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Background. Freezing of Gait (FoG) is a disabling symptom of Parkinson’s Disease (PD) and is defned as a “brief episodic absence
or marked reduction of forward progression of the feet despite the intention to walk.” Compensatory strategies such as cueing and
high frequency vibrotactile stimulation can reduce FoG severity and improve gait parameters. A new Sternal high frequency
Vibrotactile Stimulation Device (SVSD) with cueing function has been developed, however the clinical efects of this device are yet
to be fully investigated. Objective. Te aim of this study was to investigate, if the proposed study design using a SVSD and gait
analysis sensor insoles was acceptable for people with PD.Methods. Tis feasibility study was designed as a randomized cross-over
study. Tirteen participants took part in a one of 60-minute data collection session. Te acceptability of the study design was
assessed with a mixed methods questionnaire considering each step of the study process. Secondary outcome measures were the
feasibility of using the 10 Metre Walk Test (10MWT), the Freezing of Gait Score (FoG-Score), and Patient Global Impression of
Change (PGI-C) with and without the SVSD. Results. Te participants scored all aspects of the study design as very satisfactory. In
addition, all participants could perform the secondary outcome measures and were deemed feasible. Feedback from open ended
questions provided ideas and considerations for adaptations of future clinical studies. Conclusion. Te proposed study design was
acceptable for people with PD. Implications.Tis study design, with small adaptations, can be used for larger studies to evaluate the
efect of an SVSD on FoG in people with PD.

1. Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative
disease, which predominately occurs in the elderly pop-
ulation [1]. Freezing of Gait (FoG) is a disabling symptom of
PD and manifests as a brief episodic absence or marked
reduction of forward progression of the feet despite the
intention to walk [2]. FoG reduces the patient’s mobility,
their independence, and has a signifcant impact on their
quality of life [3]. Compensatory strategies such as cueing [4]
and high frequency vibrotactile stimulation [5] can reduce
FoG severity and improve gait parameters.

Cues are targets or references that support the execution
of a movement [6]. External cues, such as auditory, visual, or
sensory cues, are efective for improving gait parameters

such as step length, speed, cadence, and stride length of PD
patients [7]. A systematic review by Rocha et al. [7] found
that diferent cues can have diferent efects on gait pa-
rameters. Auditory cues can increase the walking speed and
decrease cadence, visual cues have a positive efect on
walking speed and step length, and sensory cues can increase
walking speed, stride length, and can decrease cadence [7]. A
controlled study by Suputtitada et al. [8] compared the
efects of visual, auditory, or somatosensory cueing on their
own or in combination during walking in people with PD
and found that walking speed and stride length improved
signifcantly in all cues used independently. Tere was no
additional beneft in combining diferent cues and it might
be more important to use that cue that is the most practical
for a specifc situation [8].
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In people with PD stride length, stride duration sig-
nifcantly changed from 2 seconds to 4 seconds prior to FoG
[9]. Furthermore, Hausdorf et al. [10] showed that the
variability of stride time during walking contributed to
freezing. Tere is not enough evidence yet to determine that
if a cueing device could infuence these gait parameters and
therefore have an efect on FoG [7].

Te Sternal high frequency Vibrotactile Stimulation
Device that was used in this study, was a wearable non-
invasive focused stimulation device, attached to the sternum
via a medical adhesive patch and used a quiet electric motor
to produce high frequency vibrotactile stimulation. In 2021
a case report published by Tan et al. showed that a combi-
nation of cueing and a vibrotactile stimulation with a SVSD
reduced FoG episodes and improved the mobility assessed
with the Timed Up and Go test in two patients. However,
evidence around this type of device is limited.

Te aim of this study was to investigate if a study design
using the above described SVSD and gait analysis sensor
insoles together, while performing the FoG-Score and the 10
Metre Walk Test, was acceptable for participants. Te ob-
jective was to gather information and the participants’
feedback to use in further studies to investigate the efec-
tiveness of the SVSD and to examine if the gait analysis
sensor insoles could be used to evaluate an efect on FoG in
people with PD.

2. Materials and Methods

2.1. Research Design. Tis study was conducted between
January and April 2022 as a cross-sectional randomized
cross-over study at a local University of applied sciences.Te
study was approved by the ethics committee of Lower
Austria (GS4-EK-4/742-2021) and registered in the
DRKS—German Clinical Trials Register (DRKS00028008).

2.2. Participants. Participants were recruited through seven
PD self-support groups in Lower Austria. An e-mail with an
information sheet was sent to the respective contact person
of the PD self-support groups. A presentation with in-
formation about the study was given to individual PD
groups. At the presentation the people had the opportunity
to actively opt-in the study, or later via a telephone call.

People with PD, who were able to walk 2×10m without
assistance or assistive devices, had a shoe size between 36–47
(due to the gait analysis sensor insoles), and had a minimum
score of 1 on the third question of the FoG Questionnaire
(“Do you feel that your feet get glued to the foor while
walking, making a turn or when trying to initiate walking
(freezing)?” (0: never, 1: very rarely—about once a month, 2:
rarely—about once a week, 3: often—about once a day, 4:
always—whenever walking) were able to take part. To detect
someone who is a defnite or a probable freezer a question
about “feeling glued” sufces [11].

When potential participants lacked the capacity to
consent, they were excluded from the study. Exclusion
criteria relating the SVSD included cardiac pacemaker, deep
brain stimulation, sternal wounds, fractures, or skin

conditions. Exclusion criteria relating to the gait analysis
sensor insoles included participants over 135 kg body
weight, wound or fractures on the feet, inability to wear
closed shoes. All participants signed an informed consent
form conforming with the Declaration of Helsinki.

2.3. Sternal high frequency Vibrotactile Stimulation Device.
Te SVSD was a noninvasive and wearable device for pa-
tients with PD that delivered rhythmic vibrotactile stimuli
through a specialised frequency and pattern onto the ster-
num (Charco Neurotech Ltd.). It was certifed as a class 1
medical product. Te device measured 40mm in diameter,
11mm in height, and 17 g in weight, and was attached to the
sternum with medical adhesive patches [12] (Figure 1). Te
SVSD was used with the default settings for example same
vibration frequency for all participants, and no custom-
isation of the stimulation settings was employed in
this study.

2.4. Gait Analysis Sensor Insole. Te gait analysis sensor
insole was a wireless instrumented insole that recorded
a range of movement data, displayed, and analysed it with
the help of a software program (StaPPtronics GmbH)
(Figure 1). It was a class 1 medical product certifed in
accordance with Directive 93/42/EEC (Medical Device Di-
rective). Each insole had 12 textile pressure sensors that
recorded the pressure distribution while walking. In addi-
tion, each insole had an inertial measuring unit (IMU),
which recorded data using an acceleration sensor. Symmetry
of the gait pattern and important gait parameters such as
step length, cadence, or step duration were measured with
this device. Tere was no confict of interest with either
Charco Neurotech Ltd. or StaPPtronics GmbH other than
technical support.

2.5. Procedure. After signing the informed consent, the two
devices were set in place. Te SVSD was applied on the
sternum, the gait analysis sensor insoles were put into the
participants shoes and connected to the gait analysis
software.

Demographic data such as age, gender, duration of PD,
confounders including diseases of the central or peripheral
nervous system, and the occurrence of acute pain while
walking and the point of time when the last PD medication
was taken, were collected. Te testing order was randomised
for vibration and FoG-Score and the 10 Metre Walk Test
(10MWT) via Research Randomizer (https://www.
randomizer.org/). Four diferent orders were used (Table 1).

Regardless of the randomization order, every participant
completed a pilot FoG-Score [13]. Te FoG-score included
standing up from a chair, initiating walking, walking for one
metre, followed by a 360° clockwise rotation, and a 360°
anticlockwise rotation, walking two metres and fnally going
through a door. Rotations of 360° were considered the most
efective trigger for FoG. Te FoG-Score was conducted
three times. Te frst time without any dual tasks, the second
time whilst holding a glass of water, the third time counting
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backward 100–7 while holding a glass of water [11]. Te
evaluation of the FoG is based on the phenomenology of the
leg movements [13]. Te leg movements are defned into 3
categories: festination, trembling in place, and no move-
ment/akinesia. Te assessment was conducted by two ex-
perienced neurological physiotherapists without any
technical equipment. Te minimal clinically relevant change
(MCRC) for improvement is three scale points [14].

Te 10MWT was used to reliably measure gait speed of
individuals with PD in fast conditions [15]. Te task was to
walk as fast as they can safely and stop after the 10-metre mark.
Te participants had a dynamic start and no pilot trial [16].Te
minimally detectable change (MCD) in people with PD is
0.25m/s [17] and the minimally clinically important diference
(MCID) in the geriatric population for a substantial change is
0.13m/s [18]. Te normative value in fast conditions in the
population aged from 60 to 69 years the average walking speed
is 1.93m/s for men and 1.77m/s for women [19].

Both assessments were completed one time with the
SVSD turned on and one time turned of, depending on the
randomization order. After the FoG-Score and 10MWT, the
participants scored a Visual Analogue Scale (FoG-VAS and
10MWT-VAS) regarding their personal satisfaction with the
test and had a 3-minute break.

After the completion of both assessments, the partici-
pants’ acceptance of the study design was assessed via
a questionnaire about their satisfaction with the information
they received about this study, the overall time frame, the
test sequence, the FoG-Score, the 10MWTwith and without
the SVSD, and the overall study process, which would an-
swer the primary research question of the study (Table 2).
Each question consisted of a 5-point Likert scale ranging
from 1 (very satisfactory) to 5 (very unsatisfactory). Te
participants also had the opportunity to comment on any of
the aspects of the study and put in suggestions and feedback
in open questions. Tree open-ended questions were asked
to the participants: “What would be important for

participation in another (follow-up) study from your point
of view?,” “Is there anything else you think we could im-
prove?,” and “Is there anything else you would like to tell us
about the study in general?.”

Te subjective diference in completing the 10MWT and
the FoG-Score with and without the SVSDwas compared and
assessed with the Patient Global Impression Scale for Change,
a Patient Reported Outcome (PRO) instrument, which used
a 7-point Likert scale (1� very much better with SVSD, 4� no
diference, 7� very much worse with SVSD) [20]. Te scores
1–3 of the PGI-C could be considered clinically meaningful
improvements [21]. Te subjective “much improved” and
“very much improved” ratings can indicate moderately im-
portant and substantial improvement [22].

2.6. Data Processing andAnalysis. All quantitative data were
documented in SPSS (IBM SPPSS Statistics version 28.0.1.0),
checked for accuracy, and missing data were coded. Data
were checked for normal distribution with the Shapiro-
Wilcoxon test. Most data were nonparametric therefore
all data were displayed in median and interquartile range
(IQR). No inferential statistical analysis was conducted due
to the small sample size.

All qualitative data were recorded on an Excel docu-
ment. Using a deductive content analysis approach all
comments were coded to the following three categories: (1)
overall study process, (2) SVSD, (3) gait analysis sensor
insoles. One researcher (AW) coded the comments to the
categories and one researcher (JJ) checked a random
sample for accuracy.

3. Results

Tirteen people with PD, nine men and four women with
a Hoehn and Yahr score ranging between 1 and 4 par-
ticipated in the study. Te fowchart for the Consolidated

Figure 1: Application of the SVSD and gait analysis sensor insoles.

Table 1: Randomization order, (+)�with SVSD, (−)�without SVSD.

Order 1 (n� 3) Order 2 (n� 3) Order 3 (n� 4) Order 4 (n� 3)
FoG-score (+) 10MWT (+) FoG-score (−) 10MWT (−)
10MWT (+) FoG-score (+) 10MWT (−) FoG-score (−)
FoG-score (−) 10MWT (−) FoG-score (+) 10MWT (+)
10MWT (−) FoG-score (−) 10MWT (+) FoG -core (+)
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Standards of Reporting Trials (CONSORT) is shown in
Figure 2. Median age was 66 years old (IQR 63 to 71) with
a median duration of PD diagnosis of 6 years (IQR 4 to 8).
Out of the thirteen participants, three reported pain
during walking, while two people listed other diagnoses
of the central nervous system. Most participants, seven
out of 13, reported medium to strong limitations due to
their PD diagnosis. Te median last intake of PD med-
ication was 1 hour (IQR 0.5 to 1.5 hours) prior to
study start.

3.1. Acceptability of Study Design. In Table 2 the results are
listed for the primary research question: How acceptable is
this study design for people with PD? In all nine questions
the participants noted that they were very satisfed with the
components of the study design.

3.2. Feasibility of Using Secondary Outcome Measures.
Te secondary research questions focused on the feasibility
of using the FoG-Score, 10MWT, and PGI-C questionnaire
in the study. Both the FoG-Score and the 10MWT were
completed by all the participants in the study and was
therefore concluded to be feasible (Table 3). A higher range
in FoG-Score occurred when the SVSD was switched of
(mean 1, IQR 0–8.5) than with the device switched on (mean
0, IQR 0–5.5). When the SVSD was switched on 5/13
participants experienced FoG and 7/13 when the SVSD was
switched of. Most of these participants (5/5 and 5/7, re-
spectively) experienced FoG during the turning clockwise
and counter clockwise while carrying a glass of water and
counting backwards from 100–7. One participant experi-
enced FoG while starting to walk and two participants while
walking through the door.

During the 10MWTnone of the participants experienced
FoG, however from all, except one participant due to
technical issues, gait parameters could be recorded.

In the last part of the study the participants were asked in
the PGI-C form if they experienced a diference with and
without the SVSD switched on during the FoG-Score and

10MWT. All participants could answer these two questions
and listed that no diference was observed (FoG-Score 4
(IQR 3-4), 10MWT 4 (IQR 3-4)).

Te answers to the open-ended questions could be
summarised into three categories. First regarding the study
process in general, second regarding the SVSD, and third
regarding the gait analysis sensor insoles (Table 4).

4. Discussion

Te aim of this study was to evaluate the acceptability of this
study design for people with PD, not to assess the efcacy of the
used device. Te 13 participants found that the information
that the participants received, the time frame, and all 4 ran-
domisation orders for the test sequences for this study were
very acceptable for people with PD. Also, the FoG-Score and
the 10MWTwere feasible while wearing the gait analysis sensor
insoles and having the SVSD switched of or on during the
testing. Te gait analysis sensor insoles collected useful data to
calculate double step length (cm), cadence, and symmetry (%
right leg) while performing the 10MWT. Tis study design
could be used for a bigger study with more participants to
evaluate the efect of the SVSD on FoG in people with PD.

In the study conducted by Snijders et al. [11], 24 of the 32
people (75%) who reported subjective FoG with the FoG-
questionnaire (“feet being glued to the foor”) experienced FoG
during the clinical assessment. In our study a relatively lower
number of participants experienced FoG during the FoG-
Score: 8/13 (61.5%) when the SVSD was turned on and 6/13
(46.1%) when the SVSDwas turned of. In accordance with the
study by Snijders et al. [11], a 360° turn and additional dual
tasks was the most efective test to provoke FoG. In our study
turning clockwise and counter clockwise and carrying a glass of
water while doing the calculation 100–7 backwards had the
highest FoG rate with 5 out of the 5 participants who froze
(100%)with the SVSD turned on and 5 out of the 7 participants
who froze (71.4%) with the SVSD switched of.

Te 10MWT is recommended as an assessment of
walking speed in people with PD and can be used to
identify changes [16]. Tis study showed that the 10MWT

Table 2: Overview of the questions and answers to the acceptability of the study design. Scale 1 (very satisfed)–5 (very unsatisfed),
FoG-score� freezing of gait score, and 10MWT�10 metre walk test.

Median IQR

1 How satisfed were you with the information you received before participating in the
study? 1 (very satisfed) 1-2

2 How well did the information in the consent form prepare you for what to expect in
the study? 1 (very good) 1-2

3 How satisfed were you with the overall time frame of the study process? 1 (very satisfed) 1-1
4 How satisfed were you with the test sequence? 1 (very satisfed) 1-1

5 How satisfed were you with the FoG-score without the sternal vibrotactile
stimulation device? 1 (very satisfed) 1-2

6 How satisfed were you with the FoG-score with the sternal vibrotactile stimulation
device? 1 (very satisfed) 1-2

7 How satisfed were you with the 10MWT test without the sternal vibrotactile
stimulation device? 1 (very satisfed) 1-2

8 How satisfed were you with the 10MWT test with the sternal vibrotactile
stimulation device? 1 (very satisfed) 1-2

9 How satisfed were you with the study process overall? 1 (very satisfed) 1-1
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can be performed by people with PD while wearing gait
analysis sensor insoles and a SVSD. We used a dynamic
start and no pilot trial, which is in accordance with the
study by Lindholm et al. [16]; which identifed no dif-
ferences in dynamic or static starting conditions or one
versus two trials in people with PD. Te study by Lind-
holm also found that 63 of 151 participants (42%) expe-
rienced FoG, but none during the 10MWT. In our study
also, none of the 13 participants experienced FoG while
performing the 10MWT under fast conditions. Te
walking speed of the participants in our study was cal-
culated by dividing 10 metres by the time taken to
complete 10MWT and was 1.4 m/s without the SVSD and
1.6m/s with the SVSD switched on. Tis is slightly slower
compared to the normative data with healthy adults in fast
condition aged 60 to 69 years, which is 1.7–1.9 m/s [19].
According to Perera et al. [18] a 0.10m/s is a substantial
change for gait speed in older adults but Stefen and Seney
[17] found that 0.25m/s is the minimal detectable change
(MDC) in people with PD. Te study by Lindholm found
a mean walking speed with 0.9 m/s in 63 people with PD

and a history of FoG. Compared to that study our par-
ticipants had a higher walking speed. Age (mean 68 years
versus mean 67 years in our study) and duration of PD
(mean 4 years versus mean 6 years in our study) were
similar to Lindholm’s participants. Due to our re-
cruitment process in self-support groups and the need for
the ability to come to the testing site on their own we
might have had higher functioning participants, com-
pared to the participants in the Lindholm study, who were
recruited in a university hospital neurology outpatient
clinic. We also excluded any walking aids due to Item #8
and #12 in the FoG-Score where the participants should
carry a glass of water and open a door. In the Lindholm
study 13% used a walking aid during the test. Te use of
a walking aid can have an infuence on the ability to detect
changes in walking speed [23].

Te feedback gathered from the participants about the
study process in the open questions can be used for further
studies. Te feedback was overall positive and showed an
interest in participating in another study. One important
feedback that could also infuence the outcome of the as-
sessments is the time of day of testing and the last intake of PD
medication [24–26]. Our participants had a median last intake
of their PD medication 1 hour ago. Te most common PD
medication is Levodopa. Te drug concentration when taken
orally for levodopa is highest between 0.5 and 2 hours after
intake [27], which indicated that our participants were in their
On-Phase during the testing. Tere were no detailed questions
about what kind of medication they took in our study.

Another feedback pointed out that there was a pilot run
for the FoG-Score and no pilot run for the 10MWT. As the
study by Lindholm et al. [16] shows, there is no signifcant
diference between one or two trials in the outcome for the
walking speed, so a pilot run has no infuence on the out-
come of the 10MWT.

Table 3: Results of the secondary outcome measures FoG-score
and 10MWT. ∗one participant is missing n� 12.

N� 13 Without SVSD
Median (IQR)

With SVSD
Median (IQR)

FoG-score 1 (0–8.5) 0 (0–5.5)
FoG-VAS 4.4 (2.6–6.3) 5.1 (3.0–6.6)
10MWT (seconds) 7.0 (5.57–8.08) 6.4 (5.68–8.04)
10MWT (m/s) 1.4 (1.24–1.8) 1.6 (1.24–1.76)
10MWT-VAS 8.4 (5.75–9.40) 7.7 (5.25–9.3)
Double step length (cm) 155 (127–167)∗ 161 (118–178)∗
Cadence 121 (117–133)∗ 120 (115–133)
Symmetry (% right leg) 50 (48–51)∗ 50 (49–52)

CONSORT Flow Diagram

Assessed for eligibility (n=24)

◆ Not meeting inclusion criteria (n=11)

Allocated to examination (n=13) 
◆ Received allocated examination (n=13)
◆ Did not receive allocated intervention (n=0)

Analysed (n=13) 
◆ Excluded from analysis (n=0) 

Allocation

Randomised (n=13)

Enrollment

Analysis

-No FoG (n=4)

-Deep Brain Stimulation (n=5)
-Couldn't walk 10 m without assistance (n=2)

Excluded (n=11)

Figure 2: CONSORT fow diagram on enrolment, allocation, and analysis.
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Several participants wished for more information about
the devices and the underlying mechanisms. Prior to the
study we supplied limited information about the SVSD to
the participants, to limit the infuence on the participants.
However, some participants researched the device before
participation, others had a diferent idea altogether about
what the device could do and thought it was “some kind of
alarm device.” Terefore, the participants had diferent in-
formation about the function of the SVSD before the testing
started.Te perception that the device could help to improve
walking, could have had a placebo efect and infuence the
outcome of the assessments from the participants’ point of
view [28, 29]. In addition, the researchers could have been
afected by a biased view. Although two researchers rated the
FoG-Score, it would be better to have blinded assessors in
the next study.

Te feedback for the SVSD was positive and there were
no comments about any objectionable experiences. Usage
of the device in everyday life could be imagined. Some
people wished for a stronger vibration and an individual
setting of the frequency. All participants had the default
setting, and were not given access to the customising
feature so no changes were made to tailor the stimulation,
as the study was aimed to evaluate the overall acceptability
of this study design and not the efcacy. However, in
further studies a personalised frequency could enhance the
study design.

4.1. Limitations. Although this study design proved to be
acceptable and feasible there were some limitations and
improvements to be considered for another study. Tese
results are limited by a relatively small numbers of in-
dividuals with 13 participants. Te people in this study had
reduced occurrence of FoG and increased walking speed in
the 10MWTcompared to similar studies [11, 16]. 46–61% of
the participants did not freeze during the FoG-Score, al-
though they subjectively reported FoG before. Including
other activities in the testing of FoG could be advisable.
One participant pointed out that climbing the stairs was an
individual FoG trigger, also the turning and barrier course
mimic real-life environments that elicit FoG [30]. And
Snijders et al. [11] found that a rapid 360° turn was more
efective in provoking FoG than with a normal speed. Te
efect of the SVSD on FoG needs to be determined in
further studies with more participants. Considering one
participant’s feedback that wished for a longer wearing
duration, the 6 minute Walking Test (6MWT) could be
used [31]. Our population had an average walking speed of
1.4–1.6m/s compared to Lindholm with 0.9m/s. Our
fndings may, therefore, not be applicable to people with
PD with a slower walking speed. Additionally, we should
consider the possibility of the placebo efect within the
participants and the researchers, so there should be some
information prepared that everybody involved gets be-
forehand to minimise this efect. Patients and public in-
volvement (PPI) can help put the information in
nonacademic language to ensure that everybody has the
same level of knowledge.

5. Conclusions

Tis study design proved to be very acceptable for people
with PD. Te use of both the FoG-Score and the 10MWT
were feasible while additionally wearing gait analysis sensor
insoles and a SVSD. Te gait analysis sensor insoles can
gather valid data for gait parameters during both assess-
ments. Further studies, specifcally designed to explore the
efcacy of the SVSD, should be designed on a larger scale
and consider medication intake, training runs of all as-
sessments, tailored information about the function of the
device and personalised frequency of the SVSD.
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NÖ—NÖGUS as part of the 2. IMC Call, “Digitalization and
new media in care and therapy 2021.”

Acknowledgments

Te devices were provided by Charco Neurotech Ltd. and
StaPPtronics GmbH during the period of data collection.We
thank Peter Krimmer from StaPPtronics GmbH and the
team from Charco Neurotech Ltd. for constructive feedback
and support throughout the process. We also like to thank
the two students (C.P. and N.B.) of the bachelor’s degree
program for physiotherapy at the IMC FH Krems for
supporting part of the process and for taking the opportunity
to experience research frst-hand.

References

[1] M. T. Hayes, “Parkinson’s disease and parkinsonism,” Te
American Journal of Medicine, vol. 132, no. 7, pp. 802–807,
2019.

[2] C. Gao, J. Liu, Y. Tan, and S. Chen, “Freezing of gait in
Parkinson’s disease: pathophysiology, risk factors and treat-
ments,” Translational Neurodegeneration, vol. 9, no. 1, p. 12,
2020.

[3] C. C. Walton, J. M. Shine, J. M. Hall et al., “Te major impact
of freezing of gait on quality of life in Parkinson’s disease,”
Journal of Neurology, vol. 262, no. 1, pp. 108–115, 2015.

[4] P. Ginis, E. Nackaerts, A. Nieuwboer, and E. Heremans,
“Cueing for people with Parkinson’s disease with freezing of
gait: a narrative review of the state-of-the-art and novel
perspectives,” Annals of Physical and Rehabilitation Medicine,
vol. 61, no. 6, pp. 407–413, 2018.

[5] A. Mosabbir, Q. J. Almeida, and H. Ahonen, “Te efects of
long-term40-hz physioacoustic vibrations on motor

Parkinson’s Disease 7



impairments in Parkinson’s disease: a double-blinded ran-
domized control trial,” Healthcare, vol. 8, no. 2, p. 113, 2020.

[6] A. Nieuwboer, G. Kwakkel, L. Rochester et al., “Cueing
training in the home improves gait-related mobility in Par-
kinson’s disease: the RESCUE trial,” Journal of Neurology,
Neurosurgery & Psychiatry, vol. 78, no. 2, pp. 134–140, 2007.

[7] P. A. Rocha, G. M. Porf́ırio, H. B. Ferraz, and
V. F. M. Trevisani, “Efects of external cues on gait parameters
of Parkinson’s disease patients: a systematic review,” Clinical
Neurology and Neurosurgery, vol. 124, pp. 127–134, 2014.

[8] A. Suputtitada, C. P. C. Chen, C. Pongmala et al., “Te efcacy
of a newly developed cueing device for gait mobility in
Parkinson’s disease,” Parkinson’s Disease, vol. 2022, Article ID
7360414, 7 pages, 2022.

[9] M. Ferster, S. Mazilu, and G. Troester, “Gait parameters
change prior to freezing in Parkinson’s disease: a data-driven
study with wearable inertial units,” EAI Endorsed Transactions
on Ambient Systems, vol. 3, 2015.

[10] J. M. Hausdorf, J. D. Schaafsma, Y. Balash, A. L. Bartels,
T. Gurevich, and N. Giladi, “Impaired regulation of stride
variability in Parkinson’s disease subjects with freezing of
gait,” Experimental Brain Research, vol. 149, no. 2, pp. 187–
194, 2003.

[11] A. H. Snijders, C. A. Haaxma, Y. J. Hagen, M. Munneke, and
B. R. Bloem, “Freezer or non-freezer: clinical assessment of
freezing of gait,” Parkinsonism & Related Disorders, vol. 18,
no. 2, pp. 149–154, 2012.

[12] X. S. Tan, F. Pierres, A. Dallman-Porter, W. Hardie-Brown,
and K. Y. Kwon, “Focused vibrotactile stimulation with
cueing efect on freezing of gait in Parkinson’s disease: two
case reports,” Journal of movement disorders, vol. 14, no. 3,
pp. 236–238, 2021.

[13] K. Ziegler, F. Schroeteler, A. O. Ceballos-Baumann, and
U. M. Fietzek, “A new rating instrument to assess festination
and freezing gait in Parkinsonian patients,” Movement Dis-
orders, vol. 25, no. 8, pp. 1012–1018, 2010.

[14] U. M. Fietzek, S. J. Schulz, K. Ziegler, and A. O. Ceballos-
Baumann, “Teminimal clinically relevant change of the FOG
score,” Journal of Parkinson’s Disease, vol. 10, no. 1,
pp. 325–332, 2020.

[15] J. T. Lang, T. O. Kassan, L. L. Devaney, C. Colon-Semenza,
and M. F. Joseph, “Test-Retest reliability and minimal de-
tectable change for the 10-meter walk test in older adults with
Parkinson’s disease,” Journal of Geriatric Physical Terapy,
vol. 39, no. 4, pp. 165–170, 2016.

[16] B. Lindholm, M. H. Nilsson, O. Hansson, and P. Hagell, “Te
clinical signifcance of 10-m walk test standardizations in
Parkinson’s disease,” Journal of Neurology, vol. 265, no. 8,
pp. 1829–1835, 2018.

[17] T. Stefen and M. Seney, “Test-retest reliability and minimal
detectable change on balance and ambulation tests, the 36-
itemshort-form health survey, and the unifed Parkinson
disease rating scale in people with parkinsonism,” Physical
Terapy, vol. 88, no. 6, pp. 733–746, 2008.

[18] S. Perera, S. H. Mody, R. C. Woodman, and S. A. Studenski,
“Meaningful change and responsiveness in common physical
performance measures in older adults,” Journal of the
American Geriatrics Society, vol. 54, no. 5, pp. 743–749, 2006.

[19] R. W. Bohannon, “Comfortable and maximum walking speed
of adults aged 20-79 years: reference values and de-
terminants,” Age and Ageing, vol. 26, no. 1, pp. 15–19, 1997.

[20] S. Perrot and M. Lantéri-Minet, “Patients’ Global Impression
of Change in the management of peripheral neuropathic pain:

clinical relevance and correlations in daily practice,” European
Journal of Pain, vol. 23, no. 6, pp. 1117–1128, 2019.

[21] B. Byrom, P. Breedon, R. Tulkki-Wilke, and J. V. Platko,
“Meaningful change: defning the interpretability of changes
in endpoints derived from interactive and mHealth tech-
nologies in healthcare and clinical research,” Journal of Re-
habilitation and Assistive Technologies Engineering, vol. 7,
Article ID 205566831989277, 2020.

[22] R. H. Dworkin, D. C. Turk, K. W. Wyrwich et al., “Inter-
preting the clinical importance of treatment outcomes in
chronic pain clinical trials: IMMPACT recommendations,”
Te Journal of Pain, vol. 9, no. 2, pp. 105–121, 2008.

[23] A. Toots, H. Littbrand, H. Holmberg et al., “Walking aids
moderate exercise efects on gait speed in people with de-
mentia: a randomized controlled trial,” Journal of the
American Medical Directors Association, vol. 18, no. 3,
pp. 227–233, 2017.

[24] C. Barthel, E. Mallia, B. Debû, B. R. Bloem, and M. U. Ferraye,
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