Transcranial Direct Current Stimulation Improves
Neurorehabilitation of Task-Specific Dystonia

A Pilot Study
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Sensory-motor retuning (SMR) can help the symptoms of
task-specific focal hand dystonia. However, effects vary across
patients and take many sessions. Here, we present proof of
principle evidence that transcranial direct current stimulation
(tDCS) can enhance these effects. We compared the effects of
a combined tDCS-SMR protocol (n=4 patients) with the effi-
cacy of SMR alone (n=30 patients). All 4 patients treated with
the combined protocol showed greater improvement than
those undergoing SMR alone. Results encourage a larger, par-
allel-group clinical trial with sham tDCS control. Med Probl
Perform Art 2014; 29(1):16-18.

T ask-specific focal hand dystonia leads to a loss of vol-
untary motor control during skilled tasks that can
render affected individuals disabled. The etiology of task-
specific focal dystonia remains pootly understood, though
there appears to be alteration of motor cortical excitability
and plasticity."?

Pharmacologic treatment (anticholinergic agents, botu-
linum toxin, etc) is often of limited efficacy and associated
with side effects. Some patients can be helped with neu-
rorehabilitation techniques, such as sensory motor retun-
ing (SMR).> However, benefits vary across patients and
require many months of treatment.*

Transcranial direct current stimulation (tDCS) is a non-
invasive brain stimulation technique that delivers a weak
electrical current (1-2 mA) through scalp electrodes. If
appropriately applied, tDCS is safe, yet allows modulation
of cortical excitability beyond the duration of the stimula-
tion itself. Under the anode, cortical excitability is
enhanced, while under the cathode it is suppressed.” Such
neuromodulatory effects can induce behavioral effects and
improve performance in a given task or the efficacy of an
intervention.® For example, motor learning can be sped up
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by combining tDCS with physical motor practice in normal
subjects” and in stroke patients.% The potential benefit of
combining tDCS with other interventions has also been
shown in visual rehabilitation!® and pain treatment.!!

Theoretically, tDCS seems that it might be a good tool
for those patients affected by task-specific focal hand dys-
tonia. Surprisingly, results in this field are sparse and con-
tradictory.!> 1> We agree with Benninger!® about the possi-
bility that lack of results may be because tDCS is not
changing neurological pathways but facilitating this kind
of change. So, if tDCS is not followed by an effective neu-
rorehabilitative protocol, no changes must be expected.
Based on this hypothesis, in the present pilot study, we
examined the potential enhancement effect of tDCS onto
SMR for task-specific focal hand dystonia.

SUBJECTS

Four patients (study group) underwent treatment for task-
specific focal hand dystonia with a combination of tDCS
and SMR. Data from this group were compared with find-
ings in 30 patients (18 guitarists and 12 pianists) affected
with task-specific focal hand dystonia and consecutively
treated with SMR in our center (control group). The epi-
demiologic characteristics of the patients are summarized in
Table 1. None of the 4 patients in the study group, and
none of the 30 in the control group, showed any signs or
symptoms of neurological disorders other than the focal
dystonia. None were undergoing pharmacological treat-
ment or had any contraindications for tDCS.!¢ All patients
gave informed consent to the study, which was approved
by the Institutional Ethical Research Committee and con-
ducted in adherence to the Declaration of Helsinki.

PROTOCOL

All patients received daily 1-hour SMR sessions. Each ses-
sion started with splint exercises: repetitive movements on
the specific affected task using splints to change hand pro-
pioception and thus facilitate the use of new motor pro-
grams. Compensatory fingers were alternatively splinted
in seven different combinations. These combinations were
not randomly decided but based on which fingers were
affected and using therapist expertise to decide which can
be the most effective ones for each patient (see more detail



TABLE 1. Demographic Data and Scores for Patients Receiving Combined tDCS+SMR Treatment

Affected  Evolution Baseline
Case Age (yrs) Gender Task Finger  Time (yrs) Protocol Score 10d score 20d score
1 35 male piano right middle 3 10 days: tDCS+SMR ~ 97.69  76.51 70.21
+ 10 days: SMR
2 32 female piano left index 1 20 days: tDCS+SMR 97.65  83.12 73.24
3 30 male electric guitar right index 7 10 days: tDCS+SMR 97.95  85.12 78.38
+ 10 days: SMR
4 45 male piano right index 2 20 days: tDCS+SMR 99.34  86.24 71.02
Study group  35.50 3.25 tDCS+SMR 98.16  81.75 73.21
mean {SD) (6.66) (2.63) (0.80)  (4.36) (3.68)
Control 34.40 3.26 SMR 96.33  89.02 85.38
group mean (4.78) (1.92) (2.96) (5.45) (5.37)
p-value 0.681 0.993 0.233  0.015 0.001

Note that patients 1 and 3 underwent tDCS+SMR during 10 days followed by 10 days of SMR alone, while patients 2 and 4 had
combined tDCS+SMR for 20 days. No statistical differences were found on baseline, 10d, and 20d scores between these two pairs

of patients (p=1.000, 0.667, and 1.000, respectively).

about the therapy on Rosset-Llobet and Fabregas-Molas’
work!7). Exercises were done in two equal series each, one
including 3 minutes of each combination with 1 rest
minute between them. These two series were followed by
task execution work: 5 to 15 minutes of repetition of the
task without the splints. During each SMR session (splint
exercises and task execution), the difficulty of the task was
adapted to avoid dystonic response. Treatment was deliv-
ered by a very experienced SMR therapist.

In the four patients undergoing tDCS, stimulation was
delivered with a battery-driven, constant-current stimula-
tor (Phoresor II, IOMED Inc., Salt Lake City, USA) via two
saline-soaked sponge electrodes (35 c¢m?) placed on the
scalp, each one over one of the sensorimotor cortex (SM1;
C3 according to the international 10-20 system). The cath-
ode was placed in the homologous position of the hemi-
sphere contralateral to the affected hand. The stimulation
intensity was set to 2 mA and applied over a 20-min period
(fade-in /fade-out phases = 10 seconds). During each treat-
ment session, after 5 initial minutes of tDCS, the patients
began the 1-hour SMR protocol session. Patients under-
went daily treatment session (Monday to Friday) for 2 to 4
weeks (10 to 20 treatment sessions).

To quantify the impact of the intervention, all patients
were evaluated at baseline using a structured test that
included 15 items. Each item was a difficult motor task
involving the affected activity (for instance, a pianist
might be asked to do a trill with index and middle fingers
at 100 beats/min and to play the D minor Sonata from
Soler at 90 beats/min). After performing each item,
patients were asked to rate the severity of their dystonic
symptoms (with 0 meaning no difficulty /no dystonia sen-
sation and 100 indicating impossible to perform the
task /maximal dystonia sensation). We calculated an aver-
age score for all tested items (baseline score). Patients

repeated the same test after the 10th (10d score) and 20th
day of retraining (20d score).

Means were compared between groups using the Mann-
Whitney nonparametric test. All calculated p-values were
two-sided, and p< 0.05 was considered statistically signifi-
cant. There were no statistical differences between groups’
ages or time of dystonia.

RESULTS

All patients in the study group, combining tDCS with
SMR, tolerated the intervention without adverse or side
effects. Combination therapy was easy to apply and did
not interfere with the SMR interventions.

There was no statistical difference in baseline scores
between groups, but the study group had statistically signif-
icant lower day 10 and 20 scores. Table 1 and Figure 1 sum-
marize the results in all patients (study group and controls).

DISCUSSION

These data suggest that multisession tDCS can enhance
the efficacy of SMR in task-specific focal hand dystonia
neurorehabilitation. It is unclear whether this enhance-
ment is due to speeding up of the benefit or actually
increasing efficacy. tDCS may prime central somatosen-
sory pathways, promote their plasticity, and facilitate sur-
rounding inhibition in the hyperactive areas rendering
them more responsive to SMR.> tDCs may also act by
means of a rise in consolidation mechanisms.!® Future
neurophysiologic or neuroimaging studies may help clarify
this further and offer mechanistic insights.

Two of our patients had only 10 days of combined
tDCS+SMR intervention followed by 10 days of SMR

alone. The efficacy in these two cases was similar to that of
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FIGURE 1. Mean scores + SD for control (light gray) and study
groups (dark gray). Asterisks identify statistically different
means.

the 20-day course of combined intervention. Future studies
with larger sample sizes need to address the optimal treat-
ment regimen, timing of the tDCS combination, and other
related factors.

We relied on subjectively reports by the patients and
qualitative evaluations by clinicians. Future studies will
require more objective outcome measures, as well as a par-
allel group and sham-controlled interventions (e.g., sham
tDCS combined with SMR).

Nonetheless, we believe that these pilot findings are
interesting and warrant reporting, as they do establish the
feasibility of the approach and the results encourage a
well-powered, properly controlled clinical trial.
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