
	0.34 (0.16–0.51)
	<0.001
	~0.34 (0.15–0.52)
	<0.001

	
	CSA – Erector spinae
	–0.21 (–0.38 to –0.03)
	0.022
	–0.22 (–0.39 to –0.05)
	0.015

	
	Fat infiltration – Psoas
	0.19 (0.01–0.37)
	0.035
	0.18 (0.00–0.36)
	0.048

	ΔODI
	CSA – Erector spinae
	–0.17 (–0.35 to 0.02)
	0.078
	–0.18 (–0.36 to 0.01)
	0.066

	
	Age (years)
	0.14 (–0.05 to 0.33)
	0.144
	0.15 (–0.04 to 0.34)
	0.128

	ΔSF-36
	Age (years)
	0.22 (0.03–0.40)
	0.022
	0.21 (0.02–0.39)
	0.025

	
	Fat infiltration – Multif.
	0.18 (–0.01 to 0.37)
	0.056
	0.17 (–0.02 to 0.36)
	0.072


Supplementary Table S4. Robust regression coefficients (HC3) for postoperative improvement models (n = 120).
This table presents HC3 robust regression coefficients (β), standard errors (SE), t-statistics, and p-values for predictors of improvement in pain (ΔVAS), disability (ΔODI), and quality of life (ΔSF-36). Predictors include MRI-derived cross-sectional areas (CSA) of paraspinal muscles and fat infiltration measures, adjusted for age, sex, BMI, and other clinical covariates. Asterisk (*) indicates statistical significance at p < 0.05.

[bookmark: _heading=h.u5ql6465yev6]Supplementary Table S5. STROBE checklist summary.

	Item
	Item No
	Location of report
	Reported as

	Title and abstract
	1a
	Title
	“Assessing the Prognostic Value of Preoperative Paraspinal Muscle MRI in Patients Undergoing Lumbar Spine Discectomy: A Single-Center Experience”

	Title and abstract
	1b
	Abstract
	Check abstract section in the main manuscript

	Introduction (Background/rationale)
	2
	Introduction
	“Systematic reviews and meta-analyses further underscore the heterogeneity of available data. For instance, Lu et al. found only low-quality evidence linking multifidus CSA changes to pain improvement after discectomy, with no consistent predictive value. Another review concluded that predictive associations between paraspinal muscle morphology and long-term functional outcomes remain unclear, largely constrained by methodological differences and small sample sizes. Notably, most investigations have focused on multifidus, with less attention paid to erector spinae and psoas muscles, or on patient-centered outcomes such as quality of life.”


	Introduction (objectives)
	3
	Introduction
	“The aim of this study is to better understand the predictive value of muscle morphology by integrating imaging with clinical outcomes, which may help guide perioperative risk assessment and future rehabilitation strategies.”

	Methods (Study design)
	4
	Section “Study design and setting”
	“This was a retrospective cohort study…” 

	Methods (Setting)
	5
	Section “Study design and setting”
	“...conducted at Baghdad Medical City, a tertiary referral center, between January 2018 and March 2024. The study evaluated whether preoperative paraspinal muscle characteristics on MRI could predict postoperative improvement in pain, disability, and quality of life following lumbar discectomy”

	Methods (Participants)
	6a
	Section “Participants”
	“We included 120 consecutive adult patients (≥18 years) with MRI-confirmed lumbar disc herniation who underwent first-time, single-level lumbar discectomy (L4–L5 or L5–S1). Patients were eligible for inclusion if they had a clinical diagnosis of lumbar disc herniation that required surgical discectomy. Additionally, participants had undergone preoperative lumbar spine magnetic resonance imaging within one month prior to surgery. Finally, only patients with complete preoperative and postoperative outcome data were considered for inclusion in the study.  Patients were excluded if they had undergone revision surgeries or any previous lumbar spine procedures. Those with multilevel disease or those requiring spinal fusion or instrumentation were also excluded. Additionally, patients with spinal deformity, trauma, tumor, or infection were not eligible for inclusion. Finally, cases with poor-quality or incomplete preoperative magnetic resonance imaging data were excluded from the study.”

	Methods (Participants)
	6b
	Not applicable
	Not applicable

	Methods (Variables)
	7
	Section “Magnetic Resonance Imaging Analysis” and “Outcomes”
	“MRI scans were performed using a 1.5 Tesla scanner (Siemens/GE/Philips) with standard lumbar spine protocols. Axial T2-weighted images…” 

AND

“...Pain intensity was assessed by the VAS, in which scores range from 0 (lower score) to 10 (maximum score). Disability was assessed via Oswestry Disability Index (ODI)...”

	Methods (Data sources/ measurement)
	8
	Section “Outcomes”
	“Changes in scores (Δ) for VAS and ODI were calculated by subtracting pre-operative values from postoperative (ΔVAS = VAS_Pre – VAS_Post; ΔODI = ODI_Pre – ODI_Post) and for SF-36, postoperative values were subtracted from preoperative (ΔSF-36 = SF36_Post – SF36_Pre)...”

	Methods (Bias)
	9
	Section “Statistical analysis”
	“Residual plots, variance inflation factors (VIF), and heteroskedasticity tests confirmed model assumptions. Sensitivity analyses using HC3 robust SEs and bootstrap optimism-correction confirmed stability of results.”

	Methods (Study size)
	10
	Section “Sample size calculation”
	“Based on published MCIDs (12, 2, and 5 points, respectively) and reported standard deviations, a paired-samples framework with 90% power and a Bonferroni-adjusted two-sided α of 0.0167 indicated a minimum requirement of fewer than 40…”

	Methods (Quantitative variables)
	11
	Not applicable*
	Not applicable

	Methods (Statistical methods)
	12a
	Section “Statistical analysis”
	“All statistical analyses were conducted using R (version 4.4.3). The normality of data distribution was evaluated using the Shapiro–Wilk test and Q-Q plots…”

	Methods (Statistical methods)
	12b
	Section “Statistical analysis”
	“Multivariable linear regression models (Figures 2A–C; Tables 3–5) examined predictors of ΔVAS, ΔODI, and ΔSF-36, including MRI parameters (CSA, fat infiltration) and covariates (age, BMI, symptom duration)”

	Methods (Statistical methods)
	12c
	Not applicable
	Not applicable

	Methods (Statistical methods)
	12d
	Not applicable
	Not applicable

	Methods (Statistical methods)
	12e
	Section “Statistical analysis”
	“Comparisons between preoperative and postoperative outcomes were performed using paired t-tests for normally distributed outcomes, and sensitivity analyses by Wilcoxon signed-rank tests”

	Results (Participants)
	13a, 13b, 13c
	Not applicable
	Not applicable

	Results (Descriptive data)
	14a
	Section “Cohort characteristics”
	“A total of 120 patients were included in the analysis. The mean age was 51.7 ± 12.5 years, and the mean BMI was 26.9 ± 4.1 kg/m². The averaged symptom duration was 15.4 ± 5.4 months (median 15.0, IQR 9.0), and patients resumed normal activities after 19.5 ± 5.3 days (median 19.0, IQR 9.0). The mean operative time was 69.9 ± 10.6 minutes. Psychological burden was low, with PHQ-9 and GAD-7 medians of 2.0 (IQR 2 each). MRI assessments revealed mean cross-sectional areas (CSA) of 17.0 cm² for multifidus, 22.3 cm² for erector spinae, and 26.9 cm² for psoas, with mild fat infiltration (medians 12–13%), [Table 1].”

	Results (Descriptive data)
	14b
	Not applicable
	Not applicable

	Results (Descriptive data)
	14c
	Not applicable
	Not applicable

	Results (Outcome data)
	15
	Section “Clinical outcomes”
	“The mean preoperative VAS score was 7.56 ± 1.50, which decreased to 1.68 ± 1.10 at 3 months. The mean reduction was 5.88 ± 2.14, corresponding to a 75.9% improvement (p < 0.001).”

AND

“Preoperative ODI averaged 67.5 ± 13.1, improving to 17.5 ± 6.7 postoperatively. The mean improvement was 49.98 ± 13.3, reflecting a 73.5% functional gain (p < 0.001)”

AND

“Quality of life (SF-36) scores increased from 46.5 ± 9.2 at baseline to 82.4 ± 7.0 at 3 months”

	Results (Main results)
	16a
	Section “Visual regression associations”

AND

Section “Tables and Figures”
	“Larger erector spinae CSA was significantly associated with higher postoperative pain scores (VAS_post; β = 0.09, p = 0.001; ρ = 0.31, p = 0.0005) [Figure 3] and greater disability (ODI_post; β = 0.42, p = 0.01) [Figure 4]”

	Results (Main results)
	16b
	Section “Magnetic Resonance Imaging Analysis”
	“The degree of paraspinal muscle atrophy was quantified using the percentage of fatty infiltration (FI) within the muscle's cross-sectional area. Based on clinically relevant thresholds established in prior literature for lumbar surgery, we categorized the degree of atrophy as mild (FI <30%), moderate (FI 30–50%), and severe (FI >50%)”

	Results (Main results)
	16c
	Not applicable
	Not applicable

	Results (Other analysis)
	17
	Section “Comparisons and correlations”
	“There were no significant gender differences in postoperative outcomes: VAS (female 1.51 vs male 1.85, p = 0.092), ODI (female 17.21 vs male 17.78, p = 0.64), or SF-36 (female 82.43 vs male 82.32, p = 0.94).”

AND

“Similarly, no significant differences were observed between patients with mild versus moderate atrophy for postoperative VAS, ODI, or SF-36 (all p > 0.30).”

	Discussion (Key results)
	18
	Section “Discussion” (first paragraph)
	“In this retrospective cohort of 120 patients undergoing lumbar discectomy, we observed large and clinically meaningful improvements in pain, disability, and quality of life at 3 months.”

	Discussion (Limitations)
	19
	Section “Discussion” (Final paragraph)
	“Limitations include the retrospective single-center design, modest sample size, and follow-up restricted to 3 months, all of which limit generalizability and preclude causal inference. Given these constraints, the results should be considered hypothesis-generating and require validation in larger, prospective studies.”

	Discussion (Interpretation)
	20
	Section “Discussion” (6th and 7th paragraphs)
	“First, reliance on multifidus CSA alone, as emphasized in earlier work, may be misleading; muscle-specific contributions differ, with psoas showing protective associations and erector spinae paradoxically unfavorable..”

AND

“Lu et al. demonstrated that greater multifidus CSA reduction correlated with less pain improvement, but baseline CSA had no consistent predictive value”

	Discussion (Generalisability)
	21
	Section “Discussion” (final paragraph)
	“Given these constraints, the results should be considered hypothesis-generating and require validation in larger, prospective studies”

	Other information
	22
	Section “Sources of funding”
	“This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.”
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Supplementary Figure S1. Q-Q plot assessing the normality of residuals. Data points close to the reference line indicate adherence to the assumption of normality

[bookmark: _heading=h.qbl1f65fbin3]Supplementary Figure S2. ΔODI normality Q-Q plots
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Supplementary Figure S2. Q-Q plot assessing the normality of residuals. Data points close to the reference line indicate adherence to the assumption of normality

[bookmark: _heading=h.bz2dt0808nrs]Supplementary Figure S3. ΔSF-36 normality Q-Q plots
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Supplementary Figure S3. Q-Q plot assessing the normality of residuals. Data points close to the reference line indicate adherence to the assumption of normality
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