CHILD EVIDENCE - ADOLESCENT STRUCTURAL NEURODEVELOPMENT

The structural maturation of the human brain -- including corti-

cal gray-matter thinning and continued development of white-matter
connectivity in regionsthat support cognitive control -- continues
throughout adolescence and into the early-to-mid twenties, later than
the maturation of many other organ systems.

[ Evidence strength: High I [ Scientific consensus: Established ]

BOTTOM LINE

Neuroscience broadly agrees that brain structure keeps maturing into the early-to-mid twenties --
gray-matter thinning and white-matter development continue well past 18. What remains debated is the
behavioral and legal significance of those trajectories and whether they can be read onto any individual
-- not the structural fact itself.

WHAT THIS CLAIM DOES NOT SAY

» Does not claim that brain maturation completes at any single age -- there is no bright line at 25 (or 18 or 21); maturation
is gradual, region-specific, and continuous, with no agreed structural ‘finish line.'

 Does not claim that the structural trajectory establishes any individual defendant's incapacity, immaturity, or state of mind
-- it is a group-level structural fact, not a per-person maturity test.

» Does not claim that brain imaging can determine whether a particular adolescent was 'too immature' to be responsible
for a specific act.

» Does not claim a direct or one-to-one mapping from any structural measure to a specific behavior -- the inference from
brain structure to behavior is indirect and is not made by this claim.

» Does not claim that adolescents are incapable of mature reasoning or of telling right from wrong; later structural maturation
is not cognitive incapacity.

 Does not endorse the popular shorthand that 'the brain is not fully developed until 25" as a precise or individualized fact
-- that phrasing overstates the science.

SCOPE — WHERE IT HOLDS

A population-level, descriptive neuroanatomical generalization established by longitudinal structural MRI across
multiple independent cohorts. It describes average developmental trajectories of brain structure; it does not by
itself specify any individual's degree of maturity, and structural measures show wide inter-individual variation
and substantial overlap across ages. The step from these structural trajectories to specific behaviors, or to legal
culpability, is a separate inference carried by the functional self-regulation and risk/reward claims and by the
guardrails below.

EVIDENCE SYNTHESIS



Longitudinal MRI studies that scan the same individuals repeatedly show that brain structure continues to change
throughout adolescence and into the early-to-mid twenties. Cortical gray matter follows a regionally-staggered
course of thinning, with higher-order control regions (e.g., prefrontal cortex) maturing later, while white-matter
connectivity continues to increase. Foundational longitudinal work (Giedd and colleagues, 1999) and dynamic
cortical mapping (Gogtay and colleagues, 2004) established the extended timetable; recent multi-sample accel-
erated-longitudinal studies (Tamnes and colleagues, 2017) have refined the trajectories and quantified substantial
individual variation. The result is a well-replicated structural fact: brain maturation is not complete at 18. Its relevance
to legal questions runs through the separate functional claims about self-regulation and risk processing, and stops
short of any individualized inference about a particular defendant.
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LIMITATIONS

Structural maturation is regionally heterogeneous with no single endpoint, so "maturity” has no precise structural
definition; trajectories show wide inter-individual variation and substantial overlap across ages, so group curves do
not characterize any individual; the relationship between structural measures and behavior is indirect and modest;
early cohorts were modest in size and demographically narrow; and image-processing choices affect derived
trajectories. Critically, structural imaging cannot establish an individual's maturity or state of mind.

COMMON MISCONCEPTIONS

(1) "The brain isn't fully developed until 25" -- a popular oversimplification; maturation is gradual and region-specific
with no agreed finish line, and 25 is not a biological threshold. (2) That a brain scan can show a given adolescent
was too immature to be responsible -- it cannot. (3) That later structural maturation means adolescents cannot
reason or know right from wrong -- structure is not cognitive incapacity.

EXPERT WITNESS NOTES

Present this as a population-level, descriptive neuroanatomical fact: brain structure continues maturing into the
early-to-mid twenties, established by longitudinal MRI. Resist the three over-extensions that draw the sharpest
cross-examination: (1) any bright line (18/21/25); (2) reading group trajectories onto the individual defendant; (3)



inferring a specific behavior or state of mind from structure. The defensible courtroom use is to support the general
developmental framework the Court adopted in Graham/Miller -- that adolescents' brains are still maturing -- not
to diagnose the client. Pair it with the functional self-regulation and risk/reward claims, which carry the behavioral
inference; this structural claim is the anatomical foundation, not the behavioral conclusion.

LEGAL MAPPING
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RELEVANT TO
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