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A B S T R A C T

BACKGROUND AND PURPOSE
The difficulty of distinguishing disorders of consciousness from certain disorders of com-
munication leads to the possibility of false diagnosis. Our aim is to communicate with
patients with disorders of consciousness through asking them to answer questions with
“yes/no” by performing mental imagery tasks using functional magnetic resonance imag-
ing (fMRI).
METHODS
A 1.5 T fMRI study with 5 patients and a control group is presented. Speech comprehension,
mental imagery, and question–answer tests were performed.
RESULTS
The imagery task of mental calculation produced equally distinct activation patterns when
compared to navigation and motor imagery in controls. For controls, we could infer answers
to questions based on imagery activations. Two patients produced activations in similar
areas to controls for certain imagery tasks, however, no activations were observed for the
question–answer task.
CONCLUSIONS
The results from 2 patients provide independent support of similar work by others with 3 T
fMRI, and demonstrate broader clinical utility for these tests at 1.5 T despite lower signal-
to-noise ratio. Based on the control results, mental calculation adds a robust imagery task
for use in future studies of this kind.

Introduction
Disorders of consciousness are usually caused by either ac-
quired brain injury (ABI) or traumatic brain injury (TBI). Two
principal postcoma disorders of consciousness are the unre-
sponsive wakefulness syndrome [UWS; also known as vegeta-
tive state (VS)1] and the minimally conscious state (MCS). In the
UWS, patients who have suffered brain damage and have been
in coma remain unresponsive but exhibit reflex behavior, which
may include normal sleep wake cycles, independent breathing,
or eye opening2,3; that is, UWS patients are thought to be awake
but unaware. When UWS persists for at least 3 months follow-
ing ABI or 12 months following TBI, the condition is deemed
irreversible and the term persistent UWS (PUWS) is applied.4

MCS postcoma patients show signs of voluntary behavior (and
hence cannot be considered vegetative) but remain unable to
communicate functionally.5 The degree to which MCS patients
are conscious is variable. Brain damage underlying disorders of
consciousness and communication results in a complex spec-
trum of functional deficits. Diagnosis and communication is
often performed by only using behavioral tests,4 sometimes in

combination with imaging or other clinical data.6,7 The inci-
dence of patients being falsely diagnosed with UWS may be as
high as 40%1,6,8-11 and more patients are surviving severe brain
injury.12

Techniques such as functional magnetic resonance imaging
(fMRI) and electroencephalography (EEG) have been applied
to augment behavioral testing to better diagnose and under-
stand conditions such as UWS and MCS.11,13-22 For a recent
review, see Bruno et al.7 EEG and fMRI hold significant po-
tential, both to provide information that is complementary to
standard behavioral assessment methods, and to improve diag-
nosis and guide treatment and therapy for these patients.23,24

One group of 3 T fMRI studies demonstrated that when patients
in the UWS and MCS were asked to perform mental imagery
tasks, such as playing tennis or moving around their home, the
brains of some patients produced similar activation patterns in
similar brain areas when compared to healthy control partici-
pants.17,25,26 Most notably, Monti and colleagues demonstrated
that 5 of 54 UWS or MCS patients were able to perform at
least one mental imagery task as determined by their fMRI
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Table 1. Control Participant Details

Participant C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

Gender M M M F M M M M M F M
Age 23 20 24 58 32 20 23 34 34 55 24

activations, and successfully tested a simple question–answer
task using mental imagery on 1 patient.27

The principal aim of this study is to see if UWS or MCS
patients can answer questions with “yes” or “no” answers by
performing specific mental imagery tasks associated with “yes”
and “no.” In addition to the mental imagery tasks of “playing
tennis,” “navigating the home,” and “imagining familiar faces”
used in earlier studies, we consider the task of “counting up from
10 by 7’s.” Mental calculation involves lateral prefrontal and
inferior parietal areas11,28,29 that are distinct from activations
produced by the other tasks. Results are reported for 5 patients
and a control group for three different tests: speech compre-
hension, mental imagery, and question–answer. Our study was
performed with a 1.5 T scanner. In the interests of broader
clinical applicability, it is worthwhile to determine the ability
of a 1.5 T scanner to determine if patients with disorders of
consciousness can perform mental imagery tasks.

Materials and Methods
Participants

This study received ethics approval from St. Vincent’s Hospi-
tal Melbourne Human Research Ethics Committee (Approval
HREC-A 023/08) and involved one control group and one pa-
tient group.

Control Participants

Fifteen healthy control participants were recruited. Consent
from right-handed control participants, with Australian English
as a first language and no neurological history, was obtained
directly. MRI safety questionnaires were signed by controls.
Data from four controls was excluded (exclusion criteria are
explained in the Supporting Information). Table 1 lists the
age and gender of the 11 control participants (20-58 years old,
2 females, mean age 31.5 ± 13.4) analyzed.

Patient Participants

PUWS and MCS patients were recruited into the study by seek-
ing consent from their guardians. Five patients were selected
from a pool of 10, giving preference to those with TBI, least
time since injury, and shortest distance of their residence rel-
ative to the scanner location. We focused on TBI patients be-
cause in the study of Monti and colleagues,26 the 5 of 54 patients
that produced mental imagery task activations were all TBI pa-
tients. The patients’ doctors’ diagnoses were accepted for the
purposes of the study. Table 2 lists the diagnosis, etiology, and
behavioral assessment scores [in particular the Glasgow Coma
Scale (GCS),30 Glasgow Outcome Scale (GOS),31 or the Wessex
Head Injury Matrix (WHIM)32] for the 5 patients in the study.
Patient descriptions are given in the Supporting Information.

Data Acquisition Parameters

Functional scans used a T2∗ EPI sequence (TR = 3000 ms,
TE = 51 ms, FA 90◦, matrix size 128 × 128, 25 slices each
5-mm thick with interslice gap 1.3 mm, voxel size 1.9 ×
1.9 × 5 mm3). Anatomical structural images were obtained
using a T1-weighted 3-dimensional sequence (TR = 2130 ms,
TE = 2.73 ms, TI = 1100 ms, matrix size 256 × 256 × 256,
voxel size .9 × .9 × 1.0 mm3) for each participant. In each
session, the first two volumes were discarded to avoid magnetic
saturation effects.

Experiments

The study contained three experiments: (1) a residual speech
comprehension capacity test; (2) a mental imagery test; and (3)
a test of the capacity to answer simple questions with “yes/no”
answers by performing mental imagery tasks. All control ex-
periments were performed before patient experiments com-
menced. For all tests, participants were given instructions on
how to perform the task before entering the scanner and were
reminded inside the scanner just before each scan session.

Experiment 1: Speech Comprehension

The test of speech comprehension followed similar sparse
imaging methods to earlier studies.15,17,33 It involved presen-
tations of spoken sentences or signal-correlated noise (SCN).
The sentences were classed as either low or high ambiguity
with the aim of activating specific brain areas involved in
comprehension. Sentences containing two or more words
that have more than one meaning (eg, “His new post was in
china”) were classified as high-ambiguity. Sentences containing
minimal semantic ambiguity were seen as low ambiguity (eg,
“The old tree was in danger”).33 The sentences created by
Rodd and colleagues34 for fMRI-based speech comprehension
studies with UK English14,15,33 were adapted for Australian
English. Table S3 describes the statistics of these sentences
and Figure S1 schematizes the sparse imaging paradigm.
There were 59 high ambiguity, 59 low ambiguity, and 59
SCN stimuli. An additional 15 silent trials were included for
the purpose of monitoring data quality. Stimulus creation and
timing information is described in the Supporting Information.
To minimize participant tiring, the experiment was divided
into three sessions of 66 stimuli per session, with each session
lasting 12 minutes. Stimuli were presented randomly but with
the following sequence: low ambiguous, high ambiguous, SCN.

Experiment 2: Mental Imagery

In a similar manner to earlier studies,17,25,26 participants were
asked to perform mental imagery tasks during fMRI scanning
using a block design with 4 × 7 alternating periods of 24 sec-
onds of task and 21 seconds of rest. The four tasks were each
repeated seven times and the tasks were arranged in random
order, interleaved with rest. This session lasted approximately
22 minutes. Short instructions to perform four tasks (“imag-
ine navigating your home,” “imagine playing tennis,” “imagine
familiar faces,” “count up from 10 by 7’s,” and “rest”) were
presented during scanning. The same block design was used
for patients and controls. The aim here was to find specific
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Table 2. Patient Participants

Behav. Observed Time Handed-
Label Gender Condition Etiology Scores Behaviours Postinjury Age ness

P1 F PUWS ABI GCS 8-9 No eye following, no verbalizing, no
voluntary movement

1y2mo 42 Right

P2 M MCS TBI GCS 11 Sometimes gives response with finger
movement

2y8mo 34 Right

P3 F PUWS TBI GCS 10 Smiling/laughing to specific funny music 9y10mo 60 Right
P4 M PUWS TBI GOS 2 No movements or reliable yes/no

response. Gazing toward source of
light, and inconsistent responses to
Auditory Stimuli were noted.

2y10mo 54 Left

P5 M MCS TBI WHIM28 Followed commands through breath 2y11mo 24 Right

PUWS = persistent unresponsive wakefulness syndrome; MCS = minimally conscious state; ABI = acquired brain injury; TBI = traumatic brain injury; M = male;
F = female; GCS = Glasgow coma scale; GOS = Glasgow outcome scale; WHIM = Wessex Head Injury Matrix.

activated brain areas for each task in the control population,
from which to compare to individuals.

Experiment 3: Question–Answer

Under a block design, participants were asked to answer three
simple questions to which the answers were known to be “yes”
or “no.” Control participants were instructed to answer “yes”
by imagining navigating their home and to answer “no” by
imagining playing tennis. Initial analysis of the control data in-
dicated that mental calculation activated more distinct frontal
areas than the “tennis” and ‘navigation’ tasks, and “tennis” and
“navigation” were less distinguishable because both had strong
activations in supplementary motor cortex. For this reason, pa-
tients were instead instructed to answer “no” by performing
the calculation task. The participants were asked the following
questions: Question 1 (Q1): “Is the sky always green?,” the an-
swer to which is “no”; Question 2 (Q2): “Is a cat an animal?,”
the answer to which is “yes”; and Question 3 (Q3): “Are you
aware?”. Table S2 summarizes the question–answer task for
the controls and patients. Additional experimental details and
differences between the control and patient experiments are
described in the Supporting Information.

Data Analysis

All the data were processed using FMRIB Software Library
(FSL) Version 4.1.5.35 Preprocessing is described in the Sup-
porting Information. In imagery and question–answer tests,
the auditory instructions before each task and rest contributed
to transient changes in auditory cortex. Therefore, the audi-
tory stimulus presentations were abstracted as an independent
event-related task condition to monitor the effectiveness of the
analysis models. First level analyses were processed using FEAT
Version 5.98. The second level analysis was carried out us-
ing FLAME stage 1.37,38 Z -statistic maps of both levels were
thresholded with z > 2.3 and a corrected cluster significance
threshold of P = .05 was employed,36 a standard setting used
in FSL.

Control Data Analysis

Speech Comprehension: Tests for each participant consisted of
three sessions. Each session was processed separately. There

were 33 first level results (3 sessions from 11 controls) fed into
the second level as one group to find the mean activations.
Mental Imagery: the 11 first level analyses were used to compute
the group mean. Question–Answer: the group mean for each of
the three questions was also obtained with all 11 controls.

Patient Data Analysis

Similar data analysis as was used for the controls was employed
for the patients in all three tests. Further details of the control
and patient data analysis are in the Supporting Information.

Results
Control Experiments

Speech Comprehension

The control group results for speech comprehension showed
that activation for “SCN” was located in the anterior part of
superior temporal cortex, while activation for both “sentences”
was located in the posterior parts of superior and middle tem-
poral cortex. This is consistent with earlier studies.33 However,
we did not observe activation in inferior temporal cortex for
“sentences.” Moreover, it was not possible to differentiate low
and high ambiguity sentences. Figure 1(A) contrasts both types
of sentences versus SCN.

Mental Imagery

Figures 1(B-E) show the group activation maps for the four
mental imagery tasks of tennis, navigation, faces, and count-
ing, respectively. It can be seen that the different tasks dif-
ferentially activate the brain, consistent with earlier studies.
The navigation task produced strong activations in the para-
phippocampal area and premotor area, and “playing tennis”
produced strong activations in the superior parietal cortex
and premotor area.22,25,26 Imagining faces activated frontal
orbital cortex, left Broca’s area 44, and right Broca’s area
45,39 but did not show activation in fusiform cortex40,41 in
the group result as only 2 of 11 controls displayed acti-
vations in this area. However, these results are consistent
with those of Ishai and colleagues39 for long-term memory
based face tasks. The counting task involved lateral prefrontal
(BA44, 45), intraparietal sulcus, and superior parietal areas,
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Fig 1. (A) Control group activation map for speech comprehension (low ambiguity + high ambiguity – 2 × SCN) obtained with sparse imaging.
Four horizontal slices are shown that include superior temporal cortex. (B) Activation maps for the tennis task for the control group. (C) Activation
maps for the navigation task for the control group (top row) and for Patient 2 (bottom row). (D) Activation maps for the faces task for the control
group. (E) Activation maps for the counting task for the control group (top row), Patient 2 (middle row), and Patient 4 (bottom row). (F) Auditory
activations in the control group and the patients. From left to right: the group activation map for sentences versus noise (low ambiguity + high
ambiguity – 2 × SCN) in the sparse imaging paradigm, the group activation map during the presentation of mental imagery instructions, and
the individual activation maps of the 4 patients during the presentation of mental imagery instructions. (G) Question–answer task activations
for the control group. In (A)-(E) and (G), the brain slices overlaid with activation maps correspond to the red horizontal lines through the sagittal
brain image on the right of each subfigure. Each activation map was generated with a z-threshold of 2.3. The color bar at the top codes the
z-score values.

consistent with the literature.11,28,29,42 Table S3 lists the statistics
of control group activations for mental imagery.

Question–Answer

For the controls, the question–answer test activations showed
good agreement with the corresponding mental imagery task
activations; that is, Q1 activations were similar to “tennis,” and
Q2 activations were similar to “navigation” (see Figs 1B, C,
and G).

Patient Experiments

Speech Comprehension

For all patients, no significant and meaningful activations were
found for the speech comprehension test.

Mental Imagery

Patient 2 displayed some activation in similar locations to con-
trols in navigation and counting (Figs 1C and E). Patient 2 had
activation in premotor cortex and precuneus cortex during nav-
igation imagery, and in premotor cortex and Broca’s area BA45
during counting. Patient 4 had some similar cluster locations to
controls in counting, such as BA45 (inferior parietal lobule)
and anterior intraparietal area (hIP2; Fig 1E). Table S4 lists the
areas, coordinates, and z -scores of local peak activations for
these patients. Given the damage-related distortion in the pa-
tients’ brains compared to controls, it is difficult to ascertain how
meaningful these activation maps are. To demonstrate further
confidence in the results, fMRI time-series for particular vox-
els were explored. Figure 2(A) shows an example time-series
of the voxel (58, 40, 15) with the highest z -score (z = 5.6) in
precuneus cortex (Harvard–Oxford Cortical Structural atlas on
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Fig 2. fMRI time-series for patients. (A) Time-series of voxel (58, 40,
15) from Patient 2 during the navigation imagery task (z = 5.6). (B)
Time-series of voxel (88, 79, 18) from Patient 4 during the counting
imagery task (z = 5.8). Error bars indicate standard error.

FSL) for Patient 2 in the navigation task. It shows a significant
“on” activation during the task. The time-series of a voxel from
left BA44 area for Patient 4 in the counting task is shown in
Figure 2(B).

In the mental imagery and question–answer tests, the 4 TBI
patients demonstrated obvious activation in auditory cortex
when the auditory stimuli were presented, although no signifi-
cant activations were found for the speech comprehension test
for all patients. Figure 1(F) shows auditory cortex activations in
the control group and Patients 2-5 during the mental imagery
tasks, as well as the contrast between sentences and SCN for the
control group during the speech comprehension test. Patients 3
and 5 showed auditory activation, however, large head motion
was detected.

Question–Answer

For all patients, no significant and meaningful activations were
found for the question–answer test.

Discussion
This study provides an investigation of the ability of PUWS and
MCS patients to produce activations during semantic speech
comprehension, mental imagery, and question–answer tasks.
For the speech test applied to controls, sparse imaging at 1.5 T
failed to distinguish the activations of low and high ambigu-
ity sentences, whereas for 3 T it has been demonstrated that
this is possible.33 Signal-to-noise ratio (SNR) could have been
increased by presenting more sentences, but this would have
made scanning prohibitively long for the patient group. Nev-

ertheless, for controls, it was possible to distinguish “sentence”
areas from “SCN” areas at 1.5 T. For patients, no significant
activations could be seen for “sentence” versus “SCN.” This
indicates that either sparse imaging at 1.5 T is not adequate
to detect patient activations, that patients have different neural
response times to controls, or that the patients did not pro-
duce activations. This points to a weakness of using sparse
imaging at 1.5 T. However, significant activations of auditory
cortex for most patients (4 of 5), when auditory stimuli were
presented during the block paradigms, provide an indication
that basic auditory processing appeared to be intact in these
patients.

For control participants, it was found that “navigating,”
“playing tennis,” “counting,” and “faces” produced strong and
complementary activations at 1.5 T. This is also consistent with
Boly and colleagues,25 who showed that “navigation” and “play-
ing tennis” produced the strongest and most distinct activation
patterns compared to “imagining faces” and “mental rehearsal
of a song.” As observed here, “counting” provides a robust al-
ternative that involves areas such as anterior intraparietal sulcus
and Broca’s area.

When considering the patient activations for the mental im-
agery tasks, it was observed for some patients and some tasks
that activations were produced in similar areas to those ob-
served in controls. In particular, Patient 2, with MCS and TBI,
showed activations that had partial overlap with control activa-
tions for “navigation” and “counting.” This case provides the
strongest evidence that any patient was performing a mental
imagery task. Patient 4 also displayed significant activation dur-
ing the imagery task execution period and appeared to have
a somewhat similar activation map compared to the controls
for “counting.” Patient 5 displayed some activation for “faces,”
however, strong motion artifact was present in the data. It is
difficult to be confident of significant activation in any results
for the other patients.

We considered a percent overlap metric to provide a spa-
tial means for classifying activation patterns across a group.
This is a simple and effective tool for the classification of
control activations (see Figs S2-S3). It is problematic to apply
any registration-based method to classify patient responses (see
Figs S4-S5), due to the distorted nature of the patient’s brain
structure. In general, an individualized spatiotemporal classi-
fier43 not relying on control data would provide the most robust
means to decode “yes” activations from “no” activations in a
mental imagery-based question–answer paradigm. Some earlier
studies26,42,44 report high classification performance for real-
time or retrospective methods for determining answers based
on imagery tasks. Our control findings are consistent with these
results.

No patients displayed activations for all tasks in the question-
answer test. Three possible reasons for this are: (1) the SNR
may not have been high enough. In the study by Monti and
colleagues,26 5 of 54 patients demonstrated responses to im-
agery tasks at 3 T, thus the chances of seeing mental imagery
activations in TBI patients at 3 T is around 15%. At 1.5 T, with
lower SNR, it may be more difficult to obtain activations from
patients. However, with a smaller patient pool, we still found
two TBI patients (Patients 2 and 4) who had similar imagery
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activations to controls. (2) The patients may have been in a re-
duced state of awareness or wakefulness either in the scanner
or when instructions were being given outside during breaks.
The patients performed the mental imagery task first and early
in the morning, and so were probably more awake and able
to perform the tasks if they had the capacity to do so. Patients
may have become tired later in the question–answer task, even
though they received breaks between sessions. (3) The patients
could not comprehend question–answer task instructions, con-
sistent with the results of the speech task where no specific
sentence processing activations were observed. For Patients 2
and 4, who showed responses to mental imagery, this is likely
not to be an explanation because their responses indicate a ca-
pacity to comprehend. Apart from potential specific damage
in known language comprehension areas, the comprehension
results could have arisen from a MRI signal-to-noise problem
alone, or in combination with reduced activation in speech
comprehension areas.14,15 Furthermore, if patients have slower
responses than controls, the task blocks may not have been long
enough to catch the peak period of activation.

Bardin and colleagues22 tested communication in MCS pa-
tients using a multiple choice task requiring the use of only one
mental imagery task for the patients to make a choice. It was
found that there was a dissociation between a patient’s ability to
communicate via behavioral testing and their ability to perform
fMRI-based command following. Our study is partly consistent
with this dissociation; Patient 2 was sometimes able to move
their right finger on command, but was not able to perform
the question–answer task and also did not produce activations
for the motor imagery task (“tennis”) despite clearly displaying
residual motor capacity. The Bardin and colleagues multiple-
choice approach may be effective in that it requires only one
mental imagery task to answer questions. Given the various
forms of brain damage underlying UWS and MCS, however, it
is important to study different types of mental imagery or cogni-
tive tasks that activate diverse brain regions, as the functioning
brain regions from patient to patient can be expected to dif-
fer. In a study that focused on relating behavioral assessments
to the degree of residual network activation,45 Rodriguez and
colleagues demonstrated that a vision-based task could be ap-
plied to UWS and MCS patients. This expands the repertoire of
possible tasks that can be employed in studies of communica-
tion with UWS and MCS patients, which to date have primarily
employed auditory stimuli only.

Conclusion
We have provided the first confirmation that it is possible
to use a 1.5 T MRI scanner to find patients with a disor-
der of consciousness who can perform mental imagery tasks.
Mental calculation is a robust mental imagery task that pro-
duces equally distinct activation patterns when compared to
“navigating the home” and “playing tennis,” and thus we have
expanded the set of tasks that can be used in fMRI-based com-
munication approaches. Combined with the work of earlier
studies,17,22,25,26 this study helps to contribute the necessary
groundwork required for the development of brain computer

interfaces that can extend communication with patients with
disorders of consciousness.

This work was supported by the Helen Macpherson Smith Trust. We
thank the patients and their families for participation in this study, and
Matthew Davis and Jennifer Rodd for providing the sentences and
software used in the speech comprehension task that we adapted for
Australian English.
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Supporting Information
Additional supporting information may be found in the online
version of this article:

Appendix
Extending communication for patients with disorders of con-

sciousness.
Figure S1. Speech comprehension test scan timing. Stim-

uli (low ambiguity, high ambiguity sentences and stimulus-
correlated noise) were interleaved with scans to avoid auditory
noise produced by the scanner during presentation of the audi-
tory stimuli.

Figure S2. Percent overlap of each individual’s activation
map on the group’s activation mask for each mental imagery
task for the leave-one-out cross-validation. The bar graphs quan-
tify the overlap of the individual masks for each imagery task
with the group masks for each task. From top to bottom, the
rows correspond to the individual masks for tennis, navigation,
faces, and counting, respectively. In each row, the y-axis corre-
sponds to activated percentage on group mask, A, and the x-axis
shows the results for each control subject. Black, dark gray, light
gray, and white bars correspond to A values on the group masks
for tennis, navigation, faces, and counting, respectively.

Figure S3. Leave-one-out cross-validation analysis of over-
lap percentage for the question–answer task for individual
members of the control group. The bar graphs quantify the
overlap of the individual masks of answering Q1-Q3 with the
relevant group masks for tennis and navigation. From top
to bottom, the rows correspond to the individual masks for
questions Q1-Q3, respectively. In each row, the y-axis corre-
sponds to activated percentage on group mask, A, and the
x-axis indexes the controls. Black and dark gray bars corre-
spond to A values on the group mask for tennis and navigation,
respectively.

Figure S4. Percentage overlap of each patient’s activation
mask with the group’s activation mask for each mental imagery
task. From top to bottom, the rows correspond to the individual
masks for tennis, navigation, faces and counting, respectively.
In each row, the y-axis corresponds to A (activated percentage
on group mask) and the x-axis shows the results for each pa-
tient. Black, dark gray, light gray, and white bars correspond
to A values on the group mask for tennis, navigation, faces and
counting, respectively.

Figure S5. Patient activation overlap with control group im-
agery task masks, for (A) the repeated question block (including
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questions Q1 and Q2), and (B) the randomized question block
(including questions Q1, Q2, and Q3). The bar graphs quantify
the overlap of the individual masks for each question (Q1-Q3)
with the relevant group masks for counting and navigation.
In (A), the top and bottom row correspond to the individual
masks for questions Q1 and Q2, respectively. In (B), the rows
correspond to the individual masks for questions Q1, Q2, and
Q3, respectively. In all rows, the y-axis corresponds to A (ac-
tivated percentage on group mask) and the x-axis shows the
results for each patient. Black and dark gray bars correspond
to A values on the group mask for counting and navigation,
respectively.

Table S1. Speech Comprehension Task Sentence Statistics

Table S2. Summary of Task Action for Question–Answer
Test

Table S3. Areas Activated in Different Imagery Tasks for
the Control Group (Result on Standard MNI152_T1_1mm
Brain Space)

Table S4. Areas Activated in Different Imagery Tasks
for the Patients (Result on Standard MNI152_T1_1mm Brain
Space)

Please note: Wiley-Blackwell is not responsible for the con-
tent or functionality of any supporting materials supplied by
the authors. Any queries (other than missing material) should
be directed to the corresponding author for the article.
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