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Abstract

Limb-kinetic apraxia, the loss of the ability to make precise, independent but coordinated finger and hand movements affects
quality of life in patients with Parkinson’s disease. We aimed to examine the effects of anodal transcranial direct current
stimulation of the left posterior parietal cortex and upper extremity motor practice on limb-kinetic apraxia in Parkinson’s
disease. This study was conducted in a randomized, double-blind, sham-controlled fashion. Patients confirmed to have Par-
kinson’s disease were recruited. Twenty-eight participants completed the study and were randomized to two groups: anodal or
sham stimulation. For participants assigned to active stimulation, anodal stimulation of the left posterior parietal cortex was
performed using 2 mA current for 20 min. Patients received anodal or sham stimulation, followed by motor practice in both
groups. The primary outcome measure was time-performing sequential buttoning and unbuttoning, and several secondary
outcome measures were obtained. A statistically significant interaction between stimulation type and timepoint on time taken
to perform buttoning and unbuttoning was found. Patients who received anodal stimulation were found to have a significant
decrease in sequential buttoning and unbuttoning time immediately following stimulation and at 24 h in the medication-ON
state, compared to the medication-OFF state (31% and 29% decrease, respectively). Anodal stimulation of the left posterior
parietal cortex prior to motor practice appears to be effective for limb-kinetic apraxia in Parkinson’s disease. Future long-
term, multi-session studies looking at the long-term effects of anodal stimulation and motor practice on limb-kinetic apraxia
in Parkinson's disease may be worthwhile.
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Introduction

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder (the most common being Alz-
heimer’s disease) (Ascherio and Schwarzschild 2016).
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While symptoms of PD such as tremor, bradykinesia, and
postural instability are easily noted, other symptoms that
affect patients’ quality of life are often present, but may not
undergo clinical evaluation (Foki et al. 2016). An example
of this is apraxia, a phenomenon characterized as difficulty
performing skilled or learned movements, which is also seen
in other neurodegenerative disorders, including Alzheimer’s
disease (Park 2017). Limb-kinetic apraxia is a subtype of
apraxia that is characterized by the loss of the ability to
make precise, independent but coordinated finger and hand
movements (Park 2017). This type of apraxia is additive to
the difficulties patients have due to bradykinesia. Therefore,
patients with limb-kinetic apraxia experience difficulty per-
forming their activities of daily living that require dexterity,
such as buttoning and unbuttoning, using mobile phones
and keyboards (Foki et al. 2016). Limb-kinetic apraxia not
only affects quality of life, but can also be an independent
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predictor for quality of life in PD patients (Foki et al. 2016;
Vanbellingen et al. 2018).

To date, anatomical and functional neuroimaging study
results have indicated that the left posterior parietal, tempo-
ral, supplementary motor, premotor, and motor cortices are
relevant in many aspects of praxis (Ogawa and Imai 2016;
Kubel et al. 2017, 2018). The posterior parietal cortex (PPC)
in particular has received much attention, as many studies
suggest that it plays a major role in the voluntary control of
upper limb movement (Filimon 2010). The PPC appears to
be involved in shaping of the hand (regardless of whether
or not there is a graspable object) (Klaes et al. 2015; Rath-
elot et al. 2017). Studies using noninvasive brain stimulation
methods have attempted to stimulate brain regions consid-
ered to be relevant in various types of praxis (Bolognini
et al. 2015; Bianchi et al. 2015). Noninvasive brain stimula-
tion has also been used to prime potential effects of exercise
in patient populations such as PD and stroke (Allman et al.
2016). Anodal stimulation of the primary motor cortex has
been reported to improve manual dexterity in healthy human
subjects (Pavlova et al. 2014). This beneficial effect appears
to be present in both young and elderly adult groups when
combined with motor training (Parikh and Cole 2014). In
patients with stroke, anodal stimulation with or without
upper extremity exercise has been found to improve manual
dexterity (Fusco et al. 2014). Studies using anodal tDCS
have found that stimulation of other movement-related corti-
cal areas combined with physical training results in synergis-
tic effects (Wang et al. 2021). In this study, we attempted to

ameliorate symptoms of limb-kinetic apraxia in patients with
PD by delivering anodal transcranial direct current stimula-
tion (tDCS), a method of excitatory noninvasive brain stimu-
lation to the left posterior parietal cortex followed by motor
practice of the contralateral upper extremity.

Materials and methods
Subjects

This study was approved by the Institutional Review Board
of Dongguk University Ilsan Hospital, and all study par-
ticipants gave written informed consent. Patients confirmed
to have PD according to the UK Parkinson’s Disease Brain
Bank Diagnostic Criteria were enrolled. Inclusion criteria
included the following: right-handedness, age 30-90 years,
and Mini-Mental Status Examination (MMSE) score of at
least 18. As the study involved the use of transcranial mag-
netic stimulation (TMS) for obtaining neurophysiological
parameters, the following exclusion criteria were applied:
history of seizures or epilepsy, metal in the eye or skull,
presence of levodopa-induced dyskinesias, or history of hav-
ing received deep brain stimulation. Thirty patients were
recruited, and 28 patients completed the study. Two patients
were withdrawn for reasons due to insufficient data collec-
tion and poor compliance. No major side effects occurred
during the entire length of the study. See Fig. 1 for the study
design.

Fig. 1 Flowchart of the study
design. The study was con-
ducted in a randomized, double-
blinded, sham-controlled fash-
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Randomization and blinding

This study was conducted in a randomized, double-blind,
sham-controlled fashion. Patients were randomized to either
of the two groups: anodal or sham stimulation. An investi-
gator (H.R.J.) who was not actively involved in the care of
patients was responsible for the randomization. Once group
allocation was determined via randomization, a code that
determined the type of stimulation (anodal or sham) was
programmed into the stimulator. The stimulator used in this
study is capable of both active and sham stimulation (neuro-
Conn DC-stimulator Plus, neuroConn, Ilmenau, Germany).
All other investigators (including the rater) and patients were
blinded to group allocation.

Transcranial direct current stimulation and motor
practice

Transcranial direct current stimulation was delivered by a
battery-driven current stimulator (neuroConn DC-stimulator
Plus, neuroConn, Ilmenau, Germany). Two 5x7 cm? tDCS
electrodes were attached; the anodal electrode to the area
corresponding to P3 according to the 10:20 electroencepha-
lographic (EEG) system and the reference electrode to the
right deltoid muscle. Participants received anodal or sham
stimulation depending on their assigned group allocation,
as previously noted. Of note, the stimulator operates such
that sham stimulation also creates an initial brief ramping-
up of electrical current, which is helpful so that the recipi-
ent is blinded to the type of stimulation. 1.5 mA current
intensity was used for anodal stimulation, with fade-in/fade-
out phases of 8 s each. All participants received 20 min of
stimulation in the medication-ON state, with an investigator
monitoring the stimulation session to ensure alertness.
Participants were assessed using a variety of measures in
the following order: prior to stimulation, in the medication-
OFF state (> 12 h since medication cessation), medication-
ON state (30 min to 1 h following levodopa intake), 45 min
following tDCS (“tDCS-immediate”), and 24 h post-tDCS.
Participants were in the medication-ON state for both
tDCS-immediate and 24 h post-tDCS evaluation. They were
instructed to sequentially button and unbutton their hospi-
tal gown, which had five buttons aligned vertically (button
diameter: 1.9 mm, 9.5 cm inter-button distance). All partici-
pants underwent evaluation using the Unified Parkinson's
Disease Rating Scale (UPDRS) and the apraxia screen of
test of upper limb apraxia (AST) (Vanbellingen et al. 2011;
Movement Disorder Society Task Force on Rating Scales for
Parkinson’s 2003). The AST was performed to confirm the
absence of concurrent ideomotor apraxia. Participants also
performed other manual activities including writing their
name ten times using their dominant hand and flipping a
coin ten times (100 Korean won coin: diameter of 2.5 cm)

with their dominant and non-dominant hand, respectively.
The time for completion of ten rotations represented the
outcome measure, and participants picked up the coin in
the case of drops. When the participant dropped the coin,
the coin flip associated with the drop was excluded, and the
participant resumed the coin flipping. The time measurement
was discontinued and resumed when the coin was back in the
starting position. 12-m gait examination was also conducted
and videotaped for offline review.

All participants, regardless of the type of stimulation,
underwent motor practice following the 20-min stimula-
tion session, approximately 10 min after the end of stimula-
tion. This motor practice was comprised of the activities
described above (buttoning and unbuttoning, writing, and
flipping a coin). These manual activities were repeated three
times each. The time taken to perform these activities was
not analyzed as the purpose was for motor practice. Fol-
lowing completion of this, participants were instructed to
perform these activities in an order that minimized a practice
effect and were videotaped for offline assessment.

All procedures took place during the participants’ in-
hospital stay, to maintain a constant environment within
and across all participants. At each time point (medication-
OFF, ON, tDCS-immediate, and tDCS at 24 h), evaluations
included UPDRS, buttoning/unbuttoning, writing, flipping a
coin, 12-m gait, and resting motor threshold (RMT) obtained
by TMS. The final evaluation was performed 24 h follow-
ing the tDCS session on the second day of the hospital stay.

Transcranial magnetic stimulation

RMT measurements were obtained pre-, post, immediately,
and 24 h following tDCS, using TMS (Magstim BiStim2,
Magstim Company Ltd., Whitland, Dyfed, UK) and elec-
tromyography (EMG: Medelec Synergy, Oxford Instru-
ments Medical, Inc. Surrey, UK) surface electrodes. The
active surface electrode was placed over the muscle belly of
the right first dorsal interosseous muscle, and the inactive
surface electrode was placed over the metacarpophalangeal
joint of the right thumb. The ground electrode was placed
on the dorsum of the right hand. The motor hotspot was then
found using a figure-of-eight TMS coil (external diameter
of 70 mm) placed on the surface of the head correspond-
ing to the left primary motor cortex, with the coil handle
pointing backward and laterally at a 45° angle away from
midline. This hotspot was found functionally by stimulat-
ing the area corresponding to the left primary motor cor-
tex that evoked the largest MEP in the contralateral FDI;
this spot was marked on a cap to ensure proper coil place-
ment throughout the TMS procedure. RMT is defined as
the minimum stimulation intensity producing motor-evoked
potential (MEP) amplitude of 50 pV, in 5 out of 10 trials.
Once the RMT was determined, MEPs were obtained with
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a figure-of-eight TMS coil (external diameter of 70 mm)
placed on the surface of the head corresponding to the left
primary motor cortex, using a stimulation intensity of 120%
RMT.

Outcomes

The primary outcome measure was time taken to perform
sequential buttoning and unbuttoning, as this is often a task
performed daily in individuals, reflecting an activity repre-
sentative of praxis. Secondary outcome measures included
the UPDRS scores, RMT, time writing one’s name ten times,
time flipping a coin using each hand, and time taken to walk
12 m, etc.

Statistical analysis

A power analysis was conducted prior to the study to deter-
mine sample size. Based on data obtained from a previous
study, we postulated that buttoning and unbuttoning time
might be 63 s in the sham tDCS group and 48 s in the active
stimulation, with a standard deviation of 19 and 11 s, respec-
tively (Park 2018). A sample size analysis was performed
using a two-sample t test to achieve a significance level of
0.05% and 80% power, and a total of 12 participants were
required for each group. To account for potential dropouts,
a total requested accrual number of 30 was determined, with
an aim to complete at least 24 participants.

Results

Twenty-eight participants completed the study, and the mean
age in the active and sham group was 73 and 72 years (stand-
ard error [SE]: 5 and 9 years), respectively. Details of par-
ticipants in both groups are shown in Table 1. Mean disease
durations were 37 months and 41 months and mean UPDRS
part I/II scores in the active and sham group were 4/11 and
3/9, in the active and sham group, respectively. Mean MMSE
scores in the two groups were 25 and 26, respectively.
Mixed analysis of variance (ANOVA) was used to ana-
lyze the time taken to perform buttoning and unbuttoning
data. There was a statistically significant interaction between
the stimulation type and timepoint on time taken to per-
form buttoning and unbuttoning (F[3,78]=3.520, p=0.019,
partial #%>=0.119). Post hoc pairwise comparisons revealed
that in the active stimulation group, there was a significant
decrease in sequential buttoning and unbuttoning time
immediately following tDCS and at 24 h, compared to the
medication-OFF state (31% and 29% decrease, respectively,
p=0.001: see Fig. 2). Mixed ANOVA was also performed
for the UPDRS part III and upper extremity scores, and
no statistically significant group differences were found:
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F(1.650, 42.904)=17.071, p=0.277, partial n>=0.048 for
UPDRS part III scores and F(3, 78)=5.390, p=0.075, par-
tial #>=0.084 for upper extremity scores.

Writing time (time taken to write one’s name 10 times
sequentially) data were also analyzed using a mixed two-
way-ANOVA, which did not show a statistically signifi-
cant group difference (F[2.195, 57.061]1=0.441, p=0.664,
partial 2=0.017). No group differences were found
(F[3,78]=8.167, p=0.167, partial n>=0.062) for time flip-
ping a coin ten times with the right hand. No statistically
significant results were found for other secondary outcome
measures including RMT, 12 m-gait time, and time flipping
the coin with the left hand.

Discussion

Limb-kinetic apraxia is characterized by difficulty making
independent but coordinated finger and hand movements
(Quencer et al. 2007). As this phenomenon is often over-
looked in the clinic as a matter of clumsiness, it is seldom
addressed and no specific treatment is available (Vanbel-
lingen et al. 2017). However, impaired dexterity can impact
the quality of patients’ lives, as activities of daily living
often require the use of the upper limb (Vanbellingen et al.
2018). This phenomenon has been observed in a variety of
neurodegenerative disorders including PD and has been
found to be independent of bradykinesia (Foki et al. 2015).
While anodal tDCS of the primary motor cortex has been
applied to patients with PD and improvement of bradykin-
esia has been observed, to date, few studies have addressed
the effects of tDCS on limb-kinetic apraxia (Fregni et al.
2006).

The main purpose of our study was to assess the effects of
combining anodal tDCS of the left posterior parietal cortex
with motor practice on limb-kinetic apraxia by observing
changes in the time taken to perform manual tasks, such as
sequential buttoning and unbuttoning, flipping a coin using
both the dominant and non-dominant hand, and writing
one’s name. While there are several available measures that
are used to assess dexterity, we chose these tasks among
those available as they reflect some of the daily activities that
require fine motor skills of the upper extremity (Foki et al.
2016). Subjects underwent motor practice shortly following
tDCS (approximately 10 min after the end of stimulation),
taking into account the duration of increased motor cortical
excitability following tDCS in humans (Nitsche and Paulus
2001). Only the group of patients who received active (i.e.,
anodal) stimulation were found to have significant improve-
ment in sequential buttoning and unbuttoning, but not
other manual tasks (flipping a coin or writing). Therefore,
we conclude that the significant improvement in sequen-
tial buttoning and unbuttoning is a change independent of
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Ta.bI.e 1 Demograpl.li.c and Patient  Type of Age Sex Disease dura- Dominant side UPDRS Part I/Il/ MMSE score

clinical data of participants # stimulation tion (months)  of symptoms III (OFF) scores
PDO1 Active 82 M 24 R 3/6/28 20
PD02 Active 57 M 12 R 1/2/20 26
PDO03 Active 71 M 120 R 6/14/28 28
PD04 Active 78 M 24 L 3/12/23 25
PDO05 Active 73 M 14 L 3/7/17 23
PDO06 Active 74 M 21 R 3/22/44 24
PDO7 Active 75 M 44 L m/m/23 27
PDO08 Active 83 M 31 L 6/7/15 24
PD09 Active 78 M 25 R 1/26/27 26
PD10 Active 78 M 48 L 3/9/23 26
PDI11 Active 80 M 60 R 4/15/23 27
PD12 Active 52 F 18 L 2/2/8 29
PDI13 Active 77 F 48 L 4/7/20 22
PD14 Active 65 F 24 L 7/19/37 28
PDI15 Sham 69 M 48 R 3/11/21 29
PD16 Sham 68 M 48 R 4/15/36 24
PD17 Sham 76 M 48 R 2/8/17 19
PD18 Sham 76 F 18 L 4/12/21 25
PD19 Sham 69 F 12 L 2/6/12 29
PD20 Sham 74 M 42 R 4/5/10 30
PD21 Sham 77 F 132 R 6/15/26 20
PD22 Sham 70 F 8 L m/m/30 25
PD23 Sham 67 F 55 R 3/5/15 29
PD24 Sham 72 F 16 R 4/8/14 26
PD25 Sham 75 F 60 L 1/4/21 26
PD26 Sham 62 F 9 L 2/2/14 29
PD27 Sham 77 M 36 R 6/14/16 25
PD28 Sham 69 F 45 R 6/13/27 25

PD Parkinson’s disease, M male, F female, R right, L left, UPDRS Unified Parkinson’s Disease Rating
Scale, MMSE Mini-Mental Status Examination, m missing value

bradykinesia that was found to be unchanged in both groups,
as shown by the lack of significant differences in UPDRS
part IIT and upper extremity scores. As previous study results
suggest that the parietal cortex is involved in the control of
upper limb movements, it is possible that in our subjects
who received active stimulation of this brain region prior to
motor practice, stimulation resulted in sustained effects of
improvement in limb-kinetic apraxia seen at up to 24 h. The
lack of improvement for other manual tasks might indicate
that the ability to flip a coin or write (activities generally
regarded to require fine motor skill), may remain intact in
limb-kinetic apraxia.

Noninvasive brain stimulation methods such as tDCS and
TMS are often used to study or treat disorders in the field of
neurology, psychiatry, and rehabilitation (Lefaucheur 2016).
While effects of tDCS have been noted to be limited in dura-
tion, this method of noninvasive brain stimulation is often
more easily tolerated than TMS, and has a more favorable

side effect profile (Woods et al. 2016). Therefore, among the
various noninvasive brain stimulation methods, tDCS has
much potential in terms of its feasibility. The current under-
standing of the mechanism of tDCS is expanding and it is
now thought that effects are widespread; both neuronal and
non-neuronal cells including endothelial cells, lymphocytes,
or glial cells appear to be affected (Jackson et al. 2016).
Furthermore, the effects of tDCS are thought to be both
immediate and remote; observations on effects persisting
beyond the time frame of intervention have been reported
(Nitsche and Paulus 2001; Nitsche et al. 2003). Even weak
anodal tDCS has been shown to have relatively sustained
effects in increasing motor cortical excitability, at up to
90 min (Nitsche and Paulus 2001). TDCS is also thought to
involve change in a variety of neurotransmitters, resulting
in glutamatergic, GABAergic, serotonergic, dopaminergic,
and cholinergic activity modulation (Medeiros et al. 2012;
Nitsche et al. 2006).
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Studies using noninvasive brain stimulation methods such
as tDCS or TMS commonly combine stimulation with motor
practice of the corresponding body region. Examples include
tDCS or TMS followed by treadmill training in patients with
PD (Chung et al. 2020). While results are mixed among stud-
ies, there are reports of increased gait velocity and improved
balance with a combination of tDCS and physical training
(Kaski et al. 2014a, b). TDCS has also been combined with
motor training of the upper extremity in healthy humans,
and has been found to enhance motor learning (Galea and
Celnik 2009). In patients with stroke, combining anodal or
cathodal tDCS with motor learning resulted in improved
manual performance, as shown by change in Jebsen Taylor
hand function test scores (Fleming et al. 2017). Improve-
ment in fine motor control following anodal tDCS of the
primary motor cortex was also observed in patients with
subacute/chronic stroke (Pavlova et al. 2020; Ilic et al. 2016).
A study also found that tDCS appeared to boost handwriting
performance when combined with upper extremity training
in patients with PD (Broeder et al. 2019). Studies have also
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targeted movement-related cortical areas beyond the primary
motor cortex, including the cerebellum, prefrontal cortex,
and somatosensory cortices (Wang et al. 2021). Based on
the results of these previous studies, we aimed to study the
effects of anodal tDCS targeting the posterior parietal cortex
combined with motor practice in patients with PD.

Our study is not without limitations. We conducted
a single-session tDCS session, and while a significant
change in our primary outcome measure was found, stud-
ies conducting multiple stimulation sessions are neces-
sary to further evaluate the effects. Furthermore, while
participants were studied at four different time points, they
were not followed up at a term interval longer than 24 h.
Therefore, future studies employing multiple stimulation
sessions with assessments at both short and long term are
necessary to fully evaluate the effects of anodal tDCS and
motor practice. While we found that only the group that
received anodal stimulation had improvement in sequen-
tial buttoning and unbuttoning, we found that both groups
had improvement in writing and flipping a coin (the latter,
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using the dominant hand). As these manual activities are
also reflective of praxis, it is possible that the lack of a
group difference may be a result of an insufficient sam-
ple size or number of stimulation sessions. Finally, while
we aimed to study the effects of combining anodal tDCS
with motor practice in this study, it would also be useful
to study the effects of anodal tDCS alone on limb-kinetic
apraxia.

In summary, anodal tDCS of the left posterior parietal
cortex prior to motor practice appears to be effective for
limb-kinetic apraxia in PD. Limb-kinetic apraxia is a phe-
nomenon that deserves attention as it affects patients’ quality
of life and is found not only in PD but also in other neurode-
generative diseases such as Alzheimer’s disease. Based on
the findings of our study, future studies looking at the long-
term effects of anodal tDCS and motor practice on limb-
kinetic apraxia in PD and other neurodegenerative disorders
may be worthwhile.
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