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ABSTRACT
Introduction  Bradykinesia (ie, slow movements) is one 
of the most prominent symptoms of Parkinson’s disease 
(PD) and has a negative impact on quality of life. Rhythmic 
auditory stimulation (RAS), a widely used and promising 
treatment technique, has been shown to effectively 
improve gait speed in patients with PD. The upper-limb 
movements, which also suffer from bradykinesia, are 
essential for daily life and directly impact quality of life. 
The term, patterned sensory enhancement (PSE) instead of 
RAS, is used when movement training targets the human 
body except lower limbs. Up until now, scarce studies have 
explored effects of training involving PSE on upper-limb 
movements. The purpose of this study is to investigate 
effects of movement training involving PSE on upper-limb 
movement speed and function in patients with PD.
Methods and analysis  A total of 138 patients with PD 
will be randomly assigned into two groups: the PSE group 
and the no-PSE group. A 21-day upper-limb training 
involving PSE (for the PSE group) or without PSE (for the 
no-PSE group) will be provided to the patients. An assessor 
will administer the box and block test and the Jebsen hand 
function test before and after training to assess upper-limb 
movement speed and function. The one-way analysis of 
covariance will be performed. This randomised controlled 
trial will provide evidence supporting effectiveness of 
upper-limb movement training involving PSE on reducing 
severity of bradykinesia in patients with PD.
Ethics and dissemination  Ethical approval has been 
obtained from the Institutional Review Board of the Hong 
Kong Polytechnic University with the reference number 
HSEARS20221027005. Informed consent forms will be 
gathered from all patients before their participation. Study 
results will be disseminated through conferences and 
peer-reviewed academic journals.
Trial registration number  NCT05637593.

INTRODUCTION
Parkinson’s disease (PD) is a common neuro-
degenerative disease caused by neurodegen-
eration of the substantia nigra, resulting in 
a decrease in dopamine.1 2 The incidence 
of PD is 14 per 100 000 people per year, and 

even reaches 160 per 100 000 people over the 
age of 65 years.3 Dopamine, a neurotrans-
mitter, is important for the function of the 
basal ganglia in receiving, modulating and 
transmitting signals to various cortical areas, 
including those associated with movements.4 
Therefore, in patients with PD, a decrease in 
dopamine leads to basal ganglia dysfunction 
in the cortico-striato-thalamo-cortical circuit, 
resulting in movement symptoms.5 6 Brady-
kinesia, meaning slowness of movements, 
is one of the most prominent symptoms of 
PD,7 extensively interferes with performances 
of daily activities such as eating, writing and 
walking,8 and substantially lowers the quality 
of life in patients.9 10

Pharmacotherapy has been shown to alle-
viate movement symptoms in patients with 
PD. Medications, such as levodopa, are able 
to adjust activities of the putamen and thal-
amus, modulate signals from basal ganglia 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is a randomised controlled trial with one ex-
perimental group with Parkinson’s disease (PD) re-
ceiving 21-day upper-limb movement training with 
the aid of patterned sensory enhancement (PSE) and 
one control group with PD receiving the same train-
ing without the aid of PSE.

	⇒ PSE is three tempi of metronome beat that are based 
on the participant’s fastest upper-limb movement 
speed before the training and gradually increase by 
each week.

	⇒ Movement speed and quality are assessed using 
the box and block test and the Jebsen hand function 
test.

	⇒ One possible concern of this training combining 
face-to-face sessions and home training sessions is 
whether participants will adhere to the home train-
ing protocol, which will be addressed via real-time 
video meetings during all home training sessions.
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to motor-related cortices, and thus enhance movements 
in patients.11 However, long-term use of medications 
increases medication resistance and thus reduces ther-
apeutic effects, as well as increases side effects of medi-
cations such as dyskinesia.12 13 Therefore, developing 
non-pharmacological therapies is warranted and of clin-
ical importance in order to tackle bradykinesia in patients 
with PD.

Rhythmic auditory stimulation (RAS) is repetitive, 
discrete sounds with a tempo.14 15 Because the tempo of 
human movements is naturally synchronised with the 
tempo of RAS,16 17 RAS has a high potential of being 
applied to movement training to guide human movement 
execution.18 Earlier studies19 have provided solid evidence 
that training involving RAS is effective in improving gait 
performance in patients with PD. Earlier classic research20 
examining effects of training involving RAS on gaits in 
patients with PD provided 21-day training with 30 min 
per day, in which RAS with three different tempi (normal 
RAS, quick RAS, and fast RAS) was provided. Initially, 
researchers assessed the baseline walking tempo without 
the aid of RAS for each patient. For daily training, each 
patient was given normal RAS (100% of the baseline 
tempo), quick RAS (105% of the baseline tempo), and 
fast RAS (110% of the baseline tempo) to guide the gaits. 
Each RAS was increased by 5% when the time went to the 
next week.

The term, patterned sensory enhancement (PSE) 
instead of RAS, is used when movement training targets 
the human body except lower limbs.21 Most previous 
studies that investigated RAS effects in patients with 
PD focused on lower-limb movements such as gaits.19 
However, upper-limb movements are also important for 
activities of daily living and directly affect quality of life 
in humans.22 In addition, it is commonly seen that reha-
bilitation training for upper-limb movements involves 
continuous movement repetition, which supports that 
PSE may be applicable to upper-limb movement therapy. 
It is worth investigating if upper-limb training involving 
PSE is effective for patients with PD. To date, only few 
studies23 24 have investigated effects of PSE on upper-limb 
movements in patients with PD. A case report23 indicated 
that movement training involving PSE may improve finger-
tapping speed and finger dexterity in patients with PD. 
In addition, a study using the repeated measures design24 
demonstrated that faster PSE immediately induced faster 
upper-limb movement speed in patients with PD. To 
date, randomised controlled trials have been needed to 
determine whether long-term training involving PSE is 
effective in improving upper-limb movement speed and 
function in patients with PD.

It has been suggested that training involving RAS/PSE 
establishes an internal sense of rhythm in humans because 
humans keep anticipating subsequent beats of RAS/PSE.15 
The established sense of rhythms persists in humans and 
keeps affecting movement execution even after RAS/PSE 
disappears.15 25 In addition, powerful influences of RAS/
PSE on movements may also be associated with plentiful 

neural connections between auditory and motor cortices, 
including the cortico-striato-cortical pathway, the cortico-
cerebello-cortical pathway and auditory-motor neural 
connections directly in the cortex.26 Earlier research27–30 
has reported that RAS/PSE not only activates neurons 
in the auditory cortex, but also induces neural firing in 
motor-related cortical regions (such as primary motor 
cortex, premotor and supplementary motor areas) even 
though examinees are stationary without moving. In 
patients with PD, RAS/PSE improves movements possibly 
by involving the cortico-cerebello-cortical pathway and 
auditory-motor cortical connections to modulate neural 
activity of the motor cortex and bypassing the damaged 
cortico-striato-cortical pathway.26 31 Additionally, RAS/
PSE serves as external cues, can provide timing (tempo) 
information for patients with PD, and thus possibly 
reduces the dependence of patients’ movements on 
impaired modulation function of basal ganglia.15

To sum up, the purpose of this study is to investigate 
effects of movement training involving PSE on upper-
limb movement speed and function in patients with PD. 
We hypothesise that movement training involving PSE 
improves upper-limb movement speed and function in 
patients with PD. Validation of this hypothesis will fill 
up the knowledge gap regarding whether PSE is appli-
cable to upper-limb training in the PD population and 
provide clinicians with evidence of non-pharmacological 
therapy for upper-limb bradykinesia in patients with PD. 
The training programme will serve as a reference for clin-
ical practitioners who are interested in using RAS/PSE in 
clinical training for patients with PD.

METHODS AND ANALYSIS
This study follows the Standard Protocol Items Recom-
mendations for Interventional Trials guidelines for 
reporting.32

Study design
A randomised controlled trial will be used to validate the 
hypothesis. Patients with PD will be randomly assigned 
to two groups by using computer-generated random 
numbers: the PSE group and the no-PSE group. Each 
sealed envelope with an assigned group will be used. The 
PSE group will receive upper-limb movement training 
with the aid of PSE; the no-PSE group will receive upper-
limb movement training without the aid of PSE. This study 
will provide 21-day training with a session per day and 
40 min per session. Assessments will be completed face to 
face before and after the 21-day training by a senior ther-
apist who is blinded to the group allocation. Blinding of 
patients and people who provide training is not feasible 
in this study because patients and training providers 
know group allocation. For all participants, training and 
assessments will be performed during the ‘on’ state of 
their anti-Parkinson medication. We will conduct weekly 
face-to-face meetings with patients and real-time video 
meetings during all home training sessions to ensure the 
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adherence of participants to the training programme. 
We will monitor muscle fatigue during home training 
by using a daily training log. The study is expected to 
commence in August of 2023 and is anticipated to be 
completed within 2 years.

Patient and public involvement
Patients were involved in the design and dissemination of 
this research. We carefully designed the training duration 
and content to prevent fatigue in patients according to 
literature and our pilot study.24 In addition, we will share 
key findings of this study with participants at the end of 
the study.

Participants
Patients with PD will be recruited from hospitals through 
posters and physician referrals. At pretest, this study 
will collect demographic and clinical data, including 
age, gender, disease duration, the more-affected side 
and medication dosage. The more-affected side (left 
or right) refers to the side of the body exhibiting more 
severe bradykinesia, which will be determined visually by 
an experienced physician. In addition, we will calculate 
the levodopa equivalent dose33 to measure medication 
dosage. Criteria for selecting patients are as follows: (A) 
idiopathic PD diagnosed by a neurologist based on the 
Movement Disorders Society clinical diagnostic criteria34; 
(B) the Hoehn and Yahr stage is 2 or 3, meaning that 
bilateral movement problems or combination with mild 
postural instability35; (C) a score of Montreal Cognitive 
Assessment is equal to or higher than 21 to ensure that 
they understand experimental instructions36–38 (D) a 
score of Edinburgh Handedness Inventory is above 60 
to ensure that they are right-handed39 and (E) Types 
and doses of medications remain unchanged in the past 
month right before participation. Exclusion criteria 
include the presence of medical conditions or diseases 
that may affect hand movements, vision or hearing based 
on self-report. Patients will sign an informed consent 
form prior to admission to this study.

Sample size estimation
Because of no existing PD studies testing effects of training 
involving PSE on upper-limb movements, we calcu-
lated the effect size of training involving PSE (f=0.255) 
according to data of the classic study20 examining effects 
of training involving RAS on gait speed in patients with 
PD. The G*Power software (V.3.1.9.7) was used to esti-
mate the required sample size under the following condi-
tions: analysis of covariance as the statistical test, an effect 
size f of 0.255, the power of 0.8, the alpha level of 0.05, 
2 groups and 10 covariates (age, gender, the Hoehn and 
Yahr stage, disease duration, the more-affected side, medi-
cation dosage, the number of training sessions the partic-
ipant completes, the score of the depression item in the 
first part of the Movement Disorder Society-sponsored 
revision of the unified Parkinson’s disease rating scale 
(MDS-UPDRS) at pretest, the score of the anxiety item 

in the first part of MDS-UPDRS at pretest, and a pretest 
score of an outcome variable, including the score of the 
box and block test (BBT), the error rate during executing 
BBT, the score of the Jebsen hand function test (JHFT) 
and the domain score of the third part of MDS-UPDRS). 
The estimated total sample size was 124. Considering the 
dropout rate of 10%, the final total sample size was 138 
patients (69 patients per group).

Intervention
Patients with PD will be randomly assigned to two 
groups (the PSE group and the no-PSE group). Three-
week training will be provided for both groups. The 
training protocol is mainly based on the classic study20 
examining effects of RAS on gait speed in patients 
with PD and a recent study40 examining effects of PSE 
on upper-limb movements in the population exhib-
iting movement slowness. We increase the frequency 
of breaks during training per day because our pilot 
study24 observed that patients with PD had muscle 
fatigue easily when following PSE to execute upper-
limb movements without frequent breaks. The training 
task of this study will be to use the right hand to move 
wooden beads one by one from one target bowl to 
the main bowl on the table (figure 1A). Three target 
bowls, labelled as the left, middle and right target 
bowl, will be placed on the table at an equal distance 
from the main bowl. The distance between a target 
bowl and the main bowl will be set at 30 cm, which 
is 50% of the upper-limb length (from the shoulder 
to the middle fingertip) of Hong Kong women,41 to 
ensure that beads in the target bowls are reachable 
for research participants. The angles between adja-
cent target bowls relative to the main bowl will be 30°. 
Wooden beads with a diameter of 2 cm will be put in 
the target bowls. The main bowl will be placed in front 
of the patient. Patients will be asked to use the right 
hand to take one bead at a time from the left target 
bowl to the main bowl, repeat this movement for the 
middle and right target bowls, and keep repeating this 
order (figure 1B).

The training sessions will be conducted during the 
‘ON’ period of medication. Specifically, the partici-
pant will be required to conduct daily training after 
1 hour of taking medications. Each daily training 
will consist of three rounds separated by two 5 min 
breaks. Each round (about 10 min) will consist of four 
2 min training sessions with a 30 s break between two 
adjacent sessions. On the first day after the pretest, 
patients will receive the first training session face 
to face in a hospital. After the first training session, 
patients will carry all training materials back home 
for subsequent 6-day home training sessions. Family 
members or caregivers will be only permitted to assist 
in setting up the training environment and not be 
allowed to assist the patient during training. On the 
first day of each subsequent training week, patients 
will be asked to return to the hospital to receive a 
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face-to-face training session. We will conduct real-
time video meetings during all home training sessions 
to ensure adherence to the treatment plan. We will 
also ask participants to complete daily training logs to 
record training completion and monitor the degrees 
of fatigue. In addition, we will calculate the number of 
training sessions the participant completes.

Before the first-day training, the baseline tempo of 
executing the training task will be assessed for each 
patient. The patient will be required to perform the 
aforementioned upper-limb movement task as fast as 
possible within 30 s for three times without listening to 
PSE. The obtained average number of wooden beads 
in the main bowl multiplied by two will be the baseline 
tempo (unit: beat per minute) for each patient.15 20

For the PSE group, each patient will receive a 45 min 
audio file, which includes briefing the patient about 
the daily training content (5 min) and providing PSE 
(10 min per round multiplied by three rounds, plus 
two 5 min break times; a total of 40 min). The normal 
PSE (100% of the baseline tempo), the quick PSE 
(105% of the baseline tempo) and the fast PSE (110% 
of the baseline tempo) will be provided in the first, 
second and third round of training (table  1). The 
patient will be asked to pick up a bead when she/he 
hears a beep sound of PSE. The tempo of the three 
PSE will be further increased by 5% of the baseline 
tempo when it goes to a new week. In the face-to-face 
session (the first day) of each week, the patient will 
obtain a new audio file and complete daily training 
face to face in the hospital. PSE will be metronome 
beep sounds generated by a metronome (SQ200, 
Seiko incorporated). The required tempo of PSE 
will be adjusted using the computer software Adobe 
Audition CC 2020. The audio file will be sent to the 
patient’s mobile phone, which will then be used to 
play the audio file during both face to face and home 
training.

The no-PSE group will receive a 45 min audio file, which 
briefs the patient about the daily training content (5 min) 
and instructs the patient to move beads as fast as possible 
in each round without PSE. The training protocol is the 
same in the PSE group and the no-PSE group, except no 
PSE is provided for the no-PSE group during training. 
Similarly, the no-PSE group will perform the training face 
to face on the first day of each week in the hospital and at 
home on the remaining 6 days of a week.

Our previous empirical study has reported immediate 
effects of PSE on inducing faster upper-limb move-
ments in patients with PD.24 However, we observed that 
although PSE with the speed of 110% and 120% of the 
baseline tempo was effective, patients had muscle fatigue 
easily when following the beat of PSE on an upper-limb 
movement task. This study protocol provides daily 40 min 
upper-limb movement training at the fastest speed for 

Table 1  PSE tempi that are provided in daily upper-limb training

Day First round: normal PSE Second round: quick PSE Third round: fast PSE

1st–7th 100% of the baseline tempo 105% of the baseline tempo 110% of the baseline tempo

8th–14th 105% of the baseline tempo 110% of the baseline tempo 115% of the baseline tempo

15th–21 110% of the baseline tempo 115% of the baseline tempo 120% of the baseline tempo

PSE, patterned sensory enhancement.

Figure 1  (A) The setup of the upper-limb training task. 
(B) The patient picks up one bead from one target bowl and 
is going to move the bead to the main bowl.
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40 min, which is very intensive and easily causes muscle 
fatigue. To reduce muscle fatigue in patients, we will adopt 
PSE with the tempo speed starting from 100%, 105% and 
110% of the baseline tempo in the first-week training 
instead of 100%, 110% and 120%, and will increase the 
frequency of training breaks.

Outcome measures
The MDS-UPDRS is a commonly used tool in clinical 
settings and research to assess influences of PD on multiple 
aspects in patients.35 It consists of four parts, including 
(the first part) non-motor subjective experiences of daily 
living, (the second part) motor-related subjective expe-
riences of daily living, (the third part) the motor exam-
ination and (the fourth part) motor complications.35 
We will calculate the domain score of the third part of 
MDS-UPDRS, which is used to reflect objective severity of 
movement symptoms in patients. Larger scores indicate 
more severe movement symptoms. We will also use the 
score of the depression item and that of the anxiety item 
separately in the first part of MDS-UPDRS to detect levels 
of depression and anxiety in patients.

The BBT is used to measure gross manual dexterity as 
well as upper-limb movement speed.42 It is a 53.7×25.4 cm 
box separated into two compartments by a 15.2 cm high 
erected partition, with 150 blocks in each compartment. 
Starting from the dominant hand, patients will be asked 
to move the blocks one by one from the compartment on 
the hand side to the opposite side (eg, move the blocks 
from the right compartment to the left compartment 
for the right-hand test). Patients should move the blocks 
with their arms raised and crossed over the partition. 
They have 1 min to move the blocks as fast as possible. 
The score of BBT for each hand is the number of blocks 
that are successfully transferred between compartments 
in 1 min. A higher BBT score indicates faster upper-limb 
movements and better dexterity. In addition, the number 
of dropping blocks during the blocks moving tasks of BBT 
in each hand will be recorded as the error score. We will 
calculate the error rate of executing BBT in each hand 
by dividing the error score by the sum of the error score 
and the BBT score to assess the accuracy of upper-limb 
movements. The higher error rate indicates less accurate 
upper-limb movements. For the elderly, the BBT has high 
test-retest reliability (intraclass correlation coefficient of 
0.89–0.97) and construct validity.43

The JHFT is used to assess unimanual hand function 
when examinees perform daily activities. Seven items are 
included in JHFT: writing, turning cards, picking up small 
objects, simulated feeding, stacking checkers, moving 
large light objects and moving large heavy objects.44 
Considering that the patients are Chinese speakers, it 
is not appropriate to do English writing. According to a 
previous study conducted in Chinese cultures,45 the JHFT 
could be modified by excluding the writing item to avoid 
cultural influences on scores. The score for each item is 
the completion time. The less time a patient takes, the 
better hand function she/he has. We will calculate the 

total score of these six items as one dependent variable. 
The JHFT has excellent test–retest reliability (intraclass 
correlation coefficients of 0.89–0.97) for patients with 
PD.46

Safety
To assess the data safety, scientific validity and integrity 
of clinical trials, a data monitoring committee will be 
formed by two senior researchers who are not involved 
in the group allocation and protocol implications. After 
the study is completed, the research data will be retained 
for 5 years and destroyed afterwards. In this study, adverse 
events, defined as any unfavourable medical occurrence 
in a patient, will be collected and reported to data moni-
toring committee for records. This study will provide 
movement training. If participants have muscle fatigue 
during training, research personnel will provide break 
time immediately.

Data collection and statistical analysis
The general information and results will be kept on a 
portable hard drive. Authors of this study will conduct 
an interim analysis to re-estimate the required sample 
size and determine if the study should continue or be 
modified. Only authors of this study will be allowed to get 
access to the dataset.

A one-way analysis of covariance will be conducted to 
examine effects of group (the PSE group vs the no-PSE 
group) on each dependent variable, including BBT 
scores, the error rate during executing BBT, JHFT scores 
and the domain score of the third part of MDS-UPDRS at 
posttest. The 10 potential confounding factors are age, 
gender, the Hoehn and Yahr stage, disease duration, the 
more-affected side, medication dosage, the number of 
training sessions the participant completes, the score of 
the depression item in the first part of MDS-UPDRS at 
pretest, the score of the anxiety item in the first part of 
MDS-UPDRS at pretest, and a pretest score of an outcome 
variable (including BBT scores, the error rate during 
executing BBT, JHFT scores and the domain score of the 
third part of MDS-UPDRS). The alpha level (two tailed) 
will be set at 0.05. It is hypothesised that after controlling 
for confounding influences, PSE increases scores of BBT 
and decreases JHFT scores, the domain score of the third 
part of MDS-UPDRS, and the error rate of BBT. Patients 
may drop out before the study is completed. The last data 
point of the patient will be used to handle the missing 
data. The SPSS package (V.25) will be used to conduct 
statistical analysis.
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