Immediate effects of standingan unstable board intervention on the non-paralyzed leg on sitting balance in severe hemiplegia: A randomized controlled trial
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Abstract
Background: Unstable board intervention for patients with stroke improves sitting balance and trunk function. However, because patients with severe stroke are at high risk of falling, it is mostly adapted in mild cases.
Objective: We aimed to examine the effect of standingan unstable board intervention for the non-paralyzed lower limbs on sitting balance in patients with hemiplegia.
[bookmark: _Hlk153008079]Methods: The participants were 42 patients with stroke who were randomly assigned to a control or intervention group. In the intervention group, the non-paralyzed leg was placed on an unstable board, and the patient wore a knee-ankle-foot orthosis on the paralyzed side and practiced standing and weight-bearing exercises on the unstable board for 3 days. The outcomes were the angle of righting reaction of the neck, trunk, and both lower legs to lateral tilting and the movement distance of the center of pressure of the righting reaction from lateral tilted sitting. Statistical analysis was performed using repeated-measures two-way analysis of variance with a linear mixed model.
Results: In the intervention group, the righting reaction angle of the trunk to the paralyzed and non-paralyzed sides and the movement distance of the center of pressure were increased significantly after the unstable board intervention. 
Conclusion: The standing unstable board intervention for the non-paralyzed lower limb increased sensory input toimproved the muscle activity of the trunk on the non-paralyzed side of the trunk and increased weight-bearing on the lower limb of the paralyzed side. The increase in the righting reaction angle and the movement distance of the center of pressure contributed to improved in sitting balance.
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Introduction
Sitting balance in the early and subacute stages of a stroke has been reported to be is  an important factor in activities of daily living (ADL).1 In particular, dynamic lateral sitting training demonstrated the effectiveness of functional change after stroke.2,3 In addition, the weighting shift pattern inof patients with stroke in sitting is lateralized to the non-paretic side.4 Loading bias increases ADL limitation and fall risk. Furthermore, since sitting balance has a strong relationship with trunk function,5 we believe that evaluation and intervention of trunk function and lateral sitting balance are important. 
Recently many assessments of trunk function have been reported, including the Trunk Control Test,6 Trunk Impairment Scale (TIS),7 and the Function In Sitting Test.8 Considering the importance of lateral balance,2 evaluations of the lateral sitting balance and righting reaction (RR) are essential. Nagai et al9 investigated the reliability of measuring the RR angle from a laterally tilted sitting position and reported high inter- and intra-rater reliability. The assessment of movement distance of the center of pressure (COP) on the frontal plane is also useful as an evaluation of trunk control.10 During the reach task in the sitting position, a positive correlation between the reach distance and the movement distance of COP was observed in the good trunk function group.11 Therefore, it is considered that the RR reflects a part of the trunk function.
According to a review by Criekinge et al.612 and a report by Cabanas et al.,713 trunk muscle training improves dynamic sitting balance in patients with stroke. Criekinge et al.814 reported that training on an unstable board was an effective intervention for trunk function. Lee et al.915 also reported that balance training using an unstable board in the sitting position improved sitting balance in patients with stroke who were able tocould walk. Jung et al.106 speculated that stimulation of proprioceptive receptors facilitatede s the responses to external perturbations. In addition, a number of studies reported the The effectiveness of interventions using an unstable board has been reported previously.814–149 However, almost all these studies enrolled participants who showed mild hemiparesis because of preventing the risk of falls.128 Thus, the usefulness of balance training in patients with severe hemiplegia is unknown. 
If we could keep the paralyzed lower limb stable, we could apply the unstable board to the non-paralyzed lower limb, which would make it easier to shift the weight to the paralyzed side. This approach could improve trunk function, upright sitting posture, and sitting balance. Improving trunk function could contribute to improving lateral sitting balance. Therefore, this study aims to clarify the immediate effects on lateral sitting balance by adapting unstable board training on the non-paralyzed lower limb after stabilizing the paralyzed side in patients with severe stroke.

Materials and methods
Study dDesign
This assessor-blinded, randomized controlled trial was conducted in accordance with CONSORT guidelines.1520 Using permuted block design, the participants were randomly assigned to a control group or an intervention group receiving physical therapy.
This study was conducted with the approval of the Ethics Committee of Sonodakai (approval number: No. 122) and the Research Ethics Committee of Tokyo Metropolitan University Arakawa Campus (approval number: 22054). Before participating in the study, each participant was fully informed verbally in accordance with the Declaration of Helsinki, and consent was obtained both in writing and verbally. The study was registered with the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR number: UMIN000041596).

Participants
The participants were 486 patients with stroke admitted to the convalescent ward between December 2020 and October 2022. A total of 45 patients met the inclusion and exclusion criteria. Three patients were excluded, unable to follow-up due to refusal or other reasons (Figure 1). The 42 participants were randomly allocated to the intervention and control groups, 21 in each group. The inclusion criteria were as follows: first unilateral supratentorial lesion, ability to understand instructions and communicate, ability to maintain a sitting position for more than 1 minute with supervision or independently, lower than 3 points in the Function Ambulation Categories (FAC),1621 lower than 46 points motor items on the Functional Independence Measure (FIM),1722 modified Rankin Scale (mRS) score of 4 or 5,1823 and endurance to complete this task. Severity was defined using FIM motor items and mRS to identify patients who required more assistance with ADL. The exclusion criteria were as follows: the presence of lesions that cause balance disturbances, such as the brainstem or cerebellum lesions, a history of the orthopedic disease, medical diseases that interfered with getting out of bed or caused orthostatic hypotension, and psychiatric disorders. 
This study was conducted as a randomized controlled trial. Using a rater-blinded, permuted block design participants were randomly assigned to a control group or an intervention group receiving physical therapy using an unstable board.

Assessments

This study was conducted with the approval of the Ethics Committee of Sonodakai (approval number: No. 122) and the Research Ethics Committee of Tokyo Metropolitan University Arakawa Campus (approval number: 22054). Before participating in the study, each participant was fully informed verbally in accordance with the Declaration of Helsinki, and consent was obtained both in writing and verbally. The study was registered with the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR number: UMIN000041596).
Outcome
Demographic data, including 
General information such as age, sex, and the number of days from onset to first measurement, and medical information, including such as diagnosis, paralyzed side, and site of injury were collected from medical records. Physical function was evaluated using the Brunnstrom Recovery Stage (BRS),1924 mRS,1823 superficial and deep sensory tests,205 Trunk Impairment Scale (TIS),217 and FAC,1621 which evaluate walking ability. The motor items of the FIM were used for ADL assessment.  Evaluations were performed by a third-party physical therapist who was blinded to the group assignment of the participants. The main outcomes were the righting reaction (RR) angles of the neck, trunk, and both lower legs,22 and the movement distance of center of pressure (COP) in RR to lateral tilt stimulation. Assessment of RR angle and the movement distance COP was performed pre-intervention, post-intervention, and 3 days after intervention as a follow-up.The RR angle and the movement distance of the COP were determined by the research director and co-researchers and evaluated before and after each intervention.

Evaluation of the RR angle and the movement distance of the COP
Evaluation of the RR angle was based on the method described by Nagai et al.,229 which has been shown to have high intra- and inter-rater reliability. First, a manual vertical board was installed on the lifting platform and a body pressure distribution sensor (seat pressure monitor; SR Soft Vision; Sumitomo Riko Co., Ltd, Aichi, Japan) was placed on the seat surface. The participant sat with the soles off the ground on the vertical board, which was tilted 10° to the right or left side. In accordance with the examiner’s instructions, RR was performed for 10 seconds. The task was performed with a tilt direction in the order of non-paralyzed side, paralyzed side, paralyzed side, and non- paralyzed side, with the paralyzed side tilt as the paralyzed side. During the evaluation, the participants were instructed to gaze at the target 3 meters away. 
To calculate the RR angle, markers were attached bilaterally to each participant’s auricular lobules, anterior acromial surface, anterior superior iliac spine, tibial tuberosities, medial and lateral malleoli, and two points in front of the elevated platform, for a total of 12 locations. A video camera (Everio; JVC Kenwood, Kanagawa, Japan) was placed 2 meters from the vertical board at the level of the participant’s xiphoid process to capture the video of the participant during the task (Figure 2). The video data were converted to still images using the Free Video to JPG Converter, and two pictures were imported into ImageJ: one picture of the tilted sitting position and the other during the RR. The RR angles of the neck, trunk, and lower legs were calculated. Based on the markers used for calculation, the following lines were marked using ImageJ (Figure 3). Each angle was defined as the difference between the angle during the RR and that in the tilted sitting position.
The movement distance of the COP of the RR was obtained from the COP during the RR and the tilted sitting position, using the analysis software of the seat pressure gauge. The movement distance of COP was defined as the difference between the COP at righting reaction and the COP at rest. Positive and negative values were defined based on the seat pressure gauge: positive values indicated the movement to the non-paralyzed side and negative values indicated movement to the paralyzed side.
Assessors
Demographic data were collected by each participant's therapist. The evaluation of RR was performed by two people who were blinded to which group the participants were assigned to and by the same evaluator throughout the three evaluations.

Intervention method
The intervention in each group was conducted for 3 days. From the post-intervention until the follow-up assessment, both groups received usual physical therapy without the use of an unstable board.
Control group
Usual physical therapy consisted of sitting, standing, sit-to-stand, and walking exercises for 20–40 minutes per day. For standing and walking exercises, the patient used a knee-ankle-foot orthosis (KAFO) and an upper limb orthosis (Omonneulexa Plus 5065N; Ottobock Japan Co., Ltd, Tokyo, Japan).
Intervention group
The AIREX Balance-pad Elite (Sanwa Trading Co., Ltd, Gifu, Japan) was used for the unstable board intervention. During the unstable board intervention, the AIREX was placed under the lower leg on the non-paralyzed side, and the KAFO was attached to the lower leg on the paralyzed side (Figure 4). For standing practice, participants practiced moving the COP forward, backward, left, and right, and reaching the upper extremities forward or left and right. In addition, physical therapists intervened in standing and sitting exercises after unlocking the knees. Considering the risk of falling, the intervention was always carried out with assistance, and the intervention time was 15–20 minutes per day. To match the intervention time with the control group, the other 20 minutes were dedicated to walking and standing exercises without using the unstable board.the same physical therapy as the control group.
Statistical analysis
Unpaired t-tests were used to compare basic attributes between the control and intervention groups at the time of the first intervention. The χ2 test was performed on the nominal scale. A linear mixed model of repeated-measures two-way analysis of variance (ANOVA) with two factors, time and intervention, was also performed for the RR angle and the movement distance of the COP of RR. When interactions were observed, simple main effects were examined using the Bonferroni post-hoc test. When no interaction was observed, the Bonferroni method was used to test for main effects. The minimal clinically important difference (MCID) was calculated to assess whether the changes in unstable board interventions were clinically significant. MCID was defined as half the pre-intervention standard deviation (0.5 SD).26 23 Changes above the MCID were considered clinically significant.236–269 SPSS statistics ver. 26 (IBM, Tokyo, Japan) was used for statistical analysis, and the significance level was set at 5%.
Sample size
G*power ver. 3.1.9.7 (Heinrich Heine University, Dusseldorf, Germany) was used to determine the sample size.27,2830,31 With α error = 0.05, power (1-β error) = 0.8,2932 the effect size was 0.20,2932 the calculated sample size was 42, and 21 participants were assigned in each group. The power (1−β) was calculated for total samples and effect size using G*power 3.1.9.7 (Heinrich Heine University, Dusseldorf, Germany). The power is shown in Table 1. Participant recruitment was stopped when the power (1−β) exceeded 0.95.23 A high power (1−β), 0.99, was obtained for the trunk angle in the RR of the paralyzed side tilt condition. Based on these results, we decided to stop the enrollment after recruiting 42 participants.To determine the power (1−β), a post hoc calculation was performed using G*power 3.1.9.7 (Heinrich Heine University, Dusseldorf, Germany). The effect size and total sample size were used to calculate the power (1−β). 

Results
Participants
The participants included 486 patients with stroke admitted to the convalescent ward between December 2020 and October 2022. A total of 45 patients met the inclusion and exclusion criteria. Three patients were excluded, unable to follow-up due to refusal or other reasons (Figure 1). The 42 participants were randomly assigned; 21 participants each were allocated to the intervention and control groups. The power (1−β) was calculated for total samples and effect size using G*power 3.1.9.7 (Heinrich Heine University, Dusseldorf, Germany). The power was shown in Table 3. Participant recruitment was stopped when the power (1−β) exceeded 0.95.26 A high power (1−β), 0.99, was obtained for the trunk angle in the RR of the paralyzed side tilt condition.

Demographic data
The demographic data is shown in Table 21. No significant differences were observed between the control and intervention groups (pP < 0.05).
Righting reaction 
Angle
The angle of RR is shown in Table 23. An interaction between time and intervention was observed in the angle of the trunk RR to the paralyzed side tilt condition in the intervention group (F(2,81) = 3.52; Pp = 0.03; η2 = 0.29). A post-hoc test revealed a simple main effect of the intervention. The RR angle was significantly larger from 11.9° to 16.3° in the intervention group after the unstable board intervention (Pp = 0.02; d = 0.53). Furthermore, the intervention group showed a main effect on the RR angle of the trunk (F(1, 117) = 7.12; Pp = 0.01; d = 0.58) and the non-paralyzed lower leg (F(1,111) = 6.18; Pp = 0.01; d = 0.56) in the non-paralyzed side-tilt condition. The angle of the trunk and non-paralyzed lower leg increased from -12.3° to -17.0° and 2.6° to -2.4°, respectively. However, no significant difference was observed between the preintervention and follow-up angles in the intervention group (Pp > 0.05). 
No main effects were observed for the neck, paralyzed leg, and non-paralyzed leg under both the paralyzed and non-paralyzed side-tilt conditions (Pp > 0.05). The MCID is listed in Table 32.
Movement distance of the COP
The movement distance of the COP of RR is shown in Table 32. No interaction was observed in the movement distance of the COP during the RR. However, the intervention showed a main effect on the movement distance of the COP during the RR to the paralyzed and non-paralyzed sides in the intervention group (paralyzed side-tilt condition: [F(1,116) = 7.05; Pp = 0.01; d = 0.58], non-paralyzed side-tilt condition: [F(1,119) = 5.80; Pp = 0.02; d = 0.53]). The movement distance of the COP was increased from 3.79 mm to 10.03 mm under the paralyzed side tilting condition and from -2.36 mm to -6.85 mm under the non-paralyzed side tilting condition. In addition, no significant difference was observed in the movement distance of the COP between preintervention and follow-up in the intervention group (Pp > 0.05). The control group showed no main effect on the RR to the paralyzed and non-paralyzed sides (Pp > 0.05). The MCID is listed in Table 32.

Discussion
Unstable board training has not been reported for relatively severe stroke patients who require assistance and have difficulty walking. This is the first study to examine the effects of applying an unstable board intervention to the non-paralyzed lower leg of patients with severe stroke. After the unstable board intervention, the RR angle of the trunk and the movement distance of the COP were significantly increased on both the paralyzed and non-paralyzed sides. These changes can be interpreted as  to be clinically meaningful because they exceeded the MCID.236–269 These results suggest that an unstable board intervention in patients with severe stroke can improve sitting balance.
Righting reaction
  Considering the importance of lateral balance,2 evaluations of the lateral sitting balance and RR are essential. Nagai et al22 investigated the reliability of measuring the RR angle from a laterally tilted sitting position. Kinoshita et al30 clarified the muscle activity during the Trunk Righting Test in healthy participants. Furthermore, they showed that RR requires ipsilateral muscle activity in the trunk movement. The assessment of movement distance of COP on the frontal plane is also useful as an evaluation of trunk control.31,32And, Fujino et al.3 reported that trunk function was improved after training, in which the righting reaction of the trunk was performed from a tilted sitting position. Therefore, it is considered that the RR reflects a part of the trunk function.
Unstable board intervention
Assessment of the RR to the non-paralyzed side in the paralyzed side tilt condition in the intervention group showed a significant increase in the RR angle of the trunk and non-paralyzed leg and the movement distance of the COP. Additionally, a significant increase in the trunk angle and movement distance of the COP was observed in the righting reaction to the non-paralyzed side in the paralyzed side tilt condition. Expansion beyond the MCID indicated that clinically meaningful changes may have occurred.26–29 Fujino et al3 reported that trunk function improved after training, in which the righting reaction of the trunk was performed from a tilted sitting position on the paralyzed side to the non-paralyzed side. This suggests that there is a possible relationship between trunk function and RR. Kinoshita et al33 clarified the muscle activity during the Trunk Righting Test, which quantifies RR with a handheld dynamometer in healthy participants. Furthermore, they showed that the activity of the truncal muscles on the ipsilateral side of the RR.
A review by Criekinge et al.612 showed that trunk training on an unstable board was effective for static and dynamic balance.  Lee et al15 also reported that balance training using an unstable board on the buttocks in the sitting position improved trunk control and sitting balance in stroke patients who were able to walk. Lee et al.127 found that dynamic standing exercises on an unstable board improved balance ability in ambulatory stroke patients. Jung et al.10 speculated that stimulation of proprioceptive receptors facilitated the responses to external perturbations. Therefore, it is thought that unstable board intervention for mild cases improves trunk control and static and dynamic sitting balance through proprioceptive input to the trunk. 
The differences between this study and previous studies were the severity of the participant conditions and the posture during the unstable board intervention. The previous study focused on mild cases where patients could walk. However, this study focused on severe cases in which the patients required assistance with ADL. It has been proposed that unstable board intervention in severe cases poses a risk of falling.12 In contrast, in this study, we used KAFO to ensure stability of the knee and ankle joints.33,34 As a result, we believe that unstable board intervention could be performed in severe cases without any adverse events. On the other hand, this study contributed to the improvement of dynamic sitting balance in the intervention group. A report on stroke patients who could maintain a sitting position but had difficulty walking, similar to the participation criteria for this study, found that there was a significant relationship between the Berg Balance Scale and movement distance of COP in a sitting position in all directions.35 Based on the report by Jung et al.,10 the practice of moving the COP in a standing position using an unstable board may have resulted in more proprioceptive input to the trunk than the practice of moving the COP on a flat surface. We thought that trunk proprioceptive input in the standing position improved the ability to voluntarily shift the COP, which was reflected in an increase in the RR angle and the movement distance of COP in the sitting position. Therefore, we believe that these results suggest the possibility of applying an unstable board to severe cases.
Non-paralyzed leg
This study targeted severe cases, in which it was difficult to increase the muscle activity of the trunk on the paralyzed side during RR. Previous studies14–19,34 have demonstrated the effectiveness of unstable board interventions in patients with mild stroke. Hwang et al18 stated that unstable board intervention for severe cases is associated with a high risk of falls. In this study, we used the KAFO to secure the stability of the knee and ankle joints.35,36 There were no adverse events, and improvement in sitting balance was observed. Therefore, we considered that the use of the KAFO is necessary for the intervention of unstable board in severe cases.
During RR to the paralyzed side, muscle activity of the trunk on the paralyzed side is essential; however, this study targeted severe cases, in which it was difficult to increase the muscle activity of the trunk on the paralyzed side. Genthon et al.367 revealed that standing in stroke patients was compensated for by increasing muscle activity in the non-paretic upper and lower limbs. Furthermore, Morishita et al.378 reported that the group with non-independent gait could not fully perform an RR to a sudden lateral tilting stimuluss to the paralyzed side, and the compensation by the neck was increased. In this study, during the RR to the paralyzed side before the intervention, both groups showed RR to the non-paralyzed lower leg on the non-paralyzed side. These results suggest that the RR of the trunk to the paralyzed side was compensated by rotating the non-paralyzed side hip joint toward the non-paralyzed side in both groups. 
Carry over
Follow-up assessments were conducted 3 days after the intervention. Although the RR angle and COP displacement distance were larger after the intervention than before the intervention, the differences were not statistically significant. Previous studies9,12 have conducted interventions over long periods 2 days per week for 4 weeks9 or 2 days per week for 6 weeks.12 In this study, immediate effects were observed with a 3-day intervention. However, there was no carryover effect, indicating that long-term intervention may have been necessary.

Limitations 
There are three limitations to this research. First, we did not evaluate trunk muscle activity during unstable board intervention. Since we only evaluated RR, there may have been measurement errors. Second, because the 3-day intervention was short, there was no carry over. This study examined the immediate effects of a 3-day intervention. A follow-up evaluation was conducted 3 days after the intervention, but there was no significant improvement. Additionally, there was no follow-up data regarding long-term effects beyond 3 days after the intervention. Third, due to the lack of functional evaluation such as the severity of paralysis and the course of FIM, it was difficult to estimate functional improvement from the study results.

This study had two limitations. First, we were not able to assess muscle activity during the intervention with an unstable board or assessment of the RR. In addition, we were unable to evaluate the excitability of brain activity and the corticospinal tract, so we could not examine the influence of these factors. Second, the intervention period was 3 days, and the effect on ADL could not be examined. These limitations highlight the need to investigate the effects of the long-term use of an unstable board.
Conclusion
This study found that the sitting balance of severe stroke patients was immediately improved by stabilizing the paralyzed lower limb with KAFO and performing unstable board intervention on the non-paralyzed lower limb.
The RR angle of the trunk to the paralyzed side and the non-paralyzed side and the RR distance of the COP significantly improved after the unstable board intervention. Thus, the use of an unstable board on the non-paralyzed lower limb may help improve trunk function and sitting balance in patients with severe stroke.
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Table 1. Post-hoc power calculation of outcomes
	Outcomes
	Power (1−β)

	Angle of RR in the paralyzed side tilt condition

	  Neck
	0.74

	
	

	  Trunk
	0.99

	
	

	  Paralyzed lower leg
	0.51

	
	

	  Non-paralyzed lower leg
	0.83

	
	

	Angle of RR in the non-paralyzed side tilt condition

	  Neck
	0.83

	
	

	Trunk
	0.83

	
	

	Paralyzed lower leg
	0.28

	
	

	Non-paralyzed lower leg
	0.28

	
	

	Movement distance of COP of the RR

	Paralyzed side tilted
	0.83

	
	

	Non-paralyzed side tilted
	0.74

	
	

	RR: righting reaction; COP: center of pressure;  
Positive values: the movement to the non-paralyzed side; 
Negative values: the movement to the paralyzed side.



Table 21. Demographic data and clinical characteristics of participants at baselinea
	Characteristics
	Control Group (n= 21)
	Intervention Group (n= 21)
	P value

	Age, years, mean (SD)
	67.0 (12.2)
	69.4 (14.6)
	0.58

	Sex (no. of males/females)
	12/9
	13/8
	0.75

	Days since onset, day, mean (SD)
	73.0 (39.1)
	68.0 (40.0)
	0.67

	Etiology (Infarction/Hemorrhage)
	7/14
	8/13
	0.75

	Lesion side (Right/Left)
	14/7
	15/6
	0.74

	Lesion site
	Thalamus, Putamen, coronal radiation, Middle cerebral artery, Anterior cerebral artery
	Thalamus, Putamen, Coronal radiation, Middle cerebral artery
	-

	mRS, mean (SD)
	4.7 (0.5)
	4.7 (0.5)
	0.75

	BRS (Ⅰ/Ⅱ/Ⅲ/Ⅳ/Ⅴ/Ⅵ)
	
	
	

	  Upper limb
	0/8/7/6/0/0
	1/7/5/3/5/0
	-

	  Finger
	2/7/7/5/0/0
	1/7/6/5/2/0
	-

	  Lower limb
	0/6/4/8/3/0
	0/7/3/3/8/0
	-

	Sensory (Normal/Mild/Moderate/Severe/Loss)
	
	
	

	  Superficial sensory
	3/13/3/1/1
	4/6/4/6/1
	0.17

	  Deep sensory
	4/7/2/4/4
	4/6/4/3/4
	0.92

	FAC, points, mean (SD)
	0.9 (0.7)
	1.1 (0.7)
	0.33

	TIS, points, mean (SD)
	11.4(4.3)
	10.1(4.4)
	0.35

	FIM-M, points, mean (SD)
	30.6 (8.6)
	29.9 (15.5)
	0.86

	aData are reported as number of participants unless otherwise indicated; mRS: modified Ranking Scale; BRS: Brunnstrom Recovery Stage; 
TIS: Trunk Impairment Scale; FAC: Function Ambulation Categories; FIM-M: Functional Independence Measure- Motor.








Table 32. Comparison of the differences between the two groups.
	Outcomes
	
	Pre
interventionb
	Post
interventionb
	Follow upb
	
	F value
	Effect size
	P value
	MCID
(0.5SD)

	Angle of RR in the paralyzed side tilt condition (°)
	
	
	
	
	

	  Neck
	Control
(n=21)
	14.1
(11.2-16.9)
	12.7
(8.9-16.5)
	11.0
(8.2-13.7)
	Interaction
Main effect
Group
Time
	F=1.15

F=0.16
F=1.70
	η2=0.18

d=0.20
d=0.50
	P=0.32

P=0.69
P=0.19
	3.1

	
	Intervention
(n=21)
	11.0
(7.5-14.6)
	14.4
(11.4-17.5)
	10.8
(7.9-13.7)
	
	
	
	
	3.9

	
	
	
	
	
	
	
	
	
	

	  Trunk
	Control
(n=21)
	11.9
(9.5-14.3)
	11.9
(10.1-13.8)
	12.8
(10.4-15.2)
	Interaction†
Simple main effect
Group*
Pre<Post
Time
	F=3.52

F=5.68
F=3.07
	η2=0.29

d=0.53
d=0.55
	P=0.03

P=0.02
P=0.05
	2.6

	
	Intervention
(n=21)
	11.9
(9.9-13.8)
	16.3*
(15.1-17.6)
	13.9
(12.3-15.5)
	
	
	
	
	2.2

	
	
	
	
	
	
	
	
	
	

	  Paralyzed lower leg
	Control
(n=21)
	0.5
(-2.1-3.1)
	-0.4
(-2.7-1.9)
	0.4
(-1.5-2.4)
	Interaction
Main effect
Group
Time
	F=0.88

F=0.79
F=0.59
	η2=0.14

d=0.29
d=0.37
	P=0.42

P=0.38
P=0.94
	2.9

	
	Intervention
(n=21)
	-1.2
(-3.6-1.1)
	0.4
(-1.3-2.0)
	-1.0
(-3.4-1.4)
	
	
	
	
	2.6

	
	
	
	
	
	
	
	
	
	

	  Non-paralyzed lower leg
	Control
(n=21)
	0.2
(-2.5-2.9)
	2.1
(-1.3-5.4)
	2.3
(-0.5-5.0)
	Interaction
Main effect
Group
Time
	F=0.23

F=0.04
F=0.38
	η2=0.10

d=0.02
d=0.10
	P=0.80

P=0.69
P=0.84
	2.9

	
	Intervention
(n=21)
	1.5
(-1.9-4.9)
	2.4
(-2.4-7.3)
	1.4
(-3.0-5.8)
	
	
	
	
	3.7

	
	
	
	
	
	
	
	
	
	

	Angle of RR in the non-paralyzed side tilt condition (°)
	
	
	
	
	

	  Neck
	Control
(n=21)
	-12.7
(-15.5- -10.0)
	-12.2
(-15.8- -8.5)
	-11.7
(-14.4- -9.0)
	Interaction
Main effect
Group
Time
	F=0.98

F=0.22
F=1.58
	η2=0.14

d=0.20
d=0.48
	P=0.38

P=0.64
P=0.21
	3.0

	
	Intervention
(n=21)
	-12.8
(-16.1- -9.5)
	-15.2
(18.6- -11.8)
	-10.4
(-13.5- -7.2)
	
	
	
	
	3.6

	
	
	
	
	
	
	
	
	
	

	  Trunk
	Control
(n=21)
	-11.2
(-13.4- -8.9)
	-11.2
(-13.7- -8.7)
	-11.9
(-14.2- -9.6)
	Interaction
Main effect
Group*
Pre<Post
Time
	F=1.75

F=7.12
F=1.62
	η2=0.20

d=0.58
d=0.50
	P=0.18

P=0.01
P=0.20
	2.5

	
	Intervention
(n=21)
	-12.3
(-15.2- -9.5)
	-17.0*
(-20.2- -13.8)
	-13.8
(-17.5- -10.1)
	
	
	
	
	3.1

	
	
	
	
	
	
	
	
	
	

	  Paralyzed lower leg
	Control
(n=21)
	1.1
(-1.2-3.5)
	-0.1
(-1.9-1.7)
	0.8
(-0.7-2.3)
	Interaction
Main effect
Group
Time
	F=1.68

F=3.02
F=0.55
	η2=0.20

d=0.44
d=0.37
	P=0.19

P=0.09
P=0.58
	2.6

	
	Intervention
(n=21)
	-2.4
(-4.6- -0.2)
	-0.8
(-2.8-1.3)
	-0.4
(-2.7-2.0)
	
	
	
	
	2.4

	
	
	
	
	
	
	
	
	
	

	  Non-paralyzed lower leg
	Control
(n=21)
	-3.2
(-8.1-1.6)
	-4.6
(-7.7- -1.5)
	-2.3
(-5.7-1.1)
	Interaction
Simple main effect
Group
Time
	F=0.49

F=6.18
F=2.04
	η2=0.10

d=0.56
d=0.53
	P=0.61

P=0.01
P=0.14
	5.3

	
	Intervention
(n=21)
	2.6
(-1.4-6.7)
	-2.4
(-5.8-1.0)
	0.8
(-3.0-4.5)
	
	
	
	
	4.5

	
	
	
	
	
	
	
	
	
	

	Movement distance of COP of the RR (mm)
	
	
	
	
	

	  Paralyzed side tilted
	Control
(n=21)
	2.46
(-0.66-5.58)
	2.62
(-0.14-5.38)
	3.54
(0.21-6.87)
	Interaction
Main effect
Group*
Pre<Post
Time
	F=1.60

F=7.05
F=1.71
	η2=0.20

d=0.58
d=0.51
	P=0.21

P=0.01
P=0.11
	3.43

	
	Intervention
(n=21)
	3.79
(-0.49-8.07)
	10.03*
(5.89-14.16)
	6.81
(1.80-11.81)
	
	
	
	
	4.70

	
	
	
	
	
	
	
	
	
	

	  Non-paralyzed side tilted
	Control
(n=21)
	-2.03
(-6.14-2.07)
	-1.13
(-5.20-2.94)
	-0.14
(-3.81-3.52)
	Interaction
Main effect
Group*
Pre<Post
Time
	F=1.29

F=5.80
F=0.56
	η2=0.18

d=0.53
d=0.37
	P=0.21

P=0.02
P=0.57
	4.51

	
	Intervention
(n=21)
	-2.36
(-5.39-0.67)
	-6.85*
(-10.54- -3.16)
	-4.78
(-8.79- -0.77)
	
	
	
	
	3.33

	
	
	
	
	
	
	
	
	
	

	RR: righting reaction; COP: center of pressure; MCID: Minimal Clinically Important Difference; bContinuous data are expressed as the mean (95% CI) of the estimate, †, *; Statistically significant difference (P<0.05); Positive values: the movement to the non-paralyzed side; Negative values: the movement to the paralyzed side.







Table 3. Post-hoc power calculation for outcomes.
	Outcomes

	Power (1−β)

	Angle of RR in the paralyzed side tilt condition

	  Neck
	0.74

	
	

	  Trunk
	0.99

	
	

	  Paralyzed lower leg
	0.51

	
	

	  Non-paralyzed lower leg
	0.83

	
	

	Angle of RR in the non-paralyzed side tilt condition

	  Neck
	0.83

	
	

	Trunk
	0.83

	
	

	Paralyzed lower leg
	0.28

	
	

	Non-paralyzed lower leg
	0.28

	
	

	Movement distance of COP of the RR

	Paralyzed side tilted
	0.83

	
	

	Non-paralyzed side tilted
	0.74

	
	

	RR:righting reaction; COP: center of pressure;  
Positive values: the movement to the non-paralyzed side; 
Negative values: the movement to the paralyzed side.
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Figure legends
Figure 1. Flow diagram.

Figure 2. Experimental settings when evaluating the righting reaction.

Figure 3. Calculation method of righting reaction angle and definition of positive and negative. (e.g., left hemiplegia)
(1) The midpoint of the line connecting the two earlobes; (2) the midpoint of the line connecting the two auricular lobules; (3) the midpoint of the line connecting between anterior superior iliac spine on both sides; (4) the midpoint of the upper edge of the vertical board; (5) the line connecting the two frontal points of the elevated platform; (6) the line connecting the left tibial tuberosity and the midpoint of the line connecting the left medial and lateral malleolus; and (7) the line connecting the right tibial tuberosity and the midpoint of the line connecting the right medial and lateral malleolus. The angle of the neck: between the line connecting (1), (2), and (3); the angle of the trunk: between the line, connecting (2), (3), and (4); the angle of the right lower leg (R): 90 minus “r” (the angle between (5) and (6)); the angle of the left lower leg (L): 90 minus “l” (the angle between (5) and (7)). Positive and negative values were defined based on the reference line of the image: positive values indicated the movement to the non-paralyzed side and negative values indicated movement to the paralyzed side.

Figure 4. Settings for unstable board intervention (e.g., left hemiplegia)
image1.png
Enrollment

Assessed for eligibility (n= 486)

2

Excluded (n=361)
Not meeting inclusion criteria (n= 122
Declined to participate (n= 3)

Other reasons (n= 0)

Randomize (n= 45)

v

Allocation l

Control Group

Allocated to intervention (n= 22,
Received allocated intervention (n= 21)

Did not receive allocated intervention

®=1)

Follow-Up

Intervention Group

Allocated to intervention (n= 23)
Received allocated intervention (n= 21)

Did not receive allocated intervention
(Refusal) (0= 2)

Lost to follow-up (n= 0)

Discontinued intervention (n= 0)

Analysis

Lost to follow-up (n= 0)

Discontinued intervention (n= 0)

Analysed (n=21)
Excluded from analysis (n= 0)

Analysed (n=21)
Excluded from analysis (n= 0)





image2.jpeg




image3.jpeg




image4.jpeg
Distance: 2m
Height: xiphoid process

Video camera

lifting type platform





image5.tiff




image6.jpeg
Non-paralyze&ieg'





