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Efficient behavior involves the coordinated activity of large-scale
brain networks, but the way in which these networks interact is
uncertain. One theory is that the salience network (SN)—which
includes the anterior cingulate cortex, presupplementary motor
area, and anterior insulae—regulates dynamic changes in other
networks. If this is the case, then damage to the structural connec-
tivity of the SN should disrupt the regulation of associated net-
works. To investigate this hypothesis, we studied a group of 57
patients with cognitive impairments following traumatic brain in-
jury (TBI) and 25 control subjects using the stop-signal task. The
pattern of brain activity associated with stop-signal task perfor-
mance was studied by using functional MRI, and the structural
integrity of network connections was quantified by using diffu-
sion tensor imaging. Efficient inhibitory control was associated
with rapid deactivation within parts of the default mode network
(DMN), including the precuneus and posterior cingulate cortex. TBI
patients showed a failure of DMN deactivation, which was associ-
ated with an impairment of inhibitory control. TBI frequently
results in traumatic axonal injury, which can disconnect brain net-
works by damaging white matter tracts. The abnormality of DMN
function was specifically predicted by the amount of white matter
damage in the SN tract connecting the right anterior insulae to
the presupplementary motor area and dorsal anterior cingulate
cortex. The results provide evidence that structural integrity of
the SN is necessary for the efficient regulation of activity in the
DMN, and that a failure of this regulation leads to inefficient
cognitive control.

Efficient behavior involves the coordinated activity of large-
scale brain networks (1, 2). These networks can be identified

by studying patterns of brain activity measured by functional
MRI (fMRI) (3). A key question is whether—and in what way—
the interactions between these networks control behavior.
Regions on the medial wall of the frontal lobe, including the
anterior cingulate cortex (ACC) and presupplementary motor
area (preSMA), often show highly correlated brain activity with
the anterior insula (AI) (4–6), and together they have been
termed the salience network (SN) (4). In many situations, activity
within this network appears to signal the need for behavioral
change (7–9), and one proposal is that the SN may operate to
dynamically control changes of activity in other networks (6).
The role of the SN in mediating the function of other networks

is likely to be most evident when a rapid change in behavior is
required. We have previously studied this type of behavior in the
context of motor control using the stop-signal task (SST) (10).
The SST probes the ability to inhibit an action that has already
been initiated. Stop trials require a switch from relatively auto-
matic to highly controlled behavior. Parts of the right inferior
frontal cortex, including the right AI (rAI), are important for the
attentional processes involved in responding to an unexpected
event (the “stop signal”) (10). In addition, coupled deactivation
of the default mode network (DMN) appears important for ef-
ficient behavioral performance. A lack of deactivation within the

DMN is associated with slower and less successful inhibitory
control (11, 12), and, more generally, the failure to deactivate
the DMN is associated with attentional lapses (13). The precise
contribution of these brain regions to cognitive control remains
controversial (14, 15), but coordinated activity between “task-
positive” networks, including the SN and other “executive”
regions, and the DMN appears to be a feature of rapid and
efficient engagement of motor control.
Insight into how the SN interacts with other networks can be

gained from observing how white-matter damage to the net-
work’s connections affects the functioning of other networks
such as the DMN. Traumatic brain injury (TBI) often results in
impairments of executive function and attention (16). A key
reason appears to be the impact of traumatic axonal injury (TAI)
on large-scale brain networks (17, 18). TAI is commonly ob-
served after TBI, although until recently it has been difficult to
study in vivo. Diffusion tensor imaging (DTI) provides a way of
sensitively quantifying the degree of white-matter disruption af-
ter TBI (19, 20). This white-matter damage has the effect of
partially disconnecting brain networks, which has an impact on
their function and also affects the behavior they support (21).
Although TAI may be widespread, damage to specific tracts
can be an important predictor of a particular cognitive function
(19, 21).
The study of TBI patients thus provides an opportunity to

investigate whether damage to specific white matter tracts is
associated with brain network dysfunction and consequent be-
havioral deficits. Here, we use fMRI to study brain function
during inhibitory control and DTI to quantify white matter in-
tegrity within tracts connecting nodes in networks that are
modulated by the task. We test the hypothesis that damage to the
connections between the nodes of the SN specifically predicts
abnormalities in the pattern of brain activation and behavioral
performance during the SST.

Results
Behavioral Results. Fifty-seven TBI patients and 25 healthy vol-
unteers performed two runs of the SST (Fig. S1). As a group, the
TBI patients showed an expected pattern of neuropsychological
impairment, with evidence of slow information processing speed,
impaired inhibition, and reduced cognitive flexibility (SI Results
and Table S1). Both patients and controls performed the SST as
expected (∼50% accuracy on stop trials). Accuracy on go trials
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was high for both groups (>95%), although patients were slightly
less accurate than controls (t = 2.81, df = 80, P = 0.006) (Table
S2). Performance on the task can be used to derive the stop
signal reaction time (SSRT), which provides an estimate of the
efficiency of an individual‘s inhibitory processing. SSRT could be
estimated in a subset of 46 patients and 22 control subjects (SI
Methods). SSRT was significantly higher in patients than age-
matched controls (t = 2.01, df = 66, P = 0.014) (Table S2).
There was no other behavioral difference between the groups on
SST performance. The pattern of patients’ performance on the
task as a whole suggests that SSRT abnormalities were related in
part to attentional impairments (SI Results).

Functional Imaging. TBI patients and controls show similar activation of
brain regions involved in attentional capture and response inhibition.
Brain regions involved in attending to the stop signal and
inhibiting the go response are demonstrated by comparing the
pattern of activation seen during correct stop and go trials (StC >
Go). For both controls and patients, event-related analysis
revealed an expected pattern of brain activation (10) (Fig. 1A),
with activity in the right inferior frontal gyrus (rIFG), the rAI,
the middle and superior frontal gyri, and within the dorsal ACC
(dACC). More posteriorly, activation was observed within the
right supramarginal gyrus, the temporo-parietal junction (TPJ),
the intraparietal sulcus (IPS), and the lateral occipital cortices. A
direct group comparison showed no significant group difference
in these task-positive regions.
TBI patients show less deactivation of the DMN during stopping. In
contrast to the normal activation seen in task-positive regions,
patients showed less deactivation in parts of the DMN, in-
cluding the precuneus and posterior cingulate cortex (precu/
PCC), the ventromedial prefrontal cortex (vmPFC), and the left
hippocampus, compared with controls (Fig. 1B and Table S3).
Less deactivation was also observed in the left amygdala as well

as bilateral secondary somatosensory and posterior insulae
regions. These differences were due to controls showing ex-
tensive deactivation during stopping in parts of the DMN (Fig.
1C), which was not observed in patients. There was no group
difference in the contrast go vs. rest.
Failure of DMN deactivation is associated with impaired inhibitory control.
Failure to deactivate the DMN may lead to the ”intrusion” of
DMN activity during normal task performance, resulting in in-
efficient behavior (22). Therefore, patients were split into two
subgroups based on the presence or absence of relative de-
activation within the precu/PCC, with deactivation defined as
a negative percentage signal change on correct stop relative to go
trials. We focused on the precu/PCC area because of its central
role within the DMN (23, 24) and the relationship observed
between its activation and fluctuations of attention (13, 21, 25).
Precu/PCC activators (n = 20) had slower response inhibition
(higher SSRT) compared with both patients who deactivated
(n = 26) (t = −2.155, df = 44, P = 0.037) and controls
(t = −3.069, df = 40, P = 0.004) (Fig. S2A). The two patients’
groups showed no difference in any other behavioral measures or
in injury severity, lesion load, or age. Deactivators and controls
showed no differences in SSRT (P > 0.35). No relationship
between DMN deactivation and SSRT was observed in controls
(SI Results). Precu/PCC activators also showed a failure of de-
activation in other parts of the DMN, whereas the deactivating
patients and controls showed similar activation across the brain
(Fig. S2). In patients, the precu/PCC activity associated with
stopping showed a correlation with SSRT of only borderline
significance (one-tailed Spearman, r = 0.2, P = 0.091). The
marginal significance of the correlation may be because relative
activation within the DMN is qualitatively different from
relative deactivation.

Structural Imaging.We next investigated the relationship between
white matter tract integrity, network function, and behavior. We
focused our analysis on white matter tracts connecting regions
either activated or deactivated during response inhibition (Fig. 2
A and C). Fractional anisotropy (FA) provided a validated
marker of white matter integrity after TBI (26), and we tested
whether damage to network connections predicted: (i) abnormal
activation within the DMN and (ii) behavioral impairment.
Connections within the SN and DMN are damaged after TBI. White
matter tracts connecting nodes within the SN and DMN showed
significantly lower FA in patients, especially for the connections
between the preSMA/dACC and the rAI (t = 3.62, df = 85, P =
0.001) and left AI (lAI; t = 3.59, df = 85, P = 0.001) (Fig. 2B).
The right cingulum bundle connecting the vmPFC to the precu/
PCC (t = 2.43, df = 85, P = 0.017) and more marginally the left
cingulum (t = 1.90, df = 85, P = 0.076) were also more impaired
in patients (Fig. 2B). The presence of focal brain damage such as
contusions did not explain these results, because the tracts were
abnormal when 21 patients with focal cortical injury were re-
moved [rAI–preSMA/dACC: t = 3.29, df = 64, P = 0.012; lAI–
preSMA/dACC: t = 3.59, df = 64, P = 0.006; right precu
(rprecu)–mPFC: t = 2.82, df = 64, P = 0.036 (Bonferroni
corrected statistics)].
Structural connectivity within the SN predicts DMN function. We next
used a binary logistic regression to investigate whether white
matter tracts’ structure predicted DMN function. Measures of
FA for all of the tracts assessed were simultaneously included
in an analysis aimed at classifying patients into those who did
or did not show DMN deactivation during stopping. A signifi-
cant model was generated whereby only the structure of the
rAI–preSMA/dACC connection remained (see Fig. 3A and
Figs. S3 and S4 for tract location in individual subjects). The
model resulted in classification of the two groups of patients with
78.3% accuracy (χ2 = 16.9, df = 1, P < 0.0005). This result was
not an effect of focal brain injury, because the model remained

Fig. 1. Abnormal DMN deactivation after TBI. (A) Overlay of brain activa-
tion associated with correct stop (StC) vs. go trials for patients (blue) and
controls (yellow-red). (B) Brain regions where patients show greater brain
activation for StC > Go than controls. (C) Brain regions showing greater
activation for go than stop trials in the control group. Results are super-
imposed on the MNI 152 T1 1-mm brain template. Cluster corrected Z = 2.3,
P < 0.05.
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significant after removal of the subjects with focal damage. It was
also not due to the overall amount of white matter damage,
because there was no relationship between average white matter
FA and DMN activity, and the model remained significant after
whole-brain white matter damage was controlled for (SI Results).
The rAI–preSMA/dACC tract FA was linearly correlated with
the amount of precu/PCC activation during stopping (r =
−0.472, P < 0.0005) (Fig. 3B), and a confirmatory whole-brain
analysis strikingly demonstrated that structural integrity of this
tract negatively correlates with activity only within the core nodes
of the DMN (Fig. 3C).

We did not observe a relationship between rAI–preSMA/
dACC structural integrity and activity in task-positive regions. To
investigate whether the rAI interacts with regions of the execu-
tive network (EN) via other pathways, two additional tracts
connecting the rAI to regions of the EN [right frontal eye field
(rFEF) and right IPS (rIPS)] were generated. FA within those
tracts showed no significant damage in patients compared with
controls and no significant relation with activation within the
task-positive regions (SI Results).
Structural connectivity is correlated with behavioral impairments. Moti-
vated by these results, we next specifically investigated whether

Fig. 2. Comparison of white matter structure between patients and controls. (A and C) White matter tracts of interest are represented in 3D on the MNI-152
T1 1-mm brain 3D template (A) and in 2D on axial MNI-152 T1 1-mm brain views, overlaid on tract-based spatial statistics (TBSS) white matter skeleton (yellow)
(C). (A) The resulting probabilistic tractography tracts are shown for the connections between the rAI and the preSMA/dACC (dark blue) (1), the precu/PCC and
vmPFC bilaterally (red) (2), the rIFG and the preSMA (light blue) (3), the rIFG and the right TPJ (rTPJ) (green; 4) and the rFEF and rIPS (lilac/pink; 5). Orange and
blue areas represent the mean BOLD signal change in patients and controls for the contrasts StC > Go and Go > StC, respectively. (B) The bar charts show FA ±
SEM within each tract compared between TBI patients (gray) and 30 age-matched controls (white). R, right; L, left. *P < 0.05; **P < 0.005.

Fig. 3. The integrity of the rAI–preSMA/dACC white matter tract predicts DMN deactivation. (A) Coronal view of the white matter connection between rAI
and preSMA/dACC (blue) overlaid on the activation map for the contrast StC > Go in patients (orange), superimposed on the MNI 152 T1 1-mm brain
template. (B) FA of the rAI–preSMA/dACC tracts in patients plotted against the percent signal change within the precu/PCC ROI on correct stop trials relative
to go trials. FA measures are corrected for age and whole-brain mean FA and normalized. (C) Sagittal view of the brain regions showing negatively correlated
activation with FA measures within the rAI–preSMA/dACC tract for StC relative to go trials, superimposed on the MNI 152 T1 2-mm brain template. Cluster
corrected Z = 2.3, P < 0.05.
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the structure of the rAI–preSMA/dACC tract was related to
SSRT. FA within this tract (corrected for age and whole-brain
white matter damage) was negatively correlated with SSRT,
albeit relatively weakly (one-tailed Spearman correlation: r =
−0.263, P = 0.043, uncorrected), and this result remained sig-
nificant after excluding patients with focal lesions (r = −0.386,
P = 0.019, n = 29, uncorrected). There was no significant
correlation between FA and SSRT in the other tracts studied.
In addition, integrity within this tract also correlated with
patients’ performance on a separate neuropsychological task
commonly used to assess cognitive flexibility and inhibitory
control (SI Results).

Discussion
Efficiently changing behavior requires rapid and coordinated
activity across brain networks. The SN is thought to be impor-
tant for signaling the need to change behavior (27). We studied
its function in a large group of TBI patients using the SST. In
this task, subjects must attend to an infrequent stop signal,
process its meaning, and inhibit an ongoing motor response. The
SST involves a change from a relatively automatic go response
to highly controlled response inhibition, which requires co-
ordinated changes in the activity of a number of distributed
brain networks. TBI frequently produces TAI, which disconnects
brain networks. Therefore, studying TBI patients provides an
opportunity to investigate the impact of structural disconnection
on brain network function.
The SN comprises paralimbic structures—most prominently

the AI and medial prefrontal areas such as the dACC and pre-
SMA—which are anatomically and functionally interconnected
(4, 28). We show that the structural integrity of one of the tracts
connecting the rAI to the dorsomedial wall of the frontal lobe
predicts DMN function, as well as behavior. This result is un-
likely to be a nonspecific effect of injury severity, because the
structural integrity of other tracts studied did not predict DMN
function. The key tract connects the rAI to a region around the
boundary of the dorsal part of the ACC and the preSMA. It is
similar to a tract described by van den Heuvel and colleagues
(28), connecting medial and lateral nodes of the SN (the Core
Network in their terminology). It is important to note that our
probabilistic tractography method is constrained to demonstrate
the structural connection between peaks of activation associated
with SST performance. There are a number of other pathways
connecting the AI to the medial frontal lobe, including parts of
the uncinate fasiculus and external capsule (29–32). Further
studies will be required to provide a comprehensive description
of the organization of these tracts and the effects of their damage
on behavior.
The link between SN abnormality and DMN function is in

keeping with work showing that SN dysfunction in patients with
fronto-temporal dementia is associated with abnormalities in
the DMN (33). Regulating activity within the DMN appears
particularly important for efficient cognitive function (22, 24,
34). The DMN shows rapid and highly reactive deactivation
during attentionally demanding tasks (35, 36), and greater anti-
correlation between activity in the DMN and in brain regions
involved in executive function is associated with more efficient
behavior (34). The precu/PCC region is the central node of the
DMN (23) and forms part of what has been termed the structural
core of the brain (37). Activity within the precu/PCC appears
very sensitive to changes elsewhere in the brain, and a failure to
deactivate this region during task performance is associated with
cognitive impairment (38, 39). We have reported that abnor-
malities of precu/PCC activity following TBI are correlated with
behavioral impairments (21, 25). Here we extend these results by
showing that rapid changes in activity within the DMN can also
be impaired after TBI and may result in cognitive impairment.

The results are broadly in line with the proposed functions for
the SN, which include initiation of cognitive control (27), main-
tenance and implementation of task sets (9, 40), and coordination
of behavioral response (41). In healthy subjects, increased SN
activity is observed during the suppression of unwanted thoughts
(42) and more generally in the self-regulation of internal states
(43, 44). In contrast, attentional lapses and “stimulus-inde-
pendent” thoughts are associated with increased activity within
the DMN (13, 45). These observations have been integrated by
Sridharan and colleagues (6), who provide evidence that the rAI
acts as a “causal outflow hub” coordinating activity between the
DMN and brain regions involved in executive control. In their
study, activity in the rAI preceded that in the DMN and EN, and
Granger causality analysis provided some evidence that it di-
rectly influenced the EN and DMN. However, causality can be
difficult to infer from fMRI data alone (46), and by demon-
strating the link between structural damage to the rAI– preSMA/
dACC white matter connections and DMN deactivation, we
provide converging evidence that structural integrity of the SN is
required for the efficient deactivation of the DMN during
cognitively demanding behavior.
It is interesting that we do not observe differences in brain

activity in regions activated by the SST. This finding suggests that
the effects of TAI may particularly affect functioning of the
DMN—or at least that these effects are most easily observed in
this network. It is particularly noteworthy that activation within
the SN was normal, despite the presence of structural damage to
its connections and the presence of a clear relationship between
SN tract integrity and activity within the DMN. It is possible that
our analysis techniques are insensitive to subtle changes in SN
activity—perhaps as a consequence of the limitations of fMRI in
resolving rapid activity fluctuations. Alternatively, the effects of
subtle dysfunction within the SN may be amplified within the
DMN, possibly because of its highly interconnected organization.
Neuropsychological studies have demonstrated that damage to

parts of the right inferior frontal cortex produce impairments in
the monitoring of task performance and the inhibition of in-
appropriate behavior (47–49). The amount of damage in this
area has specifically been shown to correlate with the SSRT (48).
Work of this type has tended to focus on the relationship be-
tween cortical damage and behavior. However, the lesions
studied almost always result in a degree of damage to large white
matter tracts, and the contribution of this damage to cognitive
impairment has been difficult to differentiate from that of
damage to the overlying cortex (50). Previous work has begun to
show that frontal white matter damage influences SN function
(51), and, by using DTI, we have been able to show that con-
nections between the rAI and the preSMA/dACC also relate to
SSRT. This relationship is present in a subgroup of patients
without clear frontal cortical damage, demonstrating the im-
portance of studying the contribution of structural connections
within networks to cognitive function.
Our results do not necessarily provide evidence for a direct

link between the SN and inhibitory processing. The SSRT is not
a pure measure of motor response inhibition, because stopping
in response to an unexpected cue requires attentional capture
and processing of the stop signal (10) and can be influenced by
other factors including motivation (52, 53). In our patients,
SSRT correlated with go accuracy and IIV, both of which reflect
attentional processing rather than response inhibition. Other
work has also shown that paying attention to task-relevant
stimuli can play an important role in determining SSRT (54).
Hence, the changes in SSRT observed after TBI might reflect
impairments of attention rather than pure motor inhibition.
In summary, we provide evidence that structural integrity of

the SN is necessary for the efficient regulation of activity in the
DMN. Patients who fail to deactivate their DMN during focused
task performance show deficits of inhibitory control, which

Bonnelle et al. PNAS | March 20, 2012 | vol. 109 | no. 12 | 4693

PS
YC

H
O
LO

G
IC
A
L
A
N
D

CO
G
N
IT
IV
E
SC

IE
N
CE

S

D
ow

nl
oa

de
d 

by
 g

ue
st

 o
n 

A
ug

us
t 1

5,
 2

02
0 

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1113455109/-/DCSupplemental/pnas.201113455SI.pdf?targetid=nameddest=STXT


provides a way in which damage to the SN might directly in-
fluence behavior. We propose that this mechanism is not unique
to TBI and that an inability to down-regulate the DMN due to
SN dysfunction may underlie behavioral deficits observed in
other clinical populations.

Subjects and Methods
Patients: Demographic and Clinical Details. Fifty-seven patients with persistent
neurological problems after head injury were included in the analyses we
report (11 females, mean age 36.7 ± 11.5, range 18–62 y). They were all in
the postacute/chronic phase postinjury (mean 20 mo, range 2–96 mo). A
battery of standardized neuropsychological tests designed to be sensitive to
cognitive impairments commonly observed after TBI was used to compare
TBI patients with an age-matched control group (19, 25) (SI Methods, SI
Results, and Table S1). Clinical details about the patients, including injury
cause, severity, presence of contusions or microbleeds, and a lesion overlay
map, are in Fig. S5. The study was approved by the Hammersmith and Queen
Charlotte’s and Chelsea Research ethics committee, and all participants gave
written informed consent.

Control Groups. Two age-matched control groups were used. Twenty-five
controls were recruited for the fMRI study (17 males, mean age 34.2 ± 9.6)
and 30 controls for the DTI study (14 males, mean age 37.2 ± 8.9). Subjects
had no history of neurological or psychiatric disorders. An additional group
of 10 young healthy volunteers was used to perform the initial tractography
in an unbiased way (6 males, mean age 23 ± 2.5).

SST. The SST is a two-choice reaction time task in which participants are
required to respond to visually presented go stimuli with a button press and
to attempt to withhold their response when a stop signal is presented (Fig.
S1). Here, we used a similar version of the task to that described (10). The
SSRT, a measure of inhibition, was estimated by using standard procedures
(SI Methods).

Scanning Protocol and MRI Acquisition. Patients had a structural and a func-
tional scanning session. The structural session included DTI, T1, and T2* scans.
During the functional session, participants performed two runs of the SST,
preceded by one run of a simple choice reaction time task, identical to the
SST, except that only go trials were presented. MRI data were obtained by
using a Philips Intera 3.0 Tesla MRI scanner. MRI parameters for T1, fMRI, and
DTI were similar to those presented (10, 21) (SI Methods).

fMRI Analysis of the SST. fMRI analysis was performed by using FSL, as de-
scribed (10, 21) (SI Methods). Briefly, the following contrast images were
generated: StC vs. Go, Go vs. StC, and Go vs. Rest. The two SST runs were
first analyzed separately and then combined by using fixed effects analysis.
Group effects were analyzed by using FLAME [Oxford Centre for Functional

MRI of the Brain (FMRIB) Local Analysis of Mixed Effects]. The final statis-
tical images were thresholded by using Gaussian random field-based cluster
inference with a height threshold of Z > 2.3 and a cluster significance
threshold of P < 0.05. Individual gray matter density maps were included in
the FMRI Expert Analysis Tool (FEAT) GLM as a confound regressor (SI
Methods) (55). To further investigate the change in activation within the
DMN in patients, a region of interest (ROI) analysis was performed by using
Featquery. To provide an unbiased way of sampling DMN activity in the
patients, a 10-mm radius sphere ROI was defined based on peaks of “de-
activation” in controls for the contrast StC > Go within the precu/PCC (MNI
coordinates: x = −4, y = −60, z = 20).

DTI Analysis. Our analysis of white matter structure was focused on tracts
connecting brain regions activated during response inhibition. Therefore, we
defined the connections between loci of activation observed during SST
performance, in an approach similar to the one used by Aron and colleagues
(56). Tracts between all possible combinations of the activated brain regions
were not investigated. Instead, the analysis was constrained to connections
between theoretically relevant regions. We studied the connections be-
tween key cortical nodes of the SN, the DMN, and the dorsal and ventral
attentional networks (57), as well as between key regions for inhibitory
control. The following tracts were studied: (i) preSMA/dACC to rAI and lAI
(comprising the anterior part of the inferior fronto-occipital fasciculus and
the superior region of the corona radiata); (ii) vmPFC to precu/PCC (cingulum
bundle); (iii) rIFG to preSMA; (iv) rIFG to right TPJ (part of the superior
longitudinal fasciculus); and (v) rFEF to rIPS (part of the superior longitudinal
fasciculus). Two additional tracts were also generated, connecting the rAI to
the rFEF and the rIPS (SI Results). The subthalamus nucleus was not included
in the analysis because it was not a locus of significant peak of activation.
Tracts were generated between 10-mm radius spherical ROI defined based
on the peak activation or deactivation during correct stop trials vs. go trials
(Table S4). To avoid the potential problems associated with probabilistic
tractography in patients with abnormal white matter, we followed the ap-
proach described by Hua et al. (58). Individual tractography was performed
in a separate group of 10 young normal controls (6 males, mean age = 23 ±
2.5), before the generation of a mean tract, which was back projected in
individual space to “sample” the white matter in the patient group and the
age-matched control group. Linear regression was then used to derive the
age-corrected FA values used in the analyses reported. Further details are
provided in SI Methods. Tracts of interest produced by using this approach
can be viewed in three dimensions and overlaid on standard brain axial
views and tract-based spatial statistics (TBSS) skeleton in Fig. 2 A and C.
Figs. S3 and S4 show the overlay of the TBSS skeleton and rAI–pSMA/dACC
tract onto each subject’s FA map.
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