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ABSTRACT
Tanino G, Sonoda S, Watanabe M, Okuyama Y, Sasaki 
S, Murai H, Tomida K, Suzuki A, Kawakami K, 
Miyasaka H, Orand A, Tomita Y. Changes in the gait 
ability of hemiplegic patients with stroke in the 
subacute phase―A pattern based on their gait ability 
and degree of lower extremity motor paralysis on 
admission―. Jpn J Compr Rehabil Sci 2014; 5: 40-
49.
Purpose: To examine changes in gait ability of stroke 
patients in the subacute phase based on their gait 
ability and severity of lower extremity motor paralysis.
Methods: The subjects were 1,698 hemiplegic patients 
with stroke. Patients were stratified by their gait ability 
on admission based on the Functional Independence 
Measure (FIM) (scores 1 to 7), and by their severity 
level of lower extremity motor paralysis based on the 
Stroke Impairment Assessment Set (complete, severe, 
moderate, and mild paralysis). Then the patients were 
classified into 28 groups using a combination of the 
seven FIM walk scores and the four severity levels of 
motor paralysis, and the relations with gait ability at 
discharge and various time points were analyzed. 
Results: Patients in the complete paralysis group 
with an admission FIM walk score of 1 or 2 showed 
significantly lower FIM walk scores at discharge, 

compared to patients in the other groups. When patients 
had a FIM walk score of 3 or 4 on admission, the 
contribution of the severity of paralysis to the FIM 
walk score at discharge tended to be relatively small.
Conclusion: There were diverse courses of recovery 
of walking ability among stroke patients depending on 
their gait ability and severity of motor paralysis on 
admission.
Key words: cerebrovascular disorders, kaifukuki 
rehabilitation ward, walking, hemiplegia

Introduction

　When conducting rehabilitation for stroke patients, 
it is important to implement a training program 
efficiently while predicting the level of ADL (activities 
of daily living) that they are expected to achieve. In 
particular, it is necessary to predict the gait ability of 
patients at discharge as accurately as possible at the 
time of initiation of early-stage rehabilitation, because 
gait ability at discharge has significant influences on 
their health outcomes and lifestyles after discharge 
[1].
　Detailed information on the final level of assistance 
and expected duration for exercise is essential during 
gait exercise based on an outcome. Such information 
is important not only for health professionals, but also 
for patients and their families [2].
　Previous studies have examined the changes in the 
gait ability of stroke patients over time, with a focus 
on the walking speed [1, 3, 4] and level of independence 
[5-7] at discharge. Since most of those studies adopted 
the Barthel Index in which gait was scored on a three-
grade scale; “walk independently,” “walk with 
assistance,” and “unable to walk,” slight changes in 
the gait ability could not be detected. Furthermore, 
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few previous studies focused on the conditions of 
patients on admission. Even if patients are considered 
to have the same level of assistance on admission, 
improvement in gait ability may vary depending on 
the level of motor paralysis, and different approaches 
should be implemented for different levels of motor 
paralysis. On the other hand, motor paralysis may also 
have different influences on changes in the gait ability 
over time depending on the level of assistance required.
　The present study examined improvement in gait 
ability, length of stay, and ADL of stroke patients in 
the subacute phase, using the Functional Independence 
Measure Version 3 (FIM) [9]. Prior to the assessment, 
patients were stratified based on their gait ability and 
severity of lower extremity motor paralysis on 
admission.

Subjects

　A total of 3,045 stroke patients who had been 
admitted to and later discharged from the subacute 
rehabilitation ward between September 2004 and 
March 2012 were screened. Patients were excluded 
from the study if any of the following applied: number 
of days from onset to admission was 91 days or longer; 
severe complications that required careful attention 
and could have interfered with training (a Liu 
Comorbidity Index score of 4 or higher); stroke was 
caused by lesions other than unilateral supratentorial 
lesions; and stroke recurred twice or more. Patients 
who could not complete rehabilitation due to change 
in health condition or other reasons and who showed 
ADL deterioration were also excluded from the study. 
Eventually, a total of 1,698 hemiplegic stroke patients 
who had completed inpatient rehabilitation were 

selected as subjects. All of the patients received 
treatment according to the Full-time Integrated 
Treatment (FIT) program [11]. The FIT program 
training including physical and occupational therapies 
was conducted seven days a week. For patients 
requiring speech therapy, the therapy was conducted at 
a maximum of five days per week. From 2004 to 2005, 
six sessions (2 hours) of rehabilitation were 
implemented, which consisted of 40 to 60 minutes of 
physical and occupational therapies and 40 minutes of 
speech therapy, only for patients requiring such 
rehabilitation. From 2006 onward, the permitted 
maximum period of training was extended to nine 
sessions (3 hours), which consisted of 60 to 120 
minutes of physical and occupational therapies and 40 
to 60 minutes of speech therapy, only for those patients 
requiring such rehabilitation. The rehabilitation sessions 
were prescribed by the physicians. Table 1 shows the 
demographic and clinical data of the patients. Among 
these patients, 236 were also the subjects of a previous 
study on changes in ADL on admission and at discharge 
[12].

Methods

　Demographic and clinical data of the subjects, such 
as age, gender, diagnosis, side of paralysis, period 
from stroke onset, and length of stay, was obtained 
from the patient database. The FIM scale was used to 
assess the ADL of the patients. The sum of the FIM 
motor items (FIM-M), FIM-M gain ([FIM-M at 
discharge] - [FIM-M on admission]), FIM-M efficiency 
([FIM-M gain] / length of stay), and the sum of the 
FIM cognitive items (FIM-C) were also calculated.
　To assess the gait ability, the FIM walk item in the 

Table 1. Demographic and clinical data of the subjects.

Age (years) 65.7 ± 13.0
Sex (patients) Male: 1007

Female: 691
Diagnosis (patients) Cerebral hemorrhage: 803

Cerebral infarction: 812
Subarachnoid hemorrhage: 83

Side of paralysis (patients) Right: 849
Left: 849

Duration from onset to admission (days) 35.4 ± 14.9
Length of stay (days) 67.0 ± 5.4
FIM-M on admission 48.3 ± 22.8
FIM-M at discharge 68.8 ± 21.2
FIM-M gain 20.4 ± 13.6
FIM-M efficiency (/day) 0.33 ± 0.23
FIM-C on admission 24.0 ± 8.8
FIM-C at discharge 27.3 ± 7.7

FIM, Functional Independence Measure; FIM-M, FIM motor items; FIM-C, 
FIM cognitive items.
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FIM locomotion subscore was adopted. The FIM walk 
item is a seven-grade scale: 1 point for less than 25% 
of walking effort, 2 points for 25% or higher to less 
than 50%, 3 points for 50% or higher to less than 75%, 
4 points for 75% or higher to less than 100%, 5 points 
for walking under surveillance, 6 points for walking 
with aids, and 7 points for walking on their own. 
Scores were determined every two weeks starting 
from admission until the 12th week and at discharge. 
When the length of stay was shorter than twelve 
weeks, the score following discharge was assumed to 
be the same as that at discharge.
　To assess lower extremity motor paralysis, the hip-
flexion, knee-extension, and foot-pat tests were 
adopted. These methods are six-grade (0 to 5 points) 
scales included in the Stroke Impairment Assessment 
Set (SIAS) designed to assess motor functions on the 
paralyzed side: 0 points for no muscle contraction, 1 
point for slight muscle movement, 2 points for 
performing tasks incompletely, 3 points for ability to 
perform tasks with difficulty, 4 points for ability to 
perform tasks with slight difficulty, and 5 points for no 
difficulty with tasks. The total score of the hip-flexion, 
knee-extension, and foot-pat tests on admission was 
calculated for each patient, and patients were classified 
based on the scores into the following four levels: 
complete paralysis (0 point), severe paralysis (1 to 5 
points), moderate paralysis (6 to 10 points), and mild 
paralysis (11 to 15 points).
　The patients were classified into 28 groups using a 
combination of the seven FIM walk scores and the 
four severity levels of SIAS lower extremity paralysis. 
The mean age, duration from onset to admission, 
length of stay, FIM-M on admission and discharge, 
FIM-M gain, FIM-M efficiency, and mean FIM-C on 
admission and discharge were calculated in each 
group. Patients’ scores for each scale item were 
compared between the groups with different admission 
FIM walk scores and severity levels of SIAS lower 
extremity paralysis.
　To examine serial changes of the FIM walk scores, 
the minimum, first quartile, median, third quartile, and 
maximum values of the FIM walk scores were 
calculated at eight time points (the 1st time point on 
admission, followed by 6 time points every two weeks 
until the 12th week, and the last time point at discharge) 
in the 28 groups. The FIM walk score at discharge was 
compared by the severity of SIAS lower extremity 
paralysis in patients with FIM walk score of 1, 2, ..., 
and 7 separately.
　For statistical comparisons between two groups, the 
t-test was used to analyze interval scale variables, and 
the Mann-Whitney U test was adopted to analyze 
ordinary scale variables. Analyses of variance were 
conducted for comparisons among three or more 
groups, and Scheffe’s test was used for multiple 
comparisons. The results were determined as 
significant when the risk rate was lower than 5%.

　Written consent was obtained on admission for the 
use of patient information for academic purposes. The 
present study was conducted with the approval of the 
ethical committee of the hospital.

Results

　Table 2 shows a comparison of variables stratified 
by the FIM walk scores and severity of SIAS lower 
extremity paralysis on admission. At the same 
admission FIM walk score, the severity of paralysis 
decreased as the age of the patients increased. At the 
same SIAS severity level, the FIM walk score on 
admission increased as the age of the patients 
decreased. The length of stay tended to be shorter in 
the moderate and mild paralysis groups. When the 
admission FIM walk score was 1, patients in the 
complete paralysis group showed a significantly lower 
FIM-M score on admission and significantly lower 
FIM-C scores on admission and discharge compared 
to the moderate and mild paralysis groups. When the 
admission FIM walk score was 2, patients in the 
complete paralysis group showed significantly lower 
FIM-M scores on admission compared to the other 
three groups, and significantly lower FIM-C scores on 
admission compared to severe and moderate paralysis 
groups. However, there were no significant differences 
in the FIM-C score between the complete and mild 
paralysis groups. There were significant differences in 
the FIM-C score at discharge between the complete 
and severe paralysis groups, but not between the 
complete and mild paralysis groups. When the 
admission FIM walk score was 3, there was a 
significant difference in the FIM-M score on admission 
between the severe and moderate paralysis groups. 
However, when the admission FIM walk scores were 
3 to 5, there were no significant differences in the 
mean FIM-M and FIM-C scores on admission and at 
discharge between the groups, regardless of the 
severity of SIAS lower extremity paralysis, except for 
the combination mentioned in the previous sentence.
　The boxplot in Figure 1 shows changes in gait 
ability (minimum, first quartile, median, third quartile, 
and maximum) according to the FIM walk score and 
severity levels of SIAS lower extremity paralysis on 
admission. The FIM walk score increased during 
hospitalization, except for the groups with an FIM 
walk score of 7. Regarding severity of SIAS lower 
extremity paralysis, the median FIM walk score at six 
weeks after admission was 2 for the complete paralysis 
group, and 3 or higher for the other three groups in 
patients with an admission FIM walk score of 1. FIM 
scores in the complete paralysis groups tended to be 
lower. Patients in the complete paralysis group with an 
admission FIM walk score of 2 showed lower FIM 
walk score compared to those in the other three groups, 
although the differences were smaller than when the 
FIM walk score on admission was 1. When the 

CW6_A3441D02_M.indd   42 2014/05/20   13:51:35



Tanino G et al.: Changes in gait ability of the hemiplegic

 Jpn J Compr Rehabil Sci Vol 5, 2014

 43

Table 2. Comparison of variables stratified by the FIM walk scores and severity of lower extremity paralysis 
(SIAS).
FIM walk score of 1 on admission

Complete paralysis
n = 138

Severe paralysis
n = 107

Moderate paralysis
n = 43

Mild paralysis
n = 13 Analysis of variance

Age (years old) 70.4 ± 11.7 68.7 ± 11.8 70.5 ± 14.3 77.2 ± 9.5 F (3,297) = 1.98, p > 0.11
Days from onset to admission (days) 38.3 ± 14.7 44.4 ± 18.3 38.3 ± 16.2 34.6 ± 22.7 F (3,297) = 3.53, p < 0.05 A*
Length of stay (days) 96.6 ± 43.1 88.5 ± 35.0 83.9 ± 39.4 68.1 ± 21.1 F (3,297) = 3.03, p < 0.05
FIM-M on admission 17.9 ± 6.2 21.3 ± 8.7 30.6 ± 17.6 35.8 ± 17.0 F (3,297) = 26.8, p < 0.01 B** C** D** E**
FIM-M at discharge 33.4 ± 19.1 44.0 ± 20.2 52.2 ± 25.0 61.7 ± 20.0 F (3,297) = 15.9, p < 0.01 A** B** C** E*
FIM-M gain 15.5 ± 15.9 22.8 ± 15.9 21.6 ± 17.4 25.8 ± 15.8 F (3,297) = 5.23, p < 0.01 A**
FIM-M efficiency (/day) 0.16 ± 0.17 0.27 ± 0.21 0.29 ± 0.26 0.38 ± 0.23 F (3,297) = 10.8, p < 0.01 A** B** C** 
FIM-C on admission 13.5 ± 7.3 17.2 ± 7.5 19.1 ± 10.1 25.8 ± 7.0 F (3,297) = 14.5, p < 0.01 A** B** C** E**
FIM-C at discharge 17.8 ± 8.3 22.0 ± 7.5 23.1 ± 10.2 28.7 ± 5.0 F (3,297) = 11.9, p < 0.01 A** B** C** 

FIM walk score of 2 on admission

Complete paralysis
n = 78

Severe paralysis
n = 133

Moderate paralysis
n = 44

Mild paralysis
n = 21 Analysis of variance

Age (years old) 66.1 ± 11.0 66.4 ± 12.4 70.0 ± 12.2 75.2 ± 10.1 F (3,272) = 4.34, p < 0.01 C* E*
Days from onset to admission (days) 39.7 ± 14.1 36.3 ± 13.6 29.7 ± 12.2 36.9 ± 17.5 F (3,272) = 4.86, p < 0.01 B** 
Length of stay (days) 97.3 ± 31.5 92.2 ± 26.5 78.5 ± 27.7 77.2 ± 56.4 F (3,272) = 4.78, p < 0.01 B* 
FIM-M on admission 26.1 ± 8.4 31.5 ± 9.9 32.7 ± 10.9 39.0 ± 12.6 F (3,272) = 11.5, p < 0.01 A** B** C** E*
FIM-M at discharge 51.2 ± 17.1 60.4 ± 17.3 60.2 ± 20.1 63.6 ± 17.6 F (3,272) = 5.46, p < 0.01 A**  C* 
FIM-M gain 25.2 ± 12.8 28.9 ± 12.6 27.5 ± 15.6 24.5 ± 13.7 F (3,272) = 1.64, p > 0.18
FIM-M efficiency (/day) 0.27 ± 0.15 0.34 ± 0.21 0.37 ± 0.22 0.41 ± 0.29 F (3,272) = 4.33, p < 0.01 C* 
FIM-C on admission 16.1 ± 6.4 21.9 ± 7.8 21.5 ± 7.3 19.4 ± 6.9 F (3,272) = 11.1, p < 0.01 A** B**  
FIM-C at discharge 21.0 ± 6.8 25.9 ± 7.5 24.8 ± 8.2 24.1 ± 7.9 F (3,272) = 7.22, p < 0.01 A**   

FIM walk score of 4 on admission

Complete paralysis
n = 3

Severe paralysis
n = 38

Moderate paralysis
n = 100

Mild paralysis
n = 156 Analysis of variance

Age (years old) 59.7 ± 10.8 59.4 ± 12.8 62.5 ± 13.6 68.0 ± 13.2 F (3,293) = 6.34, p < 0.01 E** F*
Days from onset to admission (days) 41.7 ± 22.2 36.2 ± 14.4 36.3 ± 15.0 33.5 ± 13.7 F (3,293) = 1.11, p > 0.34
Length of stay (days) 77.3 ± 14.2 71.5 ± 20.4 64.4 ± 19.4 53.2 ± 19.0 F (3,293) = 13.4, p < 0.01 E** F**
FIM-M on admission 43.0 ± 7.5 52.1 ± 9.8 53.2 ± 12.6 55.4 ± 12.7 F (3,293) = 1.90, p > 0.12
FIM-M at discharge 67.3 ± 17.8 77.9 ± 6.6 77.9 ± 10.8 76.4 ± 12.0 F (3,293) = 1.20, p > 0.30
FIM-M gain 32.0 ± 6.2 25.9 ± 8.3 24.7 ± 10.0 21.0 ± 10.0 F (3,293) = 4.19, p < 0.01 F*
FIM-M efficiency (/day) 0.38 ± 0.06 0.39 ± 0.17 0.40 ± 0.19 0.43 ± 0.25 F (3,293) = 0.93, p > 0.42
FIM-C on admission 24.7 ± 12.9 29.4 ± 5.7 27.1 ± 6.9 26.3 ± 7.7 F (3,293) = 1.93, p > 0.12
FIM-C at discharge 26.7 ± 12.7 31.8 ± 4.5 30.7 ± 5.7 29.1 ± 6.4 F (3,293) = 2.99, p < 0.05

FIM walk score of 3 on admission

Complete paralysis
n = 23

Severe paralysis
n = 117

Moderate paralysis
n = 127

Mild paralysis
n = 66 Analysis of variance

Age (years old) 60.1 ± 12.9 63.6 ± 11.0 64.4 ± 13.2 69.1 ± 11.9 F (3,329) = 4.22, p < 0.01 C* E*
Days from onset to admission (days) 34.0 ± 14.1 35.3 ± 14.8 33.6 ± 15.6 34.0 ± 15.1 F (3,329) = 0.28, p > 0.84
Length of stay (days) 91.0 ± 39.3 86.7 ± 25.0 70.7 ± 25.5 68.3 ± 23.7 F (3,329) = 12.5, p < 0.01 B** C** D** E**
FIM-M on admission 41.0 ± 13.1 40.6 ± 11.1 46.1 ± 12.7 44.8 ± 11.2 F (3,329) = 4.96, p < 0.01 D** 
FIM-M at discharge 68.4 ± 14.8 69.6 ± 12.3 73.7 ± 12.6 70.9 ± 14.5 F (3,329) = 2.41, p > 0.06
FIM-M gain 27.3 ± 11.7 29.0 ± 10.2 27.5 ± 10.5 26.1 ± 10.3 F (3,329) = 1.15, p > 0.32
FIM-M efficiency (/day) 0.34 ± 0.17 0.35 ± 0.14 0.42 ± 0.19 0.43 ± 0.26 F (3,329) = 3.65, p < 0.05
FIM-C on admission 22.7 ± 7.6 24.2 ± 8.1 26.1 ± 7.7 25.0 ± 6.9 F (3,329) = 2.10, p > 0.09
FIM-C at discharge 27.1 ± 6.3 28.5 ± 6.3 29.8 ± 6.5 27.9 ± 6.3 F (3,329) = 2.06, p > 0.10
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admission FIM walk score was 3 or 4, the pattern of 
recovery of gait ability was similar in the complete 
paralysis and other groups. When the FIM walk score 
at admission was 3, the median FIM walk score at six 
weeks after admission was 5 for all groups. For 
patients in the complete paralysis group with an FIM 
walk score of 3 or 4, the median FIM walk score at 
discharge was 6.
　Figure 2 shows the FIM walk scores at discharge 
according to the FIM walk score on admission and 
severity of SIAS lower extremity paralysis. Analysis 
of variance was conducted to examine the effects of 
the severity of lower extremity paralysis on gait ability 
at discharge after stratification by the admission FIM 

walk score. Significant differences were noted 
depending on the FIM walk score on admission: score 
1; F (3,297) = 9.56, p < 0.01, score 2; F (3,272) = 7.35, 
p < 0.01, and score 3; F (3,329) = 4.88, p < 0.01. 
Although there were no significant differences when 
the admission FIM walk score was 4 [F (3,293) = 0.95, 
p > 0.41], significant differences were observed when 
the admission score was 5, [F (2,247) = 4.50, p < 
0.05]. Patients in the complete paralysis group with an 
admission FIM walk score of 1 or 2 had lower FIM 
walk scores at discharge compared to those in the 
other three groups. Patients in the severe paralysis 
group with an admission FIM walk score of 3 had 
significantly lower scores compared to the moderate 

FIM walk score of 6 on admission

Complete paralysis
n = 0

Severe paralysis
n = 0

Moderate paralysis
n = 7

Mild paralysis
n = 66

Age (years old) 57.3 ± 10.4 63.0 ± 12.1 
Days from onset to admission (days) 30.3 ± 12.6 30.9 ± 11.0 
Length of stay (days) 33.3 ± 17.8 29.1 ± 15.1 
FIM-M on admission 76.9 ± 8.6 79.3 ± 7.2 
FIM-M at discharge 87.0 ± 3.5 87.0 ± 4.0 
FIM-M gain 10.1 ± 9.5 7.7 ± 5.5 
FIM-M efficiency (/day) 0.29 ± 0.25 0.33 ± 0.36 
FIM-C on admission 33.9 ± 3.0 32.1 ± 4.2 
FIM-C at discharge 34.6 ± 1.1 33.0 ± 3.6 

FIM walk score of 5 on admission

Complete paralysis
n = 0

Severe paralysis
n = 6

Moderate paralysis
n = 35

Mild paralysis
n = 209 Analysis of variance

Age (years old) 54.2 ± 5.7 61.1 ± 15.6 66.8 ± 12.9 F (2,247) = 5.08, p < 0.01
Days from onset to admission (days) 34.5 ± 18.7 38.8 ± 17.2 33.4 ± 14.2 F (2,247) = 1.99, p > 0.13
Length of stay (days) 64.3 ± 32.8 54.8 ± 18.7 41.5 ± 18.0 F (2,247) = 11.5, p < 0.01 E* F**
FIM-M on admission 59.8 ± 10.2 62.0 ± 10.4 66.5 ± 11.2 F (2,247) = 3.34, p < 0.05
FIM-M at discharge 83.0 ± 4.0 78.9 ± 7.9 82.2 ± 8.2 F (2,247) = 2.45, p > 0.08
FIM-M gain 23.2 ± 11.7 16.9 ± 8.3 15.7 ± 9.2 F (2,247) = 2.16, p > 0.11
FIM-M efficiency (/day) 0.41 ± 0.18 0.34 ± 0.19 0.42 ± 0.24 F (2,247) = 1.50, p > 0.22
FIM-C on admission 30.2 ± 4.4 28.8 ± 6.6 26.4 ± 7.2 F (2,247) = 2.38, p > 0.09
FIM-C at discharge 33.0 ± 2.8 30.9 ± 5.4 29.0 ± 6.1 F (2,247) = 2.58, p > 0.07

FIM walk score of 7 on admission

Complete paralysis
n = 0

Severe paralysis
n = 0

Moderate paralysis
n = 3

Mild paralysis
n = 165

Age (years old) 43.7 ± 12.3 59.4 ± 12.6 F*
Days from onset to admission (days) 34.3 ± 12.9 31.7 ± 11.9 
Length of stay (days) 23.0 ± 11.8 30.1 ± 18.9 
FIM-M on admission 85.7 ± 1.2 84.7 ± 5.1 
FIM-M at discharge 90.7 ± 0.6 88.9 ± 2.7 
FIM-M gain 5.0 ± 1.0 4.2 ± 4.0 
FIM-M efficiency (/day) 0.27 ± 0.14 0.17 ± 0.17 
FIM-C on admission 34.3 ± 1.2 29.9 ± 5.8 
FIM-C at discharge 34.3 ± 1.2 31.3 ± 4.8 

A: Significant differences between the complete and severe paralysis groups	  *: p < 0.05
B: Significant differences between the complete and moderate paralysis groups	 **: p < 0.01
C: Significant differences between the complete and mild paralysis groups
D: Significant differences between the severe and moderate paralysis groups
E: Significant differences between the severe and mild paralysis groups
F: Significant differences between the moderate and mild paralysis groups
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Figure 1. The trends of FIM walk abilities of patients are plotted according to the FIM walk score on admission 
and severity of lower extremity paralysis (SIAS).

CW6_A3441D02_M.indd   45 2014/05/20   13:51:36



Tanino G et al.: Changes in gait ability of the hemiplegic

Jpn J Compr Rehabil Sci Vol 5, 2014

46

Figure 2. FIM walk scores at the time of discharge stratified by FIM scores on admission and severity of lower 
extremity paralysis (SIAS).
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paralysis group. Patients in the mild paralysis group 
with an admission FIM walk score of 5 achieved 
higher FIM walk scores at discharge compared to the 
moderate paralysis group.

Discussion

　This study examined the changes in gait ability of 
stroke patients in the subacute phase, stratified by the 
admission FIM walk score and severity of lower 
extremity motor paralysis. The subjects were patients 
who underwent physical and occupational therapies 
based on the FIT program seven days a week. 
According to a survey conducted by the Kaifukuki 
Rehabilitation Ward Association, the FIM-M score 
became higher when patients had greater dose of 
training [14]. Therefore, the results of this study are 
expected to provide the standard course and goal of 
the FIM walk score at discharge. For example, more 
than 70% of patients in the complete paralysis group 
with an admission FIM walk score of 1 had an FIM 
walk score of 4 or less at discharge. Only approximately 
4% of patients in the complete paralysis group 
achieved up to an FIM walk score of 6, whereas more 
than 25% of patients in the moderate paralysis group 
accomplished a score of 6 or higher. These results 
provide useful information for health professionals, 
patients, and their families. Since this study involved a 
large number of subjects who underwent the same 
rehabilitation sessions at the same frequencies, the 
subjects could be classified into a total of 28 groups; a 
combination of seven groups according to their gait 
ability and four groups according to their severity 
level of lower extremity motor paralysis. The reliability 
and validity of the SIAS used to assess the level of 
lower extremity motor paralysis in this study have 
been established previously [15, 16].
　Previous studies on improvement in gait ability of 
stroke patients suggested that recovery was notable 
within six months, three months in particular, after 
stroke onset [5-7, 17, 18]. Since the duration from 
stroke onset to admission in this study was 35.4 days, 
marked recovery could be expected in our patients, as 
described in the previous study. In fact, FIM walk 
score increased during hospitalization in all patients 
except those who already reached a score of 7 on 
admission. Jørgensen et al. [5] examined and classified 
changes in gait ability of stroke patients in the acute 
phase based on Scandinavian Stroke subscale scores 
to assess the functions of the legs, and suggested that 
the milder is the level of paralysis, the higher is the 
ability to walk on their own. However, since they used 
ambulation items of the Barthel Index, changes in the 
ability to walk with assistance could not be detected. 
On the other hand, we observed improvement of 
walking ability using the FIM even in patients who 
needed assistance. Wandel et al. [19] reported that 
21% of patients with complete lower extremity 

hemiplegia immediately after stroke onset 
accomplished independent gait with or without 
walking aids. Different courses of recovery of walking 
ability were observed depending on the gait ability on 
admission in patients with complete paralysis in lower 
extremity: 4% of the patients with FIM walk score of 
1 achieved modified independence, whereas 67% of 
the patients with FIM walk score of 4 reached modified 
independence in this study. When the admission FIM 
walk score was 1, the median FIM walk score became 
2 at discharge in the complete paralysis group, and the 
median scores were 3 at six weeks post-admission and 
4 at discharge in the severe and moderate paralysis 
groups. These findings imply that improvement in gait 
ability can be predicted more accurately by taking into 
account the level of paralysis combined with gait 
assistance required.
　Regarding the combination of gait ability and the 
level of lower extremity motor paralysis, the 
predominate combinations were low gait ability with 
severe paralysis and high gait ability with moderate or 
mild paralysis. However, there were also some patients 
with mild paralysis and an admission FIM walk score 
of 1 or 2, presumably due to symptoms other than 
paralysis or inhibitory factors, and those with severe 
paralysis and an admission FIM walk score of 3 or 4, 
because of excellent cognitive function and also 
outstanding physical function of the non-paralyzed 
side. The mean age of patients in the mild paralysis 
group with an admission FIM walk score of 1 was 77.2 
years, which was the highest among all the groups. 
This was presumably the reason why these patients 
had low FIM walk scores on admission despite mild 
paralysis. Since the mild paralysis group with an 
admission FIM walk score of 2 also had a high mean 
age and the mean FIM-C score on admission was 19.4 
which was not significantly different from that of the 
complete paralysis group, the low mean FIM walk 
score on admission seems to be due to the advanced 
age and poor cognitive functions. The FIM walk score 
at discharge was significantly different between the 
mild and complete paralysis groups with an admission 
FIM walk score of 1, while no significant difference 
was noted between these two groups with an admission 
FIM walk score of 2. Patients in the mild paralysis 
group had low FIM walk scores at discharge because 
of poor cognitive functions. Although Kollen et al. 
[18] tried to predict gait outcome from functions of the 
paralyzed lower extremity, standing balance and 
attentional functions, only 18% of the changes were 
explained. They strongly suspected a significant 
contribution of the non-paralyzed side of the body. 
Since patients with complete paralysis who showed an 
FIM walk score of 3 or 4 on admission had a mean age 
of 60 years in our study, young age and good non-
paralyzed side function would have contributed to gait 
outcome. Patients with admission FIM walk scores of 
1 and 2 had admission FIM-C scores of 13.5 and 16.1, 
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respectively, whereas patients with admission FIM 
walk scores of 3 and 4 had relatively excellent 
cognitive ability as shown by admission FIM-C scores 
of 22.7 and 24.7, respectively.
　Since the complete hemiplegic patients with an 
admission FIM walk score of 3 or 4 were relatively 
young and had good cognitive functions, their gait 
exercise progressed well and they achieved a median 
FIM walk score at discharge of 6.
　Considering the comparison between the severe 
paralysis group and the moderate paralysis group with 
an admission FIM walk score of 3 as well as the 
comparison between the moderate paralysis group and 
the mild paralysis group with an admission FIM walk 
score of 5, milder paralysis was related to higher FIM 
walk score at discharge. Since there were no significant 
differences in age and FIM-C score on admission, the 
difference in severity of paralysis probably influenced 
the FIM walk score. A large proportion of the patients 
in the mild paralysis group with an admission FIM 
walk score of 5 achieved an FIM walk score of 7 at 
discharge. For these patients, it is necessary to start 
training with a goal of achieving a final gait status 
without walking aids.
　In our study on the improvement in gait ability, we 
classified patients based on their ability to walk and on 
the degree of lower extremity motor paralysis. These 
results can be utilized by other hospitals because 
information of gait ability and paralysis on admission 
is easily available. This study had the following 
limitations. The study only involved one hospital, and 
the influence of the duration from stroke onset to 
admission was not taken into account, since our 
analysis set the baseline of comparison to be the time 
of admission to the subacute rehabilitation ward. 
However, the influence of the duration from onset on 
the change in gait ability may be negligible, because 
the duration was around 30 to 40 days with a standard 
deviation of approximately 15 days in each group 
without any specific pattern. As the patients were 
diagnosed in other hospitals, the types of cerebral 
infarction such as atherothrombotic infarction could 
not be determined.
　Although it is important to predict improvement in 
gait ability of patients who have complications that 
may interfere with training and patients with recurrent 
stroke, such patients were excluded from our analysis 
because the number was small and their symptoms 
varied greatly. Further studies are required to predict 
improvement in gait ability at discharge based on 
SIAS items other than motor paralysis and discuss the 
accuracy of the prediction and the contribution of 
different factors to gait ability. 
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