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Introduction: Patients with Parkinson’s disease (PD) often exhibit difficulties with

dexterity during the performance of activities of daily living (ADL) due to dysfunctional

supplementary motor area (SMA). The aim of this clinical trial protocol work is to describe

how the effectiveness of a combined repetitive transcranial magnetic stimulation (rTMS)

over SMA and video-game-based skill training (VBT) in PD will be evaluated. The short

and long-term benefits are assessed.

Methods and analysis: A single-blind (patients) stratified (based on Hoehn & Yahr)

parallel randomized sham-controlled rTMS-VBT study with a baseline and two follow-up

measurements (3 and 12 weeks) is being conducted. These measurements include

the dexterity questionnaire 24 (DextQ-24) as a primary outcome, and nine hole peg

test and coin rotation task as main secondary dexterity outcomes. Further secondary

outcomes will be the subscale II of the movement disorders society unified PD rating

scale (MDS-UPDRS) to assess improvements on overall ADL and the Parkinson’s

Disease Questionnaire-39 to assess quality of life. Thirty-six outpatients (from one

neurorehabilitation center) with PD (diagnosis based on brain bank criteria) will be

recruited who report difficulties with dexterity in performing ADL. All PD patients will

receive a 45-min VBT three times a week for 3 weeks. The PD patients randomized

in the experimental group will receive VBT preceded by real rTMS, being intermittent

theta burst (iTBS) stimulation sessions. The PD patients randomized to the control group

receive a VBT with sham rTMS.

Discussion: The study will provide evidence to determine whether a combined iTBS and

VBT skill intervention is more effective than a VBT intervention alone to improve dexterity

in PD.
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Ethics and dissemination: The study was approved by the Ethics Committee

for Northwest and Central Switzerland (EKNZ), Switzerland 2019–00433. The study

will be conducted in accordance with the Helsinki Declaration and the Guidelines of

Good Clinical Practice. Informed consent will be signed prior to subject enrolment.

Dissemination will include submission to international peer-reviewed professional journals

and presentation at international congresses.

The study protocol has been registered in the clinicaltrials.gov registry with the

identification code: NCT04699149.

Keywords: Parkinson’s disease, transcranial magnetic stimulation, dexterity, video game-based training, RCT -

randomized controlled trial

INTRODUCTION

Patients with Parkinson’s disease (PD) often face dexterity-
related difficulties, both in performing basic (grooming,
buttoning a shirt) and instrumental activities of daily living
(ADL), such as cooking a meal, organizing pills in pill holders,
and writing (1–4). These difficulties may be present even in
early stages of the disease. They further increase the burden
of disease and reduce quality of life (QoL) (2). Dopaminergic
therapy only slightly improves impaired dexterity (5). Therefore,
complementary treatments are needed to reduce its impact
on ADL. Previous studies have shown short-term effects
(immediately after training) of a particular hand training, either
supervised (6) or unsupervised (7). However, no sustainable
long-term effects were shown so far. A reason may be that
important aspects for an optimized motor learning (8) were
not sufficiently targeted, such as the variability of the load, the
feedback of the performance over a longer period of time or the
level of difficulty.

Video-game-based training (VBT) has been rapidly
developing in PD neurorehabilitation (9). VBT is attractive
and challenging, and therefore potentially suitable to motivate
PD patients over time (10). Other benefits of VBT include the
ability to adjust the difficulty of the exercise and to provide
online visual and/or verbal feedback during the training. In
terms of dexterity, several studies have now shown that VBT
was feasible and improved dexterity in PD patients in the short
term (immediately after the intervention) (11–14). However,
long-term effects of VBT have not yet been assessed.

To further improve training effects in PD, a combination
of behavioral interventions with neuromodulation techniques
such as non-invasive repetitive transcranial magnetic stimulation
(rTMS) has been proposed (15–18). The rationale behind a
combined rTMS and behavioral training is that by applying
rTMS before training, the brain may reach an optimal state
of learning thereby facilitating subsequent training effects (19).
The principle of activity dependent neuroplasticity (20) also
suggests that combinations of behavioral training with rTMS
might have promise in facilitating long term effects (21). We
use herein an intermittent theta-burst protocol (iTBS), a type
of rTMS, which is expected to produce behavioral effects not
only outlasting the single administration (short term), but also
retained after multiple applications (long term) (22–24). iTBS

has been shown to be facilitatory in nature by increasing cortical
excitability (25–27). When applied over primary motor cortex
iTBS may enhance either sensorimotor integration (28) or mood
(29) in PD patients. Similarly, if supplementary motor area
(SMA) was the target region, beneficial effects on overall motor
symptoms were shown by using rTMS (24, 30). The SMA also
plays a key role in the generation of self-initiated, multisegmental,
complex, voluntary finger movements (31, 32). In PD however,
SMA activity can be reduced due to decreased positive efferent
feedback arising from the basal ganglia–thalamocortical motor
loop (33). Consequently, PD patients may show altered activation
patterns in the SMA and less cortico–cortical excitability. Indeed,
it was shown that a diminished resting state perfusion in the
left SMA in PD explained poor dexterous performance, which
was measured by a coin rotation (CR) task (34). These findings
further attributed to the role of the SMA controlling for fine
finger movements. Interestingly, one previous pilot rTMS study
in PD already demonstrated a short-term improvement on
handwriting, which requires good dexterous function, when
patients received one session of facilitatory rTMS over the left
SMA (35).

The aim of the present clinical trial protocol paper is to
describe how the effectiveness of a combined iTBS-VBT skill 3-
week intervention in PD will be evaluated. The short and long-
term benefits of this training program will be evaluated. We
predict that the use of iTBS before VBT can further strengthen
the training effects and possibly also achieve sustainable
long-term effects. Therefore, we expect significantly improved
dexterity in both the short and long-term, which leads to
improved ADL and QoL in patients with PD.

METHODS AND ANALYSIS

Trial Design
A single-blind (patients) parallel RCT with a stratified random
intervention distribution is carried out. The random sequence
generation using a computer software program is stratified,
according to the Hoehn & Yahr (H&Y) scale, Level 1 = H&Y
I to Level 4 = H&Y 4, (36) at T0. After stratification, a simple
randomization (1–1) occurs within each stratum level (Level
1 to 4). Randomization and treatment allocation is concealed
within SecuTrial, which is a GCP-compliant electronic data base
system (https://www.secutrial.com/en/), managed externally by
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FIGURE 1 | Design of study: T0 baseline assessment, T1 end of training, T2 follow-up after 3 months. ADL, activities of daily living; QoL, quality of life.

the Clinical Trial Unit (CTU) Schweizer Paraplegiker Zentrum
(SPZ) Nottwil. After the baseline assessment (hereinafter referred
to as T0), all PD patients receive 45-min manual dexterity
intervention three times a week for a period of 3 weeks. The PD
patients randomized in the experimental group will receive VBT
each time, preceded by true iTBS stimulation. The PD patients
randomized to the control group receive a VBT with a preceding
sham TMS each time (see Figure 1). Patients will be blinded to
the rTMS protocol (sham vs. real). This means that patients will
not be informed throughout the whole trial whether they received
real or sham rTMS stimulation. Follow-up measurements (T1
and T2) are carried out after a period of 3 weeks and 3
months. All data is collected within SecuTrial. The study will be
performed according to the CONSORT (Consolidated Standards
of Reporting Trials) statement, http://www.consort-statement.
org/.

Participants
The patients are recruited by two investigators (TV, SB),
not involved in the assessment and treatment procedures,
at the Neurocenter, Lucerne Cantonal Hospital, Switzerland.
Inclusion criteria are confirmed PD according to the brain
back criteria (37); H&Y I to IV (36); age 50–90 years old;
written and signed informed consent and experiencing
dexterous difficulties in performing ADL. Exclusion criteria
are significant medical, psychiatric comorbidity including
dementia as defined by Montreal Cognitive Assessment
(MOCA < 21) (38); inability to understand the scope of the
study and to follow the study procedures according to the
protocol, e.g., filling out questionnaires and participating
in another intervention study. Exclusion criteria for TMS
use are current pregnancy, personal history of epilepsy
or seizures, and any psychiatric, neurological, or medical
history other than PD. All data related to the study will be
collected at the outpatient neurorehabilitation center, Lucerne
Cantonal Hospital.

Sample Size Calculation
The significance level alpha is defined as 0.05 (two-tailed) for
detecting a mean difference between groups on the primary
outcome being the Dexterity Questionnaire 24 (DextQ-24)
(4) in favor of the real iTBS-VBT dexterity group. Based
on previously observed data one may assume a within-group
standard deviation of up to 10 points. The study is designed to
detect a mean difference of 10 or more points, which exceeds
the MDC95 of 8 points found in our validation study (4).
A total sample size of 30 evaluable subjects, 15 per group, is
required to detect a mean difference of an at least 1.1-fold within-
group standard deviation with a target power of at least 80%.
Considering a maximal drop-out rate of 15%, we aim to recruit
36 patients in total.

In any case, patients who do not complete the training sessions
and/or even decide to drop out of the study for whatever reason
will be encouraged to continue to participate in the scheduled
assessments for at least T1 (and/or a time point prior to the
individual end of the study) and ideally to provide a postbaseline
assessment for at least the primary endpoint.

Material
At T0 handedness (39), disease duration, medication dosage
intake per day, the Montreal Cognitive Assessment test
[MoCA, (40)] are assessed. The MoCA is divided into
visuo-spatial abilities, short-term memory, executive function,
attention and working memory, language and phonemic fluency,
and orientation.

Parkinsonian motor symptoms are assessed by the Movement
Disorders Society unified Parkinson’s Disease Rating Scale
(MDS-UPDRS) subscale III (41) at T0, T1, and T2. Severity of
the upper limb motor deficits is measured with the items 3.3 to
3.6 and 3.15 to 3.18 of the MDS-UPDRS subscale III.

Primary Endpoint
The DextQ-24 is assessed at T0, T1, and T2, which is
a standardized patient self-rated outcome measure for
evaluating dexterity related ADL in PD (4). This questionnaire
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contains 24 questions, which are divided into five subgroups
(“washing/grooming;” “dressing;” “meals and kitchen;”
“everyday tasks;” “TV/CD/DVD”). For each question, patients
must state whether they have no problems (1 point), minor
problems (2 points), major problems (3 points), or need aid (4
points) to perform the task. Points are added in each subgroup
and summed to a total score. Score ranges from a minimum of
24 to a maximum of 96 points.

Secondary Endpoints
The Nine Hole Peg test (9-HPT) and the coin rotation (CR)
task are used to explore hand and finger function at T0, T1, and
T2. The 9-HPT is a standardized, well established, and reliable
measure of hand performance in patients with PD (42, 43). The
patients have to take nine pegs one by one into the holes on a
board and then move them back to the container. The CR task
(44)measures fine coordinated fingermovements and has proven
to be a suitable and valid dexterity test in patients with PD (5, 45).
The CR task requires the patient to rotate a 20 swiss cent through
consecutive 180◦ half turns, as rapidly as possible for 10 rotations.
Time to complete the 9-HPT and the CR tasks are recorded, by
an experienced non-blinded outcome assessor (MP-W), twice for
each hand separately.

The subscale II of the MDS-UPDRS (41), containing 13 items,
and each of them scored on a 0–4 rating scale (0 = normal; 1 =
slight problem, 2 = mild problem, 3 = moderate problem, 4 =

severe problem), is used to assess improvements on overall ADL.
The scale is designed to be a self-administered questionnaire, but
can be reviewed by the outcome assessor to ensure completeness
and clarity.

To assess QoL (at T0, T1, and T2), we used the Parkinson’s
disease questionnaire-39 (PDQ-39) (46). This patient self-
rated questionnaire consists of 39 questions, which are divided
into eight subscales (mobility, ADL, emotional well-being,
stigma, social support, cognition, communication, and bodily
discomfort). The total score is given by the sum of all items and
is then transformed in a range from 0 to 100. A lower value
corresponds to a better perception of subject’s QoL.

Stimulation Protocol
iTBS is applied using a MagPro R30 stimulator (Medtronic
Functional Diagnostics, Skovlunde, Denmark), connected to
a figure-of-eight coil (Magnetic Coil Transducer MC-B70,
Medtronic) with an outer radius of 50mm or to a similar looking
sham coil (Magnetic Coil TransducerMC-P-B70,Medtronic). An
iTBS protocol is used as done in our previous rTMS study (4).
For the iTBS protocol a theta burst of three pulses with a 20-ms
interval repeated as a train of 10 bursts with a repetition rate of
5Hz is used. Trains are repeated 20 times with an interval of 8-
s. During stimulation, the examiner places the figure-eight coil
over the left or right SMA, depending on the side of the more
severe dexterity problems. The position for SMA stimulation is
determined in each patient as follows. First, the optimal position
for activation of the right abductor hallucis muscle will be
determined by moving the coil in 1 cm steps along the sagittal
midline around scalp vertex (Cz) with the handle pointing to
the right. The active motor threshold (AMT) for this muscle is

then determined. Next, stimuli at 120% AMT are given, moving
the coil anteriorly along the sagittal mid-line in 1 cm steps. The
SMA is defined as being 1 cm anterior to the last site from
which motor evoked potentials (MEPs) can be evoked during
contraction (47). Following these criteria, the position for SMA
stimulation is expected to be 3 cm anterior from the optimal
position for activation of the abductor hallucis muscle in most
patients. Sham stimulation is applied by the same iTBS protocol,
however a sham coil is used. The patients are asked to keep their
eyes closed during stimulation. Immediately after stimulation the
PD patients start with the VBT.

VBT Intervention
The VBT intervention takes place at the neurorehabilitation
outpatient center, Lucerne Cantonal Hospital. The interactive
training program contains the use of two different devices. Each
device is used for about 15min. The first interactive device is
the GripAble (https://gripable.co/) (Figure 2A), which is a new
wireless device allowing the training of upper-arm and hand
movements during wrist extension and flexion, pronation and
supination, wrist radial and ulnar deviation, and also hand and
pinch grip-force (48). To be able to manipulate objects well-
one needs good hand/finger pinch grip and release (49, 50). The
device is able to capture fine hand/finger movements. It can be
connected (by bluetooth) with a tablet on which a GripAble
app including different therapy games is installed. So far, nine
games are available, of which five were chosen to be used for
the present trial, since each of these five games focus on different
hand/finger movements. Finger movements (pinch grip) can be
done by adding a pinch pin.

Plume

In this activity, the user is controlling the bird as it flies along a
course using wrist flexion tomove downward and wrist extension
to move upward. The patient has to collect as many feathers as
possible and to avoid different obstacles. If the bird flies in an
obstacle the patients lose points. High level of visual perception
and concentration is required. The time taken increases as the
user works through the levels (Figure 2B top middle).

Windowsill

This activity requires wrist pronation, supination, and grip
release. This activity presents pots in different places on a
windowsill. A bag of soil is then moved left to right (using
pronation/supination) until it is placed directly above one of the
pots. When still, the soil can be released to fill the pot by gripping.
Once the pot is full, a seed can be placed into the pot using the
same control. This is followed by a watering can which needs to
be poured until the flower appears. As the levels progress, more
pots appear and are at a wider spacing (Figure 2C top right).

Balloon Buddies

The focus is on controlled grip (requiring hand/finger strength
and endurance) and release. The patient controls an owl which
is suspended from the balloon. The owl needs to collect all the
stars to gain points. Squeezing GripAble inflates the balloon to
make the owl go up the screen. Releasing GripAble brings the owl
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FIGURE 2 | Video based training with GripAble. Top left (A) GripAble device; top middle (B) Plume; top right (C) Windowsill; bottom left (D) patient playing Balloon

Buddies; bottom middle (E) Circus Escape; bottom right (F) Pufferfish.

down the screen. The levels give increased time and complexity
of the required control. The emphasis is on smooth transition
between grip and release. The placement and the smoothness of
the curve of stars alters through the levels to give gradual increase
in demand (see Figure 2D bottom left).

Circus Escape

This activity targets controlled and fast reaction in grip and
release. The goal is for the patients to power the bear on the
cycle along the course without falling off the cliff. The patient
will need to squeeze with more intensity and harder as the cycle
moves up hills. The levels increase in complexity and length as
they progress. There is a natural break within each level as the
user waits for the hazards to reach the point of safe movement
(Figure 2E bottom middle).

Pufferfish

This activity requires wrist ulnar and radial hand deviation,
optional grip and release. The patient is controlling the fish to
move up and down the screen by moving GripAble through
wrist radial and ulnar deviation. The fish needs to catch the
bubbles. In Level 3 onwards, hazards appear which need to be
avoided or can be blown away by squeezing. The fish will not be
affected by swimming over the sandy area at the base of the screen
(Figure 2F bottom right).

The second device is the Leap MotionTM Controller, LMCTM

(https://www.leapmotion.com/) which is an optoelectronic
commercially available device suitable for hand gesture-
controlled user interfaces allowing human–computer interaction.
It tracks hand and finger movements by modelling all
physiological hand and finger joints within a virtual reality
(VR) environment (51, 52). The patients see their hand in real
time on the screen (Figure 3).

Four games were downloaded from the manufacturer’s Web
site (Leap Motion Gallery: Blocks, Flowers, Tilt Your Ball and

FIGURE 3 | Leap Motion training, Top left (A) Blocks; top right (B) flower;

bottom left (C) Tilt Your Ball; bottom right (D) Fragmented 3D.

Fragmental 3D (see also https://gallery.leapmotion.com/), which
were partly evaluated in our previous pilot study (14). In short,
in the first game, Tilt Your Ball (Figure 3A top left), the screen
shows a room filled with four colored blocks. There are also
four bodies. The aim is to use the fingers to connect the colored
blocks to the body (pinch grip). The second game shows a flower
(Figure 3B top right) made of steel with seven pedals. The aim
is to remove the pedals one by one with the fingers. In Tilt
Your Ball (Figure 3C bottom left), the patient has to navigate a
small metal ball through different levels by tilting his hand. The
successive levels become more and more difficult. Fragmented
3D (Figure 3D bottom right) is played by moving, rotating,
and dropping blocks to form rows across a 3D grid. The goal
is to build rows across the grid to erase lines, make combos
and thus score points. The games Blocks, Flower, Fragmented
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3D specifically requires fine coordinated movements. Tilt Your
Ball requires fine combined wrist flexion extension, forearm
prosupination movements, which are all needed for optimal
object manipulation.

Statistical Analysis
Descriptive statistics are used to present baseline characteristics
and results of outcome measurements. In order to investigate
the treatment effect for the primary endpoint, a hierarchical
testing strategy is applied. For DextQ-24 at T1, an ANCOVA
model is used with a fixed effect for treatment and the baseline
(T0) value of DextQ-24 as a covariate. If a treatment effect at
T1 could have been shown (null hypothesis rejected), the same
approach will be performed for DextQ-24 at T2 in order to see
whether the treatment effect is sustainable. An estimate for the
treatment effect will be derived from the model together with
a corresponding 95% confidence interval. As a postestimation
procedure effect size measures such as (partial) eta square with
corresponding 95% intervals will be provided. In an exploratory
manner, the secondary endpoints are tested utilizing the same
methodology. As a sensitivity analysis, e.g., to explore the
robustness of the results in case of missing values, the primary
and secondary endpoints are analyzed using linear mixed effects
models with fixed effects for treatment, time point, interaction of
treatment and time point, baseline value as a covariate and with
subject as a random effect. Estimates for the treatment effects
at T1 and T2 with corresponding 95% confidence intervals can
be obtained as contrasts derived from these models. Further
supportive analyses to check the robustness of the treatment
effect estimators can be performed by adjusting the model from
the primary analysis for the stratifying variable, namely the
H&Y scale.

According to the treatment policy strategy (Intention to
treat (ITT) principle) every randomized PD patient, including
the drop-outs, is included for final evaluation. For all analyses
the level of significance is set to alpha = 0.05 (two-tailed).
Statistical analyses are performed using Stata (Version 16.1 or
later, StataCorp, College Station, Texas, USA).

DISCUSSION

Dexterity related difficulties during the performance of several
ADL are frequently reported in PD, leading to reduced QoL (1–
3, 7). Specific dexterity trainings have shown short, (6, 12, 14) but
no long-term effects (7). The present study choses an innovative
multimodal therapeutical approach, not done before, by using
a VBT intervention using two types of devices (GripAble and
LMCTM), each having its own focus. The GripAble games chosen
herein, focus on training train hand/finger pinch grip and release,
and different hand movements, which are all key elements for
good manipulation of objects. The LMCTM training focus more
on independent finger movements. To further boost the effects
on dexterity the VBT training is combined with an facilitatory
iTBS over SMA, a cortical region being involved in fine motor
control (34, 35).

The present proof-of-concept RCT aims at combining, for
the first time, VBT and iTBS targeting SMA. The VBT used

herein is an attractive new way to train dexterity in PD (9). The
games, delivered by using GripAble and LMCTM in this RCT,
provide direct feedback, are fun, motivating, and incorporate
several levels of difficulty, all aspects which are important to
trigger motor learning in PD (8). By combining this attractive
training with iTBS we expect to achieve sustainable long-term
benefits in dexterity-related ADL also leading to improved QoL
in patients with PD. The reason for choosing iTBS is its shorter
application time, therefore clinically being more applicable,
and lower stimulation intensities compared with conventional
rTMS paradigms, inducing more longer-lasting neural effects
(23). Currently, TBS seems to be one of the most powerful
neuromodulatory stimulation protocols currently available (23).

The total dosage of the present study is 405min of combined
iTBS-VBT training (45min, three times a week, 3 weeks),
representing a short but intensive training. Previous studies
using a similar amount of rTMS sessions, already suggested
longer lasting behavorial effects, even up to 3 months (53,
54). We assume that a 3-week combined iTBS-VBT training
will be enough to achieve both short as well as long-term
effects. Furthermore, due to the short training period, it has
the potential to be easily implemented in the daily routine of a
neurorehabilitation center and at home.

Some limitations have to be mentioned which might occur
during the trial. These could be related to the technical
devices used in the VBT. The developers of GripAble
(see for acknowledgments) are continuously doing efforts
to upgrade their system, also by developing new games,
potentially interesting for the present trial. However, to avoid
contamination of training effects, we will not implement these
new games. The long-term follow-up (12 weeks after training)
might be a challenge for some PD patients, and may lead
to some drop-outs. However, we expect no drop-out rate
exceeding 10%, as shown in our previous RCT with a similar
design (7).

In summary, the present project aims to investigate, for
the first time, the effectiveness of a combined iTBS-VBT 3-
week intervention in PD. Its short and long-term benefits will
be evaluated. By using iTBS before VBT we expect to further
strengthen the VBT effects, also to achieve sustainable long-
term effects. The improved dexterity in both the short and
long term, will lead to improved ADL and QoL in patients
with PD.
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