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Abnormal Cerebral Activation Associated with a
Motor Task in Tourette Syndrome

Bharat Biswal, John L. Ulmer, Robert L. Krippendorf, Harold H. Harsch, David L. Daniels,
James S. Hyde, and Victor M. Haughton
BACKGROUND AND PURPOSE: In Gilles de la Tourette syndrome, PET scanning and EEG
suggest an abnormal organization of the sensorimotor cortex and basal ganglia. The purpose of
this study was to use functional MR imaging to study activation in the sensorimotor cortex in
patients with Tourette syndrome.

METHODS: From echo-planar images acquired during intermittent performance of a finger-
tapping task, the location of activated pixels was determined by means of conventional signal
processing methods. In five patients with Tourette syndrome and five healthy volunteers, the
number of activated pixels in the sensorimotor cortices and supplementary motor areas were
counted. The area over which the activation was distributed was calculated.

RESULTS: In the five patients, the average number of pixels activated during the finger-
tapping task in the sensorimotor cortices and supplementary motor area (69.4 pixels) exceeded
that in the volunteers (49.2 pixels). The difference was significant. The area over which the
pixels was distributed was significantly larger (25.4 vs 13.8 cm2).

CONCLUSION: Motor function is organized differently in patients with Tourette syndrome
than in healthy subjects.
A biological basis for the syndrome described by
Gilles de la Tourette has been inferred by many
investigators, but the pathophysiology of the abnor-
mality is not clearly understood (1). Positron emission
tomography (PET) and EEG studies suggest that
motor function is abnormally organized in patients
with Tourette syndrome. With PET studies, signifi-
cant tic-related brain activity in motor and language
cortices in patients with Tourette syndrome was in-
terpreted as evidence of abnormal organization of the
motor cortex (2). EEG studies in patients with
Tourette syndrome showed no negative EEG poten-
tials usually detected before voluntary movement (3).
To determine whether abnormal organization of mo-
tor functions could be detected with functional MR
imaging in these patients, we studied the activation in
the sensorimotor cortex from a standard motor task
paradigm in comparison with healthy subjects.
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Methods

Subjects with a clinical diagnosis of Tourette syndrome were
recruited from the psychiatry and medical psychiatry services
and by contacting the Tourette’s Association. Each subject
completed a questionnaire regarding medical and social history
and medications. Pertinent history and demographic informa-
tion are presented in the Table. The following subjects were
included: twins, aged 22 years, with Tourette syndrome and
obsessive compulsive and attention deficit disorder symptoms;
another sibling, aged 17 years; a 23-year-old man, working as a
nurse, with a diagnosis of Tourette syndrome but no tics for the
last 2 years; and one subject, aged 49 years, with mild Tourette
syndrome and attention deficit disorder symptoms. Five
healthy volunteers matched in age and sex were studied. None
of the patients were on medication at the time of imaging. All
were right-handed.

The functional MR images were obtained with a commercial
1.5-T imager equipped with a bird cage receiver and a three-
axis gradient coil (4). A series of localizer images was obtained
in axial, coronal, and sagittal planes. Anatomic reference im-
ages in the axial plane with a thickness of 1 cm were acquired
with spin-echo sequences with imaging parameters of 600/20/2
(TR/TE/excitations), a 24-cm field of view, and a 128 3 256
matrix. For each anatomic image, a matched series of single-
shot blipped echo-planar gradient images was acquired at in-
tervals of 2 seconds. During the acquisition, three periods of
task performance (each 20 seconds in length) were interspersed
with four periods of rest. The functional images were acquired
with imaging parameters of 2000/40, a 64 3 64 matrix, a 20-cm
field of view, 1-cm-thick sections, and an acquisition time of 40
milliseconds (4). The time course of the signal intensity in each
pixel was plotted and compared by a cross-correlation program
to a reference function representing an idealized response to
the task. The reference function was a modified square wave
09
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Number of activated pixels in patients with Tourette syndrome and in control subjects performing motor tasks

Subjects
Age

(y)/Sex

No. of Activated Pixels (L 2 R)/
(L 1 R)

SMA/
(SM Cortex)

Area of
Activation

(cm2)

Activated Pixels/
Unit AreaL SM Cortex R SM Cortex SMA Total

Patient 1 22/M 31 36 9 76 20.07 0.12 18.0 2.50
Patient 2 22/F 24 18 5 47 0.14 0.11 12.0 1.92
Patient 3 17/M 32 27 8 67 0.08 0.12 18.0 1.94
Patient 4 23/M 37 34 9 80 0.04 0.11 15.0 2.87
Patient 5 49/M 31 37 11 79 20.09 0.14 18.0 2.67

Average 31.0 30.4 8.4 69.8 0.02 0.12 16.2 2.40

Control 1 22/M 21 18 5 44 0.08 0.11 8.0 2.88
Control 2 24/F 26 24 6 56 0.04 0.11 12.0 2.50
Control 3 25/M 21 19 4 44 0.05 0.09 6.0 3.83
Control 4 24/M 18 24 7 49 20.14 0.14 12.0 2.58
Control 5 56/M 22 27 4 53 20.10 0.08 6.0 5.17

Average 21.6 22.4 5.2 49.2 20.02 0.11 8.8 3.14

Note.—L indicates left; R, right; SM, sensorimotor; SMA, supplementary motor area.
FIG 1. A and B, Functional MR images
show pixels activated by a finger-tapping
motor task in a healthy subject (A ) and in a
patient with Tourette syndrome (B ).
Thresholds for the two images are the
same (0.3). The images are black and
white versions of functional images in
which activation is indicated by a color
scale. The black border around regions of
activation has been added by a computer
program to improve the reproduction of
activated pixels in black and white.
with a period of 40 seconds and the first 4 seconds of the time
course of each rest and task period excluded in the cocorrela-
tion calculation. Pixels passing a threshold of 0.35 (for an a
priori significance of P , .0001) were displayed as activated
pixels. The activated pixels in the functional images were then
overlaid on the exactly corresponding anatomic reference im-
ages by the image-processing program (4). The task used for
each patient was a bilateral finger-thumb exercise (5), which
consisted of repeated, self-paced, rapid (2 Hz or greater),
rhythmic bilateral appositions of the thumb and first finger in
response to a cue from the investigator.

For each study, the activated pixels in the sensorimotor
cortex region (the lateral aspect of the hemisphere ventral and
dorsal to the superior genu of the central sulcus) and the
supplementary motor cortex area (the medial aspect of the
hemisphere in the vicinity of the anterior cingulate gyrus) were
tabulated. Standard methods of parcellation were used to de-
fine the central sulcus (6). The differences in the number of
activated pixels between the groups was tested for significance
by the two-tailed Student’s t-test of means.

The area covered by the activation in the sensorimotor
cortex was estimated. One investigator, using software in the
imager’s console, fit an ellipse to the activation in the right or
left sensorimotor cortices to include all activated pixels while
minimizing the area of the ellipse. The area of the ellipse was
calculated from the major and minor axes.
Results

Technically adequate data sets were obtained for
all five patients and five volunteers. Activation from
the motor task was identified consistently in the sen-
sorimotor cortex region and in the supplementary
motor area in both patients and volunteers (see Fig-
ure). The regions activated in the patients with
Tourette syndrome and in the volunteers were simi-
lar; however, in the patients, the number and the
dispersion of the activated pixels were greater (see
Table). The number of activated pixels in the left or
right motor cortex regions in the patients ranged from
18 to 37 (average, 30.7 pixels per region), whereas for
the control group it ranged from 18 to 27 (average,
22.0 pixels per region). The difference between the
patients and the control subjects was significant (P ,
.01). The number of activated pixels in the supple-
mentary motor area was between five and 11 in the
patients (average, 8.4 pixels) and between four and
seven for the control group (average, 5.2 pixels). The
difference was significant (P 5 .02). The ratio of
activated pixels in the supplementary motor area to
activated pixels in the sensorimotor cortex was 0.12
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for the patients and 0.11 for the control group. This
difference was not significant.

The area of activation for the sensorimotor cortex
region was visibly larger in the patients than in the
control subjects. The average area over which the
activation was distributed was 16.2 cm2 for the pa-
tients and 8.8 cm2 for the control group. The differ-
ence was significant (P 5 .006). The number of acti-
vated pixels per unit area was slightly smaller for the
patients (2.4 pixels) than for the control group (3.1
pixels). The difference was not significant (P 5 .10).

Discussion
Tourette syndrome is a complex neurologic syn-

drome characterized generally by motor and focal tics
and, less consistently, by attention deficit disorder,
obsessive compulsive disorder, dyslexia, depression,
and other neurologic or psychiatric manifestations.
The most conspicuous features of the syndrome are
coprolalia, echolalia, and pilalia. Tourette syndrome
is genetically determined, apparently by autosomal
dominance and incomplete penetrance (7–10). The
tics in Tourette syndrome, unlike tics in other disor-
ders, seem more compulsive than involuntary (9). For
some interval of time, the tics can be suppressed.
Even when the tics are not suppressed, they seldom
result in injuries to the patient or to others, suggesting
some voluntary control at all times. The genetic
marker has not been determined, although approxi-
mately 80% of the genome has been excluded. The
frequency of the disorder is determined at 0.5 per
1000 live births or as high as 1% of boys in grade
school monitored closely for evidence of symptoms
(7). The pathophysiology of Tourette syndrome is not
known, although disordered dopamine function has
been postulated (1, 11–13).

The findings of our functional MR imaging study
show a significantly greater number and dispersion of
pixels activated by finger tapping in patients with
Tourette syndrome than in control subjects. The ac-
tivated pixels are distributed over a larger region of
the brain, so that the proportion of activated pixels in
the left sensorimotor region, the right sensorimotor
region, and the supplementary motor area is similar
in the patients and in the control subjects.

Our preliminary study has limitations. The results
were obtained in a small and diverse group of patients
with Tourette syndrome. Duration of disease, age,
and comorbid conditions were not controlled in order
to collect sufficient data to compare with control
subjects. In future studies, results in patients with
Tourette syndrome should be stratified by severity of
attention deficit and obsessive compulsive disorder
(11). The study produced statistically significant re-
sults despite the diversity of the subjects and the small
number. The least abnormal pattern was found in the
patient with the fewest symptoms of Tourette syn-
drome.

Although this is, to our knowledge, the first func-
tional MR imaging study of cerebral activation in
Tourette syndrome, it confirms the findings of other
studies that suggest an abnormal organization of mo-
tor functions in the sensorimotor cortex in these pa-
tients. PET imaging studies of the tic activity in pa-
tients with Tourette syndrome reveal abnormalities
localized to the sensorimotor cortex and supplemen-
tary motor areas (2). The results of our functional
MR imaging study show abnormal activation also in
the supplementary motor area, as have some EEG (3)
and clinical (15) studies. The beneficial effect of an-
terior cingulotomy for Tourette syndrome also sug-
gests a role of the supplementary motor area, at least
in patients with obsessive compulsive symptoms (16–
18). Although functional studies have identified ab-
normalities, anatomic studies, in general, have not.
Results of postmortem examinations (19–21) do not
show abnormalities in the sensorimotor or supple-
mentary motor areas. Findings of microscopic and
histochemical studies show abnormalities in the glo-
bus pallidus in patients with Tourette syndrome (19,
20). Volumetric studies with MR imaging have iden-
tified diminished basal ganglia volume in these pa-
tients (8). In future functional MR imaging studies of
Tourette syndrome, basal ganglia activation should be
tabulated.

The abnormal activation pattern in Tourette syn-
drome requires further investigation. One possible
explanation for the increased activation is that these
patients use more cerebral cortex to perform a motor
task because additional work is required to suppress
tic activity. If such suppression occurs, it must be
temporally correlated with the performance of the
task in order to appear as activation. Another possi-
bility is that larger portions of the sensorimotor cortex
and supplementary motor areas participate in the
execution of motor tasks. This possibility is supported
by other functional MR imaging studies of functional
connectivity in Tourette syndrome (22). Other con-
siderations unsupported by experimental evidence in-
clude the possibility that the motor regions receive
less inhibitory output from frontal cortices or that
venous drainage or blood flow linkage to neuronal
activity are anomalous in this disorder.

Conclusion
Functional MR imaging results show abnormal ac-

tivation in the sensorimotor cortex and supplemen-
tary motor areas of patients with Tourette syndrome.
The pathophysiology of this disorder can be explored
safely and effectively with functional MR imaging.
Further studies are indicated to determine the extent
of functional abnormalities and the effect of comor-
bid features of Tourette syndrome on activation.
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