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PURPOSE: To determine the value of functional MR imaging to supplement conventional MR
imaging for locating the rolandic cortex. METHODS: Parasagittal MR images acquired in conjunc-
tion with functional MR images were reviewed. The central sulcus was identified on the MR images
by conventional parcellation methods. In the functional MR images, the sensorimotor cortex
(rolandic cortex) was identified by the activation secondary to finger and thumb movement or
tactile stimulation of the palm. The location of the central sulcus and rolandic cortex was com-
pared. RESULTS: In 18 of 23 studies, the central sulcus selected by anatomic criteria coincided
exactly or approximately with the cortex activated by the motor or sensory tasks. In two cases of
tumor, the rolandic cortex could be located by means of the activation, but the central sulcus was
not identified because of severe distortion of anatomic landmarks. In two volunteers, the central
sulcus identified by anatomic landmarks did not coincide with the activated cortex.
CONCLUSION: This study demonstrates that functional imaging supplements anatomic imaging
in locating the sensorimotor cortex. Functional MR imaging may be a useful adjunct to conven-
tional MR imaging to determine noninvasively the proximity of eloquent brain to focal brain lesions.
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In the selection of patients for craniotomy, the
risk of a postoperative neurologic deficit result-
ing from intraoperative damage to eloquent
brain is evaluated. The risk of injury to the ro-
landic (sensorimotor) cortex is conventionally
assessed by using anatomic landmarks visual-
ized in the magnetic resonance (MR) images to
determine the distance between the central sul-
cus and the surgical margins (1). One report
suggests that locating the rolandic cortex by
anatomic landmarks in MR is unreliable in 16%
of healthy subjects and in 35% of patients (2).
Alternative methods of identifying the rolandic
cortex include magnetoencephalography (2),
positron emission tomography (3, 4), and func-
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tional MR imaging (5, 6). Early observations
suggest that the activation identified noninva-
sively by functional MR imaging secondary to
motor tasks corresponds exactly to the rolandic
cortex as identified by intraoperative cortical
mapping techniques (5, 6). With functional MR
imaging, unlike magnetoencephalography and
positron emission tomography, anatomic im-
ages are acquired simultaneously with the func-
tional images. The purpose of this study was to
determine whether functional MR imaging pro-
vides location information that significantly af-
fects the assessment of the proximity of the
rolandic cortex to the surgical margins. We se-
lected two series of subjects: one group with
cerebral tumors that distort the anatomic land-
marks used to locate the central sulcus, and
another group (volunteers and patients with ep-
ilepsy) with no evidence of a cerebral mass.

Patients and Methods
Patients in whom functional MR imaging was performed

before a craniotomy, which exposed portions of the fron-
tal, parietal, or temporal lobe, and volunteers were in-
9



cluded. A sagittal plane of a section was chosen for func-
tional MR that provided a close approximation to the
photographic record of the surgical exposure of the brain
surface in the patients. The location of “activation” in the
functional MR was compared with the central sulcus iden-
tified in anatomic images in the same planes.

The subjects included 9 patients with partial complex
epilepsy and normal cerebral MR images, 3 patients with
cerebral tumors, and 10 healthy volunteers. The 12 pa-
tients selected for functional MR were candidates for intra-
operative stimulation mapping. All subjects had functional
MR mapping of tactile sensory and motor function for one
hand, which in the surgical candidates was the hand con-
tralateral to the planned craniotomy. The functional and
anatomic images were acquired on a commercial 1.5-T
imager with a research gradient coil and a radio frequency
head resonator insert. A series of locater images was ob-
tained from which anatomic reference images in the sag-
ittal plane were acquired with spin-echo acquisition, 600/
20/2 (repetition time/echo time/excitations), 128 3 256
matrix, 20-cm field of view, and 1-cm section thickness.
Contiguous planes of a section were acquired from the
midline to the lateral surface of the brain at its widest point.

For the functional images, a series of single-shot,
blipped, gradient-echo echoplanar images was acquired in
each of the anatomic planes (7). The gradient strength is 2
G/cm, and the rise time is 92 microseconds. The series
consisted of 140 consecutive images in the selected plane
at 1-second intervals with 1000/40, 64 3 64 matrix,
20-cm field of view, 1-cm section thickness, and 40-
millisecond acquisition time. The 140-second acquisition
included four 20-second periods of rest alternating with
three 20-second periods during which the motor or the
sensory task was performed. The motor task consisted of
the patient’s apposing the thumb and first finger repeat-
edly, rhythmically, and rapidly (2 Hz or greater) (7), and
the sensory task consisted of the investigator’s scratching
the palm of the subject’s hand with his or her fingertips (8).
The hemisphere contralateral to the hand used was
imaged.

Functional images were generated from the 140 con-
secutive echoplanar images by cross-correlating the sig-
nal intensity in each pixel with a reference function. The
reference function was a square wave with a period of 40
seconds. In the cross-correlation analysis, the first 5 sec-
onds in each 20-second period were disregarded, and the
threshold was set at 0.7, for which the P value is calculated
at 1025 per pixel. Temporally correlated changes in signal
intensity were displayed as “activated pixels” on the ana-
tomic images. The pixels activated by either the motor or
the sensory task were used to define the rolandic cortex. In
patients who underwent craniotomy, the functional MR
map of activation was compared with the photographic
recording of intraoperative cortical stimulation mapping.

Two investigators reviewing the anatomic images with-
out knowledge of the functional information selected the
central sulcus by consensus. The anterior horizontal and
anterior ascending rami of the Sylvian fissure were identi-
fied (9). The inferior frontal gyrus was defined as the gyrus
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framing the anterior rami. The precentral sulcus was se-
lected as the sulcus adjacent to the posterior border of the
inferior frontal gyrus. Its superior extension was identified.
The central sulcus was selected as the first sulcus posterior
to the precentral sulcus.

Results

The 12 patients included in the study subse-
quently underwent craniotomy to remove por-
tions of the temporal or frontal lobes. Nine pa-
tients had complex partial epilepsy, 2 had
tumors in the frontal lobe, and 1 had a tumor in
the temporal lobe. The tumors measured be-
tween 3 and 5 cm in diameter. Ten volunteers
were studied. The right hemisphere was studied
in 6 individuals, the left in 15, and both in 1
volunteer. All MR and functional MR studies
were considered technically satisfactory.
All patients and volunteers had pixels in

which activation was temporally correlated with
the performance of a task. The changes were
2% to 5% of baseline in magnitude and lagged
behind the initiation of the task by 3 to 5 sec-
onds. The time course plots in activated pixels
had correlation coefficients of approximately .5
to .7. The activated pixels were generally clus-
tered. The few solitary pixels with temporally
correlated signal intensity changes were consid-
ered artifacts.
The readers identified the central sulcus by

the anatomic criteria in the 20 subjects (21
hemispheres), including 1 with a temporal lobe
tumor. In the 2 patients with frontal lobe tumors,
the central sulcus was not identified on MR,
because anatomic landmarks were obscured
(Table). In 19 of the 21 hemispheres in which a
central sulcus was selected on anatomic crite-
ria, the presumptive central sulcus intersected
or contacted the region of activation on the
functional MR imaging (Fig 1). In 1 subject the
sulcus selected as the central sulcus was lo-
cated ventral to the activation in the functional
MR study (Fig 2); in another subject it was dor-
sal. In the 2 cases of frontal lobe tumors, be-

Relationship of central sulcus to activation

Patients Volunteers

Convergent with activation 10 9*
Not convergent with activation 0 2
Central sulcus not identified 2 0
Total 12 11

* Two hemispheres studied in one volunteer.
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Fig 1. Parasagittal MR image (A) and
corresponding functional image of the finger
movement task (B) in a healthy volunteer.
Note the anterior ascending and anterior
horizontal rami (arrows) used as landmarks
for the inferior frontal gyrus. The activation
in the sensorimotor cortex (vertical arrows
in B) corresponds with the central sulcus
(open arrow in A) selected on the basis of
anatomic landmarks.

AJNR: 16, November 1995 SENSORIMOTOR CORTEX 2111
cause the central sulcus was not identified on
the anatomic images, no correlation of activa-
tion and presumed central sulcus was possible
(Figs 3 and 4). In the 9 cases in which it was
performed, intraoperative cortical stimulation
confirmed motor activity in the gyri in which
functional MR imaging showed activation.

Discussion

This study confirms a previous report that
locating the sensorimotor cortex by means of
anatomic landmarks in an MR image is difficult
or impossible in the presence of a mass lesion
(2). Functional imaging supplements anatomic
imaging, especially in cases of anatomic distor-
tion or topographic variation. Functional MR
imaging, like magnetoencephalography (2),
may have applications in neurosurgical plan-
ning. Functional MR imaging has the ad-
vantages over magnetoencephalography or
positron emission tomography of greater avail-
ability and anatomic images obtained simulta-
neously with the functional information.

Fig 2. Functional image of finger movement in the sagittal
plane shows activation (vertical arrows) dorsal to the central
sulcus (curved arrow).
In our study, the neuroradiologists attempting
to identify the central sulcus by anatomic land-
marks had only images in the sagittal plane for
reference. Their success in identifying the cen-
tral sulcus may have been marginally higher if
they had three-dimensional or supplemental
axial images. For identifying the central sulcus,
landmarks can be identified on axial images,
midline sagittal images, or far-lateral parasag-
ittal images (2, 9, 10). In axial images, the
superior frontal sulcus, precentral sulcus, and
superior genu of the central sulcus are seem-
ingly reliable landmarks for the rolandic cortex
in normal cases. The medial and lateral extent
of the central sulcus are also readily identified in
a majority of cases. However, tracing the central
sulcus through a series of images has been dif-
ficult in previous studies (9–11). Three-dimen-
sional surface-rendered images have been use-
ful to trace the central sulcus from the medial to
the lateral surface of the brain. In the frontal lobe
tumor cases, the central sulcus was no more
conspicuous in the region of the tumor on the
axial than on the sagittal images.
The criteria for identifying the central sulcus

are less reliable in the presence of normal vari-
ants. The discontinuity of the inferior and supe-
rior portions of the precentral sulcus compli-
cates the identification of the central sulcus
(9–12). Differentiating the superior extension of
the sulcus from a shallow groove on an adjacent
gyrus may be difficult. The lack of convergence
of the activation and the central sulcus in two
volunteers probably represents inaccurate iden-
tification of the superior extent of the precentral
sulcus in our cases.
Intraoperative stimulation results suggest

that motor and sensory functions do not always
have the textbook relationship to the precentral



Fig 3. Axial (A and B) and parasagittal
(C) images in a patient with a frontal lobe
tumor. The central sulcus was obscured in
both axial and sagittal images in the vicinity
of the tumor. The functional MR images (D)
showed activation adjacent in gyri posterior
to the tumor (arrow).
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and postcentral gyri. Some results suggest that
the sensory and motor cortex may be a func-
tional unit, with both motor and sensory func-
tions located in each of the precentral and post-
central gyri (2). The location of functions may
be altered by plasticity, that is, the process by
which neurons in normal regions of the brain
take over functions in damaged or diseased
brain regions. We did not attempt to distinguish
sensory and motor cortices in our study, be-

Fig 4. Sagittal MR image in another frontal lobe tumor. The
central sulcus was not identified in sagittal or axial images. Acti-
vation was identified ventral to this tumor.
cause activation from the two tasks overlapped
in most cases.
In previous studies, functional MR imaging

has been used to map the activation secondary
to hand movements, visual stimulation, audi-
tory stimulation, and tactile sensation (13–17).
In two previously reported studies, the accuracy
of functional MR imaging in locating the senso-
rimotor cortex was verified by comparison with
intraoperative mapping techniques (5, 6). In
cases in which the location of functions is al-
tered by brain plasticity or reorganization of
brain functions, functional MR imaging can
identify the location of cerebral function. Func-
tional MR may therefore have a significant role
in the selection of patients for craniotomy.
Functional MR imaging has advantages for

functional imaging over positron emission to-
mography or magnetoencephalography. With
functional MR, the functional and the reference
anatomic images are acquired simultaneously,
whereas with magnetoencephalography or
positron emission tomography, the anatomic
images require a separate acquisition and a
method to index the functional to the anatomic
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images. Functional MR imaging is generally
more available than positron emission tomog-
raphy or magnetoencephalography. Tech-
niques to acquire functional MR at high field
strengths, at 1.5 T with echoplanar-image up-
grades and with conventional 1.5-T and rapid
image acquisition, have been described. Func-
tional MR has better spatial resolution than
positron emission tomography or magnetoen-
cephalography and better temporal resolution
than positron emission tomography.
This study suggests that functional MR imag-

ing may have a useful role in the preoperative
evaluation of patients undergoing craniotomy.
In patients with masses that obscure normal
cerebral landmarks, functional imaging sup-
plies the information that is not available from
the anatomic images. In patients with land-
marks that can be recognized, this study shows
that the distance between surgical margins and
the rolandic cortex are likely to be misjudged in
some cases if functional imaging is not used.
Determining the risk of a postoperative neuro-
logic defect from surgery is likely to be more
reliable with functional imaging than with con-
ventional anatomic imaging. This observation
has also been reported by Sobel et al (2) on the
basis of magnetoencephalography. Orrison et
al (18) have reported that patients considered
inoperable because of a presumed close prox-
imity of the rolandic cortex and the cranial tu-
mor have been successfully operated on after
functional imaging showed a greater distance
between the cerebral lesion and the rolandic
cortex than expected. It does not replace intra-
operative mapping, which reliably locates the
eloquent cortex during surgery, but functional
MR might expedite intraoperative mapping by
providing a preview. The major contribution of
functional MR, however, is that it is a noninva-
sive method to assess the anatomic relationship
of the eloquent cortex to the margins of the
lesion during the process of selecting patients
for craniotomy.
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