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White matter properties in fronto-
parietal tracts predict maladaptive
functional activation and deficient
response inhibition in ADHD

Daniel Smullen'™, Andrew P. Bagshaw?, Lilach Shalev?, Shlomit Tsafrir3,
Tamar Kolodny*5:¢7" & Carmel Mevorach®’

Response inhibition is a key characteristic of adaptive human behaviour. However, in attention deficit
hyperactivity disorder (ADHD) it is often impaired. Previous neuroimaging investigations implicate a
myriad of brain networks in response inhibition, making it more difficult to understand and overcome
response inhibition difficulties. Recently, it has been suggested that a specific fronto-parietal
functional circuitry between the inferior frontal gyrus (IFG) and the intraparietal sulcus (IPS), dictates
the recruitment of the IPS during response inhibition in ADHD. To ascertain the critical role of the IFG-
IPS functional circuit and its relevance to response inhibition in ADHD, it is crucial to understand the
underlying structural architecture of this circuit so that the functional relevance could be interpreted
correctly. Here we investigated the white matter pathways connecting the IFG and IPS using seed-
based probabilistic tractography on diffusion data in 33 ADHD and 19 neurotypicals, assessing their
impact on both IPS recruitment during response inhibition and on response inhibition performance

in a Go/No-go task. Our results showed that individual differences in the structural properties of the
IPS-IFG circuit, including tract volume and diffusivity, were linked to IPS activation and even predicted
response inhibition performance outside the scanner. These findings highlight the structural-functional
coupling within the IFG-IPS circuit in response inhibition in ADHD and suggest a structural basis for
maladaptive functional top-down control in deficient inhibition in ADHD.

Inhibiting responses is a survival necessity, from holding our tongue to stay out of trouble to not stepping
into the road as a car hurtles round the bend. Nevertheless, impaired response inhibition is one of the most
prominent and reproducible behavioural dysfunctions in attention deficit hyperactivity disorder (ADHD'™),,
and can be linked to various detrimental outcomes in the condition such as increased risk of school suspension®,
reduced job stability®, increased risk of injury and increased risk of substance abuse’. However, a full mechanistic
understanding of the neurobiological mechanisms underlying response inhibition in ADHD is still lacking.

Neuroimaging studies have pointed to a large-scale network of frontal, parietal and striatal brain areas, which
is recruited during response inhibition tasks. Prominent regions are the inferior frontal gyrus (IFG), insular
cortex, supplementary and pre-supplementary motor areas, temporal and parietal areas, the basal ganglia, and
the subthalamic nucleus®!%. Various studies demonstrated reduced activity in these regions in participants with
ADHD (for meta-analyses see!*"!7, as well as alterations of the functional connectivity between them!8-20,

However, the recruitment of many of the aforementioned areas is not specific to inhibition per-se, and can
be attributed to other visual, motor and cognitive demands involved in response inhibition tasks?!~?’. Recently,
using a Go/No-go task with a manipulation of target frequency, Kolodny and colleagues narrowed down these
broad frontoparietal activations to specific parietal nodes of the network (bilateral intraparietal sulcus (IPS)
and left temporoparietal junction (TPJ)), which were directly modulated by the response inhibition demand?.
Thus, activity in these parietal nodes dynamically changed (‘parietal modulatior’) if the demand for response
inhibition was high or low, reflecting their role in supporting cognitive control processes such as inhibition.
This increased specificity of response inhibition nodes allowed the authors to identify a marked difference
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in ADHD?, where the IPS and TPJ modulation by inhibitory demand was missing. Moreover, individual
differences analysis revealed that the parietal nodes recruitment was mediated by ADHD severity?, and that it
was likely associated with a similar scaling of the functional connectivity between the IPS and the inferior frontal
gyrus (IFG). Thus, inhibitory load was driving both the recruitment of the parietal nodes and the connectivity
between parietal and frontal nodes, but this modulation dissipated with increased ADHD severity. These
findings provide a mechanistic framework for understanding impaired response inhibition in ADHD, whereby
communication between frontal and parietal nodes is less effective and results in reduced sensitivity of parietal
nodes to inhibitory demand.

However, the underlying cause for the reduced functional connectivity is still obscure. It could represent
deficiencies in the functional activation of the specific nodes, a different cognitive strategy, or a genuine
structural connectivity deficit. The latter would manifest in changes to the underlying structural substrate of the
white matter (WM) pathways that connect the IFG with the IPS and mediate information transfer between them
(Huang & Ding, 2016; Mollink et al., 2019; van den Heuvel & Sporns, 2019). Previous research has highlighted
that WM properties appear to differ in ADHD, but this research generally focuses on global WM and there are
often discrepancies between findings, reporting both low (Castellanos et al., 2002) and high volume (Seidman
et al,, 2006) in adults, and children, respectively. Part of the difficulty in interpreting previous studies is related
to the focus primarily on childhood ADHD rather than adults, and on whole-brain WM tracts rather than
functionally specific ones. Few previous investigations focused on specific tracts which may bear some relevance
for the IFG-IPS circuit investigated in the current research, but again this research is limited and inconsistent.
For instance, both in corpus callosum pathways as well as within the superior longitudinal fasciculus (SLF)
there have been findings of both increased and decreased WM properties (FA and MD) in ADHD compared
with controls (Castellanos et al., 2002). Even though these tracts somewhat overlap the IFG-IPS circuit, they are
distinct neural pathways. To our knowledge, thus far no research has been conducted on the specific IFG-IPS
circuit that is of primary interest to the current research.

We therefore propose that in order to better understand the role of fronto-parietal functional connectivity
and activation in response inhibition in ADHD we should assess the WM properties of the specific underlying
structural pathway. Utilizing a multi-modal fMRI-dMRI-behavioural dataset, we use the previous findings of
maladaptive frontoparietal functional connectivity during response inhibition in ADHD to guide a targeted
analysis of the diffusion-weighted (AMRI) data. We employed seed-based probabilistic tractography delineating
WM tracts connecting bilateral IFG and IPS to extract volume and microstructural properties along those
specific tracts. We first tested whether any of the structural metrics were atypical in ADHD compared to controls.
We next assessed if individual differences in the WM properties of these tracts could predict the individual
differences in parietal modulation by inhibitory demand (measured with fMRI). Finally, we also tested if these
structural properties could predict performance in a response inhibition task recorded outside the scanner.

Methods
Participants
The sample consisted of 42 adults with ADHD and 24 neurotypical controls who also participated in our previous
studies (Table $2)*8-%. Participants were recruited via advertisements at college and university campuses. All
ADHD participants had a previous diagnosis by a qualified clinician, and underwent full psychiatric evaluation
conducted by author ST - a certified psychiatrist. The interview included psychiatric history and mental status
examination according to DSM-5 criteria. Participants were excluded if they had any neurological or psychiatric
disorders other than ADHD, including major depression, anxiety, OCD or psychosis; if they did not currently
meet diagnostic criteria for ADHD; or if they were using any non-psychostimulant psychotropic medication.
ADHD current symptom severity was estimated using the total score on the Hebrew version of the Adult ADHD
Self-Report Scale (ASRS), a short scale comprised of 18 items corresponding to the DSM diagnostic criteria’!.
Neurotypical participants had no prior history of neurological or psychiatric disorders and no learning
disabilities, and were not taking any psychotropic medications, including psychostimulants. To ensure the
absence of attention difficulties, they completed the ASRS, and were included only if they scored within 1 SD of
the population’s mean?2.

Fourteen participants (ADHD =9; Control =5) were excluded following dMRI preprocessing due to
poor data quality (see Sect. 2.3.2.3). The final sample consisted of 33 ADHD participants and 19 neurotypical
participants (Table 1). There was no association between group and sex (x2(1,N= 52) =1.942, p=.163). Of the
ADHD participants, 1 was medication-naive; 5 had used psychostimulant medication in the past; 19 used
medication occasionally; and 8 used medication regularly. All participants were required to refrain from using
stimulants 24 h prior to the experiment. There was no significant difference in WM metrics between the different
medication groups (Table S1). The study conformed to the Declaration of Helsinki. This study was approved by
the ethics committees of Sheeba Medical Center and of Tel-Aviv University (Israel). All participants provided
written informed consent after receiving a complete description of the study.

Response inhibition - Go/No-go task

Response inhibition performance was assessed using a Go/No-go task with a manipulation of target frequency
(Fig. 1), Briefly, coloured shapes appeared sequentially in the centre of the screen. Participants were instructed
to quickly click a button when a red square appeared (Go trial), and withhold response to any other stimuli
(No-go trials). The task consisted of two conditions: rare-No-go and prevalent-No-go. The frequent responses
in the rare-No-go condition increase the inhibitory demand for No-go trials relative to the prevalent-No-go
condition, and thus by contrasting these conditions the task provides a more clean measure of the cognitive
aspect of response inhibition than the historically used version of the task?. In the rare-No-go condition, 75% of
trials were Go trials whilst 25% were No-go trials. In the prevalent-No-go condition the ratio is inverted so that
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ADHD | Control |t df | P Cohensd
Sex (M/F) 17/16 6/13
Age (years) 0.171 |50 | 0.145 -0.049
N 33 19
Range (y) 19-39 23-37
Mean (y) 27.5 27.7
SD (y) 44 33
ASRS Total (Max 90) —7.638 | 50 | <0.001** | 2.200
N 33 19
Range 41-85 23-49
Mean 61.5 32.2
SD 12.2 6.9
Response Inhibition Performance® -1.980 | 43 | 0.002* 0.760
N 30 15
Range 0-0.198 | 0-0.073
Mean 0.067 0.033
SD 0.055 0.016

Table 1. Descriptive statistics for demographic and behavioural data. "Response Inhibition Performance was
quantified as the percentage of commission errors during the rare-No-go condition in the behavioural version
of the Go/No-go task. Note: * p<.05, ** p <.001 Note: SD =standard deviation, df =degrees of freedom Note:
There is variation in the number of participants for each variable due to missing data.

Rare No- Difficult Inhibition

Prevalent
No-go

Fig. 1. The experimental task, used in the behavioral and fMRI sessions. A series of stimuli were displayed in
the centre of the screen. Participants were instructed to respond to a Go stimulus (a red square) using a button
click and to ignore all other stimuli (No-go stimuli). There were two task conditions presented in separate runs:
rare No-go and prevalent No-go run.

25% of trials are Go trials and 75% are No-go trials. In both conditions 1/3 of the No-go trials were same-colour
different-shape items, 1/3 were same-shape different-colour items, and 1/3 were different-shape different-colour
items. Each stimulus was presented centrally on its own for 100 msec, and the inter-stimulus-interval (ISI) varied
from 1.8 s to 12 s, with a mean ISI of 2.75 s. Stimuli and IST’s were randomly intermixed throughout the block,
with a constraint of no more than 3 rare events consecutively. Each block consisted of 164 trials, and lasted a
total of 8 min.

The Go/No-go task was used both outside the scanner in a separate behavioural session, and during the
fMRI session. The task was identical in both sessions. In the scanner, participants performed 4 runs of the task,
two runs of rare-No-go and two runs of prevalent-No-go, interspersed by an anatomical T1-weighted scan. The
order of block types was counterbalanced across participants. Response inhibition performance was assessed
during the earlier behavioural session due to possible effects of the scanner environment itself on cognitive
processes>®333 and to get an index of performance that reflects trait-like response inhibition. Performance was
quantified as the percentage of commission errors made in the rare-No-go condition (i.e., the percentage of failed
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No-go trials, or false alarms Table 1). Seven participants (ADHD =3, Controls =4) were missing behavioural
data due to technical failure or time constraints during data acquisition.

Neuroimaging
Imaging data were collected in a Siemens 3 T Prisma MRI scanner at SCAN@TAU centre in Tel-Aviv University,
using a 64-channel head coil. All data were collected within a single scanning session.

fMRI - parietal modulation by inhibitory demand

fMRI data used in this study were previously published?’. Detailed methods including acquisition, task, and
processing steps are briefly described as they were previously reported. While participants completed the Go/
No-go task, functional images were collected using a gradient-echo sequence (see Sect. 2.3.2.3). An ROI analysis
was performed to extract parietal modulation by inhibitory demand in right and left IPS and in left TP], using
masks of inhibition-related activation in neurotypicals®®. In the ADHD group, percent signal change for each
condition (rare-No-go and prevalent-No-go) was computed in reference to an implicit baseline and averaged
across voxels within each ROI. For each participant and ROI, the difference between conditions served as the
fMRI parietal modulation score (rare No-go minus prevalent No-go), and was used as the outcome measure
in the regression models described below. Since the neurotypical group-level data was used to define the ROIs
for calculating fMRI modulation scores, extracting individual-level % signal change from these ROIs within
the same neurotypical participants would constitute “double-dipping” This approach would produce non-
independent scores, rendering them unsuitable for further analysis. Therefore, fMRI data from the control group
was not analysed.

dMRI

dMRI acquisition

dMRI data were acquired using a standard 64-direction protocol using a whole brain echo planar imaging
sequence over one phase-encoding direction: phase-encoding direction =A-P, TR =6900 ms, TE =53 ms;
76 slices, slice thickness =1.7 mm, no gap; FOV =197 x 197 mm, matrix size =216 x 216, providing a cubic
resolution of 1.7 x 1.7 x 1.7 mm. 64 diffusion-weighted volumes (b =1000 s/mm?) and three reference volumes
(b =0 s/mm?) were acquired using a standard diffusion direction matrix.

High-resolution T1-weighted anatomical scans were also collected for each participant to aid co-registration,
using a magnetization prepared rapid acquisition gradient echo (MPRAGE) protocol (TR =1.75 s, TE =2.61
msec, T1 =900 msec, FOV =220 x 220, matrix =220 x 220, axial plane, slice thickness =1 mm, 160 slices, for an
isotropic voxel resolution of 1 mm?3).

dMRI preprocessing

dMRI preprocessing and processing were performed using the FMRIB Diffusion Toolbox (FDT) in FSL¥-%,
following FSLs standard dMRI processing pipeline. Unweighted (b0) scans were extracted from the dMRI data
using the FSL utility tool, fslroi. Brain extraction was performed on one of these images using BET (fractional
intensity =0.5)*%. Eddy-current and motion correction were performed using EDDY and outlier slices were
replaced with slices generated by the Gaussian prediction®% as this is suggested to be the most effective method
of reducing motion artefacts!. The number and orientations of crossing fibres within each voxel were modelled
using the FDT tool BEDPOSTx. A ball and stick with single diffusion coefficient model was used*>*.

Quality assurance

The quality of eddy-current correction was assessed using EDDY QUAD and EDDY SQUAD to flag datasets
which potentially contained motion artefacts. Datasets were flagged if their absolute and relative motion metrics
were outliers when compared to the control group’s distributions of motion metrics, in order to prevent the
potential heightened proneness to in-scanner motion in ADHD masking outliers*. Flagged datasets were then
visually inspected for identifiable motion artefacts. Datasets with a volume containing an identifiable motion
artefact were dropped from analysis, as has been previously recommended®. This resulted in 8 datasets being
excluded (ADHD =6, control =2). Whole datasets were excluded rather than individually affected volumes as
volume removal risks interfering with diffusion metric estimation?®. Furthermore, datasets with more than 20%
of volumes containing a replaced slice were considered ‘poor quality’ and also dropped from analysis (ADHD
=3, controls =3)%. This resulted in a final dMRI sample of 33 ADHD and 19 controls (Table 1).

Probabilistic tractography
ROIs for seed-based tractography were selected at the right IFG, left IFG, right IPS and left IPS, based on the
functional connectivity findings in Kolodny et al., (2020). Seed ROIs were defined using the FIND Atlas*® and
registered to individual subjects’ space using FLIRT**-5!. Voxel counts for each of the Seed ROIs were as follows:
right IFG =326, left IFG =1105, left IPS =2020, right IPS =1193. Probabilistic tractography was performed
using Probtrackx*>*? to produce a 3D structural connectivity distribution for white matter tracts connecting
the four ROIs. FSLs standard settings were used: step length =0.5 mm, samples drawn in each voxel =5000,
subsidiary fibre volume threshold =0.01, curvature threshold =0.2. For cross-hemisphere pathways, the corpus
callosum was used as a waypoint, defined using the ICBM DTI-81 Atlas®>*.The end result of tractography was
connectivity distributions for four tracts (Fig. 2): (1) IFG-IFG, a tract connecting the right and left IFG; (2) IPS-
IPS, a tract connecting the right and left IPS; (3) Right IFG-IPS, a tract connecting the right IFG and the right
IPS; (4) Left IFG-IPS, a tract connecting the left IFG and the left IPS.

The IFG-IPS tracts partly overlap with the established Superior Longitudinal Fasciculus (SLF), as determined
using the ICBM DTI-81 Atlas. The SLF is a large system of association fibres connecting the frontal and the
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Fig. 2. Probabilistic tractography outcomes for an example ADHD participant, warped to standard space and
presented in superior, posterior and right views. Seed ROIs in the right and left inferior frontal gyrus (IFG) and
left and right intraparietal sulcus (IPS) are shown in light blue. Illustration created by overlaying Probtrackx
output on a standard MNI template, using the glass brain setting in MRIcroGL!?.

parietal lobes and prefrontal areas®*->°. The IFG-IFG or IPS-IPS tracts passed through the genu and splenium
of the corpus callosum, respectively, but did not clearly overlap with any major WM pathways from the ICBM
DTI-81 Atlas.

Diffusion tensor imaging

Diffusion Tensor Fitting was performed at the whole-brain level using DTIFIT to produce Fractional Anisotropy
(FA), Axial Diffusivity (AD), Radial Diffusivity (RD) and Mean Diffusivity (MD) values in each voxel. Values
from voxels contained within the four tracts described above were averaged to produce tract-level metrics.

White matter property extraction

Tract volumes were obtained using fslmaths and fslstats. Spurious tract paths were eliminated prior to volume
estimation by thresholding tracts at 15% of maximum path count in each individual and binarizing them to
create tract masks®’. To account for the effects of individual brain size differences on tract volume>®, for each
participant we determined what percentage of that participant’s whole brain volume was accounted for by a
tract’s volume. We then determined what volume this percentage accounted for in MNI standard space. The
values produced by DTIFIT from voxels contained within the masks of the four tracts described above were
averaged to produce tract-level metrics.

To control for outliers, tracts with within-group volume z> 3 were excluded from subsequent analysis for all
metrics, on the basis that this likely represents a poor tract reconstruction. FA, AD, RD and MD outliers were
excluded individually using the same criterion (i.e., z> 3). Following outlier detection, all IPS-IPS metrics for
one control participant were removed from analysis due to the tract’s volume being an outlier. Individually, one
control participant’s IFG-IFG MD and AD were also removed from analysis. For the ADHD group, due to tract
volume outliers, all metrics for one participant’s IFG-IFG tract were removed from analysis and all metrics for
another participant’s IPS-IPS tract were similarly removed.

TBSS

As a control measure, we also extracted the global WM metrics using TBSS (Tract-Based Spatial Statistics).
The skeleton produced by TBBS is created by first aligning each participants FA image into standard space and
then averaging these normalised averages to produce a mean FA map. The mean FA map is thinned so that the
skeleton represents the centre of all tracts common to the group.

Statistical analysis

Parametric tests were carried out in SPSS 26, whilst non-parametric tests were implemented in-house in python.
Normality of variables was assessed using the Shapiro-Wilk test of normality®®, and group differences were tested
using t-tests for normally distributed data, and randomisation tests with 100,000 permutations for data with
skewed distributions.

To investigate the link between structural connectivity, functional activation and task performance, we used
stepwise regression models as this enables the selection of the most important predictors whilst also reducing
overfitting by rejecting less relevant predictors. Individual differences are crucial to investigate, as white matter
tracts were reconstructed within each participant’s brain, and metrics were calculated at the individual level.
By utilising regression models, this approach emphasizes variations between individuals rather than relying
solely on group-level comparisons. The five dMRI metrics (volume, FA, RD, MD & AD) of the four tracts (IPS-
IPS, right IPS-IFG, IFG-IFG, left IPS-IFG) were used as potential predictors in these models. Parietal fMRI
modulation by inhibitory demand, as well as behavioural response inhibition performance, served as outcome
measures. For parietal fMRI modulation, data were available only for the ADHD group, and separate models
were used to predict the modulation in each of the three parietal ROIs (right IPS, left IPS, left TPJ). To predict
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behavioural response inhibition task performance, separate models were run for the ADHD and control groups.
Thus, five regression models were run in total.

To limit the number of predictors in each regression model and lower the risk of over-fitting, we determined
potential predictors to include in the models using Pearson’s correlation coefficients: we first calculated partial
correlations between all dMRI (FA, AD, RD, MD and volume) metrics and the outcome measures, controlling for
sex and age. Then, the variables which were correlated with the outcome at a relaxed level of significance (p <.10)
were included as potential predictors in the corresponding stepwise regression®. In all stepwise regressions, we
controlled for age and sex by including them as potential predictors. Collinearity between potential predictors
was tested using the variance inflation factor, but no correlation between any predictor variables was severe
enough to require attention.

Finally, for tests of difference we corrected for multiple comparisons using Benjamini and Hochberg’s False
Discovery Rate, applied at the tract level®..

Results

Group differences in WM properties

We first tested the differences between groups for the five metrics (volume, FA, MD, AD and RD) in each of
the four tracts. AD in the IFG-IFG tract was significantly lower in ADHD (n= 32, mean =1.25 x 1073 s/mm?,
sd =3.80 x 107°) than in controls (n= 18, mean =1.27 x 1073, sd =3.22 x 10; randomization test corrected for
multiple comparisons p=.005; Fig. 3). Since one particularly low score seemed to be driving the effect, we ran
this comparison again without this participant, and IFG-IFG AD was still significantly lower in ADHD (n= 31,
mean =1.25 x 107 s/mm?, sd =2.90 x 10~%; p=.007). No other group differences reached significance (Table S3).

Predicting parietal functional modulation by inhibitory demand in ADHD from WM
properties

To assess whether structural properties could underlie functional activation during inhibition in ADHD, we used
stepwise regression models. Potential structural predictors were determined using the procedure outlined in
Sect. 2.4, resulting in four predictors consisting of volume and RD from the IFG-IFG and left IFG-IPS tracts. Sex
and age were also included in the models. Three separate stepwise regression models were run with activation in
the left IPS, left TPJ and right IPS as the outcome measure. Following multiple comparison correction, all three
models were significant, indicating that WM metrics of the IFG-IFG and left IFG-IPS tracts predicted parietal
functional modulation by inhibitory demand (Fig. 4; Table S$4).

Specifically, left IPS functional modulation () was significantly predicted (F(3,25) =8.750, p<.001, R?*=
0.454), by the volumes of the IFG-IFG tract (f =0.358, p=.017) and left IFG-IPS tract (f =0.408, p=.007) both
contributing positively, and by the IFG-IFG tract’s RD ( = - 0.455, p=.003), which contributed negatively (see
Figure S1 for individual metric visualisation).

Right IPS functional modulation was also significantly predicted (F(2,27) =5.775, p=.008, R?= 0.248). The
left IFG-IPS tract volume again positively predicted right IPS modulation (f =0.382, p=.025;), and the IFG-
IFG tract RD again negatively predicted right IPS modulation (p = — 0.399, p =.020; see Figure S1 for individual
metric visualisation).

x1073
135

13 -

12

IFG-IFG Axial Diffusivity (s/mm?)

&}

u Bl

Confrols AD[HD

Fig. 3. Mean axial diffusivity of the WM tract connecting the right and left IFG was significantly lower in
ADHD than in controls. The group difference remained significant when removing the extreme data point
from the ADHD group. Horizontal black lines denote group mean, bars denote 95% confidence intervals, and
the central dark area of the bar denotes 1 SD around the mean. Circles represent individual participants.

Scientific Reports |

(2025) 15:19906 | https://doi.org/10.1038/s41598-025-02326-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/
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Fig. 4. Summary of stepwise regression models predicting fMRI parietal modulations during inhibitory
demand in ADHD.

Finally, left TP] functional modulation was also significantly predicted (F(2,26) =6.264, p=.006, R?>= 0.273).
Here too, volumes of the IFG-IFG tract (f =0.380, p=.026;) and left IFG-IPS tract (} =0.429, p=.013) positively
predicted left TP] modulation (see Figure S1 for individual metric visualisation).

Predicting response Inhibition performance in ADHD and controls from WM properties

To investigate the relationship of WM properties to response inhibition performance in the ADHD and control
groups, we again used stepwise regressions. Potential predictors were determined using the procedure outlined
in Sect. 2.4. All of the following results survived multiple comparison correction.

Significant models predicted response inhibition performance in each group, but by different structural
properties in different tracts (Fig. 5; Table S5): In the ADHD group, IFG-IFG tract MD was significantly
predictive of response inhibition performance (F(1,26) =5.380, p=.028, R?= 0.140), such that higher IFG-IFG
tract MD was associated with better response inhibition performance (lower commission errors): p = —0.414,
p=.028 (see Figure S2a). This finding was not replicated in controls (see Figure S2b).

In controls, response inhibition performance was significantly predicted by IPS-IPS tract RD: F(1,14) =6.388,
p=.024, R2= 0.264. The significant contribution made by IPS-IPS tract RD was in a positive direction, with
higher IPS-IPS tract RD predicting worse response inhibition performance in controls: p= 0.560, p=.024 (see
Figure S2c). This finding was not replicated in ADHD (see Figure S2 d).
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Fig. 5. Summary of stepwise regression models predicting response inhibition performance in ADHD and
in controls. Data availability statement. The data that support the findings of this study are available from the
corresponding author, [DS], upon reasonable request.

Since the significant predictors differed between the models for ADHD and controls, we directly compared
the strength of predictor-outcome correlations between groups, using Fisher’s r to z transformation. We found
that the relationship between IPS-IPS tract RD and response inhibition performance was indeed stronger
in controls (r=.544, p<.005) than in ADHD (r(28) =~ 0.252, p=.201; Z = -2.6, p<.005), but there was no
significant group difference in the correlation between IFG-IFG tract MD and response inhibition performance
(controls: r (15) =0.290, p=.294; ADHD: r=.125, p>.05; Z= 0.52, p =.345).
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Examining potential motion confounds

Although we applied several steps of data cleaning in the dMRI analyses (see Sect. 2.3.2.2), some residual
motion artefacts might still be present and impact the results®>. As motion is typically higher in ADHD, to
ensure structural measures had not been confounded by in-scanner movement we assessed in-scanner absolute
and relative motion metrics. There was no significant difference between groups’ motion metrics, and neither
metric was correlated with any of the dMRI metrics (Tables S6-S7). Thus, it is unlikely that in-scanner motion
confounded the current findings.

Examining the potential role of global WM metrics
To ascertain the specificity of our findings to the IPS-IFG tracts, we repeated the analysis with global WM
metrics. Voxelwise analysis was carried out using TBSS (Tract-Based Spatial Statistics; see Sect. 2.9). FA and
diffusivity metrics were averaged across the skeleton mask, and served as predictors in regression models, with
fMRI parietal modulation as the outcome measure, as in the main analyses. However, none of the correlations
between global WM metrics and fMRI modulation reached the threshold required to be included as potential
predictors, as per Sect. 2.4 (Table S8). Thus, there is no evidence to support the notion that non-specific WM
properties underly the observed link between the IFG-IFG and left IFG-left IPS tracts and parietal engagement
in response inhibition.

It is worth noting that we also investigated the ability of white matter metrics to predict ASRS scores, but this
analysis yielded no significant results.

Discussion

Recent studies from our group pointed to a specific role of functional circuitry between the IFG and the IPS
in deficient response inhibition in ADHD??. In the present study we investigated whether this functional
connectivity is also reflected in structural connectivity differences. If the functional differences previously
reported are coupled with structural ones it can point to a systematic mechanism that underlies deficient
response inhibition in ADHD, and is therefore less likely to result from differences in strategy or engagement
of top-down processes. Using diffusion-weighted MRI and seed-based probabilistic tractography, we assessed
the WM properties of four tracts connecting the IFG and the IPS bilaterally. This identified the importance of
transcallosal structural connectivity (volume and diffusivity) between the left and right IFG as well as of a left
frontoparietal tract (overlapping with the SLF) in response inhibition in ADHD. On a group level, there were
minimal differences between ADHD and control participants in the WM properties (lower AD) of the IFG-IFG
tract. However, on an individual differences’ level within the ADHD group, WM properties of this tract were
significantly associated with both the engagement of the parietal regions during task fMRI (volume and RD) and
behavioural performance in a response inhibition task (MD).

Some evidence of a role for transcallosal IFG to IFG connectivity in ADHD was provided by lower AD in
ADHD compared to controls. Lower AD has been proposed to reflect reduced calibre of, or injury to, axons, or
reduced coherence in axon orientation®. However, the anatomy which underpins AD and thus the implication
of lower AD is debated®’. Our findings of atypical IFG-IFG AD in ADHD are in line with reports that the IFG
is a key node for cognitive and attentional control, whose activity is impaired in ADHD!*5-¢7_ Our results also
implicate the IFG-IFG tract’s structure specifically in the context of response inhibition. We found that increased
IFG-IFG RD was partly linked with lower left and right IPS modulation by inhibitory demand as measured
with fMRI. As with AD, the anatomical underpinnings of RD are debated, but increased RD has been proposed
to reflect a loss of myelin, loss of axons, or reduced axonal packing density®*. In addition to the tracts RD,
increased IFG-IFG tract volume was significantly associated with greater left IPS and left TP] fMRI modulation
by inhibitory demand (i.e., modulation that is more similar to that observed in control participants). Factors
proposed to drive an alteration in WM volume include number of axons, thickness of myelin around axons,
number of axons with a myelin sheath, axonal branching and axonal crossing®®.

Importantly, IFG-IFG WM properties were not only linked with functional engagement of parietal nodes for
increased inhibitory demand, but also behavioural response inhibition performance in a Go/No-go task among
participants with ADHD. Increased IFG-IFG tract MD (the average of AD and RD) was associated with better
response inhibition performance. Notably, this was not the case for the control group. Instead, their response
inhibition performance was linked with the RD of the parietal tract connecting the left and right IPS. These
differential results suggest that response inhibition may be executed differently in individuals with and without
ADHD. The IFG is associated with cognitive and attentional control®®” and involved in a broad range of other
cognitive functions as one of the key domain-general areas in the brain’!. The fact that individual differences
in the IFG-IFG tract in ADHD are associated with behavioural performance may suggest that difficulties in
response inhibition stem from an alteration in a more general cognitive function (e.g. context monitoring), or
that during response inhibition a broader and less specialised neural network is recruited.

The IFG-IFG tract in the current study crosses between the hemispheres through the anterior part of the
corpus callosum. Our findings are consistent with previous reports highlighting lower corpus callosum volume
in children with ADHD, and its association with worse sustained attention and attentional control’>”3. AD in the
corpus callosum has also been implicated in ADHD, with increased AD linked with greater symptom severity,
and poorer attention and working memory’*. Thus, the current findings of atypical IFG-IFG connectivity in the
more severe ADHD participants may be related to general corpus callosum atypicalities in ADHD and their
effect on interhemispheric communication. The fact that the interhemispheric parietal tract was not implicated
in ADHD may point to a more specific atypicality in the frontal tract or in the genu of the corpus callosum
through which this tract passes. Future research using spatial tract profiling and corpus callosum segmentation
is required to further clarify this issue.
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The left hemisphere fronto-parietal tract connecting the IFG and the IPS was also related to functional
modulation by inhibitory demand in ADHD. Increased left IFG-IPS tract volume was associated with increased
recruitment in the left IPS, right IPS, and left TPJ during increased inhibitory demand. This supports the notion
that IFG-IPS connectivity is important in ADHD for engaging parietal cortices when response inhibition
demand increases?. Interestingly, several studies using intracranial EEG and direct electrical stimulation,
pointed to an overlap in the timestamp of IPS and IFG involvement in response inhibition, suggesting that IFG/
IPS processes run separately but in parallel during inhibitory demand”>~”. This suggestion runs counter to an
alternative hypothesis which proposes that the two regions do not behave separately, but that the inferior frontal
cortex inhibits down-stream parietal activity during inhibitory demand’®. Our findings, where the structural
integrity of the pathway between the IFG and IPS is predictive of the recruitment of the IPS in high inhibitory
demand, lend support to the latter theory. If the IFG and IPS were separately involved here, we would not expect
the structural pathway between them to play a role in the involvement of the parietal node. Thus, the findings we
report are more in line with the notion that the inferior frontal cortex modulates down-stream parietal activity
during inhibitory demand.

The IFG-IPS tract makes up, in part, the ventrolateral subdivision of the superior longitudinal fasciculus
(SLF III). Structure-function relationships between the SLF and specific cognitive functions are yet to be fully
elucidated, but associations have been suggested with perceptual organization and working memory”’®, sustained
attention®’, and importantly for the interpretation of current results, response inhibition. Previous research has
also implicated WM properties of the SLF in children and in adults with ADHD8!-8. Our findings suggest the
left tract, but not the right tract, is important in response inhibition. This may be surprising given the central
role of the right IFG, specifically, in previous studies of response inhibition%*%>, However, since our findings
also demonstrate a role for the IFG-IFG tract, they do not detract from the involvement of the right IFG in the
inhibition-related circuitry. Furthermore, our findings are consistent with studies highlighting the role of the left
IFG in inhibition®%7 and those indicating that its integrity is critical for successful implementation of response
inhibition®.

In this discussion, we have implicitly considered that structural metrics underlie functional activation and
subsequently cause response inhibition performance variation. However, structure-function relationships are
known to be bidirectional, and training has been shown to induce changes in WM properties®®. For example,
increased FA in somatosensory and visual cortices followed tactile braille reading training®, increased FA in
the right IPS followed juggling training®, and lower MD in the left arcuate fasciculus followed intensive reading
intervention®!. The findings of the current study suggest that the IFG-IFG and IPS-IFG WM tracts could be
used as potential targets to study intervention outcomes. Future research may investigate the plasticity of this
neural circuit, perhaps via training. Several training regimes have been demonstrated to improve executive
functioning and inhibitory control, including computerized cognitive training?®*2, mindfulness practice®> and
neurofeedback®, but none of the existing studies tracked induced changes in structural brain properties.

Historically, there has been debate about whether response inhibition is predominantly lateralized to the
right hemisphere. Some influential models argue for a right-lateralised network in response inhibition®>, while
others suggest that the process involves a more holistic, transhemispheric network throughout the brain'*”°.
Our results, particularly highlighting the role of the left IFG-left IPS pathway and the right IFG-left IFG pathway,
suggest that response inhibition is not exclusively right-lateralized. Instead, it appears to involve a broader,
transhemispheric neural network. This finding aligns with the notion that response inhibition is not confined to
one hemisphere but rather is supported by a dynamic interplay between both hemispheres.

It is worth noting that, in this study, we chose to focus on response inhibition performance outside the
scanner, as we believe it provides a more ecologically valid measure of participants’ inhibitory control abilities.
Prior research has shown modest correlations between performance inside and outside the scanner, but also
notable differences, such as increased reaction times in the scanner and increased commission errors in the
1ab®%%97 Given that real-world response inhibition occurs outside the constraints of an MRI environment, we
argue that lab-based measures offer a more meaningful link between white matter properties and behaviour.

There are a number of limitations to the current study. First, AMRI data was collected using relatively basic
acquisition parameters: a single b-value limits the robustness of cross-fibre modelling, relative to current state-of-
the-art multi-shell acquisitions. As no opposite phase encoding direction scan was acquired, motion correction
could not include an estimation of motion’s impact on susceptibility-induced distortions. Whilst this step is
not mandatory, it is recommended and could be specifically important when one group of participants is more
prone for motion, as is the case for ADHD?¥1%, We addressed this by strict preprocessing quality control and
excluded data flagged for motion. In the retained data, there was no significant group difference in in-scanner
motion, and motion parameters did not correlate with any WM metrics. Thus, although distortion correction
could have been beneficial, we believe the current findings are not driven by motion artefacts. Another relevant
point to mention here is the use of 24 h washout period for our ADHD participant. While this period is typically
enough for many regularly used psychostimulants it might not be enough to eliminate effects of slow-release
medications. Since we did not have information about specific medications and dosage for each participant we
could not directly test if this played a role in our results. However, since we did not find differences between
participants according to their general use of medication, we argue that the risk here is relatively small. Finally,
we acknowledge the relatively small sample size of the current study (especially in the control group) that may
limit the replicability of our findings.

To conclude, the current study demonstrated a role for WM structure in the atypical recruitment of parietal
nodes in ADHD during response inhibition. Microstructural properties of the cross-hemispheric IFG-IFG tract
and the left fronto-parietal IFG-IPS tract were linked not only with fMRI activation but also with response
inhibition performance in ADHD, as measured behaviourally (outside the scanner). These findings highlight
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deficient top-down control brought about by maladaptive connectivity as a mechanism of inhibition difficulty
in ADHD.

Data availability
The data that support the findings of this study are available from the corresponding author, [DS], upon reason-

able

request.

Received: 23 October 2024; Accepted: 13 May 2025
Published online: 06 June 2025

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Penadés, R. et al. Tmpaired response inhibition in obsessive compulsive disorder), Eur. Psychiatry, vol. 22, no. 6, pp. 404-410, Sep.
(2007). https://doi.org/10.1016/j.eurpsy.2006.05.001

Pievsky, M. A. & McGrath, R. E. The neurocognitive profile of Attention-Deficit/Hyperactivity disorder: A review of Meta-
Analyses. Arch. Clin. Neuropsychol. 33 (2), 143-157. https://doi.org/10.1093/arclin/acx055 (Mar. 2018).

Willcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V. & Pennington, B. F. ‘Validity of the Executive Function Theory of Attention-
Deficit/Hyperactivity Disorder: A Meta-Analytic Review), Biol. Psychiatry 1969, vol. 57, no. 11, pp. 1336-1346, (2005). https://do
i.0rg/10.1016/j.biopsych.2005.02.006

. Wright, L., Lipszyc, J., Dupuis, A., Thayapararajah, S. W. & Schachar, R. ‘Response Inhibition and Psychopathology: A Meta-

Analysis of Go/No-Go Task Performance, J. Abnorm. Psychol. vol. 123, no. 2, pp. 429-439, 2014, (1965). https://doi.org/10.1037/
20036295

. Rohde, L. A. et al. Jun., ADHD in a School Sample of Brazilian Adolescents: A Study of Prevalence, Comorbid Conditions, and

Impairments, J. Am. Acad. Child Adolesc. Psychiatry, vol. 38, no. 6, pp. 716-722, (1999). https://doi.org/10.1097/00004583-19990
6000-00019

. Gordon, C. T. & Fabiano, G. A. “The Transition of Youth with ADHD into the Workforce: Review and Future Directions, Clin.

Child Fam. Psychol. Rev., vol. 22, no. 3, pp. 316-347, Sep. (2019). https://doi.org/10.1007/s10567-019-00274-4

. Wilens, T. E. et al. Does ADHD predict Substance-Use disorders?? A 10-Year Follow-up study of young adults with ADHD. J. Am.

Acad. Child. Adolesc. Psychiatry. 50 (6), 543-553. https://doi.org/10.1016/j.jaac.2011.01.021 (2011).

. Aron, A. R. etal. ‘Converging Evidence for a Fronto-Basal-Ganglia Network for Inhibitory Control of Action and Cognition: Fig.

1., J. Neurosci., vol. 27, no. 44, pp. 11860-11864, Oct. (2007). https://doi.org/10.1523/JNEUROSCI.3644-07.2007

. Fassbender, C. et al. Jan., “The Role of a Right Fronto-Parietal Network in Cognitive Control, J. Psychophysiol., vol. 20, no. 4, pp.

286-296, (2006). https://doi.org/10.1027/0269-8803.20.4.286

Garavan, H., Hester, R., Murphy, K., Fassbender, C. & Kelly, C. ‘Individual differences in the functional neuroanatomy of
inhibitory control, Brain Res., vol. 1105, no. 1, pp. 130-142, Aug. (2006). https://doi.org/10.1016/j.brainres.2006.03.029

Hung, Y, Gaillard, S. L., Yarmak, P. & Arsalidou, M. Dissociations of cognitive Inhibition, response Inhibition, and emotional
interference: Voxelwise ALE meta-analyses of fMRI studies. Hum. Brain Mapp. 39 (10), 4065-4082. https://doi.org/10.1002/hbm
24232 (2018).

Zandbelt, B. B., Bloemendaal, M., Neggers, S. E. W, Kahn, R. S. & Vink, M. Expectations and violations: delineating the neural
network of proactive inhibitory control. Hum. Brain Mapp. 34 (9), 2015-2024. https://doi.org/10.1002/hbm.22047 (2013).
Zhang, R., Geng, X. & Lee, T. M. C. Large-scale functional neural network correlates of response Inhibition: an fMRI meta-
analysis. Brain Struct. Funct. 222 (9), 3973-3990. https://doi.org/10.1007/s00429-017-1443-x (2017).

Dickstein, S. G., Bannon, K., Xavier Castellanos, F. & Milham, M. P. The neural correlates of attention deficit hyperactivity disorder:
an ALE meta-analysis. J. Child. Psychol. Psychiatry. 47 (10), 1051-1062. https://doi.org/10.1111/j.1469-7610.2006.01671.x (2006).
Hart, H., Radua, ], Nakao, T., Mataix-Cols, D. & Rubia, K. ‘Meta-analysis of Functional Magnetic Resonance Imaging Studies of
Inhibition and Attention in Attention-deficit/Hyperactivity Disorder: Exploring Task-Specific, Stimulant Medication, and Age
Effects, JAMA Psychiatry, vol. 70, no. 2, pp. 185-198, Feb. (2013). https://doi.org/10.1001/jamapsychiatry.2013.277

McCarthy, H., Skokauskas, N. & Frodl, T. ‘Identifying a consistent pattern of neural function in attention deficit hyperactivity
disorder: a meta-analysis, Psychol. Med., vol. 44, no. 4, pp. 869-880, Mar. (2014). https://doi.org/10.1017/S0033291713001037
Sebastian, A. et al. Neural correlates of interference Inhibition, action withholding and action cancelation in adult ADHD.
Psychiatry Res. Neuroimaging. 202 (2), 132-141. https://doi.org/10.1016/j.pscychresns.2012.02.010 (May 2012).

Cai, W., Griffiths, K., Korgaonkar, M. S., Williams, L. M. & Menon, V. ‘Inhibition-related modulation of salience and frontoparietal
networks predicts cognitive control ability and inattention symptoms in children with ADHD’, Mol. Psychiatry, vol. 26, no. 8, pp.
4016-4025, Aug. (2021). https://doi.org/10.1038/s41380-019-0564-4

Michelini, G. et al. Apr., ‘Atypical functional connectivity in adolescents and adults with persistent and remitted ADHD during a
cognitive control task, Transl. Psychiatry, vol. 9, no. 1, pp. 1-15, (2019). https://doi.org/10.1038/s41398-019-0469-7

van Rooij, D. et al. Altered neural connectivity during response Inhibition in adolescents with attention-deficit/hyperactivity
disorder and their unaffected siblings. NeuroImage Clin. 7, 325-335. https://doi.org/10.1016/j.nicl.2015.01.004 (Jan. 2015).
Aziz-Safaie, T., Miiller, V. I, Langner, R., Eickhoff, S. B. & Cieslik, E. C. “The effect of task complexity on the neural network for
response inhibition: An ALE meta-analysis, Neurosci. Biobehav. Rev., vol. 158, p. 105544, Mar. (2024). https://doi.org/10.1016/j.n
eubiorev.2024.105544

Chambers, C. D., Garavan, H. & Bellgrove, M. A. Insights into the neural basis of response Inhibition from cognitive and clinical
neuroscience. Neurosci. Biobehav Rev. 33 (5), 631-646. https://doi.org/10.1016/j.neubiorev.2008.08.016 (May 2009).

Criaud, M. & Boulinguez, P. Have we been asking the right questions when assessing response Inhibition in go/no-go tasks with
fMRI? A meta-analysis and critical review. Neurosci. Biobehav Rev. 37 (1), 11-23. https://doi.org/10.1016/j.neubiorev.2012.11.003
(2013).

Meftert, H., Hwang, S., Nolan, Z. T., Chen, G. & Blair, J. R. ‘Segregating attention from response control when performing a motor
inhibition task: Segregating attention from response control, Neurolmage, vol. 126, pp. 27-38, Feb. (2016). https://doi.org/10.101
6/j.neuroimage.2015.11.029

Sharp, D. J. et al. Mar., ‘Distinct frontal systems for response inhibition, attentional capture, and error processing, Proc. Natl. Acad.
Sci., vol. 107, no. 13, pp. 6106-6111, (2010). https://doi.org/10.1073/pnas.1000175107

Simmonds, D. J., Pekar, J. J. & Mostofsky, S. H. ‘Meta-analysis of Go/No-go tasks demonstrating that fMRI activation associated
with response inhibition is task-dependent, Neuropsychologia, vol. 46, no. 1, pp. 224-232, (2008). https://doi.org/10.1016/j.neuro
psychologia.2007.07.015

Swick, D., Ashley, V. & Turken, U. Are the neural correlates of stopping and not going identical? Quantitative meta-analysis of two
response Inhibition tasks. Neurolmage Orlando Fla. 56 (3), 1655-1665. https://doi.org/10.1016/j.neuroimage.2011.02.070 (2011).
Kolodny, T., Mevorach, C. & Shalev, L. Tsolating response inhibition in the brain: Parietal versus frontal contribution, Cortex, vol.
88, pp. 173-185, (2017). https://doi.org/10.1016/j.cortex.2016.12.012

Kolodny, T. et al. Fronto-parietal engagement in response Inhibition is inversely scaled with attention-deficit/hyperactivity
disorder symptom severity. NeuroImage Clin. 25, 102119-102119. https://doi.org/10.1016/j.nicl.2019.102119 (2020).

Scientific Reports |

(2025) 15:19906

| https://doi.org/10.1038/s41598-025-02326-y nature portfolio


https://doi.org/10.1016/j.eurpsy.2006.05.001
https://doi.org/10.1093/arclin/acx055
https://doi.org/10.1016/j.biopsych.2005.02.006
https://doi.org/10.1016/j.biopsych.2005.02.006
https://doi.org/10.1037/a0036295
https://doi.org/10.1037/a0036295
https://doi.org/10.1097/00004583-199906000-00019
https://doi.org/10.1097/00004583-199906000-00019
https://doi.org/10.1007/s10567-019-00274-4
https://doi.org/10.1016/j.jaac.2011.01.021
https://doi.org/10.1523/JNEUROSCI.3644-07.2007
https://doi.org/10.1027/0269-8803.20.4.286
https://doi.org/10.1016/j.brainres.2006.03.029
https://doi.org/10.1002/hbm.24232
https://doi.org/10.1002/hbm.24232
https://doi.org/10.1002/hbm.22047
https://doi.org/10.1007/s00429-017-1443-x
https://doi.org/10.1111/j.1469-7610.2006.01671.x
https://doi.org/10.1001/jamapsychiatry.2013.277
https://doi.org/10.1017/S0033291713001037
https://doi.org/10.1016/j.pscychresns.2012.02.010
https://doi.org/10.1038/s41380-019-0564-4
https://doi.org/10.1038/s41398-019-0469-7
https://doi.org/10.1016/j.nicl.2015.01.004
https://doi.org/10.1016/j.neubiorev.2024.105544
https://doi.org/10.1016/j.neubiorev.2024.105544
https://doi.org/10.1016/j.neubiorev.2008.08.016
https://doi.org/10.1016/j.neubiorev.2012.11.003
https://doi.org/10.1016/j.neuroimage.2015.11.029
https://doi.org/10.1016/j.neuroimage.2015.11.029
https://doi.org/10.1073/pnas.1000175107
https://doi.org/10.1016/j.neuropsychologia.2007.07.015
https://doi.org/10.1016/j.neuropsychologia.2007.07.015
https://doi.org/10.1016/j.neuroimage.2011.02.070
https://doi.org/10.1016/j.cortex.2016.12.012
https://doi.org/10.1016/j.nicl.2019.102119
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Kolodny, T. et al. Jun., ‘Are attention and cognitive control altered by fMRI scanner environment? Evidence from Go/No-go tasks
in ADHD;, Brain Imaging Behav., vol. 16, no. 3, pp. 1003-1013, (2022). https://doi.org/10.1007/s11682-021-00557-x

Kessler, R. C. et al. Feb., “The World Health Organization adult ADHD self-report scale (ASRS): a short screening scale for use in
the general population, Psychol. Med., vol. 35, no. 2, pp. 245-256, (2005). https://doi.org/10.1017/S0033291704002892

Zohar, A. H. & Konfortes, H. Diagnosing ADHD in Israeli adults: the psychometric properties of the adult ADHD self report
scale (ASRS) in Hebrew. Isr. . Psychiatry Relat. Sci. 47 (4), 308-313 (2010).

Hommel, B., Fischer, R., Colzato, L. S., Van Den Wildenberg, W. P. M. & Cellini, C. The effect of fMRI (noise) on cognitive control.
J. Exp. Psychol. Hum. Percept. Perform. 38 (2), 290-301. https://doi.org/10.1037/a0026353 (2012).

Koten, J. W, Langner, R., Wood, G. & Willmes, K. Are reaction times obtained during fMRI scanning reliable and valid measures
of behavior? Exp. Brain Res. 227 (1), 93-100. https://doi.org/10.1007/s00221-013-3488-2 (2013).

Jenkinson, M., Beckmann, C. E, Behrens, T. E., Woolrich, M. W. & Smith, S. M. FSL’ Neurolmage Orlando Fla., 62, 2, 782-790,
doi: https://doi.org/10.1016/j.neuroimage.2011.09.015. (2012).

Smith, S. M. et al. ‘Advances in functional and structural MR image analysis and implementation as FSL, NeuroImage Orlando Fla,
vol. 23, no. 1, pp. $208-5219, (2004). https://doi.org/10.1016/j.neuroimage.2004.07.051

Woolrich, M. W. et al. Bayesian analysis of neuroimaging data in FSL. NeuroImage Orlando Fla. 45 (1), S173-S186. https://doi.or
¢/10.1016/j.neuroimage.2008.10.055 (2009).

Smith, S. M. Fast robust automated brain extraction. Hum. Brain Mapp. 17 (3), 143-155. https://doi.org/10.1002/hbm.10062
(2002).

Andersson, J. L. R. & Sotiropoulos, S. N. ‘An integrated approach to correction for off-resonance effects and subject movement in
diffusion MR imaging, Neurolmage, vol. 125, pp. 1063-1078, Jan. (2016). https://doi.org/10.1016/j.neuroimage.2015.10.019
Andersson, J. L. R, Graham, M. S., Zsoldos, E. & Sotiropoulos, S. N. ‘Incorporating outlier detection and replacement into a non-
parametric framework for movement and distortion correction of diffusion MR images, Neurolmage, vol. 141, pp. 556-572, Nov.
(2016). https://doi.org/10.1016/j.neuroimage.2016.06.058

Oldham, S. et al. The efficacy of different preprocessing steps in reducing motion-related confounds in diffusion MRI
connectomics. Neurolmage Orlando Fla. 222, 117252-117252. https://doi.org/10.1016/j.neuroimage.2020.117252 (2020).
Behrens, T. E. J. et al. Characterization and propagation of uncertainty in diffusion-weighted MR imaging. Magn. Reson. Med. 50
(5), 1077-1088. https://doi.org/10.1002/mrm.10609 (2003).

Behrens, T. E. ., Berg, H. ], Jbabdi, S., Rushworth, M. E. S. & Woolrich, M. W. Probabilistic diffusion tractography with multiple
fibre orientations: what can we gain? Neurolmage Orlando Fla. 34 (1), 144-155. https://doi.org/10.1016/j.neuroimage.2006.09.018
(2007).

AoKki, Y., Cortese, S. & Castellanos, F. X. Research review: diffusion tensor imaging studies of attention-deficit/hyperactivity
disorder: meta-analyses and reflections on head motion. J. Child. Psychol. Psychiatry. 59 (3), 193-202. https://doi.org/10.1111/jc
pp.12778 (2018).

Bastiani, M. et al. Automated quality control for within and between studies diffusion MRI data using a non-parametric
framework for movement and distortion correction. Neurolmage Orlando Fla. 184, 801-812. https://doi.org/10.1016/j.neuroima
£e.2018.09.073 (2019).

Chen, Y., Tymofiyeva, O., Hess, C. P. & Xu, D. Effects of rejecting diffusion directions on tensor-derived parameters. Neurolmage
Orlando Fla. 109, 160-170. https://doi.org/10.1016/j.neuroimage.2015.01.010 (2015).

Baum, G. L. et al. The impact of in-scanner head motion on structural connectivity derived from diffusion MRI. NeuroImage
Orlando Fla. 173, 275-286. https://doi.org/10.1016/j.neuroimage.2018.02.041 (2018).

Shirer, W. R,, Ryali, S., Rykhlevskaia, E., Menon, V. & Greicius, M. D. ‘Decoding Subject-Driven Cognitive States with Whole-
Brain Connectivity Patterns, Cereb. Cortex N. Y. Nvol. 22, no. 1, pp. 158-165, 2012, (1991). https://doi.org/10.1093/cercor/bhr099
Greve, D. N. & Fischl, B. ‘Accurate and robust brain image alignment using boundary-based registration, NeuroImage Orlando
Fla, vol. 48, no. 1, pp. 63-72, (2009). https://doi.org/10.1016/j.neuroimage.2009.06.060

Jenkinson, M., Bannister, P., Brady, M. & Smith, S. Improved optimization for the robust and accurate linear registration and
motion correction of brain images. NeuroImage Orlando Fla. 17 (2), 825-841. https://doi.org/10.1006/nimg.2002.1132 (2002).
Jenkinson, M. & Smith, S. A global optimisation method for robust affine registration of brain images. Med. Image Anal. 5 (2),
143-156. https://doi.org/10.1016/S1361-8415(01)00036-6 (2001).

Mori, S. et al. ‘Stereotaxic white matter atlas based on diffusion tensor imaging in an ICBM template, NeuroImage Orlando Fla,
vol. 40, no. 2, pp. 570-582, (2008). https://doi.org/10.1016/j.neuroimage.2007.12.035

Oishi, K. et al. Human brain white matter atlas: identification and assignment of common anatomical structures in superficial
white matter. Neurolmage Orlando Fla. 43 (3), 447-457. https://doi.org/10.1016/j.neuroimage.2008.07.009 (2008).

Barbeau, E. B., Descoteaux, M. & Petrides, M. ‘Dissociating the white matter tracts connecting the temporo-parietal cortical
region with frontal cortex using diffusion tractography’, Sci. Rep., vol. 10, no. 1, Art. no. 1, May 2020. https://doi.org/10.1038/s41
598-020-64124-y

Janelle, E, Iorio-Morin, C., D’amour, S. & Fortin, D. Superior longitudinal fasciculus: A review of the anatomical descriptions with
functional correlates. Front. Neurol. 13, 794618. https://doi.org/10.3389/fneur.2022.794618 (Apr. 2022).

Schurr, R., Zelman, A. & Mezer, A. A. ‘Subdividing the superior longitudinal fasciculus using local quantitative MRT, Neurolmage,
vol. 208, p. 116439, Mar. (2020). https://doi.org/10.1016/j.neuroimage.2019.116439

Khalsa, S., Mayhew, S. D., Chechlacz, M., Bagary, M. & Bagshaw, A. P. The structural and functional connectivity of the posterior
cingulate cortex: comparison between deterministic and probabilistic tractography for the investigation of structure-function
relationships. NeuroImage Orlando Fla. 102 (1), 118-127. https://doi.org/10.1016/j.neuroimage.2013.12.022 (2014).

Morris, D. M., Embleton, K. V. & Parker, G. J. Probabilistic fibre tracking: differentiation of connections from chance events.
NeuroImage Orlando Fla. 42 (4), 1329-1339. https://doi.org/10.1016/j.neuroimage.2008.06.012 (2008).

Shapiro, S. S. & Wilk, M. B. ‘An Analysis of Variance Test for Normality (Complete Samples), Biometrika, vol. 52, no. 3/4, pp.
591-611, (1965). https://doi.org/10.2307/2333709

Chowdhury, M. Z. I. & Turin, T. C. Variable selection strategies and its importance in clinical prediction modelling. Fam Med.
Community Health. 8 (1), €000262. https://doi.org/10.1136/fmch-2019-000262 (2020).

Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate: A practical and powerful approach to multiple testing. J. R Stat.
Soc. Ser. B Methodol. 57 (1), 289-300. https://doi.org/10.1111/.2517-6161.1995.tb02031.x (1995).

Yendiki, A., Koldewyn, K., Kakunoori, S., Kanwisher, N. & Fischl, B. ‘Spurious group differences due to head motion in a diffusion
MRI study;, NeuroImage, vol. 88, pp. 79-90, Mar. (2014). https://doi.org/10.1016/j.neuroimage.2013.11.027

Solowij, N., Zalesky, A., Lorenzetti, V. & Yiicel, M. ‘Chronic Cannabis Use and Axonal Fiber Connectivity, in Handbook of
Cannabis and Related Pathologies: Biology, Pharmacology, Diagnosis, and Treatment, pp. 391-400. (2017). https://doi.org/10.1016
/B978-0-12-800756-3.00046-6

Jones, D. K., Knosche, T. R. & Turner, R. White matter integrity, fiber count, and other fallacies: the Do’s and Don'ts of diffusion
MRI. Neurolmage Orlando Fla. 73, 239-254. https://doi.org/10.1016/j.neuroimage.2012.06.081 (2013).

Huang, H. & Ding, M. ‘Linking Functional Connectivity and Structural Connectivity Quantitatively: A Comparison of Methods,
Brain Connect., vol. 6, no. 2, pp. 99-108, (2016). https://doi.org/10.1089/brain.2015.0382

Cepeda, N.J.,, Cepeda, M. L. & Kramer, A. E Task switching and attention deficit hyperactivity disorder. J. Abnorm. Child. Psychol.
28 (3), 213-226. https://doi.org/10.1023/A:1005143419092 (2000).

Scientific Reports |

(2025) 15:19906

| https://doi.org/10.1038/s41598-025-02326-y nature portfolio


https://doi.org/10.1007/s11682-021-00557-x
https://doi.org/10.1017/S0033291704002892
https://doi.org/10.1037/a0026353
https://doi.org/10.1007/s00221-013-3488-2
https://doi.org/10.1016/j.neuroimage.2011.09.015
https://doi.org/10.1016/j.neuroimage.2004.07.051
https://doi.org/10.1016/j.neuroimage.2008.10.055
https://doi.org/10.1016/j.neuroimage.2008.10.055
https://doi.org/10.1002/hbm.10062
https://doi.org/10.1016/j.neuroimage.2015.10.019
https://doi.org/10.1016/j.neuroimage.2016.06.058
https://doi.org/10.1016/j.neuroimage.2020.117252
https://doi.org/10.1002/mrm.10609
https://doi.org/10.1016/j.neuroimage.2006.09.018
https://doi.org/10.1111/jcpp.12778
https://doi.org/10.1111/jcpp.12778
https://doi.org/10.1016/j.neuroimage.2018.09.073
https://doi.org/10.1016/j.neuroimage.2018.09.073
https://doi.org/10.1016/j.neuroimage.2015.01.010
https://doi.org/10.1016/j.neuroimage.2018.02.041
https://doi.org/10.1093/cercor/bhr099
https://doi.org/10.1016/j.neuroimage.2009.06.060
https://doi.org/10.1006/nimg.2002.1132
https://doi.org/10.1016/S1361-8415(01)00036-6
https://doi.org/10.1016/j.neuroimage.2007.12.035
https://doi.org/10.1016/j.neuroimage.2008.07.009
https://doi.org/10.1038/s41598-020-64124-y
https://doi.org/10.1038/s41598-020-64124-y
https://doi.org/10.3389/fneur.2022.794618
https://doi.org/10.1016/j.neuroimage.2019.116439
https://doi.org/10.1016/j.neuroimage.2013.12.022
https://doi.org/10.1016/j.neuroimage.2008.06.012
https://doi.org/10.2307/2333709
https://doi.org/10.1136/fmch-2019-000262
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1016/j.neuroimage.2013.11.027
https://doi.org/10.1016/B978-0-12-800756-3.00046-6
https://doi.org/10.1016/B978-0-12-800756-3.00046-6
https://doi.org/10.1016/j.neuroimage.2012.06.081
https://doi.org/10.1089/brain.2015.0382
https://doi.org/10.1023/A:1005143419092
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Cubillo, A., Halari, R., Smith, A., Taylor, E. & Rubia, K. ‘A review of fronto-striatal and fronto-cortical brain abnormalities in
children and adults with Attention Deficit Hyperactivity Disorder (ADHD) and new evidence for dysfunction in adults with
ADHD during motivation and attention, Cortex, vol. 48, no. 2, pp. 194-215, (2012). https://doi.org/10.1016/j.cortex.2011.04.007
Fields, R. D. ‘Change in the Brain’s White Matter, Science, vol. 330, no. 6005, pp. 768-769, Nov. (2010). https://doi.org/10.1126/s
cience.1199139

Shomstein, S. ‘Cognitive functions of the posterior parietal cortex: top-down and bottom-up attentional control, Front. Integr.
Neurosci., vol. 6, Accessed: Oct. 11, 2022. [Online]. Available: https://www.frontiersin.org/articles/ (2012). https://doi.org/10.338
9/fnint.2012.00038

Hampshire, A., Chamberlain, S. R., Monti, M. M., Duncan, J. & Owen, A. M. “The role of the right inferior frontal gyrus: inhibition
and attentional control, NeuroImage, vol. 50, no. 3, pp. 1313-1319, Apr. (2010). https://doi.org/10.1016/j.neuroimage.2009.12.109
Fedorenko, E., Duncan, J. & Kanwisher, N. ‘Broad domain generality in focal regions of frontal and parietal cortex, Proc. Natl.
Acad. Sci., vol. 110, no. 41, pp. 16616-16621, Oct. (2013). https://doi.org/10.1073/pnas.1315235110

Hutchinson, A. D., Mathias, J. L. & Banich, M. T. ‘Corpus Callosum Morphology in Children and Adolescents With Attention
Deficit Hyperactivity Disorder: A Meta-Analytic Review} Neuropsychology, vol. 22, no. 3, pp. 341-349, (2008). https://doi.org/10
.1037/0894-4105.22.3.341

Cao, Q. et al. The macrostructural and microstructural abnormalities of corpus callosum in children with attention deficit/
hyperactivity disorder: A combined morphometric and diffusion tensor MRI study. Brain Res. 1310, 172-180. https://doi.org/10
.1016/j.brainres.2009.10.031 (2009).

Chiang, H.L.,Hsu, Y. C,, Shang, C. Y., Tseng, W. Y. I. & Gau, S. S. E. White matter endophenotype candidates for ADHD: A diffusion
imaging tractography study with sibling design. Psychol. Med. 50 (7), 1203-1213. https://doi.org/10.1017/50033291719001120
(2020).

Osada, T. et al. An essential role of the intraparietal sulcus in response Inhibition predicted by parcellation-based network. J.
Neurosci. 39, 2509-2521. https://doi.org/10.1523/J]NEUROSCI.2244-18.2019 (2019).

Swann, N. et al. Intracranial EEG reveals a Time- and Frequency-Specific role for the right inferior frontal gyrus and primary motor
cortex in stopping initiated responses. J. Neurosci. 29 (40), 12675-12685. https://doi.org/10.1523/J]NEUROSCI.3359-09.2009
(2009).

Wessel, J. R., Conner, C. R., Aron, A. R. & Tandon, N. Chronometric electrical stimulation of right inferior frontal cortex increases
motor braking. J. Neurosci. 33 (50), 19611-19619. https://doi.org/10.1523/]NEUROSCI.3468-13.2013 (2013).

Sakai, K. et al. Task-specific signal transmission from prefrontal cortex in visual selective attention. Nat. Neurosci. 12 (1), 85-91.
https://doi.org/10.1038/nn.2237 (2009).

Koshiyama, D. et al. Apr., ‘White matter microstructural alterations across four major psychiatric disorders: mega-analysis study
in 2937 individuals, Mol. Psychiatry, vol. 25, no. 4, Art. no. 4, (2020). https://doi.org/10.1038/s41380-019-0553-7

Klarborg, B. et al. Sustained attention is associated with right superior longitudinal fasciculus and superior parietal white matter
microstructure in children. Hum. Brain Mapp. 34 (12), 3216-3232. https://doi.org/10.1002/hbm.22139 (2013).

Chiang, H. L., Chen, Y. ], Lo, Y. C,, Tseng, W. Y. I. & Gau, S. S. E Altered white matter tract property related to impaired
focused attention, sustained attention, cognitive impulsivity and vigilance in attention-deficit/hyperactivity disorder. J. Psychiatry
Neurosci. 40 (5), 325-335. https://doi.org/10.1503/jpn.140106 (2015).

Hyde, C., Sciberras, E., Efron, D., Fuelscher, I. & Silk, T. Reduced fine motor competence in children with ADHD is associated
with atypical microstructural organization within the superior longitudinal fasciculus. Brain Imaging Behav. 15 (2), 727-737.
https://doi.org/10.1007/s11682-020-00280-z (2020).

Wolfers, T. et al. Lower white matter microstructure in the superior longitudinal fasciculus is associated with increased response
time variability in adults with attention-deficit/hyperactivity disorder. J. Psychiatry Neurosci. 40 (5), 344-351. https://doi.org/10.
1503/jpn.140154 (2015).

Aron, A. R., Robbins, T. W. & Poldrack, R. A. Inhibition and the right inferior frontal cortex. Trends Cogn. Sci. 8 (4), 170-177.
https://doi.org/10.1016/j.tics.2004.02.010 (Apr. 2004).

Aron, A. R., Robbins, T. W. & Poldrack, R. A. Inhibition and the right inferior frontal cortex: one decade on. Trends Cogn. Sci. 18
(4), 177-185. https://doi.org/10.1016/j.tics.2013.12.003 (Apr. 2014).

Kramer, U. M. et al. “The role of the lateral prefrontal cortex in inhibitory motor control, Cortex, vol. 49, no. 3, pp. 837-849, Mar.
(2013). https://doi.org/10.1016/j.cortex.2012.05.003

Serrien, D. J. & Sovijarvi-Spapé, M. M. Cognitive control of response Inhibition and switching: hemispheric lateralization and
hand preference. Brain Cogn. 82 (3), 283-290. https://doi.org/10.1016/j.bandc.2013.04.013 (2013).

Swick, D., Ashley, V. & Turken, A. U. Left inferior frontal gyrus is critical for response Inhibition. BMC Neurosci. 9 (1), 102.
https://doi.org/10.1186/1471-2202-9-102 (Oct. 2008).

Molendowska, M. et al. Aug., “Temporal Dynamics of Brain White Matter Plasticity in Sighted Subjects during Tactile Braille
Learning: A Longitudinal Diffusion Tensor Imaging Study’, J. Neurosci., vol. 41, no. 33, pp. 7076-7085, (2021). https://doi.org/10
.1523/JNEUROSCI.2242-20.2021

Scholz, J., Klein, M. C., Behrens, T. E. J. & Johansen-Berg, H. ‘Training induces changes in white-matter architecture, Nat.
Neurosci., vol. 12, no. 11, pp. 1370-1371, Nov. (2009). https://doi.org/10.1038/nn.2412

Huber, E., Donnelly, P. M., Rokem, A. & Yeatman, J. D. ‘Rapid and widespread white matter plasticity during an intensive reading
intervention, Nat. Commun., vol. 9, no. 1, Art. no. 1, Jun. (2018). https://doi.org/10.1038/s41467-018-04627-5

Zhao, X., Chen, L. & Maes, J. H. R. Training and transfer effects of response Inhibition training in children and adults. Dev. Sci.
21 (1), e12511. https://doi.org/10.1111/desc.12511 (2018).

Isbel, B., Lagopoulos, J., Hermens, D., Stefanidis, K. & Summers, M. J. ‘Mindfulness Improves Attention Resource Allocation
During Response Inhibition in Older Adults, Mindfulness, vol. 11, no. 6, pp. 1500-1510, Jun. (2020). https://doi.org/10.1007/s12
671-020-01364-z

Bluschke, A., Broschwitz, E, Kohl, S., Roessner, V. & Beste, C. The neuronal mechanisms underlying improvement of impulsivity
in ADHD by theta/beta neurofeedback. Sci. Rep. 6 (1), 31178. https://doi.org/10.1038/srep31178 (Aug. 2016).

Aron, A. R. ‘From Reactive to Proactive and Selective Control: Developing a Richer Model for Stopping Inappropriate Responses,
Biol. Psychiatry, vol. 69, no. 12, pp. e55-e68, Jun. (2011). https://doi.org/10.1016/j.biopsych.2010.07.024

Koch, I et al. ‘Equivalence of cognitive processes in brain imaging and behavioral studies: evidence from task switching}
NeuroImage, vol. 20, no. 1, pp. 572-577, Sep. (2003). https://doi.org/10.1016/S1053-8119(03)00206-4

Van Maanen, L., Forstmann, B. U., Keuken, M. C., Wagenmakers, E. J. & Heathcote, A. The impact of MRI scanner environment
on perceptual decision-making. Behav. Res. Methods. 48 (1), 184-200. https://doi.org/10.3758/s13428-015-0563-6 (Mar. 2016).
Durston, S. et al. ‘Differential patterns of striatal activation in young children with and without ADHD;, Biol. Psychiatry 1969, vol.
53, no. 10, pp. 871-878, (2003). https://doi.org/10.1016/S0006-3223(02)01904-2

Epstein, J. N. et al. Assessment and prevention of head motion during imaging of patients with attention deficit hyperactivity
disorder. Psychiatry Res. Neuroimaging. 155 (1), 75-82. https://doi.org/10.1016/j.pscychresns.2006.12.009 (May 2007).

Yu-Feng, Z. et al. Mar., ‘Altered baseline brain activity in children with ADHD revealed by resting-state functional MRI, Brain
Dev., vol. 29, no. 2, pp. 83-91, (2007). https://doi.org/10.1016/j.braindev.2006.07.002

Rorden, C. & Brett, M. Stereotaxic display of brain lesions. Behav. Neurol. 12 (4), 191-200. https://doi.org/10.1155/2000/421719
(2000).

Scientific Reports |

(2025) 15:19906

| https://doi.org/10.1038/s41598-025-02326-y nature portfolio


https://doi.org/10.1016/j.cortex.2011.04.007
https://doi.org/10.1126/science.1199139
https://doi.org/10.1126/science.1199139
https://www.frontiersin.org/articles/
https://doi.org/10.3389/fnint.2012.00038
https://doi.org/10.3389/fnint.2012.00038
https://doi.org/10.1016/j.neuroimage.2009.12.109
https://doi.org/10.1073/pnas.1315235110
https://doi.org/10.1037/0894-4105.22.3.341
https://doi.org/10.1037/0894-4105.22.3.341
https://doi.org/10.1016/j.brainres.2009.10.031
https://doi.org/10.1016/j.brainres.2009.10.031
https://doi.org/10.1017/S0033291719001120
https://doi.org/10.1523/JNEUROSCI.2244-18.2019
https://doi.org/10.1523/JNEUROSCI.3359-09.2009
https://doi.org/10.1523/JNEUROSCI.3468-13.2013
https://doi.org/10.1038/nn.2237
https://doi.org/10.1038/s41380-019-0553-7
https://doi.org/10.1002/hbm.22139
https://doi.org/10.1503/jpn.140106
https://doi.org/10.1007/s11682-020-00280-z
https://doi.org/10.1503/jpn.140154
https://doi.org/10.1503/jpn.140154
https://doi.org/10.1016/j.tics.2004.02.010
https://doi.org/10.1016/j.tics.2013.12.003
https://doi.org/10.1016/j.cortex.2012.05.003
https://doi.org/10.1016/j.bandc.2013.04.013
https://doi.org/10.1186/1471-2202-9-102
https://doi.org/10.1523/JNEUROSCI.2242-20.2021
https://doi.org/10.1523/JNEUROSCI.2242-20.2021
https://doi.org/10.1038/nn.2412
https://doi.org/10.1038/s41467-018-04627-5
https://doi.org/10.1111/desc.12511
https://doi.org/10.1007/s12671-020-01364-z
https://doi.org/10.1007/s12671-020-01364-z
https://doi.org/10.1038/srep31178
https://doi.org/10.1016/j.biopsych.2010.07.024
https://doi.org/10.1016/S1053-8119(03)00206-4
https://doi.org/10.3758/s13428-015-0563-6
https://doi.org/10.1016/S0006-3223(02)01904-2
https://doi.org/10.1016/j.pscychresns.2006.12.009
https://doi.org/10.1016/j.braindev.2006.07.002
https://doi.org/10.1155/2000/421719
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Acknowledgements
We thank Pnina Stern for assistance with participant recruitment and behavioural data collection, and Maya
Ankaoua and Natalie Biderman for assistance with imaging data collection.

Author contributions
DS analysed the data and wrote the main manuscript. TR, LS and ST were invovled in data collection. CM, AB,
TR and LS reviewed the manuscript. DS and TR prepared figures and tables.

Declarations

Competing interests
The authors declare no competing interests.

Conflict of interest
The authors have no conflict of interest to declare.

Patient consent statement
Written informed consent was obtained from all participants included in the study.

Permission to reproduce material from other sources statement
Permission to reproduce material from other sources was obtained where applicable.

Financial disclosure statement
This study was funded by grant no. 3-7331 from the Chief Scientist of the Israeli Ministry of Health to author
LS.

Ethics approval statement
This study was conducted in accordance with the principles outlined in the Declaration of Helsinki. This study
was approved by the ethics committees of Sheeba Medical Center and of Tel-Aviv University.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-02326-y.

Correspondence and requests for materials should be addressed to D.S. or T.K.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:19906 | https://doi.org/10.1038/s41598-025-02326-y nature portfolio


https://doi.org/10.1038/s41598-025-02326-y
https://doi.org/10.1038/s41598-025-02326-y
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿White matter properties in fronto-parietal tracts predict maladaptive functional activation and deficient response inhibition in ADHD
	﻿Methods
	﻿Participants
	﻿Response inhibition - Go/No-go task

	﻿Neuroimaging
	﻿fMRI - parietal modulation by inhibitory demand
	﻿dMRI
	﻿dMRI acquisition
	﻿dMRI preprocessing
	﻿﻿Quality assurance
	﻿﻿Probabilistic tractography
	﻿Diffusion tensor imaging
	﻿White matter property extraction
	﻿TBSS


	﻿Statistical analysis
	﻿﻿Results
	﻿Group differences in WM properties
	﻿Predicting parietal functional modulation by inhibitory demand in ADHD from WM properties
	﻿Predicting response Inhibition performance in ADHD and controls from WM properties
	﻿Examining potential motion confounds
	﻿Examining the potential role of global WM metrics

	﻿Discussion
	﻿References


