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Appendix A.  Pre-specified Validation Protocol
The model developed in this paper provides estimates based on the best available parameter values and has not yet been empirically validated; currently, there is no external gold standard for lifetime cross-sport head-impact burden. This appendix outlines the prospective study that will test and calibrate the model. It transforms the main limitation discussed in Section 8 into a clear plan and forms the basis for the planned second-stage validation study. It only details the open measurement and validation framework; the proprietary computational system that translates measured inputs into an individual risk outcome is outside its scope.
A.1  Objective
To prospectively test whether the modeled cumulative burden predicts measured functional change in contact-sport athletes and to calibrate the model's parameters against actual data — replacing the default values in Tables 7–9 with empirical ones and reducing their uncertainty.
A.2  Design
A prospective, longitudinal observational cohort of active contact-sport athletes drawn from the modeled sports, instrumented for head-impact exposure, and assessed serially on the functional endpoints of Table 9. Baseline measurement precedes a specified exposure period of one or more seasons, with repeated measurements at pre-determined intervals.
A.3  Measurements
Exposure inputs — impact count and per-impact magnitude — are recorded continuously by instrumented mouthguard or accelerometer array. Functional endpoints — oculomotor, postural, and cognitive/evoked-response — are measured serially using the instrument classes and units of Table 9, and a recovery proxy is obtained from sleep tracking. No blood assay is required; fluid biomarkers, where available, serve only as an optional calibration reference.
A.4  Validation targets
Three targets are pre-specified. Calibration: assessing whether measured functional decline aligns with modeled cumulative burden over the exposure period. Discrimination: evaluating whether the model consistently ranks individuals and sports according to observed functional change. Parameter refinement: replacing the default values in Tables 7–9 with measured data and rerunning the sensitivity analysis (Section 5.5) to confirm or update the cross-sport and reference-athlete rankings.
A.5  Analysis
The connection between measured endpoint change and modeled burden is analyzed through regression and agreement statistics. The model is then rerun with measured parameters so that the rankings in Section 6 — including the reference-athlete comparison in Section 6.7 — are updated based on empirical inputs. The specific proprietary calculation engine that translates inputs into individual risk output is not included in this published protocol; only the open validation framework is detailed here.
A.6  Pre-specification and reporting
The objective, cohort, measurement schedule, validation targets, and analysis are outlined here in advance so that the validation study follows a published plan rather than a post-hoc one, and it will be reported according to relevant observational and prediction-model reporting standards. Together, this paper (the development study) and the protocol above (the validation study) form a two-stage program that transforms an original framework into one that is both original and empirically tested.
Supplement 1.  Reporting Checklist (TRIPOD, adapted)
This study is reported in accordance with the TRIPOD statement (Transparent Reporting of a multivariable prediction model for Individual Prognosis or Diagnosis), adapted for a model parameterized from the published literature rather than from a primary dataset. The table maps each reporting element to its location in the study.
	Reporting element (TRIPOD, adapted)
	Location in the study

	Title — identifies the report as developing a prediction model
	Title page

	Structured abstract (background, methods, results, conclusions)
	Abstract

	Background and objectives
	Section 1 (Introduction); aims Q1–Q4

	Source of data and parameters
	Section 2; Section 5.3 (Tables 7–9); Supplement 2

	Scope and setting (sports, positions, levels of engagement)
	Sections 5.3, 6.7

	Outcome modelled (lifetime head-impact burden)
	Sections 5.1–5.2

	Predictors / model inputs
	Section 5.3 (Tables 7–9)

	Data sufficiency and sparse parameters
	Sections 2.9, 8

	Model development and specification (equations)
	Sections 5.1–5.4

	Handling of uncertainty; sensitivity analysis
	Section 5.5

	Results of the analyses
	Section 6 (4.1–4.7)

	Model evaluation and validation plan
	Section 8; Appendix A (pre-specified validation)

	Limitations
	Sections 2.9 (evidence), 6 (model)

	Interpretation
	Section 7 (Discussion)

	Reproducibility and data availability
	Section 5.6; Supplement 2

	Funding and competing interests
	Declarations

	Use of AI assistance
	Section 5.6; Author Contributions


Supplement 1. TRIPOD-adapted reporting checklist mapping each element to its location. Supplements 2 (open model framework and parameter table) and 3 (source-selection flow) accompany this checklist.

