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Abstract 
Background: A correlation between self-care and gait in stroke patients has 
been shown. However, there are few reports suggesting an interaction be-
tween self-care and gait. Purpose: To investigate the interaction between lo-
comotion and improvements in self-care. Participants and Methods: We re-
trospectively analyzed 3034 stroke patients who were registered in the Japa-
nese Rehabilitation Database. Using their data, patients were classified into 
three groups (severe, moderate, slight) based on the motor functional inde-
pendence measure upon admission, and data were modified as mean-centered 
values. We performed a correlation analysis to evaluate the relationship 
among all the collected data. Subsequently, a hierarchical multiple regression 
analysis was performed to evaluate interaction using the self-care motor score 
from the Functional Independent Measure (FIM) as the dependent variable. 
Model 1 used two independent variables (National Institutes of Health Stroke 
Scale and cognitive FIM score), model 2 used two independent variables (lo-
comotion gain and gain of an item with the strongest correlation coefficient 
to the de-pendent variable), and model 3 used a mean-centering value, which 
was added to model 2. The simple slope was used for further analysis. Re-
sults: Locomotion showed an interaction with self-care, except in the slight 
group. The R2 changes in models 1 and 2 were significant in the following: 
grooming, dressing lower body, and bladder management in the severe group 
(p < 0.01), and only dressing upper body in the moderate group (p < 0.01). 
Results of the simple slope analysis were significant for grooming, bowel 
management, and dressing lower body in the severe group and for dressing 
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upper body in the moderate group. Conclusion: Locomotion demonstrated 
interaction with improving self-care, mainly in the severe group. Therefore, 
for moderate and slight cases, an intervention that not only involves locomo-
tion training but also focuses on improving activities of daily living should be 
considered. 
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1. Introduction 

Gait disturbance is one of the most common consequences of stroke. Patients 
with stroke have particular functional disabilities that may cause locomotion 
reduction and, subsequently, affect their activities of daily living (ADL) [1] [2] 
[3]. Previous studies have reported that the recovery progress appears mainly 
within 3 months and moderately until 6 months post-stroke. Early and intensive 
rehabilitation can improve ADL for inpatients, and intensive intervention in the 
recovery phase reportedly improves ADL. Many factors affect improvement in 
ADL, and there is a significant correlation between locomotion and ADL, espe-
cially during the acute phase in stroke; locomotion improvement may positively 
affect ADL performance [1] [4] [5]. Moreover, ADL prognostic prediction is an 
important factor in considering discharge to the patient’s home. Thus, in the 
early stages of stroke rehabilitation, interventions focus on achieving locomo-
tion. Additionally, it has been reported that gait training exercises influence 
ADL performance in the early post-stroke period [1] [2] [3] [5]. Therefore, lo-
comotion was addressed early as the main intervention in stroke rehabilitation 
despite difficulties in ADL performance; however, these reports focused on the 
association between motor Functional Independence Measure (m-FIM) and 
ADL as a correlation and not from the interaction viewpoint. 

Previous studies have shown that many factors, including gait and ADL, are 
correlated with locomotion [6] [7] [8]. These results have shown that patients 
with stroke who have a higher locomotion ability may have higher m-FIM scores 
and could probably perform ADL better, thus, preventing ADL decline. Recent-
ly, it has been shown that the trunk function has a stronger relationship with 
improving ADL than the hemiplegic side function [9], and it influences motor 
and balance functions (e.g., sitting and standing balance) [3] [4] [10]. Improving 
ADL and gait were influenced by the load and frequency of training [11]. Fur-
thermore, an improvement was observed by increasing gait training time 1.5 
times the baseline; however, the effect after 1 year was not significant [12] [13]. 
Additionally, the affected upper limb is a predictor for outcomes of ADL 3 
months post-stroke in ADL improvement. There have been many reports about 
the correlation between ADL and gait post-stroke. Research from an interaction 
viewpoint showed a significant interaction between ADL performance and de-
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pressive symptoms of chronic stroke diseases [14]. Interaction is defined as an 
impact that occurs when two or more factors affect each other. Previous reports 
have shown that the affected upper limbs and balance function have an interac-
tion with ADL, and it has been revealed that cognition and gait could interact 
through a cognitive-motor interference [15] [16]. In paralysis after stroke, there 
was a significant interaction effect between gait factors and the affected limb. 
However, only a few reports have been published about an interaction between 
ADL and gait, that is to say, a two-way effect [17]. 

Despite the large amount of literature available on the relationship between 
locomotion and ADL, the interaction between increased locomotion perfor-
mance and improvements in individual ADL has not been sufficiently elucidated 
in patients with stroke. Intervention related to ADL could differ depending on 
the existence of an interactive relationship between ADL and locomotion. Thus, 
considering the interaction between gait and ADL would lead to a more signifi-
cant improvement in ADL. This could be beneficial for improving ADL perfor-
mance through gait training during the rehabilitation of patients with stroke. 

Therefore, it is important to clarify the existence of an interaction between 
locomotion and improved ADL performance. 

This study aimed to investigate the interaction between locomotion and im-
provement in self-care activities based on the m-FIM score. 

2. Materials and Method 
2.1. Subject 

The medical data of 6,875 patients with stroke were extracted from the Japan 
Rehabilitation Database (JRD) in the stroke/recovery rehabilitation phase ward 
(January 2016 version, https://square.umin.ac.jp/JARD/). We used anonymized 
observational data obtained in normal clinical settings. The need for informed 
consent was waived due to the retrospective and observational design of the 
study and the use of secondary data. The original data collection had been ap-
proved by the Ethics Committee of the Japanese Association of Rehabilitation 
Medicine (November 14, 2014). However, the committee did not issue an ap-
proval number. The inclusion criteria were as follows: age, 20 - 100 years; days 
from onset to admission, 20 - 200 days; length of ward stay, 1 - 255 days; and 
gain (the difference between each m-FIM item score at discharge and admis-
sion), >0. All data were collected, and finally, the data of 3034 cases were ana-
lyzed. These data were classified into three groups according to m-FIM score 
upon admission: the severe (<39), moderate (<78), and slight (more than 78) 
group, according to m-FIM score at admission. m-FIM scores at admission and 
discharge were the primary outcome measures. Similarly, information based on 
the National Institutes of Health Stroke Scale (NIHSS) was collected. A flow-
chart of the participation of children in the study is shown in Figure 1. The FIM 
score is reported to have high reliability and validity concerning the ADL evalu-
ation after stroke; it consists of 13 m-FIM and 5 cognitive FIM (c-FIM) items  
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Figure 1. Flowchart of the data sampling with reasons for exclusion. JRD, Japanese Rehabilitation Da-
tabase; FIM, Functional Independence Measure; gain, the difference between each motor FIM at dis-
charge and admission. 

 
[18] [19]. The m-FIM comprises 13 items in 4 subscales: Self-care, Sphincter 
control, Transfers, and Locomotion. Self-care includes the activities of eating, 
grooming, bathing, dressing (upper body [U/B] and lower body [L/B]), Toilet-
ing, Sphincter control (Bladder and Bowel management), Transfers (Transfer-
ring to bed, chair, wheelchair/toilet/, and tub/shower), and Locomotion (Walk 
or Wheelchair, and Stairs). All items were scored using a 7-point ordinal scale: 
level 1, Total Assist; level 2, Maximal Assist; level 3, Moderate Assist; level 4, 
Minimal Assist; level 5, Supervision; level 6, Modified Independence; and level 7, 
Complete Independence. Sex differences were not significant, and reports on 
such differences are limited [20] [21]. The stroke type does not generally influ-
ence the prognosis [22] [23]. Therefore, this information was excluded from this 
study. Age, the duration from the onset to hospital admission, the length of ward 
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stay, the cognitive FIM score, and the NIHSS at admission were set as the gener-
al items. 

2.2. Statistical Analysis 

First, all data were modified as mean-centered values to avoid multicollinearity 
among items. The mean-centering value was calculated by subtracting the mean 
from the raw value. Second, correlation analyses were performed, and the evalu-
ation of locomotion interaction was subsequently performed using hierarchical 
multiple regression. Hierarchical regression is a way to show if targeted variables 
show a statistically significant amount of variance in a dependent variable after 
accounting for all other variables. In this way, several regression models are built 
by adding variables to a previous model at each step. This method allows for the 
examination of the contribution above and beyond the first group of indepen-
dent variables. In this study, the NIHSS and c-FIM scores were set as the control 
variables. This analysis used the m-FIM gain of self-care as the dependent varia-
ble in a prediction formula (model 1) using two items as independent variables 
(NIHSS, c-FIM) to evaluate the correlation of the control variables. Model 2 
added two items as independent variables (gain of locomotion and gain of an 
item with the closest correlation coefficient to the dependent variable [Spear-
man’s rank correlation]). An interaction was considered to occur when the effect 
of an independent variable on a dependent variable varied across the levels of a 
moderating variable. Locomotion gain (the difference between the locomotion 
item score at discharge and admission) was set as the moderating variable in this 
study [24] [25]. Consequently, a prediction formula, namely “model 3”, added a 
mean-centering value to model 2. Finally, a simple slope analysis was performed 
as a subtest to assess locomotion interaction following the method by Cohen & 
Cohen [25] and the Johnson-Neyman technique (JN technique) [26]. In the 
concept of interaction, the idea of a two-way effect is essential, as opposed to a 
causal one-way effect. The simple slope method evaluates whether the influence 
of the independent variable on the dependent variable is statistically significant 
when the adjustment variable takes a specific value, and has been reported as an 
effective procedure for investigating the significance of an interaction. That is, 
fixed values of the moderator are chosen, and the significance of X’s effect is in-
vestigated at those points with a hypothesis test or by constructing a confidence 
interval. However, when the moderator value is continuous, a better approach is 
the JN technique. Rather than testing for significance at fixed values of the mod-
erator, the JN technique solves for the values of the moderator for which the ef-
fect of X on Y becomes or ceases to be significant. Moreover, it can express, as a 
function of the moderator, the lower and upper bounds for the confidence bands 
estimating the effect of X on Y. A graph of the confidence bands makes it easy to 
see for which values of the moderator the effect of the focal predictor on the re-
sponse is significant. The statistical significance level was set at p < 0.05. Statis-
tical analyses were conducted using IBM SPSS version 20.0 (IBM Corp., Ar-
monk, NY, USA), and the online software created by Preacher, Curran, & Bauer 
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was used for simple slope analysis. 

3. Results 

The baseline characteristics of subjects in each group are shown in Table 1. 
Multiple comparisons of four items as general information showed a significance 
except “days from the onset” (p < 0.01). Table 2 shows the details of the correla-
tion among all items. Locomotion gain correlated with other self-care; in the 
slight group, the correlation was shown only with toileting and bowel manage-
ment. In the other two groups, a hierarchical multiple regression showed an in-
teraction as follows: in the severe group, grooming gain, dressing [U/B] gain, 
and bladder management gain, and in the moderate group, dressing [U/B] gain 
(Table 3). Figure 2 illustrates the interactions, i.e., the relationship between the 
independent and dependent values under moderating value variation (means ± 1 
SD). In the severe patient group, the simple slope was significant for three 
self-care items (grooming gain, dressing [L/B] gain, and bladder management 
gain). Only dressing [U/B] showed significance in the moderate group; however, 
it has been reported that a subtest of interaction was limited in the case of a con-
tinuous variable. For this reason, Figure 3 presents a region of significance and 
95% confidence band of simple slope in each group. The value of locomotion 
gain range was relevant to under the lower or over the upper bound region in all 
items, and it was significant. 
 
Table 1. Descriptive characteristics of the subjects in each group. 

 
Severe group  

(n = 1383) 
Moderate group  

(n = 1335) 
Slight group  

(n = 134) 

Age 72.79 ± 11.86 69.71 ± 12.51 63.38 ± 12.41 

Days form onset to admission 34.36 ± 24.18 34.57 ± 18.61 33.71 ± 18.73 

Days of ward stay 112.03 ± 49.30 87.48 ± 43.28 51.18 ± 33.22 

NIHSS at admission 4.28 ± 6.73 1.24 ± 2.60 0.42 ± 0.95 

cFIM at admission 15.07 ± 8.02 25.75 ± 6.75 30.25 ± 5.53 

t-FIM score at admission 35.73 ± 13.58 83.57 ± 14.74 115.07 ± 7.19 

t-FIM score at discharge 65.96 ± 31.43 106.61 ± 14.18 120.66 ± 5.44 

Eating gain 1.73 ± 1.87 0.64 ± 0.99 0.12 ± 0.47 

Grooming gain 1.98 ± 1.93 1.18 ± 1.16 0.10 ± 0.33 

Bathing gain 1.54 ± 1.79 1.77 ± 1.59 0.50 ± 0.96 

Dressing upper body gain 2.17 ± 2.08 1.77 ± 1.53 0.14 ± 0.52 

Dressing lower body gain 2.05 ± 2.13 1.93 ± 1.59 0.15 ± 0.51 

Toileting gain 2.31 ± 2.17 1.57 ± 1.31 0.17 ± 0.46 

Bladder management gain 2.00 ± 2.19 0.91 ± 1.29 0.05 ± 0.25 

Bowel management gain 2.03 ± 2.09 0.74 ± 1.11 0.06 ± 0.33 

Locomotion gain 2.22 ± 2.14 2.17 ± 1.81 0.42 ± 0.70 

c-FIM, cognitive Functional Independent Measure; t-FIM, total Functional Independent Measure; gain, the 
difference between each motor FIM at discharge and admission. 
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Table 2. Correlation among all items in each group after mean-centering. (a) Severe group; (b) Moderate group; (c) Slight group. 
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Age 1.00 −0.049 −0.152** −0.023 −0.088** −0.125** −0.227** −0.300** −0.287** −0.288** −0.273** −0.307** −0.253** −0.324** 

Days form onset to admission  1.00 0.079** −0.303** −0.113** −0.284** −0.286** −0.271** −0.260** −0.258** −0.277** −0.215** −0.227** −0.243** 

Days of ward stay   1.00 0.064* 0.031 0.066* 0.048 −0.003 0.071** 0.043 0.072** 0.086** 0.092** 0.099** 

NIHSS at admission    1.00 −0.257** 0.161** 0.066* 0.028 −0.008 −0.013 −0.021 0.000 0.002 −0.019 

c-FIM at admission     1.00 0.017 0.249** 0.340** 0.351** 0.362** 0.372** 0.310** 0.258** 0.325** 

Eating gain      1.00 0.611** 0.422** 0.443** 0.410** 0.415** 0.402** 0.431** 0.368** 

Grooming gain       1.00 0.680** 0.733** 0.709** 0.694** 0.601** 0.626** 0.624** 

Bathing gain        1.00 0.795** 0.801** 0.777** 0.631** 0.594** 0.674** 

Dressing upper body gain         1.00 0.939** 0.812** 0.684** 0.649** 0.703** 

Dressing lower body gain          1.00 0.841** 0.688** 0.642** 0.694** 

Toileting gain           1.00 0.741** 0.707** 0.710** 

Bladder management gain            1.00 0.831** 0.607** 

Bowel management gain             1.00 0.592** 

Locomotion gain              1.00 
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Age 1.00 −0.135** −0.117** −0.013 −0.153** −0.023 0.003 −0.133** −0.056* −0.029 −0.093** 0.040 0.042 −0.101** 

Days form onset to admission  1.00 0.222** −0.096** −0.100** −0.086** −0.100** −0.122** −0.086** −0.073** −0.032 −0.004 0.026 −0.034 

Days of ward stay   1.00 0.105** −0.108** 0.031 0.050 −0.022 0.162** 0.213** 0.317** 0.155** 0.156** 0.223** 

NIHSS at admission    1.00 −0.139** 0.059* 0.059* −0.011 0.101** 0.120** 0.106** 0.043 0.038 0.042 

c-FIM at admission     1.00 −0.103** −0.125** 0.077** −0.047 −0.027 −0.018 −0.261** −0.228** 0.047 

Eating gain      1.00 0.344** 0.210** 0.177** 0.161** 0.202** 0.138** 0.110** 0.123** 

Grooming gain       1.00 0.329** 0.431** 0.422** 0.323** 0.223** 0.191** 0.207** 

Bathing gain        1.00 0.333** 0.313** 0.217** 0.113** 0.108** 0.150** 

Dressing upper body gain         1.00 0.869** 0.417** 0.212** 0.206** 0.276** 

Dressing lower body gain          1.00 0.481** 0.216** 0.208** 0.300** 

Toileting gain           1.00 0.254** 0.274** 0.371** 

Bladder management gain            1.00 0.678** 0.101** 

Bowel management gain             1.00 0.087** 

Locomotion gain              1.00 
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(c) 

 A
ge

 

D
ay

s f
or

m
 o

ns
et

  
to

 a
dm

iss
io

n 

D
ay

s o
f w

ar
d 

st
ay

 

N
IH

SS
 a

t a
dm

iss
io

n 

c-
FI

M
 a

t a
dm

iss
io

n 

Ea
tin

g 
ga

in
 

G
ro

om
in

g 
ga

in
 

Ba
th

in
g 

ga
in

 

D
re

ss
in

g 
up

pe
r b

od
y 

ga
in

 

D
re

ss
in

g 
lo

w
er

  
bo

dy
 g

ai
n 

To
ile

tin
g 

ga
in

 

Bl
ad

de
r 

 
m

an
ag

em
en

t g
ai

n 

Bo
w

el
  

m
an

ag
em

en
t g

ai
n 

Lo
co

m
ot

io
n 

ga
in

 

Age 1.00 −0.133* −0.058 −0.056 −0.069 0.009 −0.018 −0.044 −0.054 −0.092 0.093 0.014 −0.058 0.105 

Days form onset to admission  1 0.126* −0.002 −0.122* 0.005 −0.040 −0.027 −0.004 −0.001 −0.035 0.034 0.005 −0.107 

Days of ward stay   1 0.066 −0.284** −0.002 0.056 0.039 0.070 0.057 0.100 0.141* 0.158** 0.088 

NIHSS at admission    1 −0.194** 0.042 0.149** 0.084 0.098 0.117* 0.063 0.029 −0.067 0.059 

c-FIM at admission     1 −0.118* −0.205** −0.108* −0.115* −0.110* −0.078 −0.045 −0.056 0.065 

Eating gain      1 0.268** 0.034 0.116* 0.126* 0.046 0.027 0.071 −0.025 

Grooming gain       1 0.161** 0.322** 0.306** 0.269** −0.020 −0.023 0.059 

Bathing gain        1 0.142** 0.111* 0.107 0.088 0.005 −0.010 

Dressing upper body gain         1 0.905** 0.120* −0.004 −0.010 0.034 

Dressing lower body gain          1 0.154** 0.016 −0.014 0.058 

Toileting gain           1 0.035 −0.003 0.205** 

Bladder management gain            1 0.510** 0.005 

Bowel management gain             1.00 0.087** 

Locomotion gain              1.00 

NIHSS, National Institutes of Health Stroke Scale; c-FIM, cognitive Functional Independent Measure; gain, the difference between each motor FIM at dis-
charge and admission. *: p < 0.05, **: p < 0.01. 

 
Table 3. The results of a hierarchical multiple regression analysis in each group. (a) Se-
vere group; (b) Moderate group. 

(a) 

Grooming gain          

Variable 
Step 1 Step 2 Step 3 

b bSE b bSE b bSE 

Step 1          

NIHSS 0.033 ** 0.007 0.014 ** 0.004 0.012 ** 0.004 

c-FIM 0.083 ** 0.006 0.012 ** 0.004 0.014 ** 0.004 

Step 2          

Dressing lower body gain    0.526 ** 0.018 0.505 ** 0.019 

Locomotion gain    0.185 ** 0.018 0.177 ** 0.018 

Step 3          

Dressing lower body gain       
0.033 ** 0.007 

× Locomotion gain       

ΔR2    0.543 **  0.005 **  

Adj R2    0.672   0.677   
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Continued 

Dressing lower body gain          

Variable 
Step 1 Step 2 Step 3 

b bSE b bSE b bSE 

Step 1          

NIHSS 0.027 ** 0.008 0.001  0.003 0.001  0.003 

cFIM 0.102 ** 0.007 0.009 ** 0.003 0.009 ** 0.003 

Step 2          

Dressing upper body gain    0.908 ** 0.013 0.902 ** 0.014 

Locomotion gain    0.062 ** 0.013 0.058 ** 0.013 

Step 3          

Dressing upper body gain       
0.015 ** 0.005 

× Locomotion gain       

ΔR2    0.747 **  0.001 **  

Adj R2    0.885   0.886   

Bladder management gain          

Variable 
Step 1 Step 2 Step 3 

b bSE b bSE b bSE 

Step 1          

NIHSS 0.028 ** 0.009 0.007  0.005 0.006  0.005 

c-FIM 0.090 ** 0.007 0.022 ** 0.004 0.024 ** 0.004 

Step 2          

Bowel management gain    0.750 ** 0.019 0.739 ** 0.019 

Locomotion gain    0.159 ** 0.019 0.155 ** 0.019 

Step 3          

Bowel management gain       
0.019 ** 0.008 

× Locomotion gain       

ΔR2    0.613 **  0.001 **  

Adj R2    0.715   0.716   

(b) 

Dressing upper body gain          

Variable 
Step 1 Step 2 Step 3 

b bSE b bSE b bSE 

Step 1          

NIHSS 0.057 ** 0.016 −0.004  0.008 −0.004  0.008 

c-FIM −0.008  0.006 −0.006  0.003 −0.005  0.003 

Step 2          

Dressing lower body gain    0.830 ** 0.014 0.827 ** 0.014 

Locomotion gain    0.015  0.012 0.011  0.012 

Step 3          

Dressing lower body gain       0.025 ** 0.007 
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Continued 

× Locomotion gain          

ΔR2    0.744 **  0.002 **  

Adj R2    0.755   0.757   

NIHSS, National Institutes of Health Stroke Scale; c-FIM, cognitive Functional Independent Measure; gain, 
the difference between each motor FIM at discharge and admission. **: p < 0.01. 
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Figure 2. A result of simple slope analysis in each item and group after mean-centering 
gain: the difference between motor FIM at discharge and admission. 
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Figure 3. A region of significance and 95% confidence band of a simple slope after 
mean-centering. Center line with grey color: Prediction coefficient of simple slope, up 
and down curve line with red color: 95% confidence interval of prediction coefficient.  
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4. Discussion 

This study investigated the interaction between locomotion and self-care in pa-
tients with stroke based on the m-FIM score at admission using multi-facility 
data (JRD). The main finding suggests that a variation of locomotion gain influ-
enced improving self-care. Moreover, aspects of self-care that were influenced by 
locomotion interaction were as follows: for the severe group, grooming, bladder 
management, and dressing [L/B]; and for the moderate group, dressing [U/B]. 
However, locomotion interaction was not significant with any aspect of self-care 
in the slight group.  

Previous reports have shown a correlation between ADL and gait in patients 
with stroke [4]. Moreover, gait training has been suggested to be important from 
the early phase after stroke [5] [6] [7]. It has been reported that the function of 
the affected side, lower extremity muscles, and balance are the major determi-
nants of ambulation after stroke [2] [10]. Moreover, recent gait-training strate-
gies have highlighted a relationship between the passenger and locomotion units 
and mentioned the importance of trunk function [2] [27]. It has been reported 
that the gait recovery process changed sharply from 30 to 60 points based on the 
total FIM (t-FIM) score, and in this study, the t-FIM score in the severe group 
was in this range upon admission and discharge; however, the t-FIM score at 
admission had already reached over 80 points after the moderate group. Moreo-
ver, self-care (except in the slight group) had a correlation with locomotion. Lo-
comotion recovery progressed sharply from 10 to 60 points in the t-FIM score, 
and this range matched the t-FIM score in the severe group. Furthermore, it has 
been reported that with over 40 points of t-FIM in locomotion, there is a 50% 
probability of reaching level 5. For this reason, the influence of locomotion was 
assumed to be stronger in the severe group than in the other groups.  

Trunk function influenced ADL improvement, and it is reported that the 
m-FIM at discharge was significantly low in patients with decreased trunk func-
tion and low ADL score on admission [28] [29]. Therefore, trunk function is one 
of the factors that inhibit ADL. Gait training influences trunk function, and it is 
assumed that ADL in stroke patients with low trunk function in the severe group 
was influenced.  

Locomotion improvement at admission was not significant compared to that 
at discharge in the slight group, and locomotion score was similar between ad-
mission and discharge. Furthermore, the correlation between self-care and lo-
comotion was low in the slight group. Therefore, it was considered that locomo-
tion interaction was not significant for self-care in the slight group.  

Regarding the difficulty of various aspects of self-care, it has been reported 
that eating, grooming, and bowel management improved easily, unlike those of 
dressing [L/B] and bathing, which were most difficult [30] [31]. The aspects of 
self-care that showed locomotion correlation were positively related to locomo-
tion in this study, as in previous studies; a sharply changing recovery process of 
extracted self-care of patients in the severe group has been reported [30] [32].  
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Eating, which is easier than grooming, was not affected by locomotion inte-
raction. The reason for this is assumed to be that eating recovery almost reached 
level 5 (supervision and set-up) before the peak of locomotion recovery and had 
a lower correlation with locomotion than other self-care.  

Both, eating and grooming, can be performed in a seated position using a 
backrest. However, in grooming more than in eating, it is necessary to control 
the center of gravity in all directions [33] [34]. Therefore, grooming is more in-
fluenced by trunk function that involves control of balance while sitting. This is 
considered to be the reason for the influence being observed only on grooming, 
and not eating. Dressing both upper and lower body showed locomotion inte-
raction; they were strongly correlated with each other, and a similar finding was 
observed in this study. However, locomotion interaction was shown in different 
groups (with dressing [L/B] in the severe group and dressing [U/B] in the mod-
erate group). It is necessary to control the center of gravity in all directions for 
dressing activity [34] [35]. Moreover, unaffected-lower limbs and trunk function 
have been reported to affect dressing activity independence [35]. For the rea-
sons, it is assumed that improved gait affects more dressing [L/B] than dressing 
[U/B]. Furthermore, the recovery of dressing [L/B] was reported to change 
sharply from 50 to 80 in terms of the t-FIM score. In dressing [U/B], recovery 
progress appeared more slowly and over a wider range than dressing [L/B] in the 
t-FIM score. Therefore, it was assumed that locomotion significantly influenced 
dressing [L/B], even though dressing [U/B] is commonly the first step in recov-
ery processes. Hence, dressing [L/B] was presented earlier than dressing [U/B] in 
locomotion interaction.  

Bladder and bowel management have a relationship similar to that of dressing 
[U/B] and [L/B]; however, locomotion interaction was shown only for bladder 
management in this study. It has been reported that bowel management could 
reach over level 6 (supervision and set up) at less than 60 points in the t-FIM, 
and a peak of bowel management recovery changing was shown at a t-FIM score 
less than 40, before a peak of bladder management recovery changing. Moreo-
ver, bladder management recovery showed a sharp change in the range of 40 to 
60 points in the t-FIM. There was a lot of overlap between a peak of bladder 
management recovery changing and one in the severe group in this study.  

In addition, pelvic floor muscles (PFMs) are needed to control the sphincter. 
PFMs are related to the sphincter and support the abdominal viscera from the 
pelvic floor [36] [37]. PFM contractions manifest during urination, and in-
creased abdominal pressure occurs with trunk muscle group co-contraction, e.g., 
the transversus abdominis, multifidus muscle, and diaphragm. These functions 
are affected by improved gait. Furthermore, pressure for bladder activity is lower 
than that for bowel activity. Therefore, bladder management was assumed to be 
influenced by locomotion interaction in the severe group.  

In the slight group, locomotion interaction was absent in self-care. This was 
assumed to be caused by three reasons: correlation between locomotion and 
self-care was not significant, the locomotion FIM score was not significantly dif-
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ferent between admission and discharge, and FIM score average of self-care and 
locomotion in this group could exceed level 6.  

A limitation of this study is that the NIHSS and c-FIM scores were set as the 
control variables in all groups without considering illness severity; therefore, the 
characteristics of each group were not considered in setting the control variables 
for that particular group. Hence, future research is needed to investigate loco-
motion interaction further using control variables reflecting the group characte-
ristics. 

In conclusion, this study investigated locomotion interaction and self-care in 
three groups that were classified based on the m-FIM upon admission. Locomo-
tion interaction was shown mainly in the severe group based on the m-FIM at 
admission according to the JRD. The self-care activities that showed locomotion 
interaction included sitting activity. Therefore, this study’s findings suggest that 
locomotion intervention affects sitting activities in severe cases; however, for 
moderate and slight cases, an intervention that not only involves locomotion 
training but also focuses on improvement in ADL should be considered. In the 
future, research should be conducted in a more representative large sample pop-
ulation to investigate whether gait training and ADL training correlate or not, 
and to further test and discuss the influencing factor of training time. 
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