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Abstract: Stroke causes disability and significantly affects patient quality of life. Post-stroke rehabilitation of
upper limb function is crucial, as it affects daily activities and individual autonomy. Traditional rehabilitation
methods often require frequent visits to specialized centers, which can be costly and challenging. This study
investigated the effectiveness of a home-based self-training device, "Kenko Yusuri," in improving upper limb
function in patients with chronic stroke. This multicenter prospective intervention study used a quasi-
randomized controlled trial design. Ninety-three outpatients from five hospitals in Japan were enrolled and
assigned to either the intervention group who used the "Kenko Yusuri" device or the control group who
underwent conventional rehabilitation. All patients received botulinum toxin type A (BoNT-A) injections to
treat upper limb spasticity. The primary outcome measure was the Fugl-Meyer Assessment (FMA) of upper-
extremity motor function. Secondary outcomes included the modified Ashworth scale (MAS) score, range of
motion (ROM), and chronic pain assessments. The intervention group demonstrated significantly greater
improvements in FMA total scores than the control group. Patients with moderate paralysis experienced the
greatest benefits from the intervention. There were no significant between-group differences in MAS scores or
ROM measurements. Pain and wrist ROM showed improvement in the intervention group. Home-based
training with a shaking device significantly improved upper limb function in patients with moderate chronic
post-stroke paralysis. This approach aligns with the principles of use-dependent plasticity and offers a feasible
and cost-effective alternative to traditional rehabilitation methods.

Keywords: stroke rehabilitation; upper limb paralysis; home-based training; self-training device;
botulinum toxin type A

1. Introduction

Stroke remains a leading cause of disability globally, profoundly affecting the quality of life of
millions each year [1,2]. Rehabilitation of post-stroke upper limb function is crucial [3,4], as it directly
affects patients’ ability to perform daily activities and enhances individual autonomy [5-7]. Although
traditional rehabilitation methods such as physical therapy and pharmacological interventions are
effective, they typically require frequent visits to specialized centers. This can be costly and
logistically challenging for many patients, particularly those who may require prolonged therapy
[8,9].

Spasticity is a common complication in patients with severe stroke that leads to pain and
significant motor dysfunction. Treatment often involves long-term management strategies, including
the use of botulinum toxin type A (BoNT-A), which has been widely adopted for its efficacy in
reducing muscle hypertonicity and associated discomfort [8-13]. However, botulinum therapy is
repetitive and invasive, and when administered alone it may not improve upper limb function; it
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must be combined with occupational therapy [14]. Patients with chronic stroke are required to
exercise at home to improve their upper limb function and require assistance from their family
members [15]. This long-term, daily independent training may be physically and mentally
demanding for patients and their families [16].

Recent advancements in noninvasive cerebral stimulation therapies such as repetitive
transcranial magnetic stimulation (rTMS) combined with intensive upper limb training have shown
promise in improving functions previously considered irreversible [4,17-21]. Despite these
advancements, the accessibility of innovative treatments in home settings remains limited, which
poses a significant barrier to sustaining patient engagement and recovery. The integration of home-
based training devices into standard post-stroke rehabilitation protocols could therefore represent a
transformative approach to care, reducing the burden on healthcare systems, while simultaneously
improving patient outcomes.

Occupational therapists manually perform rehabilitation to treat upper limb dysfunction as an
after-effect of stroke [22,23], and the concept of user-dependent plasticity is particularly relevant in
patients with chronic stroke [24,25]. This suggests that the nervous system can functionally
reorganize itself in response to the demands placed upon it, implying that consistent, repetitive use
of the affected limbs can lead to improved motor function and recovery over time. Therefore, the
development of home-based self-training devices, like the "Kenko Yusuri" is not only innovative but
essential. These devices enable patients to engage in regular structured training at home without
continuous professional supervision, and align with the principles of use-dependent plasticity by
facilitating frequent and repetitive use of the impaired limbs. This approach not only makes
rehabilitation more accessible and cost-effective but also allows for therapy customization to meet
individual needs, thereby enhancing the potential for recovery. These devices also ensure continuity
of care, enabling patients to maintain and improve the long-term gains achieved in clinical settings.
Additionally, the "Kenko Yusuri” shaking device is expected to offer therapeutic benefits in the
management of spasticity. Its vibrational features are expected to relieve muscle tension, potentially
complementing or reducing the need for invasive treatment. This could significantly enhance the
quality of life and functional independence of stroke survivors by providing a nonpharmacological
option for managing one of the most challenging complications of stroke recovery.

Integrating home-based training devices into standard post-stroke rehabilitation protocols may
represent a transformative approach to care; it may alleviate the burden on healthcare systems, while
simultaneously improving patient outcomes. The aim of this study was to evaluate the effectiveness
of the "Kenko Yusuri" shaking device in improving upper limb function in patients with chronic
stroke, thereby reducing the physical and mental burden on patients and caregivers.

2. Materials and Methods

Study Participants

This multicenter prospective intervention study adopted a randomized trial design and
included outpatients enrolled between MM 20XX and MM 20XX at five hospitals in Japan. Patient
data were collected from Jikei University Hospital [Tokyo], Aomori Shintoshi Hospital [Aomori],
Izumi Memorial Hospital [Tokyo], Gosho Minami Rehabilitation Clinic [Kyoto], and Nishi Hiroshima
Rehabilitation Hospital [Hiroshima]) and were subsequently analyzed.

Participants were included if they: 1) were stroke patients with upper limb paralysis who were
aged >20 and <80 years; 2) had stroke onset at least 6 months prior; 3) had upper limb Brunnstrom
recovery stage III to V, 4) were undergoing ongoing botulinum therapy for upper limb spasticity; 5)
did not have cognitive impairment; and 6) had been fully informed of the study and provided
voluntary written consent based on their full understanding of the study.

Patients were excluded if: 1) they had implanted medical devices (pacemakers or cochlear
implants, etc.); 2) had serious cardiac disease; 3) were pregnant or suspected of being pregnant; 4)
were judged by the principal investigator to be inappropriate for participation; 5) had unstable or
urgent medical conditions (acute heart failure, acute renal failure, acute liver failure, severe diabetes,
infectious diseases, etc.); or 6) had participated in other clinical studies within 4 months.
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Study Design

This study was conducted as a multicenter, open-label, quasi-randomized controlled trial.
Participants were classified by upper extremity Fugl-Meyer Assessment (FMA) score and assigned
to the intervention group or control group in the order of enrollment. All participants were informed
of how the study results would be used and signed an informed consent form agreeing to participate.
The study was performed over 12 weeks. The study group underwent voluntary training using the
shaking device, whereas the control group underwent conventional voluntary training (Figure 1).
The shaking device used in this study was a "Kenko Yusuri" (JMH100, Top Run Corporation, Japan)
[26,27].
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Figure 1. Conceptual diagram and protocol of this study designed to examine the differences in the
effects of Shaking exercise and conventional therapies on functions of upper limb in participants with
paralysis. A: The patient places or grips his or her hand on the handlebar, and the device uses the
principle of leverage to generate a pendulum-like motion that swings the affected hand. B: Patients
in the intervention group performed daily shaking exercises at home, three times a day, for 10 minutes
each time. The control group performed self-training at home that was guided by outpatient
rehabilitation. Both groups continued outpatient treatment for 3 months.

Self-training using the shaking device

The shaking device was used by gripping the handle with the affected upper limb. Patients who
could not grip the handle were allowed to use it by placing their palms or distal forearms on the
handle.

The handle was moved by approximately 13 cm vertically at 1 Hz continuously for 10 min. If the
upper limb dropped off during the exercise, the patient was allowed to stop the device once and
resume use. Ten min of use was allowed per self-training session, and self-training was conducted
three times a day (30 min in total). The self-training status was recorded by the patients on a form,
which was collected and checked by the physician in charge at the end of each study period.

Adjunctive therapy

All patients received BoNT-A injections for upper limb spasticity (up to 400 units for the upper
limb) as adjunctive therapy. The BONT-A injection was administered immediately before the start of
the shaking exercise in the study group; the control group was injected immediately before the start
of observation, and no additional doses were allowed to be administered until the end of the
evaluation. The following concomitant therapies were prohibited: 1) electrical stimulation therapy,
2) repetitive transcranial magnetic stimulation therapy, 3) transcranial direct-current electrical
stimulation therapy, and 4) robotic rehabilitation therapy. They were prohibited during the entire
study period (from the date consent was obtained until the last observation date). In addition, the
initiation of new muscle relaxants was prohibited during the study period (from the date of consent
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to the date of final observation). If patients were taking them routinely, the dosage and administration
method were not changed during the study period.

This study was approved by the Clinical Review Board of Jikei University Educational
Corporation (CRB3180031). The study was registered in the Japanese Registry of Clinical Trials
(jRCTs032200164) by the Ministry of Health, Labour, and Welfare.

Outcome measures

The Fugl-Meyer assessment (FMA) score was used as the main outcome in this study. It
evaluates motor function, sensory function, balance, range of motion, and joint pain, and is divided
into 66 points for the upper extremity. In this study, only the upper extremity was tested, and
shoulder, wrist, and hand reflexes, voluntary movements, and coordinated movements were
examined; the FMA method was chosen because of its high reliability, reproducibility, and validity
[28-30]. The severity of paralysis according to the FMA score is as follows: <20, severe; 2145,
moderate; and 46-66, mild paralysis [31]. Secondary outcomes included the modified Ashworth scale
(MAS) used to assess the degree of spasticity [32], range of motion (ROM) using active and passive
joint movement, and subjective chronic pain using the visual analog scale (VAS) [33].

Statistical Analysis

We employed generalized linear mixed models (GLMM) [34] to analyze the impact of
interventions and treatment periods on FMA scores, while adjusting for baseline FMA scores [35].
Our model included fixed effects for the intervention status, treatment periods, and pretreatment
FMA scores (Total, A, B, C, and D), with random effects accounting for individual patient variability.
GLMM analysis was performed using the restricted maximum likelihood (REML) method to provide
unbiased estimates of variance and covariance parameters under fixed-effect model specifications.
To evaluate the effects of the intervention, a GLMM was constructed as follows.

y i=PotPrxInterventioni+Pzx(Periodsi—1)+BsxFMA _prei+ujte;

where y”ij is the predicted FMA score for patient jj at time i7; 3o is the model intercept, representing
the baseline score before treatment in the absence of intervention; 1 represents the effect of the
intervention group, where a positive value indicates that the intervention was effective; (32 quantifies
the effect of the treatment period, with 1 indicating pre-treatment and 2 indicating post-treatment; (33
captures the impact of the pre-treatment FMA score, reflecting how baseline scores influence
outcomes post-treatment; uj represents random effects specific to each patient, modeling inter-
individual variability; and ej is the error term, accounting for measurement errors and other
unobserved variations.

This model allows for a quantitative assessment of how the presence or absence of an
intervention and the pre- and post-treatment periods affect functional improvement in patients.

To assess the adequacy and fit of our model, we used the Akaike information criterion (AIC)
and Bayesian information criterion (BIC). These indices are crucial for model selection and help
compare the relative goodness-of-fit of the statistical models. Considering the complexity of the
model, lower AIC and BIC values indicate a better fit to the data. The AIC focuses on the trade-off
between the goodness of fit and simplicity of the model, penalizing the inclusion of unnecessary
variables. The BIC provides a stricter penalty for models with more parameters, thus preventing
overfitting.

For stratification analysis, patients were stratified by severity using the baseline FMA score,
ensuring that our model adjustments were specific to each severity group (<20, severe; 21-45,
moderate; and 46-66, mild paralysis) [31]. This stratification allowed us to assess the impact of the
intervention more precisely within homogeneous subgroups defined by baseline clinical severity.

Post-hoc comparisons of changes (Avalue) in between-group differences were performed using
the Mann-Whitney U-test. In addition, intragroup comparisons were performed using the Wilcoxon
signed-rank test. All statistical tests were two-sided, and significance was set at p<0.05. No statistical
sample size calculations were performed. However, we performed post-hoc power and effect size
analyses on the results of the 93 patients in this study using G*Power version 3.1 (Heinrich-Heine-
Universitdt, Diisseldorf). We calculated the post-hoc power critical z=0.19, 1-$=0.48, and effect size
h=0.4 using the z-test. Where data was missing from our study, we applied multiple imputation
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techniques to estimate and replace the missing values, ensuring comprehensive data analysis. This
approach is aligned with the recommended practices for handling missing data in clinical research
as detailed by Sterne et al. (2009), who emphasized the importance of addressing such gaps to
maintain the validity of statistical inference [36].

Data analysis was conducted using Python (version 3.8, Wilmington, DE, USA). We used the
‘pandas’ library (version 1.2.0) for data preprocessing and the ‘statsmodels’ library (version 0.12.0) to
construct generalized linear mixed models (GLMM) using the ‘mixedlm’ function. The flexibility of
Python allows for rigorous data manipulation and detailed modeling.

3. Results

Ninety-three patients with stroke were prescribed rehabilitation treatment at five medical
institutions during the study period. The patients were randomly assigned to either the shaking
exercise or the conventional therapy group at each hospital. The number of patients varied among
the participating hospitals, ranging from nine to 41 per institution. All eligible patients were included
(Table 1). Data from all 93 patients were analyzed (Figure 2).

Hospital 1 Hospital 2 Hospital 3 Hospital 4 Hospital 5
n=41 n=18 n=15 n=10 n=9
| l
v v v
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Figure 2. Flow chart of the processing protocol applied in this study for the inclusion and

categorization of the participants. The included study participants from five hospitals (n = 93)

underwent shaking exercise or conventional therapy. The same patients were also divided into 3

groups according to the function score of the upper extremity.

Table 1. Pre-treatment baseline characteristics of the shaking exercise and control groups.

All Intervention Control Statistics

variables

(N=93) (n=47) (n=46) x?orU p-value rorV
Sex (Female/Male) 50/43 26/22 24/21 0.00 1.00 0.00
Age 59 [53, 68] 59 [53, 67] 59 [53, 68] 1065 0.91 0.49
Diagnosis

33/55/5 16/30/2 17/25/3 0.59 0.75 0.08
(CI/ICH/other)
Affected side (L/R) 46/47 27/21 19/26 1.31 0.25 0.12
Month from onset 131 [92, 175] 136 [98, 177] 126 [81, 175] 1487 0.36 0.56
FMA-UE total score 24 [18, 30] 27 [23, 31]* 20 [17, 23] 1343 0.04 0.62
BoNT-A treatments 14 [10, 18] 14 [11, 19] 139, 17] 1124 0.81 0.49
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BoNT-A dose (Unit) 250 [200, 350] 250 [200, 400] = 250 [200, 300] 1208 0.32 0.56

Data are presented as median [1st, 3rd quartile]. Chi-square test with Cramer's V for effect size is used to

compare the number of patients, diagnosis, and affected side in each group. Month from onset, FMA-UE,
BoNT-A are compared with Mann-Whitney U-test. *p<0.05 compared with controls. CI; cerebral infarction,
ICH; intra cerebral hemorrhage, FMA-UE; Fugl-Meyer assessment of the upper extremity, BONT-A;
Botulinum toxin type A

Based on the GLMM analysis, after adjusting for the baseline FMA total score and including the
random effect of individual differences, the shaking device intervention had a significant effect on
the FMA total score (coefficient=0.69, SD=0.30, z=2.67, CI=[0.39 - 2.56], p=0.01). Similarly, a significant
main effect difference was observed between pre- and post-intervention (Table 2).

Table 2. Estimated factor levels by Generalized Mixed Linear Model for FMA-UE Scores.

Variable p SD z P-value 95% CI Model Fit Indices
= Intercept 148 055 267 0.01* (0.39, 2.56)
e AIC=789.4
% Intervention 0.69 030 230 0.02* (0.10, 1.27) BIC=805.6
< Periods  1.13 029 3.88  <0.001* (0.56, 1.70) REML-based Log-
= R Likelihood=394.8
&  Baseline 1.00 001 8746 <0.001* (0.98,1.02)
Intercept  0.10 053  0.18 0.86 (0.94, 1.13)
AIC=423.6
< Intervention 084 065 128 0.20 (0.44, 2.11) BIC=452.6
L]
& Periods 033 029 1.12 0.26 (0.25, 0.90) REML-based Log-
X Likelihood=-202.8
Baseline 099 0.01 67.15 000*  (0.96,1.02)
Intercept 022 0.10 2.26 0.02 (0.03, 0.42)
AIC=230.1
? Intervention 0.00 0.04 0.03 0.98 (0.08, 0.08) BIC=259 2
& Periods 023 0.09 242 0.02*  (0.04, 0.41) REML-based Log-
. Likelihood=-106.1
Baseline  1.00 0.01 129.72 <0.001* (0.98,1.01)
Intercept 031 030 1.05 0.29 (0.27, 0.90)
AIC=504.7
S;) Intervention 035 041 0.86 0.39 (0.45,1.16) BIC=524.1
& Periods 022 019 1.18 0.24 (0.14, 0.58) REML-based Log-
. Likelihood=-246.4
Baseline 037 026 141 0.16 (0.88, 0.14)
Intercept  0.03 0.14 021 0.84 (0.25,0.31)
AIC=242.2
e Intervention 0.19 0.2 0.94 0.35 (0.20, 0.58) BIC=261.5
]
& Periods  0.02 0.09 024 0.81 (0.15, 0.20) REML-based Log-

X Likelihood=115.1
Baseline 099 0.02 4875 <0.001* (0.95,1.03)

The model includes data from 186 observations across 93 participants during each period.
The intercept represents the predicted FMA _total score for a non-intervention individual at
baseline FMA _total of zero. Each coefficient is presented with its respective standard error,

z-value, p-value, and 95% confidence interval. The variable 'Intervention' indicates the group,
and 'Periods' distinguishes between pre- and post-intervention assessments. 'Baseline'
denotes FMA _total score at baseline. Statistical significance is set at *p<0.05. SD; Standard
Error, {3; estimated coefficient

No significant effect of the intervention was observed on the FMA subscores. Therefore, the
predictive equation for the total FMA score was formulated as follows:
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FMA_total=1.5+0.7xInterventioni+1.2xPeriods+1.0xbaseline_FMA _total

Values were inserted into the predictive equation to determine the improvement in the
intervention group scores compared with those of the control group across the intervention period:

. eq 1. Control, Pre-intervention:
y”~control, pre=1.5+0.7x0+1.2x(1-1)+1.0xbaseline_FMA _total=1.5+FMA_pre
e eq2. Control, Post-intervention:
y”control, post=1.5+0.7x0+1.2x(2-1)+1.0xbaseline_FMA _total=2.7+FMA_pre
. eq 3. Intervention, Pre-treatment:
y/intervention, pre=1.5+0.7x1+1.2x(1-1)+1.0xbaseline_FMA _total=2.2+FMA_pre
¢ eq4. Intervention, Post-treatment:
yintervention, post=1.5+0.7x1+1.2x(2-1)+1.0xbaseline_FMA _total=3.4+baseline_FMA _total
e  To estimate the improvement from pre- to post- in the control group:
Acontrol =(2.7+baseline_FMA_total)—(1.5+baseline_FMA _total)=1.2
. From pre- to post- in the intervention group:
Aintervention=(3.4+baseline_ FMA _total)-(2.2+baseline_FMA_total)=1.2

Interestingly, based on these calculations, both groups showed the same improvement of 1.2
points from pre-treatment to post-intervention when adjusted for the baseline FMA score. However,
the intervention group scored 1.2 points higher at each stage than the control group due to the
intervention effect (0.7 points directly from intervention status by GLMM). Thus, although the
improvement due to the treatment period was the same, the intervention group consistently scored
higher because of the effect of the intervention itself.

Table 3 provides post-hoc multiple comparisons of upper limb functional recovery measured
using FMA-UE scores pre- and post-intervention involving the shaking exercise. The intervention
group (A1.8 [0.8, 2.8]) showed a statistically greater improvement than the control group (A0.4 [-0.1,
1.0]) in FMA-UE total score (p=0.04, r=—0.24). A significant difference was observed in the intervention
group's improvement in FMA-UE sub-score A (Al1.2 [0.6, 1.8] vs. A0.3 [-0.2, 0.9], p=0.01, r=-0.29).
Smaller changes were noted in both groups, with no significant differences detected in the FMA-UE
sub-scores B (p=0.56, r=0.06), C (p=0.37, r=0.10), and D (p=0.16, r=0.11) (Figure 3).
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Figure 3. Scatter plots of the FMA total score in the shaking exercise and conventional therapy groups.
Plots of changes in the scores compared with pre- and post-intervention of all patients. Stratified plots

of patients.
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Table 3. Changes in FMA-UE Scores Pre- and Post-intervention, Compared with Control and
Intervention Groups.
FMA- Intervention (n=47) Control (n=46) P- ®
r
UE pre post delta pre post delta value
26.8 28.4 1.8 20.0 20.3 0.4
Total 2 4% 24
ota (23.0,31.2) (24.4,33.0) 0.8, 2.8) (17.1,23.3) (17.4,23.7) (-0.1, 1.0) 823 00 0
214 22.6 1.2 17.5 17.9 0.3
Part A 770 0,01* 0,29
ar (19.4,23.5) (20.6,24.7) 0.6, 1.8) (15.5,19.6)  (15.8,20.0) (-0.2,0.9) ’ ’
29 3.1 0.2 1.7 1.9 0.2
Part B 101
art (2.1,3.7) (2.3,3.9) (-0.2,0.6) 0.9,2.4) (1.1,2.7) (-0.1, 0.6) 015 056 0,06
4.1 4.2 0.2 3.5 3.3 -0.2
Part C (2.9,5.2) (3.1,5.4) (-0.3, 0.6) (2.4,4.7) (2.2,4.5) (-0.5,0.1) 77 057 010
1.3 1.4 0.2 0.8 0.7 0.0
Part D 4 1 11
art 0817) (10,19 (00,04 (03,12 (03,12 (02,01 o+ 0 O

This table presents the results of a Mann—Whitney U test comparing the changes (A values) in FMA scores before and
after treatment between the control and intervention groups. A values are calculated as the difference between post-
and pre-intervention scores for each measure. The table includes the median changes along with the first and third
quartiles for each group. *P-values <0.05 indicate statistically significant differences between the groups. Effect size
(r) is reported to quantify the magnitude of the difference, with values closer to -1 or 1 indicating a stronger effect.
Scores are presented as the mean, 95% CI.

Stratified analysis using GLMM showed that the intervention group had a mean increase of 1.03
points in the FMA total score (95% CI: 0.09, 1.98; p=0.033) in the moderate group. Furthermore, a
mean increase of 1.38 points was observed post-intervention (95% CI: 0.46, 2.31; p=0.003).
Additionally, the baseline FMA total value proved to be a significant predictor in the model, with a
coefficient of 0.97, indicating statistically significant effects (95% CI: 0.91, 1.03; p<0.001) in the
moderate group. The intervention effect was not statistically significant in the severe (coefficient=0.17,
p=0.61) or mild groups (coefficient=0.05, p=0.61), suggesting that the intervention did not lead to
measurable improvements in motor function compared with the control group. However, the

significant periods effect in the severe (coefficient=0.68, p=0.02) and mild groups (coefficient=1.44,

p=0.04) demonstrated that improvements were observed in both groups over time regardless of the

intervention status (Table 4).

Table 4. Estimated Factor Levels using the Generalized Mixed Linear Model for FMA-UE Total Score,

stratified by Severity of Paralysis.

Variable B SD z-Value P-value 95% CI Model Fit Indices
Intercept 1.56 2.73 -0.57 0.57 (3.78, 6.90)
2 AIC=717
L Intervention 005 039  -0.12 091 (0.73, 0.82) BIC=78.8
o
= Periods 144 073 198 0.04*  (0.02,2.87) REML-based Log-
= Likelihood=-27.8
Baseline  0.00 0.05  0.05 096  (-0.10,0.12)
S Intercept 104 121  -0.86 0.39 (1.33, 3.42)
& ) . AIC=463.5
?‘..; Intervention 1.03 048 2.14 0.03 (0.09, 1.98) BIC=479 1
5 Periods 138 047 292 0.00 (0.46,2.31) ~ REML-based Log-
E Likelihood=-225.7
£ Baseline 097 0.03 31.84 <0.001*  (0.91, 1.03)
g ‘ Intercept 0.85 0.66 1.29 0.20 (0.44, 2.13) AIC=2318
$ . Intervention 017 033 051 0.61 (0.48, 0.82) BIC=245.1
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Periods 068 030 225 0.02*  (0.09,127)  REML-based Log-
Likelihood=-113.9

Baseline 1.01 0.03 29.37 0.00% (0.94, 1.08)

The model includes data from 186 observations across 93 participants in each period. The
intercept represents the predicted FMA_total score for a non-intervention individual at
baseline FMA _total of zero. Each coefficient is presented with its respective standard error, z-
value, p-value, and 95% confidence interval. The variable 'Intervention' indicates the group,
and 'Periods' distinguishes between pre- and post-intervention assessments. 'Baseline'
denotes FMA _total score at baseline. Scores are presented as the mean, 95% CI. *p<0.05. SD;
Standard Error, {3; estimated coefficient

An intention-to-treat analysis was performed for secondary outcomes. The collection of MAS,
ROM, and VAS data for the eight patients at one participating clinic was not feasible owing to the
constraints imposed by the Japanese insurance system. To overcome this limitation and ensure the
continuity and completeness of our dataset for secondary outcome analysis, missing MAS, ROM, and
VAS data were imputed using multiple techniques.

To examine the effects of the intervention on chronic pain using the VAS, Wilcoxon signed-rank
tests were performed to compare the pre- and post-intervention scores within each group. In the
control group, a significant difference in the VAS scores was observed from pre- to post-intervention
(W=23.00, p=0.02, Cohen’s d=0.00). Conversely, no significant changes were observed in the
intervention group (W=8.00, p=0.60, Cohen’s d=0.00). A comparison of changes in the MAS scores,
joint ROM, and pain perception measurements pre- and post-intervention between the shaking
exercise and control groups showed no statistically significant differences for any of the parameters
measured (Table 5).

Table 5. Comparative Analysis of Motor Function Outcomes Between the Control and Intervention
Groups: Assessing Efficacy Through Modified Ashworth Scale and Range of Motion Measurements.

d0i:10.20944/preprints202405.1694.v1

AControl vs.

Variables Intervention group Control group Alntervention
pre post delta pre post delta U P r
o shoul flex 1(1,2) 1(1,2) 0(0, 1) 1(1,2) 1(0,2) 0 (0, 0) 908 0.14 -0.16
§ der ext 1(0,2) 1(0,2) 0(0,0) 1(0,2) 1(0,2) 0 (0, 0) 1028 0.62 -0.05
‘g b flex 1(1,2) 1(1,2) 0(0, 1) 1(1,2) 1(1,2) 0 (0, 0) 1202 031 0.11
elbow
E ext 2(1,2) 2(1,2) 0(0, 1) 2 (1, 2)* 1(0,2) 0(0,1) 930 0.20 -0.14
2 - flex 1(0,2) 1(0,2) 0(0, 1) 1(1,2) 1(1,2) 0 (0, 0) 1082 1.00 0.00
w3 Wris
:f,:’ ext 2(1,2) 2(1,2) 0(0, 1) 1(0,2) 1(1,2) 0 (0, 0) 1087 0.97 0.01
;§ finger flex 2(0,2) 1(0,2) 0(0, 1) 1(0,2) 1(0,2) 0 (0, 0) 1091 093 0.01
g 8 ext 0(0,2) 1(0,2) 0(0,0) 1(0,2) 1(0,2) 0 (0, 0) 1037 0.68 -0.04
110 (125, 110 (125, 83 (110, 83 (120,
fl -5,1 - 1094 92 .01
ex 80) 88) 0 (-5, 10) 13) 50) 0(-5,9) 09 0.9 0.0
§ shoul ext 40 (40,20) 40 (50, 30) 0 (-5, 5) 35 (40,25) 35(40,20) 0(-5,5) 1311 0.06 0.21
S der 75 85
E abd (120, 60) (113, 60) 5(0,10) 60 (85,50) 60(80,41) 0(-5,5) 1187 0.41 0.10
o
g, add 0(10,0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0(0,0) 0 (0, 0) 999 0.46 -0.08
s 115 (130, 115 (130, 100 (114, 100 (120,
,Q flex ( ( 5 (-10, 0) ( ( 0 (-5,5) 1036 0.73 -0.04
9 elbow 103) 100) 76) 83)
>
= -15 (-38, -10 (0, - -18 (-49, -15 (-39, -
1 1 1214 . 12
<(E ext 0) 30) 5 (0, 10) 0) 6) 5 (0, 10) 030 0
. 18 (-10,
wrist flex 15(40,0) 15 (40, -5) 0 (-5, 5) 13 (0, 30) 0 (-5,5) 941 0.27 -0.13

30)
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ext 30(40,0) 30(455 0(0,0) 5(-28,35 8(-20,34) 0(-10,0) 1141 064 0.6
140 140 138 135

fl 5,1
X 125,155 (120,160) ° 10 100, 160) (120, 154)

0(-59) 1048 0.80 0.03

=1
S shoul ext 50(45,60) 50(48,58) 0(5,5) 50(41,50) 50(40,50) 0(5,0) 1006 055 0.07
(=}
S der 135 140 140 133 ]
5 abd 30,1400 30,143 %O (130,145 (25,145 0O 82 012 018
% add 0(-10,00 0(50) 0(0,00 0(90 0(500 0(0,0 1054 081 0.03
5 120 120 5 118(90, 110 (90
< fl ’ ’ -14 1 17
Y elbow (95150) (98,155)  (-10,10) 145) 144) 0¢14,5 8% 016 0
2 ext 0(0,13) 0(0,00 0(0,0 0(0,12 0@©0  0(,0 1187 027 -0.10
A . flex 70(60,80) 70(60,80) 0(85) 70(6580) 70(60,80) 0(05 1144 062 -006
WTI1S
ext 60 (45,70) 70 (48,80) 0(0,10) 68(50,75) 68(55,74) 0(0,9) 1029 0.68 005
Pain VAS 2(0,5  2(0,6) 0(0,00 3(0,6) 2(0,5° 0(1,0) 914 010 010

A Mann-Whitney U test was used to compare changes in MAS and ROM between groups, quantified by calculating
the difference (A values) between pre- and post-intervention measurements. P-values are presented for the results of
comparisons between the shaking exercise and control groups. *p<0.05 for within-group comparisons were
performed using a Wilcoxon signed-rank test. Data are presented as medians and 25th-75th percentile values.

Significant within-group changes in the control group were particularly notable in MAS elbow
extension (W=19.5, p=0.005, effect size r=-0.839) and MAS wrist flexion (W=6.0, p=0.083, effect size r=-
0.861). The other scores in the control group did not show statistically significant differences. In the
intervention group, although there were no statistically significant overall changes, the MAS wrist
flexion score showed a moderate effect size (W=97.5, p=0.206, effect size r=-0.720).

In within-group comparisons of the intervention group, the most significant change was
observed in active shoulder extension ROM (W=93.0, p=0.011, effect size r=-0.727), indicating a
statistically significant decrease in shoulder extension ROM following the intervention. Other ROM
measurements showed no significant changes, with effect sizes indicating slight to moderate
reductions, such as in passive elbow extension ROM (W=97.0, p=0.512, effect size r=-0.721) and
passive wrist extension ROM (W=162.5, p=0.056, effect size r=-0.620). In the control group, no
significant changes were observed in most ROM measurements after treatment. However, notable
changes with moderate effect sizes were identified for several measurements, although they did not
reach statistical significance at conventional thresholds.

This method allowed us to statistically estimate missing data based on available patient
information and characteristics observed in complete cases. Table A1l presents the results of the per-
protocol analysis of the secondary outcomes. Using non-imputed data, patients in the intervention
group maintained a significantly greater active ROM in shoulder extension (A5.4 vs.A-1.3) and wrist
active flexion (6.6 vs. 1.5; p=0.03), and less pain (-0.61 vs. 0.15) than the control group.

Only 1/47 patients (2.1%) in the test group experienced an adverse event that was undeniably
related to the shaking device. The patient experienced mild pain in the clavicular area, which
improved with follow-up. There were no adverse events in the control group.

4. Discussion

This study evaluated the effects of home-based training using a vibrational device, termed the
"Kenko Yusuri" on functional recovery in patients with chronic post-stroke upper limb paralysis.
According to the FMA-UE scores, the shaking exercise group showed significantly greater
improvements than the control group that engaged in conventional training. Notably, this
intervention was particularly effective in patients with moderate paralysis, suggesting that
vibrational stimulation can enhance neuroplasticity and sensory-motor integration [37], potentially
facilitating motor function recovery [38,39]. The efficacy of the intervention was further supported
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by the results derived from the GLMM analysis, which provided a predictive model for quantification
of the intervention's impact on functional improvements.

Jiggling and vibratory exercises also reduce muscle spasticity, which is commonly observed
among stroke survivors [40]. In this study, the use of a home-based shaking device significantly
improved the total FMA scores of patients with moderate paralysis, demonstrating the efficacy of the
device in activating sensorimotor pathways [41], which are often underused in paralyzed upper
limbs [42]. Vibratory stimuli enhance proprioceptive feedback, which is essential for the motor
learning and rehabilitation of individuals with neurological impairments. Recent studies have
investigated the effects of vibration stimulation on upper limb spasticity after stroke, specifically
comparing the effectiveness of vibration stimulation of the tendons and muscle bellies [43]. Vibration
applied directly to the flexor tendon showed significantly greater reductions in spasticity than when
it was applied to the muscle belly or after regular stretching. Vibratory stimulation is consistent with
the hypothesized mechanism that tendon stimulation is more effective because of its effect on the
Golgi tendon organ, which plays an important role in regulating muscle tone [44].

Improvements in upper limb paralysis with spasticity often necessitate the continuation of
BoNT-A treatment for at least four sessions, alongside regular training [45]. However, progression
towards functional improvement tends to plateau with prolonged treatment. Patients who have
undergone >10 sessions of BoNT-A therapy typically show minimal functional enhancement,
reaching a plateau in their recovery. For these long-term treatment patients, pain reduction is the
primary goal and outcome, while spasticity control is essential for maintaining quality of life [46].
The patients in the present study underwentmultiple BONT-A treatments, suggesting that their upper
limb function may have reached a plateau despite consistent self-training. These patients often
continued regular BONT-A treatment and self-training. Although initial improvements in motor
function may have been observed, these gains plateaued over time. Therefore, the unchanged MAS
scores in the present study may be attributed to a plateau effect. Nonetheless, similar to the control
of spasticity achieved with BONT-A treatment, continuous self-training remains crucial.

In our study, patients with stroke used a shaking device at home, either independently or with
family assistance. This approach aligns with emerging research suggesting that the engagement of
patients in active movement is beneficial for recovery from paralysis. Recent research supports the
idea that active participation in rehabilitation by patients with stroke can significantly enhance
recovery outcomes [47]. This includes patients taking an active role in their recovery through home-
based interventions, as these interventions have been shown to be effective for motor function
recovery after stroke. Incorporating exercise and functional task practices into daily routines, as
emphasized in recent guidelines, is crucial for motor recovery. These activities are most effective
when they involve high repetition and are tailored to an individual's specific needs, allowing for the
patient's active participation in the rehabilitation process (National Clinical Guideline for Stroke,
2023) [48]. The importance of patient-driven activities in stroke rehabilitation suggests that
interventions should not only be guided by healthcare professionals but also encourage self-practice
and active involvement in therapeutic activities to maximize recovery outcomes.

In the results of this study, in which varying degrees of stroke severity demonstrated different
responses to shaking device interventions, it is important to consider the influence of initial
impairment severity on rehabilitation outcomes. This differential response aligns with previous
findings in stroke rehabilitation, suggesting that the initial severity of paralysis can significantly
dictate the potential and rate of functional recovery [20,46]. Severe and mild cases often present with
distinct challenges. Severe cases may involve extensive neurological damage, which limits the
efficacy of peripheral stimulation interventions, as the central pathways may be too impaired to
translate peripheral sensory inputs into meaningful motor outputs. Mild cases, on the other hand,
may not show dramatic improvements simply because their baseline function is already high and the
ceiling effect limits observable changes [49]. These observations underscore the necessity for a
stratified approach to treatment and tailoring interventions to match the severity of impairment.
Understanding and integrating severity-specific responses into rehabilitation protocols can optimize
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recovery trajectories and ensure that each patient receives the most appropriate and effective
intervention tailored to their needs [50].

The intervention group in our study exhibited a mean increase in FMA-UE scores; however,
these gains did not surpass the minimum clinically important difference (MCID) threshold [51]. The
use of a shaking device represents a novel approach that provides specific neuromuscular
stimulation, which may not be traditionally targeted in conventional stroke rehabilitation. Although
neuroplasticity can still be promoted in the chronic phase of stroke recovery, the extent to which it
can be influenced is often constrained by the severity and location of brain injury. Consequently, even
modest improvements in the FMA-UE scores could indicate beneficial neurological adaptations
[2,17]. The concept of MCID is critical for assessing the efficacy of interventions. However, it is
inherently a population-based measurement that may not capture subtle yet clinically meaningful
improvements at the individual level. Future studies should consider a personalized approach to
therapy, emphasizing prolonged intervention durations and comprehensive outcome measures to
fully capture the benefits of rehabilitation interventions.

This study, while innovative in its approach to post-stroke rehabilitation, has several limitations.
First, the relatively small sample size and quasi-randomized design of our study may limit the
generalizability of the findings. Larger, fully randomized controlled trials are recommended to
confirm these results and enhance their applicability to a broader population of patients with stroke.
Second, our findings indicated the variable efficacy of the intervention across different levels of
severity of paralysis. The intervention showed significant benefits in patients with moderate severity,
but not in those with mild or severe impairments. This suggests that the effectiveness of the
intervention is contingent on the patient's initial functional status, necessitating further investigation
of tailored therapeutic approaches for different severity levels. Third, all the participants received
BoNT-A treatment, which may have confounded the effects of the shaking device on motor recovery.
Future studies should consider separate groups for those receiving BoNT-A and those who do not to
isolate the effects of the shaking device. Fourth, variability in adherence to the intervention protocol
owing to the home-based nature of the therapy may have influenced the outcomes. Ensuring the
consistent application of the intervention in such settings remains a challenge, and methods for
monitoring and improving home-based intervention fidelity should be integrated into future studies.
Fifth, the primary outcome measure, the FMA-UE, may not have captured all relevant aspects of
functional improvement owing to its susceptibility to ceiling effects [49], particularly in patients with
mild impairment. Including additional functional and patient-centered outcome measures could
provide a more comprehensive assessment of the intervention's impact.

Continued BoNT-A treatment combined with daily training in the chronic phase can improve
shoulder and arm motor function, even in patients with moderate-to-severe paralysis. The findings
of this study support this hypothesis. Additionally, patients who underwent shaking training
exhibited reduced chronic pain, a previously unreported benefit. Although the motor function
improvements were small, they were clear, leading to greater patient motivation and activity, which,
in turn, can further enhance motor function. The stratified analysis indicated that the intervention
had significant effects, particularly in patients with moderate paralysis. For patients capable of
isolated movement, treatments such as transcranial magnetic stimulation may further enhance
functional recovery. In patients with severe or moderate paralysis, implementing a home-based
training regimen using a shaking device can reduce pain and improve motor function. Conducting
this training for 10 minutes, three times a day, while engaging in other activities, such as watching
TV or talking, can be beneficial. This method offers a safe and sustainable treatment option that
allows patients to continue treatment without excessive strain, thereby potentially reducing the
economic burden on families and healthcare systems.

5. Conclusions

Our multicenter quasi-randomized controlled trial provides evidence supporting the use of
home-based voluntary training using the "Kenko Yusuri" shaking device to enhance functional
recovery in patients with chronic post-stroke upper limb paralysis. While the improvements in FMA-
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UE scores in the intervention group did not exceed the MCID, they were statistically significant
compared with those of the control group. Our findings suggest that even modest gains in motor
function can substantially affect the quality of life and independence of stroke survivors. Home-based
interventions, such as the "Kenko Yusuri," provide a feasible and effective option to supplement
traditional care strategies, making a meaningful difference to the management of chronic stroke
rehabilitation.
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Appendix A

Table Al. Comparisons of the modified Ashworth scale and range of motion using active and passive
movements within the shaking exercise and control groups, analyzed using raw data.

Intervention group (n=39) Control group (n=39) Between-group Mean change

Secondary p-value Intervention

Pre-test Post-test Pre-test Post-test Control group
endpoints (n=78) (95% CI) group
MAS (shoulder

1[1, 1] 1[1, 1] 1[1,2] 1[1, 1] 0.574 0[1,0] 0 [0, 0]
flexion)
MAS (shoulder

1[0, 1] 1[0, 1]* 1[0, 1]* 1[0, 1] 0.59 0[0,0] 0[0, 0]
extension)
MAS (Elbow

1[1, 1] 1[1, 1] 1[1, 1] 1[1, 1] 0.215 0[-1,0] 0[0, 0]
flexion)
MAS (Elbow

1[1, 1] 1[1, 1] 1[1,1]% 1[0, 1] 0.297 0[-1,0] 0[1,0]
extension)
MAS (Wrist

1[0, 1] 1[0, 1]¢ 1[1,2] 1[1, 1] 0.367 0[-1,0] 0[0, 0]
flexion)
MAS (Wrist

1[1, 2]* 1[1, 1] 1[1,2] 1[1,1]% 0.57 0[-1,0] 0[0, 0]
extension)
MAS (Finger

1[0, 2]* 1[0, 2] 1[0, 1]% 1[0, 1]% 0.64 0[-1,0] 0 [0, 0]

flexion)


https://doi.org/10.20944/preprints202405.1694.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2024

d0i:10.20944/preprints202405.1694.v1

14
MAS (Finger
0[O0, 1]¢ 1[0, 1]* 1[0, 1]* 1[0, 1]* 0.461 010, 0] 010, 0]
extension)
Sholder flexion 0.808¢
102.50+32.39*  102.78+35.65 80.00+46.73 81.03+47.69 0.28+10.07 1.03+15.06
active ROM (-5.33, 6.83)
Sholder flexion 0.796
138.47+23.11  140.28+22.86  131.76+29.56  134.12+29.04 1.81+10.36 2.35+7.10
passive ROM (-3.71, 4.81)
Sholder extension 0.019
32.08+15.92 37.50+13.91 30.88+15.54 32.21+25.14 5.42+14.31 -1.32+8.47
active ROM (-12.39, -1.09)t
Sholder extension 0.162
49.58+11.97 51.06+11.54 45.15+11.38 43.82+11.68 1.47+9.67 -1.32+6.66
passive ROM (-6.78,1.19)
Sholder abduction 0.819
88.19+38.29* 88.89+36.80 65.29+33.93 65.15+35.52 0.69+16.13 -0.15+14.59
active ROM (-8.19, 6.51)
Sholder abduction 0.381
122.50+35.73  124.86+35.89  113.68+37.42  112.06+40.99 2.36+14.42 -1.62+22.22
passive ROM (-12.86, 4.90)
Sholder adduction 0.937
7.36+20.86 7.50+20.79 3.09+12.67 3.09+12.43 0.14+8.58 0.00+5.77
active ROM (-3.65, 3.37)
Sholder adduction 0.885
10.56+20.24 10.28+19.82 7.24+12.06 7.21+13.15 -0.28+8.10 -0.03+6.16
passive ROM (-3.20, 3.70)
Elbow flexion 0.366
111.33+21.52  109.03+29.71  102.50+23.07  104.56+21.30 -2.31+26.06 2.06+11.69
active ROM (-5.37, 14.09)
Elbow flexion 0.197
135.14+8.49 136.25+8.14 132.21+16.34  131.47+15.45 1.11+6.29 -0.74+6.29
passive ROM (-4.66, 0.97)
Elbow extension 0.281
-22.78+22.57  -20.69+21.22 -24.71+25.88 -25.29+27.33 2.08+11.17 -0.59+9.36
active ROM (-7.60, 2.26)
Elbow extension 0.647
-5.69+12.14 -5.28412.07 -5.15+12.94 -5.29+13.14 0.42+6.48 -0.15+3.37
passive ROM (-3.05,1.92)
Wrist flexion 0.026
23.33+28.23 16.67+27.95 16.18+30.00 17.65+29.47 -6.67+17.81 1.47+11.52
active ROM (0.94, 15.34)*
Wrist flexion 0.106
68.47+13.46 66.94+14.80 70.44+13.62 72.06+12.86 -1.53+8.69 1.62+7.36
passive ROM (-0.70, 7.00)
Wrist extension 0.14
13.47+38.24 23.33+28.88 7.65+30.83 9.41+28.81 9.86+28.55 1.76+14.87
active ROM (-19.05, 2.86)
Wrist extension 0.522
58.33+21.18 60.14+23.25 60.15+18.47 63.53+15.15 1.81+10.77 3.38+9.75
passive ROM (-3.33, 6.49)
0.03
Pain VAS 3.17+3.04 2.56+2.50" 2.65+2.84 2.79+3.05 -0.61+1.59 0.15+1.26

(-1.44, 0.07)*

The pre-test was performed before the intervention, and the post-test was performed after 12 weeks. The Mann-Whitney U test was
performed for MAS. Significantly differences were found *within groups and tbetween groups. tin the pre-test comparisons between
the intervention and control groups, a significant difference was observed (p<0.05). The significance level was set at p<0.05 for
differences between the two groups. CI; confidence interval, SD; standard deviation, 1Q and 3Q 25th—75th percentile values, MAS;
modified Ashworth scale, ROM; range of motion
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