Statistical analysis plan
Statistical analyses will be conducted using R statistical software (v4.3.2, R Core Team, 2025) using the lme4 (Bates et al., 2015) and emmeans (Lenth & Piaskowski, 2025) packages. 
Concentration values for each biomarker will be modelled separately using a linear mixed effects model with fixed effects for Condition (Heading vs. Control), Time (Pre-Immediate, Post-30 min, Post-2 hours, Post-4 hours, Post-24 hours), and Condition x Time interaction followed by post-hoc testing if appropriate. Each subject will be treated as a random effect. The model with the maximal random-effects structure that leads to model convergence will be used for inference. 
As each biomarker has a different time course for expression within extant literature and reflect different types of damage, separate models will be fitted for all four markers of interest.
The primary hypothesis test for each biomarker will be the Condition x Time interaction. Post-hoc contrasts will be run where appropriate. Significance will be set at an alpha level of 0.05.
Secondary analysis will comprise Near Point of Convergence (NPC) and SCAT6 outcomes (total cognitive score and symptom severity score) analysed using mixed effects models analogous to the primary analysis. 
To explore the link between head-impact kinematics and biomarker responses, averaged peak 95th percentile maximum principal strain (MPS95) values obtained from Finite Element Modelling for each subject will be included in exploratory mixed effects models for the heading condition.
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