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Editorial on the Research Topic
 Current advances in multimodal human brain imaging and analysis across the lifespan: From mapping to state prediction




In preclinical animal models, researchers can, within the same thin slice of tissue, probe activity within neurons [e.g., immediate early gene protein products (Mcreynolds et al., 2018; Aparicio et al., 2022)], examine neurons' projections and/or synaptic innervations [e.g., tract or viral tracing (Card and Enquist, 1999; Saleeba et al., 2019)] and determine neurochemical phenotypes [e.g., immunohistochemistry (Magaki et al., 2019)]. Great mechanistic specificity can be achieved with preclinical approaches. In understanding the human brain, neuroimaging affords researchers the opportunity to noninvasively probe brain structure, function and connectivity, but is not without limitations. For example, the blood oxygen level-dependent (BOLD) signal in functional magnetic resonance imaging (fMRI) is a proxy for neural activation based on the displacement of deoxygenated by oxygenated hemoglobin and is not, itself, neural activity (Huettel et al., 2009). Further, diffusion-weighted imaging (DWI) and derived tractography provide inferences of white matter structure based on the diffusion of water molecules restricted by neural components and do not represent specific neuronal targets or synaptic innervations. Thus, interpretation of neuroimaging findings is greatly enhanced by known neuroanatomical and functional literature from preclinical models, and efforts to find convergence across these approaches are highly important (e.g., Folloni et al., 2019; Haber et al., 2021). Similarly, a consensus between anatomical techniques in preclinical models or post-mortem human brain (e.g., blunt and/or fiber dissection) and neuroimaging (e.g., tractography) is also significant (Wu et al., 2016; Oler et al., 2017; Pascalau et al., 2018).

Despite limitations of neuroimaging, there is great potential to leverage the advantages of, and integrate distinct neuroimaging modalities to achieve a broader picture of neural dynamics and a greater mechanistic understanding of myriad developmental, affective, cognitive and clinical issues. Distinct neuroimaging modalities may reveal relationships with different dimensions of early experience providing insights into neurodevelopment. For example, diffusion spectrum imaging revealed opposing relationships of childhood threat (i.e., abuse and traumatic events) and deprivation (i.e., socioeconomic) on stria terminalis white matter (Banihashemi et al., 2021b). Further, resting-state functional connectivity revealed relationships between traumatic events and central visceral network connectivity (Banihashemi et al., 2022), while stressor-evoked activity revealed relationships primarily with childhood socioeconomic deprivation (Banihashemi et al., 2021a). Clinically, multimodal neuroimaging can perhaps provide earlier or more accurate detection of psychopathology (Lei et al., 2020; Vai et al., 2020).

Brain structure (e.g., white matter microstructure) and function (e.g., resting-state functional connectivity) have a reciprocal relationship that facilitates global and integrative brain processes (Sporns et al., 2000, 2004; Honey et al., 2007; Zhu et al., 2014; Lv et al., 2023). Thus, multimodal neuroimaging research can better capture integrated neural mechanisms underlying complex processes. New resources, tools and methods have been developed to examine multimodal neuroimaging data (Paquola et al., 2021; Cruces et al., 2022; Fortel et al., 2022). For instance, Nozais et al. examined the joint contribution of white and gray matter to large-scale resting-state networks elucidating the structural interconnections and pathways of communication that yield functional connectivity at rest (Nozais et al., 2022).

In this current Research Topic, authors demonstrated the breadth of how multimodal neuroimaging can surpass unimodal neuroimaging across developmental, clinical and methodological domains. Zhang et al. addressed neurodevelopment as it relates to the preterm infant brain by using a novel fusion framework combining functional and structural data. They integrated canonical correlation analysis and locality preserving projection to examine relationships between multimodal connections (fMRI and DWI) and found connection features that distinguish preterm and term-born infants. Their approach revealed novel insights into the global manner in which preterm birth impacts neurodevelopment, identifying local intra-network functional connections and long-range inter-network structural connections that differentiate between pre-term and term-born infant brains.

Zhu et al. presented new methodology featuring brain network construction under a unified framework of joint fMRI and DWI (i.e., functional and structural connectivity). Their method considered relationships between multiple brain regions and a PageRank algorithm that extracts significant node information from the unified network. Zhu et al. applied their method to a clinical problem—classifying epilepsy diagnoses, comparing normal controls (NC), frontal lobe epilepsy (FLE) and temporal lobe epilepsy (TLE). Their methods achieved the highest classification accuracy compared to unimodal methods when classifying against NC and achieved among the highest accuracies when classifying FLE v. TLE.

Tang et al. developed a new interpretable hierarchical graph representation learning framework for brain network regression analysis using multimodal MRI data. They used this approach to predict a variety of affective, somatic, cognitive and behavioral measures and found that the proposed framework achieved the best performance compared to baseline methods; this was attributed to extraction of graph local structures as low-level features and preservation of these into high-level space hierarchically.

Sun et al. developed new methods that capitalize on synergies between PET and DWI data, using DWI-derived structural connectivity and PET intensity to denoise PET images. Their CONNectome-based Non-Local Means (CONN-NLM) filter provides more informative denoising by weighting similar-intensity PET voxels and highly connected voxels more heavily. This yielded greater PET image quality and lesion contrasts and produced superior denoising effects compared to filters not utilizing DWI data.

Finally, Babaeeghazvini et al. reviewed the convergence of structure and function with associations between white matter microstructure and electro-encephalography (EEG). They note that white matter microstructure may influence the velocity of communication between brain regions and across hemispheres, and that amplitudes and latencies of event-related potential components may reflect pathological differences in structure; yet, the diversity of findings calls for more standardization of EEG analysis.

To conclude, the field would benefit significantly from effective use of multimodal approaches in the methods development space and in basic, clinical and translational research. This requires open science and enhanced accessibility of tools that process and analyze multimodal neuroimaging data. Future directions can include enhanced integration of “neurochemical” imaging modalities (e.g., MR-spectroscopy) with structural and functional modalities. The reports highlighted in this topic are an excellent demonstration of how multimodal approaches can improve methodologies, predictive power and clinical classification abilities to ultimately identify neural markers of psychopathology risk and guide more targeted treatments.


Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Funding

LB was supported by National Institute of Mental Health Grant R01MH120065.



Acknowledgments

We thank all of the authors who contributed their work to this Research Topic. We greatly appreciate their novel contributions.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Aparicio, S. Y. L., Fierro, Á. D. J. L., Abreu, G. E. A., Cárdenas, R. T., Hernández, L. I. G., Ávila, G.a,.C., et al. (2022). Current opinion on the use of c-Fos in neuroscience. Neuro. Sci. 3, 687–702. doi: 10.3390/neurosci3040050


 Banihashemi, L., Peng, C., Rangarajan, A., Karim, H., Aizenstein, H., and Germain, A. (2021a). Links between childhood adversity and extended amygdala stressor-evoked activity and connectivity in a transdiagnostic sample. NEUROPSYCHOPHARMACOLOGY SUPPL 1 46, 514–515.


 Banihashemi, L., Peng, C. W., Rangarajan, A., Karim, H. T., Wallace, M. L., Sibbach, B. M., et al. (2022). Childhood threat is associated with lower resting-state connectivity within a central visceral network. Front. Psychol. 13. doi: 10.3389/fpsyg.2022.805049

 Banihashemi, L., Peng, C. W., Verstynen, T., Wallace, M. L., Lamont, D. N., Alkhars, H. M., et al. (2021b). Opposing relationships of childhood threat and deprivation with stria terminalis white matter. Human Brain Mapp. 42:2445–60. doi: 10.1002/hbm.25378

 Card, J. P., and Enquist, L. W. (1999). Transneuronal circuit analysis with pseudorabies viruses. Curr. Protoc. Neurosci. 1.5.1–1.5.28. doi: 10.1002/0471142301.ns0105s09

 Cruces, R. R., Royer, J., Herholz, P., Larivière, S., Vos De Wael, R., Paquola, C., et al. (2022). Micapipe: A pipeline for multimodal neuroimaging and connectome analysis. Neuroimage. 263, 119612. doi: 10.1016/j.neuroimage.2022.119612

 Folloni, D., Sallet, J., Khrapitchev, A. A., Sibson, N., Verhagen, L., and Mars, R. B. (2019). Dichotomous organization of amygdala/temporal-prefrontal bundles in both humans and monkeys. Elife. 8, e47175. doi: 10.7554/eLife.47175.017

 Fortel, I., Butler, M., Korthauer, L. E., Zhan, L., Ajilore, O., Sidiropoulos, A., et al. (2022). Inferring excitation-inhibition dynamics using a maximum entropy model unifying brain structure and function. Network Neurosci. 6, 420–444. doi: 10.1162/netn_a_00220

 Haber, S. N., Liu, H., Seidlitz, J., and Bullmore, E. (2021). Prefrontal connectomics: from anatomy to human imaging. Neuropsychopharmacol. 1–21. doi: 10.1038/s41386-021-01156-6

 Honey, C. J., Kötter, R., Breakspear, M., and Sporns, O. (2007). Network structure of cerebral cortex shapes functional connectivity on multiple time scales. Proc. Nat. Acad. Sci. 104, 10240. doi: 10.1073/pnas.0701519104

 Huettel, S. A., Song, A. W., and Mccarthy, G. (2009). Functional Magnetic Resonance Imaging, Second Edition. Sunderland, Massachusetts, U.S.A.: Sinauer Associates, Inc.


 Lei, D., Pinaya, W. H. L., Young, J., Van Amelsvoort, T., Marcelis, M., Donohoe, G., et al. (2020). Integrating machining learning and multimodal neuroimaging to detect schizophrenia at the level of the individual. Hum. Brain Mapp. 41, 1119–1135. doi: 10.1002/hbm.24863

 Lv, J., Zeng, R., Ho, M. P., D'souza, A., and Calamante, F. (2023). Building a tissue-unbiased brain template of fiber orientation distribution and tractography with multimodal registration. Magn. Resonance Med. 89, 1207–1220. doi: 10.1002/mrm.29496

 Magaki, S., Hojat, S. A., Wei, B., So, A., and Yong, W. H. (2019). An introduction to the performance of immunohistochemistry. Biobanking. 289–298. doi: 10.1007/978-1-4939-8935-5_25

 Mcreynolds, J. R., Christianson, J. P., Blacktop, J. M., and Mantsch, J. R. (2018). What does the Fos say? Using Fos-based approaches to understand the contribution of stress to substance use disorders. Neurobiol. Stress. 9, 271–285. doi: 10.1016/j.ynstr.2018.05.004

 Nozais, V., Forkel, S. J., Petit, L., Schotten, M. T. D., and Joliot, M. (2022). Atlasing white matter and grey matter joint contributions to resting-state networks in the human brain. bioRxiv [Preprint] 2022.2001.2010.475690. doi: 10.1101/2022.01.10.475690


 Oler, J. A., Tromp, D. P. M., Fox, A. S., Kovner, R., Davidson, R. J., Alexander, A. L., et al. (2017). Connectivity between the central nucleus of the amygdala and the bed nucleus of the stria terminalis in the non-human primate: neuronal tract tracing and developmental neuroimaging studies. Brain Struct. Funct. 222, 21–39. doi: 10.1007/s00429-016-1198-9

 Paquola, C., Royer, J., Lewis, L. B., Lepage, C., Glatard, T., Wagstyl, K., et al. (2021). The BigBrainWarp toolbox for integration of BigBrain 3D histology with multimodal neuroimaging. Elife. 10, e70119. doi: 10.7554/eLife.70119.sa2

 Pascalau, R., Stănil,ă, R. P., Sfrângeu, S., and Szabo, B. (2018). Anatomy of the limbic white matter tracts as revealed by fiber dissection and tractography. World Neurosurg. 113, e672–e689. doi: 10.1016/j.wneu.2018.02.121

 Saleeba, C., Dempsey, B., Le, S., Goodchild, A., and Mcmullan, S. (2019). A student's guide to neural circuit tracing. Front. Neurosci. 13, 897. doi: 10.3389/fnins.2019.00897

 Sporns, O., Chialvo, D. R., Kaiser, M., and Hilgetag, C. C. (2004). Organization, development and function of complex brain networks. Trends Cogn. Sci. 8, 418–425. doi: 10.1016/j.tics.2004.07.008

 Sporns, O., Tononi, G., and Edelman, G. M. (2000). Connectivity and complexity: the relationship between neuroanatomy and brain dynamics. Neural Network.s 13, 909–922. doi: 10.1016/S0893-6080(00)00053-8

 Vai, B., Parenti, L., Bollettini, I., Cara, C., Verga, C., Melloni, E., et al. (2020). Predicting differential diagnosis between bipolar and unipolar depression with multiple kernel learning on multimodal structural neuroimaging. Eur. Neuropsychopharmacol. 34, 28–38. doi: 10.1016/j.euroneuro.2020.03.008

 Wu, Y., Sun, D., Wang, Y., Wang, Y., and Ou, S. (2016). Segmentation of the cingulum bundle in the human brain: a new perspective based on dsi tractography and fiber dissection study. Front. Neuroanat. 10, 84. doi: 10.3389/fnana.2016.00084

 Zhu, D., Zhang, T., Jiang, X., Hu, X., Chen, H., Yang, N., et al. (2014). Fusing DTI and fMRI data: a survey of methods and applications. Neuroimage. 102, 184–191. doi: 10.1016/j.neuroimage.2013.09.071





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Current advances in multimodal human brain imaging and analysis across the lifespan: From mapping to state prediction



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neuroscience

Editorial: Current advances in
multimodal human brain imaging
and analysis across the lifespan:
From mapping to state prediction





OPS/images/fnins-17-1153035-i001.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neuroscience





