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Altered neurophysiologic response to intermittent theta
burst stimulation in Tourette syndrome
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Background
The motor system in Tourette syndrome has been found to be abnormal in previous fine-motor and
neurophysiologic studies.

Objective
This novel pilot study uses repetitive transcranial magnetic stimulation as a method to characterize the
neurophysiology of the motor system in Tourette syndrome.

Method
We investigated the modulation of cortical excitability in adult Tourette syndrome patients by
measuring motor-evoked potential amplitudes before and after applying intermittent theta burst
transcranial magnetic stimulation.

Results
Motor-evoked potential amplitude changes over 1 and 10 minutes after intermittent theta burst
transcranial magnetic stimulation were greater in 11 healthy controls than 10 adult patients with
Tourette syndrome (P 5 0.004).

The result of this study was presented at the American Academy of Neurology Annual Meeting on April 13, 2010 and also at the Tourette Syndrome

Association 5th International Scientific Symposium on June 12, 2009.
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Conclusions
This altered neurophysiologic response to intermittent theta burst stimulation may contribute to the
understanding of motor cortical mechanisms in Tourette syndrome.
� 2012 Elsevier Inc. All rights reserved.
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The underlying pathophysiology of Tourette syndrome
(TS) is thought to involve cortico-striatal-thalamo-cortical
circuits, which regulate motor output. Predictably, motor
function in TS has been found to be abnormal,1,2 as well as
other motor system measures such as cortical inhibition.3 In
addition to these motor system aberrations, different studies
have shown abnormal neostriatal habit-learning, and brain
structural changes suggesting abnormal plasticity in TS.4-6

Neuroplasticity is the capacity of the brain to adapt,
learn, and remember, which is dependent on long-term
potentiation (LTP) and long-term depression (LTD). Theta
burst stimulation (TBS) is a method of repetitive trans-
cranial magnetic stimulation that induces LTP- and LTD-
like processes in the human brain. Given the possible
abnormal plasticity in TS, we used intermittent TBS (iTBS)
to study the LTP-like process in adult TS and control
subjects. Our hypothesis is that the response to iTBS in the
primary motor cortex is abnormal in adult TS participants.

Materials and methods

Patient recruitment, diagnosis, clinical assessment

TS adults were recruited from the Tourette Syndrome Clinic
at the Cincinnati Children’s Hospital Medical Center
(CCHMC), and age-matched healthy controls (6 5 years)
were recruited by advertisement. Diagnoses were based on
DSM-IV-TR criteria using direct physician interview. Preg-
nant subjects and those with serious medical condition or
substance abuse were excluded. All TS and control subjects
were right handed, except one left-handed TS patient.
Participants gave written informed consent for the study,
which was approved by the CCHMC Institutional Review
Board. Tic, attention deficit hyperactivity disorder (ADHD),
and obsessive-compulsive disorder (OCD) symptom sever-
ities were assessed independent of transcranial magnetic
stimulation (TMS) data using Yale-Global-Tic-Severity-
Scale7 (YGTSS), Adult ADHD Self-Report Scale,8 and
Yale-Brown Obsessive-Compulsive Scale9 (Table 1).

TMS

TMS was performed with a Magstim200 stimulator con-
nected through a Bistim module to a figure-of-eight, 70-mm
coil (Magstim Co., Wales, UK). Surface electromyography
(EMG) leads were placed over the first dorsal interosseous

(FDI) muscle on the right hand. Subjects were seated
comfortably, with both arms fully supported on a pillow.
Full muscle relaxation was maintained through visual and
EMG monitoring. The coil was placed over the left primary
motor cortex at the optimal site for obtaining amotor-evoked
potential (MEP) in the right FDI, and resting and activemotor
thresholds (RMT, AMT) were quantified using standard
methods.10 Ten consecutive TMS pulses separated by at least
5 seconds were administered at 120% RMT to obtain MEP
amplitudes at three time points: before, and at 1 and 10
minutes after iTBS. ITBS was performed using Magstim
Rapid2 (Magstim Co.) with intensity set at 80% of AMT,
as per published protocol.11

Each surface EMG tracing was reviewed and tracings
that contained muscle movements before the TMS pulse
were excluded from data analysis.

Statistical analysis

The primary outcome of interest was the Group*Time
interaction for mean MEP amplitude change, which is
expressed as a ratio of post-iTBS/pre-iTBSMEP amplitudes.
Data were subjected to repeated-measures analysis of
variance (ANOVA) (PROC MIXED) in SAS v.9.2 (Cary,
NC), with two-tailed P , 0.05 considered significant. Time
(baseline, 1 minute, 10 minutes) was the within-subject and
Group (TS, controls) the between-subject factor. To explore
confounding effects, the analysis was performed after strat-
ifying for presence of any current neuropsychiatric medica-
tion or any comorbid condition. Paired t test was also
performed within each group between baseline and 1-minute
MEP amplitude change to assess the effect of iTBS.

Results

Ten TS subjects (Table 1) and 11 healthy controls
completed this study and did not differ in age (P 5 0.73)
or RMT (P 5 0.81). The single left-handed TS subject’s
RMT was 55%, which was in the range of the right-
handed TS subjects’ RMTs (35-63%).

The mean MEP amplitude changes over 1 and 10
minutes after iTBS were significantly greater in controls
than TS adults (repeated-measures ANOVA: Group*Time
F2,38 5 6.3; P 5 0.004) (Figure 1). Post hoc paired t test
showed difference between baseline and 1-minute MEP
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