Additional file 7: Variables, operational definitions, and statistical analysis
ANCORA randomized controlled trial

1. General Principles of Analysis
All statistical analyses will be performed according to the intention-to-treat (ITT) principle, in which participants will be analyzed according to their originally randomized group, regardless of protocol deviations.
The adopted significance level will be alpha = 0.05 (two-tailed), and all results will be presented with 95% confidence intervals (95% CI). Continuous variables will be described as mean +/- standard deviation or median (interquartile range), according to distribution. Categorical variables will be presented as absolute frequency and percentage.

2. Main Independent Variable
Intervention group: Group A - subgaleal anchoring; Group B - conventional closure. Type: dichotomous categorical variable. Statistical coding: 0 = control | 1 = intervention.

3. Sample-Size Calculation Demonstration
Sample size (N) for comparison of VAS between two groups (primary endpoint). The elective craniotomy RCT model mentioned above reported VAS in millimeters (0-100), with means of approximately 31 mm and a standard deviation of approximately 21 mm at 24 hours. Converted to a 0-10 scale, this corresponds to a standard deviation of approximately 2.1 points.
Formula for two groups, two-tailed test: 

n per group = 2 × [((Z1−α/2 + Z1−β) × σ) / Δ]²

With alpha = 0.05 (two-tailed; Z(1-alpha/2) = 1.96), power = 90% (Z(1-beta) = 1.28), sigma = 2.14 (VAS 0-10), and Delta = 2.0 VAS points (e.g., 5 to 3): n approximately 24.1 per group, rounded to 25 per group (50 total). Considering 20% attrition: 25/0.8 approximately 31.3, rounded to 32 per group (64 total).

4. Primary Endpoint
Postoperative pain (VAS). Collected variables: VAS24, VAS48, and VAS72. Scale: 0-10.
Calculated primary endpoint: area under the pain curve (VAS AUC 0-72h). 

AUC = [((VAS24 + VAS48) / 2) × (48 − 24)] + [((VAS48 + VAS72) / 2) × (72 − 48)]

Methodological justification: the AUC represents the total pain burden over time, is statistically more robust than isolated measurements, and is less sensitive to transient fluctuations.
Statistical test: normal distribution - independent Student t test; non-normal distribution - Mann-Whitney test. 

Adjusted analysis: multivariable linear regression.
AUC = β0 + β1(Group) + β2(Pathology) + β3(Age) + β4(Surgical time) + ε

5. Secondary Endpoints
5.1 Opioid consumption. Variable: MME_0-72h. Type: continuous. Test: Mann-Whitney as the main analysis and adjusted regression as a secondary analysis. Justification: this is an objective quantitative variable that complements the VAS.

MME = Σ (Dose × conversion factor)
5.2 Subgaleal collection on CT at 24 hours. Variable: maximum thickness in millimeters. Operational definition: greatest thickness of extracranial collection measured using a soft-tissue window and confirmed in axial and coronal planes. Type: continuous. Tests: between-group comparison using t test or Mann-Whitney; correlation with pain using Spearman correlation and regression.

5.3 Postoperative complications. Binary variables: CSF fistula (yes/no), wound infection (yes/no), and reoperation (yes/no). Test: Fisher exact test or chi-square test. Effect measure: relative risk. 

RR = [a / (a + b)] / [c / (c + d)]
Justification: relative risk is more clinically interpretable than odds ratio.

5.4 Length of hospital stay. Variable: hospital stay in days. Test: Mann-Whitney. Justification: this endpoint typically has an asymmetric distribution.

6. Adjustment Variables (Covariates)
The following variables will be included in multivariable models: age, sex, pathology (tumoral vs vascular), surgical time, craniotomy size, drain use, and center (HUGV vs HPSJL). The purpose is to control for residual confounding and increase estimate precision.

7. Correlative Analysis
The association between collection volume/thickness and pain will be evaluated using: (1) Spearman correlation for crude analysis; and (2) adjusted linear regression. Objective: to verify whether the anatomical variable independently explains the clinical endpoint.

8. Control of Missing Data
Main analysis: ITT. Absence of one measurement: linear interpolation. Absence of more than one measurement: multiple imputation. Sensitivity analysis will be performed.

9. Multiplicity
Only the primary endpoint will be tested inferentially with alpha = 0.05. Secondary endpoints will be considered exploratory.

10. Statistical Software
Analyses will be performed using validated statistical software (R, SPSS, or Stata).
