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Optimizing Current Imaging Pipelines by 

Whole-Brain Dynamical Models

MethodsIntroduction

By means of the whole-brain dynamical models we 

investigate the impact of the neuroimaging data 

processing on the results of model validation against 

empirical data. In this study we considered the following 

data processing parameters: 

• The functional Schaefer atlas [1] with 100 and 200 

cortical parcels (S100 and S200) and anatomical 

Harvard-Oxford atlas [2] with 96 cortical parcels 

(HO96). 

• Different frequency bands for the natural frequencies of 

the model oscillators, which were either randomly 

distributed or extracted from the empirical resting-state 

fMRI BOLD signals.

Aim: To find an optimal parameter setting for data-driven 

mathematical modeling of the resting-state brain 

dynamics and data analytics.

Results

Conclusions

• A choice of a particular brain parcellation and 

frequency band of BOLD filtering can cause a 

significant impact on the quality of the model fitting 

and structure of the model parameter space. 
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• The main impact of the brain parcellation  can be 

observed for the fitting quality of the simulated and 

empirical functional data: simFC to empFC.

• The frequency bands of the BOLD filtering mostly 

affect structure-function model validation modality, 

optimal model parameters and compatibility of the 

fitting results. 

Computational model

Kuramoto model [3] of coupled phase oscillators was used to 

simulate the dynamics of the phases 𝜃𝑖(𝑡) of network nodes 𝑖 =
1,⋯ ,𝑁, which represent the mean resting-state dynamics of brain 

regions [4,5]
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Simulated 
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Simulated functional connectivity (sim FC) is compared with the empirical 

FC (emp FC) and structural connectivity (emp SC) for the best fitting 

Fit(sim FC, emp FC) and Fit(sim FC, emp SC).
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Model validation (personalized simulations)
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Natural frequencies

The natural frequencies fi were extracted from the empirical BOLD signals filtered in the frequency bands: (LF) 

[0.01, 0.04] Hz, (HF) [0.04, 0.07] Hz, (BF) [0.01, 0.07] Hz as well as from non-filtered (NF) signals, or randomly 

distributed (Gaussian, uniformly) in these frequency ranges.

Model validation (group-level analysis, n=272)

Harvard-Oxford 96

Schaefer 200

Schaefer 100

Relative differences of the best model fitting results 

between random and empirical natural frequencies
Empirical natural 

frequencies in most 

cases lead to a better 

correspondence 

between 

simulated and 

empirical data 

than randomly 

distributed ones

Compatibility of model validation for varying  data 

processing (parcellation and filtering)


