
Behavioral/Systems/Cognitive

Focal Pontine Lesions Provide Evidence That Intrinsic
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Intrinsic functional connectivity detected by functional MRI (fMRI) provides a useful but indirect approach to study the organization of
human brain systems. An unresolved question is whether functional connectivity measured by resting-state fMRI reflects anatomical
connections. In this study, we used the well-characterized anatomy of cerebrocerebellar circuits to directly test whether intrinsic func-
tional connectivity is associated with an anatomic pathway. Eleven first-episode stroke patients were scanned five times during a period
of 6 months, and 11 healthy control subjects were scanned three times within 1 month. In patients with right pontine strokes, the
functional connectivity between the right motor cortex and the left cerebellum was selectively reduced. This connectivity pattern was
reversed in patients with left pontine strokes. Although factors beyond anatomical connectivity contribute to fMRI measures of func-
tional correlation, these results provide direct evidence that functional connectivity depends on intact connections within a specific
polysynaptic pathway.

Introduction
Intrinsic functional connectivity MRI (fcMRI) provides an indi-
rect approach to measure the organization of brain systems
(Biswal et al., 1995; for review, see Fox and Raichle, 2007; Cole et
al., 2010; Van Dijk et al., 2010). The method takes advantage
of spontaneous fluctuations in the blood oxygenation level-
dependent fMRI signal that are coupled selectively between cer-
tain regions. Although the physiological basis of the slow intrinsic
activity fluctuations that underlie fcMRI remain incompletely
understood, the correlation patterns suggest that a major (but
not exclusive) determinant of functional coupling is anatomic
connectivity (Vincent et al., 2007; Greicius et al., 2009; Honey et
al., 2009; Margulies et al., 2009). fcMRI has been widely used to
understand the architecture of human brain systems during de-

velopment, advanced aging, and in brain disease (Greicius, 2008;
Fornito and Bullmore, 2010; Fox and Greicius, 2010; Vogel et al.,
2010; Zhang and Raichle, 2010).

Recent studies further suggest that intrinsic functional con-
nectivity reflects polysynaptic connections. A particularly inter-
esting observation is that intrinsic functional connectivity reveals
cerebrocerebellar circuits that are exclusively polysynaptic (Ha-
bas et al., 2009; Krienen and Buckner, 2009; O’Reilly et al., 2010;
Buckner et al., 2011). Intrinsic fluctuations in the motor cortex,
for example, are functionally coupled to their topographically
appropriate contralateral regions in the anterior lobe of the cer-
ebellum (Buckner et al., 2011). A direct test of the relation be-
tween fcMRI and anatomic connectivity thus would be to
examine functional connectivity in cases in which anatomical
pathways are selectively disrupted. A recent study showed that
severing the corpus callosum reduces functional correlation be-
tween homologous regions in the left and right hemispheres
(Johnston et al., 2008).

In the present study, we used the well-characterized anatomy
of the cerebro-ponto-cerebellar pathway to directly test whether
functional connectivity is dependent on a specific polysynaptic
pathway (Evarts and Thach, 1969; Kemp and Powell, 1971;
Strick, 1985; Schmahmann and Pandya, 1997). Cortical areas
project predominantly to the contralateral cerebellum via effer-
ents to the pons and then to the cerebellar cortex. Afferents pass
through the deep cerebellar nuclei and then to the thalamus (see
Fig. 3A). These connections are organized as closed, parallel cir-
cuits: neocortical areas receive input from the same cerebellar
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regions to which they project (Middleton and Strick, 2001). A
recent anatomical study revealed that the pontocerebellar fibers
cross the midline horizontally and then disperse widely in the
opposite hemipons before regrouping in the brachium pontis
(Schmahmann et al., 2004a). Because of this anatomical arrange-
ment of pontocerebellar fibers, focal lesions to the pons (which
arise from infarcts involving small penetrating branches of
the basilar artery) disrupt the efferent connections to the con-
tralateral cerebellum but mostly spare ipsilateral connections
(Schmahmann et al., 2004a,b). Lesions of the basilar pons thus
create a rare opportunity to study the effects on functional cou-
pling after disruption of a specific anatomic pathway.

We investigated the resting-state functional correlation be-
tween the cerebral cortex and the cerebellum in first-episode
stroke patients (Table 1). The subjects were scanned five times
during a period of 6 months. Seven subjects had right pontine
infarcts, and four had left infarcts. All subjects had unilateral
motor deficits at the acute stage. As a control group, 11 healthy
matched subjects were scanned three times within 1 month.

Materials and Methods
Participants. Eleven first-episode stroke patients (34 – 68 years old; mean
age, 56.6 years; nine male; nine right-handed) with isolated pontine in-
farcts were recruited from the neurological service at Xuanwu Hospital
for a longitudinal investigation. Seven subjects had right pontine infarcts,
and four had left infarcts. All 11 patients presented with lateralized hemi-
paresis. One patient had pure motor hemiparesis (subject 38). Four pa-
tients had dysarthria and hemiparesis (subjects 22, 24, 45, and 72). One
patient had dizziness and pure motor hemiparesis (subject 90). Two
patients had dizziness and hemiparesis (subjects 96 and 57). Three pa-
tients only had lateral hemiparesis (subjects 15, 21, and 84). The demo-
graphics and clinical characteristics of the patients are summarized in
Table 1. The criteria for enrollment were as follows: fully obtained ad-
mission history (within 7 d after onset of symptoms), single infarction

confined to the pons identified on MRI, and no other concomitant brain
lesion or previous infarcts. The exclusion criteria were as follows: contra-
indications for MRI, unclear onset of symptoms, lesions outside the pons
or extensive infarcts involving the midbrain or the medulla, recurrence
infarction or secondary hemorrhage during follow-up, deafness and/or
blindness, aphasia, or a visual field deficit. Eleven healthy control subjects
(matched to the patients on age, gender, and handedness) were recruited
and scanned three times within 1 month (between-scan interval was
15 d). Written informed consent was obtained from all participants un-
der the guidelines of Xuanwu Hospital of Capital Medical University.

MRI data acquisition. Patients were scanned five times during a period
of 6 months (7, 14, 30, 90, and 180 d after stroke onset). Scanning was
performed on a 3 tesla TimTrio system (Siemens) using the 12-channel
phased-array head coil supplied by the vendor. Structural images were
acquired using a sagittal MP-RAGE three-dimensional T1-weighted se-
quence (TR, 1600 ms; TE, 2.15 ms; flip angle, 9°; 1.0 mm isotropic voxels;
FOV, 256 � 256). Each MRI session involved two to four runs (360 s each
run) of resting-state fMRI. Subjects were instructed to stay awake and
keep their eyes open; no other task instruction was provided. Images were
acquired using the gradient-echo echo-planar pulse sequence (TR, 3000
ms; TE, 30 ms; flip angle, 90°; 3 mm isotropic voxels).

Behavioral examinations. During each visit, behavioral assessments
were performed by two clinicians independently before and after the
MRI examination. The two scores were averaged to provide a best esti-
mate (Table 2). Motor function, balance, sensation, and joint function of
the upper limbs were assessed using 33 tasks (Fugl-Meyer et al., 1975;
Gladstone et al., 2002). Each task was rated on a scale of 0 to 2 (0 indicates
the subject was unable to perform the task, 1 indicates the subject could
partially perform the task, and 2 indicates the subject was able to perform
the task). The sum of the 33 scores was then normalized to a score
between 0 and 100, where 100 represents good performance across all 33
tasks (see FM in Table 2). Finally, the three tasks associated with motor
coordination were used to calculate a motor coordination subscore
(ranging from 0 to 6, where 6 represents good performance; see FMC in
Table 2).

Table 1. Demography and clinical characteristics of the patients

Subject Gender Age (years) Handedness Lesion side Lesion description Symptoms

045 F 34 L L (mainly) L PVTML R PVM R hemiparesis, dysarthria
024 M 48 R L PVU R hemiparesis, dysarthria
022 M 59 R L PVML R hemiparesis, dysarthria
096 M 62 R L PVL R hemiparesis, dizziness
015 F 54 R R VLU L hemiparesis
084 M 56 R R PVML L hemiparesis
021 M 57 R R PVTML L hemiparesis
057 M 60 L R PVTUM L hemiparesis, dizziness
072 M 61 R R PVML L hemiparesis, dysarthria
038 M 63 R R PVU L pure motor hemiparesis
090 M 68 R R PVL L pure motor hemiparesis, dizziness

F, Female; M, male; L, left; R, right.

Table 2. Motor performance measured during five visits for each subject

Subject ID FM1 FM2 FM3 FM4 FM5 FMC1 FMC2 FMC3 FMC4 FMC5

045 25.0 97.0 93.9 100.0 N/A 0 5 5 6 N/A
024 50.0 68.2 75.8 74.2 78.0 3 3 3 5 6
022 66.7 81.8 86.4 100.0 97.0 3 4.5 5 6 6
096 72.7 90.2 98.5 90.9 98.5 6 6 6 5 6
015 75.0 90.9 95.5 98.5 100.0 3 4 5 6 6
084 44.7 14.4 40.2 43.2 57.5 1 0 0 3 2
021 88.6 94.7 96.2 100.0 99.2 4 4 4.5 6 6
057 42.4 59.9 84.9 98.5 100.0 0.5 1 4 6 6
072 75.0 90.9 99.2 98.5 97.0 1 5 6 6 5
038 62.9 83.3 96.2 100.0 100.0 2 2 3.5 6 6
090 100.0 100.0 100.0 100.0 100.0 6 6 6 6 6

FM, Fugl–Meyer score; FMC, motor coordination score; the numbers indicate visit number (e.g., FM2 is the second visit). Each score represents the average score of two independent raters.

15066 • J. Neurosci., October 19, 2011 • 31(42):15065–15071 Lu et al. • Resting-State Connectivity



National Institutes of Health Stroke Scale (Brott et al., 1989), the mod-
ified Rankin scale (van Swieten et al., 1988), and the Barthel index
(Granger et al., 1979) were also measured to evaluate the patient’s neu-
rological deficit, motor deficit, and life independence.

Description of infarcts. The locations of the infarcts are illustrated in
Figure 1 (the overlap of the infarcts across subjects can be seen in Fig.
3C). Neurological convention was used to display the brain images
throughout this study. The infarcts were classified into three types
based on the MRI examination. (1) Unilateral paramedian ventral
pontine infarction was observed in seven patients. Among them, three
patients (subjects 22, 72, and 84) had an infarct in the middle and

lower (PVML), two patients (subjects 24 and 38) in the upper (PVU),
and two patients (subjects 90 and 96) in the lower (PVL) level of the
pons. (2) Unilateral ventrolateral upper pontine (VLU) infarction
was observed in one patient (subject 15). (3) Unilateral paramedian
ventrotegmental pontine (PVT) infarction was seen in three patients.
The infarction extended from the basal surface of the pons to the
ventral portion of the fourth ventricle. PVT middle and lower
(PVTML) and PVT upper and middle (PVTUM) levels of the pons
were involved in subjects 21 and 57, respectively. The remaining pa-
tient (subject 45) had a larger infarction mainly located in the left
PVTML, and part of the right paramedian ventral middle (PVM) was

022 024 045 096

015 021 038 057 072 084 090

R

R

Figure 1. Lesion locations are illustrated in three axial planes (from top to bottom) and a sagittal plane for each individual participant. Right is displayed on the right (neurological convention).
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involved. Thus, in this patient, the lesion extended beyond that ini-
tially estimated at enrollment.

Volumes of the pontine infarctions were measured in diffusion-
weighted images acquired during the first visit. The size of the infarctions
ranged from 2.44 to 29.70 ml (mean, 13.70 � 9.86 ml). The infarctions
involving PVL (subjects 90 and 96) were small (2.44 and 4.85 ml, respec-
tively). Subject 45 had the largest infarction (29.70 ml) involving left
PVTML and a small part of right PVM.

MRI data analysis. Resting-state fMRI data were pre-processed using
previously described procedures (Vincent et al., 2006; Van Dijk et al.,
2010), which were adapted from Biswal et al. (1995) and Fox et al. (2005).
The following steps were performed: (1) slice timing correction (SPM2;
Wellcome Department of Cognitive Neurology, London, UK), (2) rigid
body correction for head motion, (3) normalization for global mean
signal intensity across runs, and (4) transformation of the data into a
standard atlas space. The strength of functional correlation between the
motor cortex and the contralateral cerebellum was quantified for each
patient using hand motor seed regions defined from an independent
study of actual hand movements (Buckner et al., 2011; Yeo et al., 2011).

Specifically, 26 young healthy subjects performed a blocked-task par-
adigm involving right hand movements in MRI scanner. The task con-
sisted of active movement blocks (40 s) interspersed with blocks of
passive fixation (18 s). Thirty-six task blocks were acquired for each
participant across six runs, 18 blocks of which included right hand move-
ments. A 2 s visual cue presented before the movement block informed
the subjects to initiate the movement. Then, subjects sequentially raised
their thumb, index finger, and little finger for the duration of the block.
At the end of the block, the subjects were cued to passively fixate. In the
present study, brain regions demonstrating significant activation in left
primary motor cortex and right cerebellum were identified. The mir-
rored regions in the opposite hemisphere were then taken for the right
cerebrum and left cerebellum (Fig. 2).

Correlation maps were computed for the two cerebral seed regions for
each participant. The group-averaged, Fisher’s r-to-z transformed corre-
lation map was then generated for each seed region. To test for crossed
laterality, direct comparisons of the left and right cerebral seed regions
were computed by means of arithmetic subtraction of the z-score corre-
lation maps. In this manner, lateralization of the cerebrocerebellar con-

nectivity could be easily appreciated (Krienen and Buckner, 2009, their
Fig. 1).

Correlations among these four seed regions were calculated (left and
right for both the cerebrum and the cerebellum). The time course in each
region was derived by taking the mean signal within the region over time
after preprocessing. Correlations between left cerebral cortex and right
cerebellum (LR), right cerebral cortex and left cerebellum (RL), and left
and right cerebral motor seed regions (MM) were then calculated for
each participant. The r-to-z transform was applied to the correlation
values before random-effects statistical analysis.

Results
Functional connectivity reveals contralateral
cerebrocerebellar circuits
Cerebrocerebellar connectivity was first explored in healthy
control subjects. Hand motor seed regions in both hemi-
spheres were defined from an independent fMRI study (see
Materials and Methods and Fig. 2). Subtraction between the
two connectivity maps revealed the expected contralateral
cerebrocerebellar connectivity (Fig. 3B). Seed regions in the
primary hand motor cortex correlated with the contralateral
anterior lobe in lobules IV–VI in the cerebellum and with
VIIIB in the posterior lobe, consistent with previous findings
(Krienen and Buckner, 2009).

Lesions to the basilar pons disrupt functional connectivity
Intrinsic functional connectivity was examined in patients with
lateralized pontine lesions (lesion locations illustrated in Fig. 3C;
see also Fig. 1). Based on the anatomical characteristics of the
cerebro-ponto-cerebellar circuit, we hypothesized that lateral-
ized, focal lesions to the basilar pons would disrupt the functional
connectivity between the ipsilesional motor cortex and the con-
tralesional cerebellum but spare the connectivity of the contralat-
eral pathway. For initial analyses, the multiple MRI sessions were
averaged within subject to boost the stability of the estimate at the
expense of capturing variance attributable to recovery process,
which is addressed later. Functional connectivity maps were first
generated based on seed regions in the left and right motor cor-
tex. Patients with left and right pontine lesions were visualized
separately.

The correlation between left motor cortex and right cerebel-
lum (LR) was reduced by left pontine lesions, whereas correlation
between the right motor cortex and left cerebellum (RL) re-
mained strong. This pattern was reversed in the patients with
right pontine lesions. The cerebrocerebellar functional connec-
tivity maps from several individual subjects clearly showed this
pattern of disruption (Fig. 3D), suggesting that intrinsic func-
tional connectivity in this polysynaptic network is sensitive to the
integrity of its specific anatomical pathway. Cerebrocerebellar
connectivity maps were then averaged across subjects for the left
lesion group, right lesion group, and healthy control group (Fig.
4A). The average maps indicated that cerebrocerebellar func-
tional connectivity was reduced in the lesioned circuit but re-
mained strong in the unaffected circuit, both for left and right
lesion groups.

The cerebrocerebellar connectivity was then quantified for
each subject. In control subjects, the cerebrocerebellar connec-
tivity of the two circuits (LR and RL) was approximately symmet-
ric at the group level (Fig. 4B, middle plot, t(10) � �1.48, p �
0.17). In patients with lateralized pontine lesions, the predicted
asymmetric cerebrocerebellar connectivity was observed in all
but one of the individual subjects. The cerebrocerebellar connec-
tivity pattern was reversed between the left and the right lesion
subjects (Fig. 4B).

R

Figure 2. Cerebral and cerebellar motor regions defined by an actual hand movement task.
These a priori regions were used for all quantitative analyses. R, Right.
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To statistically test the effect, we combined all of the patients
into a single group that had two measured values: one for the
lesioned circuit (“lesioned”) and one for the unaffected circuit
(“unaffected”). Note that, for some of these patients, the le-
sioned circuit involved the right cerebellum and in others the
left cerebellum. To accommodate this diversity, we yoked the
11 healthy control subjects to the patients, meaning that for
each patient, control measures for the lesioned and unaffected
circuits were obtained for the same hemispheres as in the
healthy control subjects. This allowed us to test the interaction
between circuit (lesioned vs unaffected) and group (patient vs
healthy control) while holding lesion laterality constant be-
tween groups.

The interaction effect was significant (F(1,20) � 9.2, p � 0.01).
Decomposing the effect, there was a main effect of circuit (le-
sioned vs unaffected) for the patients (t(10) � �3.3, p � 0.01) but
not for the controls (t(10) � 0.58, p � 0.57). Moreover, connec-
tivity of the lesioned circuit in the patients was significantly re-

duced compared with the matched circuit in the healthy controls
(unpaired t(20) � 2.4, p � 0.05), whereas the unaffected circuit in
the patients showed no difference to the matched circuit in
healthy controls (unpaired t(20) � �0.34, p � 0.73).

Patients were scanned five times after their stroke during a
period of 6 months. For each of the five separate sessions, we
compared the cerebrocerebellar connectivity of the unaffected
circuit with the lesioned circuit (Fig. 5). We found that the con-
nectivity strength in the unaffected circuit was stronger than the
lesioned circuit across all time points. The effect was significant
or showed a trend in four of the five time points (p � 0.04, 0.08,
0.01, 0.01, 0.21 for the five time points, respectively). This analy-
sis illustrates that the observations do not depend on averaging
the multiple MRI sessions.

1
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Figure 3. Pontine lesions disrupt contralateral cerebrocerebellar circuits. A, A schematic
illustration of the relevant components of the cerebrocerebellar circuit shows a (simplified)
depiction of the polysynaptic efferent pathway between the cerebral cortex and the pons,
which then projects preferentially to the contralateral cerebellum. The afferent pathway proj-
ects first to the deep cerebellar nuclei and then to the thalamus and the cerebrum. Focal later-
alized lesions to the pons preferentially disrupt the efferent pathway from the cerebrum to the
cerebellum. B, Intrinsic functional connectivity reveals the contralateral cerebrocerebellar con-
nectivity in 11 healthy control subjects. Correlation maps based on left and right motor seed
regions (top section, y � �20, MNI coordinate) were contrasted to reveal contralateral cere-
bellar regions in the primary and secondary somatomotor representations within the cerebel-
lum (bottom section, y � �52). C, Distribution of stroke lesions in left lesion (left) and right
lesion participants (right). Color scale indicates number of subjects with a lesioned voxel. D,
Cerebrocerebellar functional connectivity from two individual participants with left-lateralized
(left) and right-lateralized (right) lesions. Functional connectivity strength was reduced in the
lesioned circuit but remained strong in the unaffected circuit (D). R, Right.
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Figure 4. Quantitative analysis of functional connectivity disruption in patients. A, Cerebel-
lar functional correlation to hand motor regions in the right lesion group, the healthy control
group, and the left lesion group show reduced connectivity in the lesioned circuit. Functional
connectivity in the unaffected circuit was at a level similar to that of healthy subjects. The
functional connectivity maps are projected to a surface view of the cerebellum exposing the
anterior lobe (in which the primary somatomotor representation is visible). B, Functional con-
nectivity strength is illustrated for patients and controls. Each line represents an individual
participant with the circles reflecting their functional connectivity strength between the left
cerebral cortex and right cerebellum (LR) or right cerebral cortex and left cerebellum (RL). Bars
are the mean correlation values within each subject group.
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As a final analysis, functional connectivity between the left
and right cerebral motor seed regions (MM) was also assessed.
We found that the M1-to-M1 correlation showed no difference
between the patient and the control group (t(20) � 0.13, p �
0.90), indicating that lateralized pontine lesion did not affect the
hemispheric correlation in primary motor cortex, although the
cerebrocerebellar connectivity was disrupted.

Lesions to the basilar pons may disrupt non-motor pathways
Our initial analyses focused on cerebrocerebellar motor circuits.
However, the cerebral cortex forms circuits with the cerebellum
that include non-motor pathways. Recent fcMRI studies have
revealed specific cerebrocerebellar circuits that involve prefrontal
regions and the contralateral cerebellum near Crus I and Crus II
(Habas et al., 2009; Krienen and Buckner, 2009; O’Reilly et al.,
2010; Buckner et al., 2011). These circuits in the human are pre-
dicted by transneuronal tracing techniques in the monkey
(Middleton and Strick, 2001) and involve paramedian and
peripeduncular nuclei that are near the midline of the pons
(Schmahmann and Pandya, 1997). The pontine lesions would
thus be expected to also affect these circuits.

For this reason, we conducted a post hoc test to determine
whether lateralized pontine lesions also disrupt the functional
connectivity between dorsolateral prefrontal cortex (DLPFC)
and the cerebellum. Bilateral 8-mm-radius, spherical DLPFC
seed regions (MNI coordinates: �42, 16, 36; coordinates reflect
the centers of the regions) were defined based on a previous study
(Krienen and Buckner, 2009). Functional connectivity maps of
these two seed regions were then subtracted.

Similar to the motor pathway, we found that correlation be-
tween the left DLPFC and the right cerebellum was reduced by
left pontine infarction, whereas correlation between the right
DLPFC and left cerebellum remained strong. This pattern was
reversed in the patients with right pontine lesions (Fig. 6). These

results suggest that functional connectivity between the DLPFC
and the cerebellum also depends on the integrity of the cortico-
ponto-cerebellar circuit.

Discussion
Analysis of intrinsic functional connectivity has emerged as a
powerful tool to study the organization of human brain systems.
An open question is whether functional connectivity measured
by resting-state fMRI reflects the characteristics of brain circuits
defined by anatomical connections. Here we explored this ques-
tion by examining functional connectivity in patients with focal
pontine lesions that disrupt cerebrocerebellar circuitry. We
found that functional connectivity between the cerebral cortex
and the contralateral cerebellum was disrupted after lateralized,
focal infarcts of the basilar pons. Disruption of functional con-
nectivity was observed for the affected side but not the unaffected
side. Furthermore, functional coupling between M1 regions be-
tween the two hemispheres was at the same level of control
subjects.

Although factors beyond anatomical connectivity contribute
to fMRI measures of functional correlation (Fox and Raichle,
2007; Moeller et al., 2009; Buckner, 2010), these results provide
direct evidence that functional connectivity within a specific
polysynaptic circuit is dependent on the integrity of the anatomic
pathway. Functional connectivity may be dependent on ana-
tomic connectivity, whereas other factors such as experience-
dependent change in synaptic efficacy and momentary responses
to task demands further modify functional coupling strength.

The results also raise the possibility of using functional con-
nectivity as a clinical measure. Motor impairment including
weakness was observed in all patients during acute stage. Motor
recovery was observed in most patients over the 6 month longi-
tudinal window. A future direction for this work will be to ex-
plore whether functional connectivity associates with behavioral
impairment and can predict recovery. In pursuing this work, it
will be important to examine functional connectivity measures of
the multiple pathways that are disrupted by focal lesions to the
basilar pons. Pontine lesions disrupt the cerebrocerebellar path-
way studied here as well as cerebrospinal fibers (Schmahmann et
al., 2004a,b). The weakness observed in our patients is likely
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Figure 5. Cerebrocerebellar connectivity of the unaffected circuit (blue) is compared with
the lesioned circuit (red) for each scanning session. The scanning sessions are labeled by the
time after the stroke (x-axis label). Functional connectivity strength was averaged across all 11
subjects. Connectivity strength in the unaffected circuit was stronger than the lesioned circuit at
all time points (*p � 0.05, see statistical analysis in Results). Vertical bars represent SE.
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Figure 6. Pontine lesions also disrupt prefrontal– cerebellar circuits. Cerebellar functional
correlations contrasting the right and left DLPFC regions in the left lesion group (left) and the
right lesion group (right) both show reduced connectivity in the lesioned circuit. Images are
transverse sections selected to contain the prefrontal seed regions (top sections, z � 36, MNI
coordinate), as well as the sections capturing the cerebellar correlations (bottom sections, z �
�32). Note that the cerebellar correlations fall near Crus I/Crus II, the expected location of
prefrontal cerebrocerebellar circuits. The locations of cerebellar regions coupled to prefrontal
cortex are anatomically distinct from the somatomotor regions displayed in Figure 3. R, Right.
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caused (in whole or in part) by disruption of the cerebrospinal
pathway.
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