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This file contains all reviewer reports in order by version, followed by all author rebuttals in order by version. 

Version 0: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
This is a timely and comprehensive review of lifespan brain development. The authors have done a commendable job
synthesizing a vast literature across macrostructural, microstructural, and network scales, with particularly strong sections on
morphometric similarity networks (MSNs) and structure-function coupling. The manuscript is logically structured, and the
figures provide excellent orientation to the primary literature. However, before it is fully suitable for publication, there are a
few conceptual and scoping issues that need to be addressed to enhance the manuscript's precision and theoretical depth. 

1. The title implies a modality-agnostic review of brain development, yet the content is strictly focused on magnetic
resonance imaging (sMRI, dMRI, fMRI), which the authors appropriately note in their Keywords. However, the broader
developmental connectomics field relies heavily on electrophysiological and optical imaging (MEG, EEG, fNIRS). This is
especially critical at the early temporal extremes of the lifespan (neonates and infants), where MRI faces significant logistical
and ethical constraints. 
The authors should either explicitly narrow the review's scope in the title (e.g., adding a subtitle like "An MRI Perspective")
and introduction, or add a brief discussion acknowledging the complementary roles of these other modalities in filling the
gaps left by MRI. 
2. While the perspectives section correctly identifies key future directions, it currently reads somewhat like a high-level
checklist. Weaving in the following cutting-edge areas would significantly strengthen its theoretical and clinical impact: 

Microstructure-to-Function Maturation: The manuscript thoroughly reviews microstructural changes (e.g., DTI/NODDI) and
macro-level structure-function coupling, but the transition between these scales feels slightly disjointed. In the perspectives,
it would be highly beneficial to discuss how specific micro-level alterations (e.g., neurite density, myelination trajectories)
directly constrain or support the maturation of functional networks (e.g., DMN). This would better unify the multi-scale
integration theme. 

Mechanisms of Individual Differences & Plasticity: Figure 4 excellently highlights "Genetics," "Environment," and "Social
behavior." However, the accompanying text primarily frames these within the context of "global sampling" and "demographic
inclusivity." The authors should expand on this to explicitly discuss how we can use multimodal lifespan data to understand
the sources of individual variance and brain plasticity, moving beyond just having diverse samples to actually modeling the
mechanistic impacts of genetics and early experiences. 

Bridging Methodological Advances (AI) with Clinical Translation: The authors highlight deep learning in the "Methodological
Advances" section for image processing (e.g., skull-stripping, segmentation). They also end the review discussing the
prediction of late-life neurodegenerative risk from early developmental deviations. These two themes should be connected. It
would be worth noting how AI/deep learning could leverage these multi-scale normative atlases (like MSNs or SFC) to
establish precise, personalized biological markers for the early identification of neurodevelopmental and neurodegenerative
risks. 

Reviewer #2 

(Remarks to the Author) 
This is an ambitious narrative review of brain development across the lifespan. The manuscript is well written and



remarkably comprehensive. The encyclopedic review of the literature will serve as a resource for the developmental imaging
community as it extends from the first decade of this century to recent milestones and fundamental methodological papers.
The synthesis is brief but authoritative. 

A few minor points: 
In line 31, review does not need to be capitalized. 
In line 172, “In nutshell” should be “In a nutshell…” 
In line 278, “map” should be “maps” 
In line 349, “Latest work has introduced …” is incomplete. It could be “The latest work…” 
In 359, the authors refer to gender. Gender, the psychological construct, is rarely the focus of neuroimaging studies, which
instead dichotomize on biological sex. 
In 371, in “extending neuroimage analyses from regional morphometry to networks connectivity” “networks” is modifying
“connectivity” and as such should be written “network” 
In line 393, “Although large-scale, multi-site studies have characterized age-related variations in brain morphology,
microstructure, and networks connectivity, much of the findings stemmed from cross-sectional data; hence, limiting insights
into true longitudinal changes.” This should be “Although large-scale, multi-site studies have characterized age-related
variations in brain morphology, microstructure, and network connectivity, many of the findings stemmed from cross-sectional
data, hence, limiting insights into true longitudinal changes.” [A semi-colon is not appropriate, as the phrase is not
independent or complete. 

In the final part of the section on Critical Gaps, the authors urge “longitudinal studies spanning from birth through late
adulthood.” They are correct, but such studies can only be performed using staggered designs, as it is impractical and
excessively slow to perform truly longitudinal studies given the urgency and the rate of change of imaging methodologies. I
don’t think the authors have cited pediatric examples such as the longitudinal NKI Rockland Sample
[https://pubmed.ncbi.nlm.nih.gov/35701428/] or the Chinese Color Nest Project [https://pubmed.ncbi.nlm.nih.gov/34653938/]
which it inspired. A preprint describes the the 'Mapping Interindividual Variation in the Aging Connectome' (MIVAC) study
which is an openly available resource relevant to aging https://pubmed.ncbi.nlm.nih.gov/41282656/. 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
The authors have satisfactorily addressed all my questions and concerns. I have no further comments and recommend the
manuscript for publication. 
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Notes on revision

We would like to thank the editor and reviewers for their positive feedback and constructive comments.
We have revised the review accordingly and highlighted major changes in red . Below, we provide
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Reviewer 1

Summary: This is a timely and comprehensive review of lifespan brain development. The authors
have done a commendable job synthesizing a vast literature across macrostructural, microstructural,
and network scales, with particularly strong sections on morphometric similarity networks (MSNs)
and structure-function coupling. The manuscript is logically structured, and the figures provide
excellent orientation to the primary literature. However, before it is fully suitable for publication,
there are a few conceptual and scoping issues that need to be addressed to enhance the manuscript’s
precision and theoretical depth.

C1.1: The title implies a modality-agnostic review of brain development, yet the content is strictly
focused on magnetic resonance imaging (sMRI, dMRI, fMRI), which the authors appropriately
note in their Keywords. However, the broader developmental connectomics field relies heavily on
electrophysiological and optical imaging (MEG, EEG, fNIRS). This is especially critical at the early
temporal extremes of the lifespan (neonates and infants), where MRI faces significant logistical and
ethical constraints. The authors should either explicitly narrow the review’s scope in the title (e.g.,
adding a subtitle like “An MRI Perspective”) and introduction, or add a brief discussion acknowl-
edging the complementary roles of these other modalities in filling the gaps left by MRI.

Thank you for the suggestion. We have changed the title and refined the language in the Abstract
and Introduction to narrow the scope as follows:

Abstract: In this review, we synthesize current evidence to provide a multiscale MRI-derived account
of structural and functional brain development across the human lifespan, highlight key conceptual
and methodological gaps, and outline priorities for future research.

Introduction: In this review, we highlight current research on brain development across the lifes-
pan, emphasizing how different MRI modalities capture neurodevelopmental processes at multiple
spatial and temporal scales. We also discuss recent advances in computational methods that facilitate
the processing and analysis of brain MRIs, thereby deepening our understanding of human brain
development across the lifespan.

C1.2: While the perspectives section correctly identifies key future directions, it currently reads
somewhat like a high-level checklist. Weaving in the following cutting-edge areas would significantly
strengthen its theoretical and clinical impact:

Microstructure-to-Function Maturation: The manuscript thoroughly reviews microstructural changes
(e.g., DTI/NODDI) and macro-level structure-function coupling, but the transition between these
scales feels slightly disjointed. In the perspectives, it would be highly beneficial to discuss how
specific micro-level alterations (e.g., neurite density, myelination trajectories) directly constrain or
support the maturation of functional networks (e.g., DMN). This would better unify the multi-scale
integration theme.

We have expanded the “Forward-Looking Perspectives” section as follows:

Lines 433–440: Building upon previous works demonstrating that white matter microstructure pro-
vides a structural scaffold for the functional organization of large-scale brain networks [1–4], future
research should expand these findings across the lifespan to establish mechanistic links between tissue
microstructure and the emergence and development of functional networks. Integrating diffusion MRI
or quantitative MRI measures to functional connectomics may elucidate how micro-level tissue prop-
erties, such as neurite density, myelin, tissue integrity, conduction velocity, etc., underlie network
segregation and integration, and may also provide a basis to understand functional dysconnectivity in
neurological conditions.

Mechanisms of Individual Differences & Plasticity: Figure 4 excellently highlights “Genetics,” “Envi-
ronment,” and “Social behavior.” However, the accompanying text primarily frames these within the
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context of “global sampling” and “demographic inclusivity.” The authors should expand on this to
explicitly discuss how we can use multimodal lifespan data to understand the sources of individual
variance and brain plasticity, moving beyond just having diverse samples to actually modeling the
mechanistic impacts of genetics and early experiences.

Lines 425–430: Future research in understanding brain plasticity will require large-scale epidemiologi-
cally informed studies that integrate MRI data with genetic, environmental, lifestyle, behavioral, and
social measures across the lifespan [5, 6]. Multivariate analyses of these combined data will clarify
how biological and social determinants interact to shape brain development and long-term health
outcomes [7–9]. Such integrative approaches will help identify risk factors for cognitive decline and
neurological diseases, and delineate age-specific windows of heightened vulnerability to these condi-
tions over the lifetime.

Bridging Methodological Advances (AI) with Clinical Translation: The authors highlight deep
learning in the “Methodological Advances” section for image processing (e.g., skull-stripping, seg-
mentation). They also end the review discussing the prediction of late-life neurodegenerative risk
from early developmental deviations. These two themes should be connected. It would be worth
noting how AI/deep learning could leverage these multi-scale normative atlases (like MSNs or SFC)
to establish precise, personalized biological markers for the early identification of neurodevelopmental
and neurodegenerative risks.

Lines 452–457: In this context, deep learning models trained to capture lifelong SFC or dynamics
of MSNs offer a predictive framework for the identification of brain disorders [10–13]. To this end,
graph convolutional networks can integrate structural and functional connectivity, network topology,
and nodal features to learn normative patterns of brain organization and the trained models can be
used for disease classification [14, 15].
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Reviewer 2

Summary: This is an ambitious narrative review of brain development across the lifespan. The
manuscript is well written and remarkably comprehensive. The encyclopedic review of the literature
will serve as a resource for the developmental imaging community as it extends from the first decade
of this century to recent milestones and fundamental methodological papers. The synthesis is brief
but authoritative.

C2.1: A few minor points:

� In line 31, review does not need to be capitalized.
� In line 172, “In nutshell” should be “In a nutshell. . . ”
� In line 278, “map” should be “maps”
� In line 349, “Latest work has introduced . . . ” is incomplete. It could be “The latest work. . . ”
� In 359, the authors refer to gender. Gender, the psychological construct, is rarely the focus of

neuroimaging studies, which instead dichotomize on biological sex.
� In 371, in “extending neuroimage analyses from regional morphometry to networks connectivity”

“networks” is modifying “connectivity” and as such should be written “network”
� In line 393, “Although large-scale, multi-site studies have characterized age-related variations

in brain morphology, microstructure, and networks connectivity, much of the findings stemmed
from cross-sectional data; hence, limiting insights into true longitudinal changes.” This should
be “Although large-scale, multi-site studies have characterized age-related variations in brain
morphology, microstructure, and network connectivity, many of the findings stemmed from cross-
sectional data, hence, limiting insights into true longitudinal changes.” [A semi-colon is not
appropriate, as the phrase is not independent or complete.

We appreciate the reviewer’s careful assessment and have made the suggested textual revisions
accordingly.

� In the final part of the section on Critical Gaps, the authors urge “longitudinal studies spanning
from birth through late adulthood.” They are correct, but such studies can only be performed
using staggered designs, as it is impractical and excessively slow to perform truly longitudinal
studies given the urgency and the rate of change of imaging methodologies. I don’t think the
authors have cited pediatric examples such as the longitudinal NKI Rockland Sample [https:
//pubmed.ncbi.nlm.nih.gov/35701428/] or the Chinese Color Nest Project [https://pubmed.n
cbi.nlm.nih.gov/34653938/] which it inspired. A preprint describes the ’Mapping Interindividual
Variation in the Aging Connectome’ (MIVAC) study which is an openly available resource relevant
to aging https://pubmed.ncbi.nlm.nih.gov/41282656/.

These studies have now been cited in the “Forward-Looking Perspectives” section as follows:

Lines 410–415: Recent large-scale initiatives, such as the HEALthy Brain and Child Development
(HBCD) study [16], the Adolescent Brain Cognitive Development (ABCD) study [17], the NKI
Rockland Sample [18], the Mapping Interindividual Variation in the Aging Connectome (MIVAC)
study [19], and the Chinese Color Nest Project [20], provide unprecedented opportunities for char-
acterizing within-individual changes in brain structure and function, extending the knowledge gained
from cross-sectional data.
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