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Abstract

Background. Learned safety is established by negatively correlating the occurrence of a neutral stimulus and a noxious
stimulus, which renders the previously neutral stimulus a ‘safety signal’. While the neurophysiological and molecular
mechanisms have been characterized in mice, it is currently not known how the neural substrates involved compare between
mice and people.

Methods. Here we attempt to adapt the original animal protocol to humans and use functional magnetic resonance imaging
to examine neural responses to the conditioned stimulus in safety conditioned and fear conditioned subjects. Diffusion
tensor imaging (DTI) was used in a parallel group of subjects as a first approach to delineate the underlying neural
circuitry.

Results. Learned safety is associated with dampened amygdala and increased dorsolateral prefrontal cortex and caudate
responses and paralleled by pupillary constriction. A neural connection between the amygdala and the dorsolateral prefrontal
cortex is suggested by DTT.

Conclusion. We present a translational bridge between mouse and human models of learned safety in which cellular and
molecular insights from animal experiments are extended to the human neural circuitry. This study provides an example
of how animal experiments can be used to inform and target human studies, which in turn can corroborate results obtained
in experimental animals.

Key words: Amygdala, dorsolateral prefrontal cortex, functional magnetic resonance imaging (fMRI), learned safety, translational
research

Introduction g . .
individual when it is appropriate to relax and feel

Fear conditioning results from a positive correlation
(pairing) of a previously neutral conditioned stimulus
(CS) and an aversive unconditioned stimulus (US).
During safety conditioning, by contrast, a CS that is
negatively correlated (explicitly unpaired) with an
aversive US becomes a positive signal (predictor) for
safety (1,2). Exposure to unpredictable aversive events
in the absence of safety signals that can indicate to an

safe can lead to chronic stress and anxiety, eventually
contributing to the development of psychopathologies
(3). Classical Pavlovian fear conditioning has been
most widely used to study the origins of fear and
anxiety and the pathophysiology of affective disor-
ders both in humans and in experimental animal
models (4). Learned safety can be successfully
induced in mice using an explicitly unpaired CS-US
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Key messages

e Iearned safety based on a mouse model can
be translated to humans and investigated
using functional magnetic resonance and
diffusion tensor imaging.

e Iearned safety in humans is associated with
dampened amygdala and increased dorsolat-
eral prefrontal cortex neural activity.

e Animal experiments can be used to inform
and target human studies, which in turn can
corroborate results obtained in experimental
animals.

Abbreviations

EPI echo-planar imaging

CS conditioned stimulus

dIPFC  dorsolateral prefrontal cortex

DTI diffusion tensor imaging

fMRI functional magnetic resonance imaging

hrf hemodynamic response function

ROI region of interest

SPGR spoiled gradient recalled acquisition
in the steady state

SPM statistical parametric mapping

US unconditioned stimulus

protocol and has been proposed as an animal model
of a behavioral intervention of depression (1,2). In
mice, learned safety induces cell biological changes
characteristic of the effects of pharmacological anti-
depressants. Moreover, presentation of the safety
signal leads to decreased neuronal activity in the
amygdala and increased responses in the caudate (2).
Safety learning established through differential con-
ditioning procedures (5) and reversal of fear learning
(6) has been studied in humans. However, it is cur-
rently not known whether the learned safety model
based on the explicit unpairing procedure used in
the mouse study to elicit an antidepressant-like effect
(1,2) can be translated to humans and how the neural
substrates involved compare between mice and people.
Here we employed functional magnetic resonance
imaging (fMRI) to investigate the neural correlates
of learned safety in healthy human volunteers with
special emphasis on the neural circuitry level transla-
tion of the model. The fMRI analysis was inspired
by the mouse studies and directed towards activity
profiles in the amygdala and the caudate, regions
that we have previously shown to be implicated in
learned safety in mice (2). In addition, since learned
safety elicits an antidepressant-like response in mice,
and disruption of the amygdala-prefrontal emotion
regulation circuitry has been proposed as a core
mechanism in the pathogenesis of depressive disor-
ders in humans (7), the dorsolateral prefrontal cortex
(dIPFC) was also examined as an a-priori region of
interest (ROI).We hypothesized that neural responses
to learned safety signals would be associated with
reduced amygdala activity, paired with enhanced
responses in the caudate and dIPFC.

Materials and methods
Participants

Twenty-five healthy volunteers (12 men, 13 women,
mean age 28.9 * 1.99 (SEM) years) gave written

informed consent to participate in this study, in
accordance with Columbia University’s institutional
guidelines. All participants had normal or corrected-
to-normal vision and were screened by self-report in
order to exclude any subjects reporting previous or
current neurological or psychiatric conditions, or
current psychotropic medication use.

Experimental paradigm and procedure

Unconditioned stimulus (US). The aversive uncondi-
tioned stimulus consisted of recordings of human
screams presented at a realistic volume (98 dB), i.e.
a level that would occur if a person were to actually
scream in the subject’s close vicinity.

A total of 133 recordings of male and female
human screams, each with a uniform rise time (200 ms)
and a duration of 1-3 sec, were generated and tested in
a group of 15 naive subjects (not participating in the
imaging study). In this pilot study the subjects were
exposed to the scream recordings at a comparable
volume used in the imaging experiment and after
each scream were instructed to rate their personal
experience of aversiveness elicited by the scream on a
scale from 1 (not at all aversive) to 5 (extremely aver-
sive). Average aversiveness scores were calculated
based on the ratings given by all the subjects. Sixty
screams with the highest average aversiveness ratings
were selected and used to construct 20 unique US,
each consisting of 3 individual scream recordings (a
scream triplet) delivered at an inter-stimulus-interval
that brought the total duration of the scream US to
12 seconds. Each triplet was constructed to have the
same net aversiveness rating and the same net scream
duration. Auditory stimuli were delivered via in-ear
pneumatic tubes encased within foam earplugs. To
further isolate the subject from scanner noise, the
outer ears were completely covered by a 25mm thick
heat-sensitive form-fitting foam rubber pad com-
pressed against the sides of the subject’s head.
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Conditioned stimulus (CS). The CS consisted of an
easily visible annulus made of two rings, one slightly
brighter than the background, and one slightly darker
than the background, centered at the fixation point
(a black small gray circle on a blank dark gray back-
ground) and was always presented for 20 s. In order
to relate to our mouse protocol, we designed two
matched training protocols for humans: safery condi-
tionming (10 US and 10 explicitly unpaired visual
CS), and fear conditioning (10 CS, each with a co-
terminating US), which were carried out in two dif-
ferent groups of subjects. The safety conditioning
group consisted of six male and eight female subjects
(mean age 29.4 £ 2.53 (SEM)). The fear conditioning
group comprised six male and five female subjects
(mean age 26.6 = 1.06 (SEM)).

The training phases (total duration of 8.3 min)
for the two groups were designed as follows. Safery
conditioning: 10 scream US that were explicitly
unpaired with 10 visual CS, such that screams never
occurred during the presentation of the CS. The
time between each CS and the proximal US ranged
from 2 to 44 s (mean 16.63 s). Fear Conditioning: 10
scream US were paired with 10 visual CS with the
last 12 s of each CS overlapping with a scream US.
The time between the offset of a scream US and the
onset of the proximal US ranged from 16 to 48 s
(mean 33.78 s). Throughout the scanning session a
fixation point was presented to the subjects via screen
goggles, and room lights were set at low ambient
light levels. The training phase was separated from
the test phase by a structural scan (spoiled gradient
recalled acquisition in the steady state (SPGR)) with
a total duration of 12 min, during which the screen
displaying the fixation point was replaced by a blank
screen and subjects were instructed to rest. During
the test phase (total duration of 2.3 min) in both
groups, five CS and no US were presented (mean
inter-CS interval 9.5 s).

In a pilot experiment, independent individuals
not participating in the fMRI study were presented
with the CS in the scanning environment in a man-
ner comparable to the presentation of the stimulus
in the actual study (i.e. size and contrast intensity of
the visual symbol and time of stimulus presentation),
and pupillary measurements were recorded. This
pilot experiment was carried out to test whether the
CS itself could affect pupillary size. However, it was
found that presentation of our visual CS only induced
initially a slight and transient dilation of the pupil, a
typical response to novelty and thus was suitable to
be used as conditioned stimulus. We controlled for
non-associative effects of CS presentation by com-
paring the experimental groups, each of which
viewed the same CS in the same presentation
sequence in the test phase.
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Stimuli for the fMRI studies were presented with
Presentation software (Neurobehavioral Systems,
http://nbs.neuro-bs.com) and displayed onVisuaStim
XGA LCD screen goggles (Resonance Technology,
Northridge, CA).

Physiological set-up and assessment
(pupillary response)

The continuous record of pupil diameter was
processed to identify and eliminate blink artifacts using
amplitude thresholds, binned to the temporal resolu-
tion of the scan (2 s), and convolved with a canonical
hemodynamic response function using Matlab codes
adapted in our laboratory. Irrelevant drifts in the pupil
diameter data over the course of the scan session were
removed. The group analysis was performed on the
mean pupil diameter across the first scream US and
first test CS presentation evaluating the time interval
from 0.5 s to 4 s of stimulus delivery, the same time
window during which pupillary constriction in response
to complex isoluminant visual stimuli had previously
been demonstrated (8). To statistically evaluate the
response stimulus presentation compared to the cor-
responding time period before the onset of the stimu-
lus within one group, we carried out one-sample 7 tests
using a hypothetical mean of 0. Group differences were
evaluated using two-tailed independent sample Stu-
dent ¢ tests. A significance level of P < 0.05 was
accepted as statistically significant.

Functional analysis

Image acquisition. Images were acquired with a GE
1.5 tesla MRI scanner. Functional data images were
acquired along the AC-PC line with a T2"*-weighted
echo-planar imaging (EPI) sequence of 24 contiguous
axial slices repetition time (TR) = 2000 ms, echo time
(TE) = 40 ms, flip angle = 90°, field of view (FOV) =
190 X 190 mm) of 4.5 mm thickness and 3 mm in-
plane resolution. Structural data were acquired with
a high-resolution T'1-weighted SPGR scan (TR = 19
ms, TE = 5 ms, flip angle = 20°, FOV = 220 X 220
mm), recording 124 slices at a slice thickness of 1.5
mm and an in-plane resolution of 0.86 X 0.86 mm.

Image preprocessing. All preprocessing and statistical
analyses were carried out using Statistical Parametric
Mapping 5 (SPM5) (http://www.fil.ion.ucl.ac.uk/spm/
software/spm5). Functional images were slice-timing
corrected and spatially realigned to the first volume of
the first run. For each subject, the structural scan was
co-registered to a mean image of the realigned func-
tional scans. The co-registered structural image was
then used to calculate transformation parameters for
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normalizing the functional images to the Montreal
Neurological Institute (MNI) template brain. The nor-
malized functional images were spatially smoothed with
a Gaussian kernel of 8 mm?>. The first five scans of each
run were discarded prior to further analysis. Vectors of
stimulus onsets were created for each of the experimen-
tal conditions. These vectors were then convolved with
SPM5’s canonical hemodynamic response function
(hrf) and employed as regressors to model the blood
oxygen level dependency (BOLD) responses associated
with the task. A 128-s temporal high-pass filter was
applied to the data to remove low-frequency artifacts.
Temporal autocorrelation in the time series data was
estimated using restricted maximum likelihood esti-
mates of variance components using a first-order
autoregressive model (AR-1), and the resulting non-
sphericity was used to form maximum likelihood esti-
mates of the activations.

Image analysis. To test the hypotheses with respect
to regionally specific group effects, the estimates
were compared by using two contrasts (increased or
decreased BOLD signal in the presence of the CS
in safety versus fear conditioned subjects) using a
first-order time modulation model in SPM5, to
account for session-specific adaptation in brain
activity as a result of repeated CS presentation over
time. The resulting set of voxel values was tresh-
olded at P < 0.001 uncorrected with a spatial extent
of five contiguous voxels, in anatomical a-priori
ROIs of the amygdala, caudate, and dIPFC. Multi-
ple testing has been corrected for by controlling the
family-wise error rate (FWE). To correct for the
expected within-session effects over time (i.e. loss of
power of the CS to elicit neural responses due to
the repeated exposure during the test phase), we
integrated a first-order time modulation into our
model. The comparisons were made between safety
conditioned and fear conditioned subjects. Anatom-
ical ROIs were defined using the Wake Forest Uni-
versity PickAtlas toolbox (http:/fmri.wfubmc.edu/
cms/software#PickAtlas).

Tractography

Image acquisition. Diffusion tensor images (DTI)
were acquired on a 1.5-T GE twin-speed scanner
using an 8-channel sense head coil with a single-shot
sequence of 55 unique diffusion directions at a
b-value = 900 with TE = 7.8 ms and TR = 17000 ms.
A single no-diffusion volume (b-value = 0) was
acquired and used as a reference to correct for eddy
currents and head motion. Isotropic (2.5 mm?
voxels) diffusion-weighted data were acquired for all
subjects. Array size was 128 X 128 in a FOV of 3 X

32 mm. Altogether 58 slices were acquired, and the
total scan time was 16 minutes and 32 seconds.

Image analysis. D'TT analysis was completed using the
FMRIB’s software library diffusion toolbox (http://
www.fmrib.ox.ac.uk/fsl) (9). A probability of connec-
tivity map was generated for regions of interest as
described by Behrens et al. (10). Seed and target
masks were generated using the ROI definition func-
tion in Marsbar (http://marsbar.sourceforge.net), by
taking the co-ordinates of peak fMRI activation for
amygdala (i.e. —28, 0, —16) and dIPFC (i.e. —30,
52, 32) and generating a sphere of a radius of
4 mm. Briefly, in native diffusion space, the principal
diffusion direction (PDD) of non-isotropic water
movement was modeled as a tensor for each voxel in
the brain. Complex fiber structure (i.e. crossing or
diverging fibers) increases the uncertainty of the
PDD estimate. Bayesian statistics were used to gen-
erate probability density functions (pdfs) of PDD
uncertainty allowing for the detection of non-dominant
fiber pathways (11). From these pdfs, 5000 tract-
following samples were taken with a maximum cur-
vature threshold of = 80 degrees. The subjects who
participated in the DTT study did not participate in
the functional study of learned safety, and, therefore,
the normalized clusters of activity served as predic-
tors of the neural circuitry. Connectivity maps were
then inspected for each subject. As hypothesized, the
largest number of streamlines followed a direct path
from the amygdala seed mask to the waypoint
(dIPFC) mask in the majority (21 out of 28) of sub-
jects. These thresholded paths were then binarized
and added across all subjects, generating a group rep-
resentation of individual pathways. In Figure 2FE,
intensity values at each voxel for this group image cor-
respond to the number of subjects with a streamline
passing through that voxel. The group image does not
correspond to a map of probabilistic connectivity
from the seed to the waypoints mask as presented for
individual subjects, but instead represents the impor-
tance of each voxel to this pathway with respect to all
subjects. Given the current investigational status of
accepted methods for performing statistical analyses
or graphical representation of group tractography
data, this method aims to conservatively quantify our
results at the group level.

Results

Aiming to provide a translational bridge between the
animal and human conditioning procedure, we devel-
oped a conditioning protocol along the lines of the
mouse model. We used recordings of human screams
as US and a neutral visual symbol as CS. CS and US
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Figure 1. Experimental paradigm and pupillary and amygdala responses to the aversive stimulus. A: Training and test phase: The training
phase (left) consisted of several explicitly unpaired (bottom row) or paired (top row) presentations of the CS and the US and was followed
by a period of rest (middle) during which the structural MRI images were acquired. The test phase (right) consisted of five presentations
of the CS alone. B: Presentation of the screams during the training phase led to significant pupillary dilation in safety and fear conditioning
groups (“P < 0.05) which was comparable among the two groups (P > 0.05). C: Activity in the left and right amygdala in both groups
(average effect of condition from both groups) (Montreal Neurological Institute (MNI) co-ordinates: —18, —4, —14, &k = 226, ¢ score =
5.30, P < 0.05, FWE corrected; and 20, 0, —14, &k = 244, t score = 5.15, P < 0.05, FWE corrected).

were explicitly temporally unpaired in the learned
safety group and paired for learned fear during the
training phase (Figure 1A). We first tested the emo-
tional response elicited by the scream US by evaluating
the pupillary diameter and amygdala activity in
response to the US during the training phase in both
groups. We found that presentation of the US induced
comparable pupillary dilation in both groups, validat-
ing the aversiveness of the scream US and confirming
base-line similarity among the paired and the unpaired
training groups (Figure 1B). Both groups showed sig-
nificant amygdala activation in response to the scream
US (Figure 1C). In addition to acquiring functional
imaging data, we used measurements of pupillary
diameter as a proxy for emotional responses elicited by
the CS. Pupillary responses are one of the most widely
used and validated psychophysiological measures in

applied and basic research of emotional processes, and
ample evidence from the literature indicates that the
pupil response is a suitable indicator for human Pavlov-
ian conditioning (12). In the test phase we measured
the pupillary diameter in the presence of the first test
CS in order to provide an independent biophysical
measure of the emotional value associated to the con-
ditioned stimulus (8). In the unpaired (i.e. learned
safety trained) group we observed pupillary constric-
tion, while subjects of the paired training group (i.e.
fear conditioning) showed pupillary dilation in response
to the CS (see Figure 2A).

We next analyzed the neural response to the CS
presentation during the test phase in our a-priori
ROIs. In the amygdala, a cluster of voxels was sig-
nificantly less activated in the unpaired than in the
paired group (P < 0.05, FWE corrected) (Figure 2B).
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Figure 2. Pupillary and neural responses to the conditioned stimulus in the test phase. A: Percentage change in pupillary diameter during
the presentation of the first CS (*P < 0.05) demonstrates pupillary constriction in the learned safety group and pupillary dilation in the
learned fear group. B: A cluster of differential activation in the left amygdala between safety and fear trained subjects in response to the
CS is shown on a standard brain (Montreal Neurological Institute (MNI) co-ordinates: —28, 0, —16, 2 = 8, t score = 3.56, P < 0.05,
FWE corrected). For display purposes, activity clusters are shown at P < 0.005, uncorrected in B and C. C: Differential activation in the
left dIPFC between safety and fear trained groups in response to the CS (MNI: —30, 52,32,k = 9, t score = 3.97, P < 0.001 uncorrected).
D. Differential activation in the left caudate between safety and fear trained groups in response to the CS (MNI: —16, —18, 20, 2 = 12,
t score = 2.11, P = 0.021 uncorrected). E. Group-based probabilistic tractography map between the amygdala and the dIPFC.

Conversely, a cluster of voxels in the left dIPFC
(corresponding to Brodman area (BA) 9) showed a
definite trend for greater activation in the paired
than in the unpaired group (P < 0.001, uncorrected)
(Figure 2C). When we employed a more liberal
threshold (P < 0.05, uncorrected), we also observed
a trend for a cluster of voxels in the left caudate with
greater activity in the unpaired than in the paired
group (see Figure 2D). Exploratory whole-brain
analysis revealed no other differentially activated
regions at a threshold corrected for multiple
comparisons (for additional regions that displayed
differential activity at P < 0.001, uncorrected, see
Supplemental Table I online).

These data open up the possibility to suggest that
as a result of unpaired training presentation of the
CS may lead to dIPFC-mediated suppression of
amygdalar activity in conditioned subjects, closely
resembling data from previous studies of instructed
suppression of negative affect (13). Although the notion
that dIPFC regions involved in cognitive control are
able to modulate amygdalar responses is widely held

(13), animal studies have documented only sparse
direct connections between the dIPFC and the
amygdala (14). This motivated an investigation of
connectivity using diffusion tensor imaging (DTT)
and probabilistic tractography between the dIPFC
region that exhibited enhanced activity, and the
region of the amygdala that displayed suppressed
responses in the unpaired group. DTI images were
acquired from 28 subjects, converted to normalized
space, and probabilistic tractography maps were
determined for the connection between these ROIs
defined by the centroids of activity observed in the
fMRI study. The number of streamlines (waytotals)
detected was recorded for each subject (Supplemental
Table II online). We observed at least one streamline
between the amygdala and dIPFC for 21 of the 28
subjects. Of those, more than 10 streamlines were
detected in 9 out of 28 subjects, suggestive of a
potential direct anatomical connection between
these regions (Figure 2E). Because probabilistic trac-
tography results depend significantly on the volume
of the seed mask, and our amygdala seed consisted of
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only 100 voxels in normalized space, we believe that
this result may under-represent the connections.

Discussion

As with rodents, safety has been far less studied in
the human than fear. When safety responses and
safety learning have been examined, it has been in
the context of discriminative learning, a more com-
plex task than the one we used in our mouse studies
of safety learning (6,15,16). In a first attempt to
translate our findings about the physiological and
molecular underpinnings of learned safety in mice
to people, we designed a human protocol along the
lines of the animal paradigm although there are some
important differences between the previously used
mouse protocol and the currently used human pro-
tocol. Firstly, the conditioning protocol in the mouse
consisted of three sessions performed on three dif-
ferent days, while in the human procedure a single
training session was performed followed by the test
session on the same day. Secondly, the antidepres-
sant-like effect of learned safety observed in mice (1)
was not tested in the present human study. Instead
we focused our analysis on the neural circuitry in
humans and used fMRI as a tool to shed light on
associated neural correlates. We targeted our analy-
ses based upon the predictions from the mouse
model, assuming that the unpaired CS-US training
results in a process of modulation of the emotional
assessment processes in the amygdala, possibly
mediated by the dIPFC. In fact we found that
presentation of the CS following unpaired training
(i.e. learned safety) was associated with dampened
amygdalar activity, and heightened dIPFC responses.
These results suggest that indeed, following unpaired
training, the conditioned stimulus may acquire the
potential to signal safety and control emotional
responsiveness in the amygdala through increased
top-down regulation via the dIPFC. This hypothesis
is also in line with a wealth of literature proposing
an executive control function of the dIPFC over
amygdalar emotional reactivity and the emotional
regulation (13).

Interestingly, increased and sustained amygdala
activity (17,18) under base-line conditions and
following emotion induction (19,20) has been repeat-
edly reported in depressed patients. Moreover, defi-
cient dIPFC activity has been observed in depression
(18,21-23) suggesting that sustained emotional
reactivity and negativity bias in depressed patients
might result indirectly from impaired dIPFC function.
However, the dIPFC-amygdala circuitry can also be
involved in other processes, such as attention,
language, and memory (24,25). Furthermore, the
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possibility exists that there could be an additional
indirect modulation of amygdala activity that could
be mediated, for instance, via the ventromedial pre-
frontal cortex, which has strong connection both to
the dIPFC and the amygdala, and has been shown
to modulate amygdalar activity during fear reversal
and safety learning (6). Given the role of the caudate
in reward systems, increased activity in this region
is consistent with the safety signal having positive
emotional value.

Although previous studies have used skin con-
ductance response (SCR) to assess emotional learn-
ing (6,15) we evaluated pupillary diameters as
independent psychophysical measure since is SCR is
dynamically sensitive to increases of stress and fear,
but less sensitive to decreases of stress and fear.
Stress and anxiety drive sweat release in the skin,
which increases SCR, but reduction of SCR depends
essentially upon diffusion and evaporation of sweat,
and is therefore not under tight neural control. We
observed pupillary constriction in response to the
CS in the unpaired group which may reflect reduced
fear in the presence of the safety signal since dilation
of the pupils is thought to reflect anxiety states (12)
whereas pupillary constriction is known to be an
effect of anxiolytic drugs, such as benzodiazepines
(26) and morphines (27).

Taken together, we conclude that rodent learned
safety protocols can be translated to human protocols
and models, suggesting homology of the dIPFC-
amygdala circuitry potentially leading to a dIPFC-
mediated suppression of fear responses in the
amygdala (28). Although a potential antidepressant
effect of learned safety in humans has not been
assessed here, results from the present analysis sug-
gest future experiments in this direction. This study
thus presents a novel and useful type of translational
research in the field of neuropsychiatric disorders in
which behavioral, cellular, and molecular studies in
experimental animals are combined with whole-
brain systems-level information of neural circuitry
by functional neuroimaging.

Limitations

Some conceptual limitations need to be considered
for the interpretation of our findings. These con-
straints arise from our aim to develop a human safety
learning paradigm that would allow us to stay as
close as possible to the original mouse protocol. We
therefore established for the human, as we did for
the mouse study (1), a learned safety paradigm and
contrasted this to learned fear in a between-group
rather than a within-group (differential condition-
ing) design. As a consequence, we cannot refer
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a within-subject control condition when describing
the learned safety CS-induced neural activity. More-
over, this might have reduced the statistical power of
the analysis.
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Supplemental Table I. Regions with greater activity (at < 0.001,
uncorrected) in the safety than in the fear conditioned group

(whole brain analysis).

Mouse and human models of learned safery 134.el

Supplemental Table II. Number of streamlines (waytotals) for

each subject.

Co-ordinates

Region of activation x v z k  tscore
Supramarginal gyrus —44 28 46 44 456
Precuneus 16 —74 46 53 4.3
Subgyral 46  —36 —-12 23 4.28
Superior frontal gyrus -30 52 30 52 4.12
Inferior parietal lobule 60 —48 48 67 4.09
Middle frontal gyrus —46 36 30 16 3.93
Cerebellum 2 =52 —32 35 3.92
Precuneus -16 —70 42 30 3.89
Inferior parietal 34 —-52 40 60 3.82
Inferior occipital gyrus 34 —92 —4 12 3.72
Frontal superior medial 6 34 56 11 3.62
Inferior frontal gyrus 34 36 16 11 3.61
Middle frontal gyrus 34 36 26 7 354
Subgyral —26 —48 36 8 3.42

Subject Waytotal
1 0
2 0
3 6
4 1
5 0
6 367
7 0
8 3
9 0
10 1
11 17
12 12
13 4
14 8
15 4
16 8
17 24
18 2
19 0
20 45
21 4
22 14
23 2
24 167
25 1
26 68
27 1
28 114
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