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Abstract

Background: Gait recovery is one of the primary goals of stroke rehabilitation. Gait
independence is a key functional component of independent activities in daily living and
social participation. Therefore, early prediction of gait independence is essential for stroke
rehabilitation. Trunk function is important for recovery of gait, balance, and lower extremity
function. The Trunk Impairment Scale (TIS) was developed to assess trunk impairment in

patients with stroke.

Objective: To evaluate the predictive validity of the TIS for gait independence in patients with

acute stroke.

Methods: A total of 102 patients with acute stroke participated in this study. Every participant
was assessed using the TIS, Stroke Impairment Assessment Set (SIAS), and Functional
Independence Measure (FIM] within 48 h of stroke onset and at discharge. Gait independence
was defined as FIM gait scores of 6 and 7. Multiple regression analysis was used to predict
the FIM gait score, and multiple logistic regression analysis was used to predict gait
independence. Cut-off values were determined using receiver operating characteristic (ROC)
curves for variables considered significant in the multiple logistic regression analysis. In
addition, the area under the curve (AUC), sensitivity, and specificity were calculated.
Results: For the prediction of the FIM gait score at discharge, the TIS at admission showed

a good-fitting adjusted coefficient of determination (R2 = 0.672, p<<0.001). The TIS and age
were selected as predictors of gait independence. The ROC curve had a TIS cut-off value of
12 points (sensitivity: 81.4%, specificity: 79.7%) and an AUC of 0.911. The cut-off value for age
was 75years (sensitivity: 74.6%, specificity: 65.1%), and the AUC was 0.709.

Conclusion: The TIS is a useful early predictor of gait ability in patients with acute stroke.

Keywords: acute stroke, gait, predictive validity, prognostic prediction, Trunk Impairment

Scale (TIS)
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Introduction

Gait recovery is a primary goal of stroke rehabilita-
tion. Therefore, early prediction of gait independ-
ence is important for rehabilitation. Using
neuroimaging, clinical studies have shown that the
size of the brain lesion in stroke affects gait recov-
ery.l2 Studies on the prognostic value of gait have
reported effects on lower limb muscle strength, bal-
ance, and trunk function.>5 Gait disturbances in

patients with stroke are caused by weakness (pare-
sis or paralysis), abnormal tone in the limbs or
trunk, or by disturbances in the sensory-motor sys-
tem or central control mechanisms.® Trunk control
is an essential component of functional gait.”

In stroke rehabilitation, trunk control is a crucial
element of motor activity for performing many
functional tasks.® A role for compensatory
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activation of noncrossing pathways in the recovery
of trunk function has been suggested.®!° Clinical
assessment tools to evaluate trunk function after
stroke have been the subject of several systematic
reviews.!1-12 Fujiwara er al.® developed their Trunk
Impairment Scale (TIS) to assess trunk function
from a functional perspective and evaluated its
psychometric properties. Many previous reports
on trunk dysfunction after stroke have analyzed
patient outcomes several weeks after stroke
onset,!314 and not from the acute early onset. This
may be due to the lack of an established method
for acutely assessing the functional aspects of
trunk dysfunction in patients with stroke.

Early inpatient rehabilitation can improve mortal-
ity and lessen the severity of disability.!%16 A study
on the length of hospital stays and outcomes of
patients with stroke using the Uniform Data
System for Medical Rehabilitation database
reported that the hospital stay length decreased
from an average of 19.6days (*+12.8days) to
16.5days (*+9.8days) over an 8-year study
period.!” In the future, early rehabilitation inter-
ventions will become more important as the
length of hospital stay is further reduced. Hence,
early prediction of prognosis is necessary.

Our research question was: what is the predictive
validity of the TIS for gait independence at hospi-
tal discharge when performed within 48 h of acute
stroke onset? Thus, this study aimed to evaluate
the predictive validity of the TIS for gait inde-
pendence in patients with acute stroke.

Materials and methods

Participants

Patients who were admitted to the hospital for
cerebral infarction or hemorrhage between April
2020 and December 2021 were recruited. Before
the illness, the patient was able to walk and take
care of himself independently. Severity of illness
at admission was assessed by the National
Institutes of Health Stroke Scale (NIHSS).18 The
inclusion criteria were as follows: (1) the initial
diagnosis of unilateral stroke was based on confir-
mation by computed tomography or magnetic
resonance imaging of the brain, (2) rehabilitation
began within 48h of stroke onset, and (3) the
level of consciousness was ‘awake without stimu-
lation’. The exclusion criteria were impaired con-
sciousness, obvious bone deformity, previous

surgery, worsening stroke, or death. A worsening
stroke was defined as an increase of 24 from the
after emergency transport NIHSS score.!?

The purpose of the study was explained to the
participants, and written informed consent was
obtained. For patients who were physically una-
ble to sign, written informed consent was pro-
vided by a family member or an authorized
representative. This study was approved by the
Ethical Review Committee of SHIODA Medical
Corporation (Chiba, Japan) (approval number:
201911). All procedures associated with this
study were conducted in accordance with the
principles of the Declaration of Helsinki.

Methods

The main characteristics of the participants are
shown in Table 1. Basic demographic informa-
tion, such as age, sex, and length of stay (LOS),
was collected from electronic medical records.
For stroke severity, the NIHSS!8 was used. The
TIS (Fujiwara version),® which consists of seven
items, was used to assess trunk function.
Abdominal muscle strength and verticality items
were derived from the Stroke Impairment
Assessment Set (SIAS). The other five items,
which were originally developed for the TIS, con-
sist of the perception of trunk verticality, trunk
rotation muscle strength on both the affected and
unaffected sides, and righting reflexes on both the
affected and unaffected sides. The Fujiwara ver-
sion has been shown to have high reliability and
validity. The scores ranged from a minimum of 0
to a maximum of 21. Motor function on the
affected side was assessed using the Stroke
Impairment Assessment Set Motor Items
(SIAS-M).20 The SIAS-M is used to evaluate the
proximal and distal motor functions of the upper
and lower limbs (5 items, 25 points in total), with
a high score indicating high motor function. The
Functional Independence Measure (FIM)2! was
used to evaluate gait function. Mobility is gener-
ally scored by the most frequently used mode of
mobility, walking or wheelchair. The criterion
was based on which mode would be used primar-
ily at the time of hospital discharge. Independent
gait was defined as an FIM gait item score of 6 or
7. For this study, scoring of the FIM gait items
was performed on admission and at discharge.
The same examiner performed the initial (within
48h of stroke onset) and final evaluations (the
day before discharge).
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Statistical analysis

The Shapiro—Wilk test was performed before
each test to determine whether all variables fol-
lowed a normal distribution. Correlation analysis
using Spearman’s rank correlation coefficient was
performed to investigate the presence or absence
of variables with an absolute value =0.9 for the
correlation coefficient r, considering the problem
of multicollinearity. We investigated the presence
or absence of variables with a variance inflation
factor =10.

Stepwise multiple regression analysis was per-
formed to investigate the predictive validity of the
TIS for independent gait. The dependent variable
was the FIM gait score at discharge, and explana-
tory variables were significantly correlated with
age, LOS, FIM gait score, NIHSS, TIS, and
SIAS-M at admission.

The Mann—Whitney U test was then performed
for age, LOS, FIM gait item scores, NIHSS,
TIS, and SIAS-M at admission, and y? for
Disease type, Sex, and Paralyzed side to com-
pare the results between the independent and
nonindependent gait groups. To predict gait
independence at discharge, we performed mul-
tiple logistic regression analysis using the
method of variable increase by the likelihood
ratio, with independent gait and nonindepend-
ent gait (independent, 0; nonindependent, 1) as
dependent variables, and using the items that
showed a significant difference in the univariate
analysis as independent variables. The area
under the curve (AUC), sensitivity, and speci-
ficity were calculated for the variables selected
as significant in the multiple logistic regression
analysis using receiver operating characteristic
(ROC) curves, and the cut-off values were
determined. IBM SPSS Statistics for Windows,
version 28 (IBM Corp., Armonk, NY, USA)
was used for all statistical analyses. The signifi-
cance level was set at 5%.

Results

Relationship between the FIM gait score and

each item

The correlation coefficients between the FIM
gait item score and each item are listed in Table
2. The correlation between the FIM gait item
score at discharge and the TIS at admission was
quite strong.

Table 1. Participant characteristics.

Number of participants (male/female) 102 (57/45)
Age (years old, median, IQR) 78 (70.0-83.0)
Length of stay (median days, IQR] 20 (16.0-27.0)
Cerebral infarction 75
Cerebral hemorrhage 27
Paralyzed side (Rt/Lt) 51/51

Admission Discharge
NIHSS (median, IQR) 6.5 (4-13) 4 (3-7.8)
TIS (median, 1QR) 12 (6-14) 17 (14-18.8)
SIAS-M (median, IQR) 14 (7.4-18) 18 (13-21)
FIM gait item score (median, IQR) 1(1-2) 5 (2-6)

FIM, Functional Independence Measure; IQR, interquartile range; Lt, left side;
NIHSS, National Institutes of Health Stroke Scale; Rt, right side; SIAS-M, Stroke
Impairment Assessment Set Motor Item; TIS, Trunk Impairment Scale.

Predictive validity of the TIS for gait

independence

We performed multiple regression analysis with
the discharge FIM gait score as the dependent
variable, and age, LLOS, NIHSS at admission,
TIS, and SIAS-M as the independent variables.
We found that only the TIS on admission was
extracted, with a good-fitting adjusted coefficient
of determination (Table 3).

Comparison of gait independent and gait
nonindependent groups

Of the 102 participants, 43 were in the inde-
pendent gait group and 59 were in the noninde-
pendent gait group. The results of the univariate
analysis are presented in Table 4 showing sig-
nificant differences were found in age, sex, and
the NIHSS, TIS, and SIAS-M at hospital
admission.

The results of the multiple logistic regression
analysis are shown in Table 5. For the results,
TIS and age were selected. TIS had a greater
impact on gait independence/nonindependence
than age. The results of the Hosmer-Lemeshow
test showed good predictive accuracy. It was also
correctly predicted by discriminant analysis. The
results of the ROC analysis of the two items
selected for multiple logistic regression analysis
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Table 3. Results of the stepwise multiple regression analysis.

Dependent Independent Nonstandard coefficient Standard coefficient tvalue pvalue Adjusted R?
variable variables analyzed
SE B
Discharge FIM gait  Constant 0.649 0.275 2.356 0.02 0.672
item score
TIS at admission 0.345 0.024 0.822 5.127 <0.001

FIM, Functional Independence Measure; SE, standard error; TIS, Trunk Impairment Scale.

Table 4. Comparison between gait independent and nonindependent groups.

Survey item Gait independent group (n=43)  Gait nonindependent group (n=59) p value
Cerebral hemorrhage/cerebral infarction 9/34 18/41 0.279
Age (years old, median, IQR) 71.0 (66.0-80.5) 80.0 (75.5-84.0) <0.001
Sex (male/female) 29/14 28/31 0.045
Length of stay (median, IQR) 19.0(16.0-25.0) 21 (17.0-30.0) 0.068
Paralyzed side (Rt/Lt) 24/19 27/32 0.316
FIM gait item score at admission (median, IQR) 1.0 (1.0-2.0) 1.0 (1.0-1.0) 0.103
NIHSS at admission (median, IQR) 5.0 (4.0-6.0) 11.0 (5.0-15.5) <0.001
TIS at admission (median, IQR) 15.0 (13.0-16.0) 7.0 (3.0-12.0) <0.001
SIAS-M at admission (median, IQR) 18.0 (14.5-20) 8.0 (4.0-15.0) <0.001

FIM, Functional Independence Measure; IQR, interquartile range; Lt, left side; NIHSS, National Institutes of Health Stroke Scale; Rt, right side;

SIAS-M, Stroke Impairment Assessment Set Motor Item; TIS, Trunk Impairment Scale.

Table 5. Results of logistic regression analysis.

Partial regression coefficient p value Odds ratio 95% confidence interval
TIS -0.677 <0.001 0.508 0.376-0.687
Age 0.120 0.004 1.127 1.039-1.222

Model y? test p<<0.01, Hosmer-Lemeshow p=0.928, median of discrimination 82.4%.
TIS, Trunk Impairment Scale.

In this study, the TIS version developed by
Fujiwara er al.® was used to assess trunk function

Table 6. Cut-off values and results of sensitivity, specificity, and the AUC to
discriminate between independent and nonindependent gait.

within 48 h of stroke onset. A portion of this TIS

includes the recognition of trunk vertical percep- Cut-off value  Sensitivity (%)  Specificity (%)  AUC
tion, rlgk'ltln'g reflexes, and.tr'unk rotation forFe. TIS 120 814 79 7 0.911
The verticality of the trunk is important for main-

taining vertical posture, the ability to induce a  Age  75.0 74.6 65.1 0.709

righting reflex is required for maintaining dynamic
sitting balance, and abdominal strength is

AUC, area under the curve; TIS, Trunk Impairment Scale.
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Figure 1. ROC curves for TIS and age. ROC curves for the TIS and age in discriminating gait independence.
The cut-off value for TIS was 12.0 points (sensitivity, 81.4%; specificity, 79.7%), and AUC was 0.911. The cut-off
value for age was 75.0years [sensitivity, 74.6%; specificity, 65.1%), and the AUC was 0.709.

AUC, area under the curve; ROC, receiver operating characteristic; TIS, Trunk Impairment Scale.

essential for the transfer from the supine to sitting
position.® A previous study using the TIS in
patients within 48 h of stroke onset showed a high
adjusted coefficient of determination for predict-
ing FIM-M at discharge.?8

Decreased trunk function is a major functional
impairment resulting in abnormal gait parameters
after stroke.?3° Correlations have been found
between trunk function, FIM scores, and gait
speed.l% In this study, TIS and FIM gait item
scores were significantly correlated at discharge,
but not at admission. This may be due to the
patient’s symptoms not stabilizing within 48h of
admission, resulting in a limitation of gait activities
due to safety. Multiple regression analysis with the
FIM gait item scores at discharge as the dependent
variable showed that the TIS was a good predictor
in patients with acute stroke.

The results of the two-group comparison
between the independent and nonindependent
gait groups showed significant differences in age,
sex, TIS, and SIAS-M. Age and level of motor
impairment have been shown to be significant
predictors of gait outcomes.?! Knee extensor
muscle strength has been found to be closely
related to gait ability in patients with stroke.32-33
AUC values for patients with stroke using knee

extensor muscle strength have been shown to
have moderate accuracy in identifying gait inde-
pendence.?* The proximal part of the trunk must
be stabilized to allow the lower limbs to move
well. Moreover, the trunk is an important seg-
ment of the body for control and mobility. Good
trunk movement control is a prerequisite for
controlling finger and foot movements and bal-
ance. In addition, good trunk control facilitates
functional mobility and gait after stroke.%35

In our study, the results of the multiple logistic
regression analysis showed that two items, age
and TIS, were selected, and that the TIS had a
greater influence than age. We developed ROC
curves representing the relationship between sen-
sitivity and specificity with respect to the TIS and
age, determined the cut-off values, and further
calculated the AUCs. Results showed that the
TIS was the most accurate outcome predictor
between the independent and nonindependent
gait groups and that it demonstrated high accu-
racy in discriminating gait independence. Our
results suggest that the TIS, which can be easily
assessed in an acute care setting, is a good pre-
dictor of gait ability and is of high clinical signifi-
cance in rehabilitation. Moreover, the TIS
assessment of trunk function in patients with
stroke within 48 h of onset is sufficient to predict
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gait independence. Safely assessing trunk func-
tion at the bedside of patients with acute stroke is
possible, even if they have difficulty maintaining
a sitting position.

This study has several limitations. First, results
may differ regarding the improvement of physical
function due to differences in idle patient time
outside of training (rehabilitation), duration of
training, and content. Second, this study was
conducted in patients with acute stroke at the
same institution. Third, we did not consider the
effects of changing assessors. In the future, exter-
nal criterion-related validity and cross-validity
should be examined regarding the validity of the
TIS for the evaluation of gait ability in patients
with stroke after discharge from acute care hospi-
tals and after returning home.

Conclusion

The results suggest that TIS, which assesses
trunk function in acute stroke patients, is suffi-
cient in predicting gait independence. This study
is novel because there is currently no established
method to evaluate trunk dysfunction in patients
with acute stroke from a functional perspective.
The TIS, which can be easily evaluated at the
bedside of patients with acute stroke without the
use of special equipment, is considered to be of
high clinical significance in rehabilitation. In
addition, early rehabilitation can effectively
improve mortality and disability levels in these
patients.
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