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Background:
Parkinson disease (PD) is associated with degeneration of dopaminergic neu-
rons in basal ganglia, which subsequently a�ects motor function in the human 
brain [1]. Research has shown that PD patients demonstrate longer reaction 
time (slower movement) for initiation and inhibition of motor responses in the 
hand modality [2]. 
Previous studies have found that slower reaction time in PD can be due to im-
paired temporal processing in these patients. PD patients were reported to ex-
hibit impairment in temporal estimation and discrimination tasks an also have 
shown di�culties in generation of self-paced time intervals during �nger tap-
ping tasks [3]. In addition, motor timing de�cits have been reported in PD pa-
tients during speech production and hand movement [2,3]. Although previous 
studies have shed light on neural and behavioral neural mechanisms of im-
paired motor timing in PD, less studies have explored possible ways to improve 
motor timing de�cits in speech and hand movement. 

Objectives:
This project’s purpose is to investigate e�ects of High-De�nition transcranial 
Direct Current Stimulation (HD-tDCS ) on neural and behavioral mechanisms of 
motor timing during speech production and hand movement and to validate 
the application of HD-tDCS for improving motor symptoms in PD. Existing 
studies show that HD-tDCS can induce neuroplasticity, reorganization of brain 
function, leading to improved functional behavior [4,5]. This suggests that 
HD-tDCS can be used as an e�ective method to restore functional mechanisms 
that are impaired as a result of neurological damage in PD. 

The primary objective of this study was to determine e�ects of HD-tDCS over 
left frontal on reaction times and neural responses during initiation of speech 
production and hand movements in PD.
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Figure 1. Experimental design. 
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Subjects:
12 PD patients were enrolled in the present study. PD patients were on 
dopaminergic medications with di�erent dosage to alleviate their motor 
symptoms.
 
Procedure:
Half of Patients were randomly assigned to receive Cathodal HD-tDCS over the 
left frontal , and the remaining half received sham stimulation on a non-target 
area. After stimulation, event-related potentials (ERPs) were recorded while 
subjects were visually-cued to prepare to produce a steady vocalization of a 
vowel sound or press a button in a randomized order, and to initiate the cued 
movement following the onset of a go signal on the screen. The time interval 
between visual cue and go signal was temporally-predictable (see �gure 1).
For each subject, measures of reaction time and also ERP analysis were com-
puted for speech and hand movement initiation.

 

ERP Reults:

PD patients who received Cathodal stimulation exhibited signi�cantly faster motor reaction time 
than patients who received sham for both speech production and hand movement (�gure 3)

Results showed the attenuation of ERP activities following cathodal vs. sham at -100 to 0 ms before 
speech production and hand movement. The topographical distribution maps of ERP activities are 
depicted for speech and hand movement initiation following cathodal and sham stimulations in 
Fig. 4A and 4B, respectively. Cathodal stimulation signi�cantly attenuated ERP activities compared 
to sham over the frontal electrodes for speech production (Fig. 4C) hand movement (Fig. 4D).
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Our �ndings indicate that Cathodal stimulation can ameliorate motor timing de�cits in PD patients. 

We suggest that the attenuation of premotor neural activities over frontal and parietal electrodes, 
as indexed by reduced amplitude of ERP responses, is a neural correlate of improved temporal 
processing during planning phase of speech production and hand movement in PD patients.

Faster motor reaction time and attenuated ERP activities after cathodal stimulation over frontal cortex 
may be an indicative of improvement in the dysfunctional fronto-basal ganglia circuits that subserve 
temporal information processing for speech and hand movement initiation.

Behavioral Results:

Stimulation con�guration: Figure 2 shows the follow of current to left ventral motor cortex.
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Figure 2. A) The anatomical position of the target area over the left ventral motor cortex (MNI: x=-57, y=3, z=14). 
                    B) The reconstructed pattern of current �ow intensity for Cathodal HD-tDCS.

Figure 3. Reaction time for cathodal and sham 

Cathodal Sham

Speech initiation

-0.3       -0.2       -0.1       0.1        0.2        0.3        0.4        0.5        
-3

-2

-1

0 

1 

2 

3 

0 

ER
P 

Am
pl

itu
de

 [µ
V]

Time [Second]

Fz

-0.3       -0.2       -0.1       0.1        0.2        0.3        0.4        0.5        

-2

-1

0 

1 

2 

3 

0 
-3ER

P 
Am

pl
itu

de
 [µ

V]

Time [Second]

Sham
CathodalFz

Cathodal Sham

Hand initiationA) B)

C) D)

HandSpeech 

M
ea

n 
of

 R
ea

ct
io

n 
Ti

m
e 

[m
s]

600

500

400

300

200

100

0

* *

Introduction

 

 

Background:
Parkinson disease (PD) is associated with degeneration of dopaminergic neu-
rons in basal ganglia, which subsequently a�ects motor function in the human 
brain [1]. Research has shown that PD patients demonstrate longer reaction 
time (slower movement) for initiation and inhibition of motor responses in the 
hand modality [2]. 
Previous studies have found that slower reaction time in PD can be due to im-
paired temporal processing in these patients. PD patients were reported to ex-
hibit impairment in temporal estimation and discrimination tasks an also have 
shown di�culties in generation of self-paced time intervals during �nger tap-
ping tasks [3]. In addition, motor timing de�cits have been reported in PD pa-
tients during speech production and hand movement [2,3]. Although previous 
studies have shed light on neural and behavioral neural mechanisms of im-
paired motor timing in PD, less studies have explored possible ways to improve 
motor timing de�cits in speech and hand movement. 

Objectives:
This project’s purpose is to investigate e�ects of High-De�nition transcranial 
Direct Current Stimulation (HD-tDCS ) on neural and behavioral mechanisms of 
motor timing during speech production and hand movement and to validate 
the application of HD-tDCS for improving motor symptoms in PD. Existing 
studies show that HD-tDCS can induce neuroplasticity, reorganization of brain 
function, leading to improved functional behavior [4,5]. This suggests that 
HD-tDCS can be used as an e�ective method to restore functional mechanisms 
that are impaired as a result of neurological damage in PD. 

The primary objective of this study was to determine e�ects of HD-tDCS over 
left frontal on reaction times and neural responses during initiation of speech 
production and hand movements in PD.

Prepare PrepareSpeak Stop StopPress

Speech Production Hand Movement

Fixed Interval (T1)
(1000 ms)

Fixed Interval (T1)
(1000 ms)

Fixed Interval (T1)
(1000 ms)

Inter Trial Interval (ITI)
(2000-3000 ms)

Fixed Interval (T1)
(1000 ms)

Figure 1. Experimental design. 

Speech Neuroscience Lab

Subjects:
12 PD patients were enrolled in the present study. PD patients were on 
dopaminergic medications with di�erent dosage to alleviate their motor 
symptoms.
 
Procedure:
Half of Patients were randomly assigned to receive Cathodal HD-tDCS over the 
left frontal , and the remaining half received sham stimulation on a non-target 
area. After stimulation, event-related potentials (ERPs) were recorded while 
subjects were visually-cued to prepare to produce a steady vocalization of a 
vowel sound or press a button in a randomized order, and to initiate the cued 
movement following the onset of a go signal on the screen. The time interval 
between visual cue and go signal was temporally-predictable (see �gure 1).
For each subject, measures of reaction time and also ERP analysis were com-
puted for speech and hand movement initiation.

 

ERP Reults:

PD patients who received Cathodal stimulation exhibited signi�cantly faster motor reaction time 
than patients who received sham for both speech production and hand movement (�gure 3)

Results showed the attenuation of ERP activities following cathodal vs. sham at -100 to 0 ms before 
speech production and hand movement. The topographical distribution maps of ERP activities are 
depicted for speech and hand movement initiation following cathodal and sham stimulations in 
Fig. 4A and 4B, respectively. Cathodal stimulation signi�cantly attenuated ERP activities compared 
to sham over the frontal electrodes for speech production (Fig. 4C) hand movement (Fig. 4D).

[1] Jankovic, Joseph. "Parkinson’s disease: clinical features and diagnosis." Journal of Neurology, Neurosurgery & Psychiatry 79.4 (2008)
: 368-376.
[2] Bloxham, C. A., T. A. Mindel, and C. D. Frith. "Initiation and execution of predictable and unpredictable movements in Parkinson's disease.
" Brain 107.2 (1984): 371-384.
[3] Artieda, Julio, et al. "Temporal discrimination is abnormal in Parkinson's disease." Brain 115.1 (1992): 199-210.
[4]Garnett, E.O., et al. "On the Use of the Terms Anodal and Cathodal in High‐De�nition Transcranial Direct Current Stimulation: A Technical 
Note." Neuromodulation: Technology at the Neural Interface.(2015): 705-713. 
[5] Monti, A., et al. "Transcranial direct current stimulation (tDCS) and language. J Neurol Neurosurg Psychiatry." 2013: 832-842.

Cathodal Stimulation Improves Motor Timing De�cits In Parkinson’s Disease 
During Speech Production And Hand Movement 

Karim Johari and Roozbeh Behroozmand

Speech Neuroscience Lab , Department of Communication Disorders, University of South Carolina 

Figure 4. ERP reponse for movement initiation

Methods

Methods (continued)

Discussion

References

Our �ndings indicate that Cathodal stimulation can ameliorate motor timing de�cits in PD patients. 

We suggest that the attenuation of premotor neural activities over frontal and parietal electrodes, 
as indexed by reduced amplitude of ERP responses, is a neural correlate of improved temporal 
processing during planning phase of speech production and hand movement in PD patients.

Faster motor reaction time and attenuated ERP activities after cathodal stimulation over frontal cortex 
may be an indicative of improvement in the dysfunctional fronto-basal ganglia circuits that subserve 
temporal information processing for speech and hand movement initiation.

Behavioral Results:

Stimulation con�guration: Figure 2 shows the follow of current to left ventral motor cortex.

Results

-573

14

A) B)

Figure 2. A) The anatomical position of the target area over the left ventral motor cortex (MNI: x=-57, y=3, z=14). 
                    B) The reconstructed pattern of current �ow intensity for Cathodal HD-tDCS.

Figure 3. Reaction time for cathodal and sham 

Cathodal Sham

Speech initiation

-0.3       -0.2       -0.1       0.1        0.2        0.3        0.4        0.5        
-3

-2

-1

0 

1 

2 

3 

0 

ER
P 

Am
pl

itu
de

 [µ
V]

Time [Second]

Fz

-0.3       -0.2       -0.1       0.1        0.2        0.3        0.4        0.5        

-2

-1

0 

1 

2 

3 

0 
-3ER

P 
Am

pl
itu

de
 [µ

V]

Time [Second]

Sham
CathodalFz

Cathodal Sham

Hand initiationA) B)

C) D)

HandSpeech 

M
ea

n 
of

 R
ea

ct
io

n 
Ti

m
e 

[m
s]

600

500

400

300

200

100

0

* *


