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Abstract 
INTRODUCTION: Gait asymmetry can become very pronounced in patients 
who have suffered a stroke. The impairment of trunk function in some stroke 
patients can restrict thorax mobility and cause respiratory muscle weakness. 
Trunk and neck dysfunction are believed to affect the gait in stroke patients. 
OBJECTIVE: This study aimed to investigate the relationship between gait 
asymmetry and respiratory function in stroke patients by measuring the step 
time and trunk acceleration. METHODS: This study employed a cross-sec- 
tional design. Thirty stroke patients participated in this study. The symmetry 
index (SI) and Lissajous index (LI) were used to evaluate asymmetry during 
walking. The respiratory function and respiratory muscle strength were eva-
luated by spirometry. We examined the relation between SI or LI and the 
respiratory function/respiratory muscle strength in patients with stroke. RE- 
SULTS: The results of our analysis demonstrated that the SI was significantly 
correlated with the inspiratory and expiratory muscle strength and the LI was 
significantly correlated with the percentage of the predicted vital capacity (re-
spectively, r = −0.386, r = −0.392, r = −0.446; p < 0.05). CONCLUSION: The 
present study is the first to indicate a relationship between gait asymmetry 
and respiratory function in stroke patients. 
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1. Introduction 

Gait instability is a common problem in stroke patients [1] [2] [3]. A decrease in 
gait velocity [4] and gait asymmetry can become very pronounced in patients 
who have suffered a stroke [5]. Walking with asymmetric step times has substan-
tial metabolic costs beyond those imposed by symmetric step times [5]. Thus, 
walking efficiency is reduced, and the patient can quickly get tired, making it 
difficult to extend the walking distance. 

The evaluation of gait asymmetry, calculated on the basis of the patient’s steps, 
can be done using time as the measured parameter (temporal asymmetry) or using 
length (spatial asymmetry). Over 60% of stroke patients have disability of tem-
poral asymmetry in their gait [6] [7]. In the present study, the symmetry index 
(SI) was used to evaluate temporal asymmetry in the gait [8]. In addition, gait 
asymmetry also manifests itself in stroke patients in the movement of the trunk 
during walking. The Lissajous index (LI) was developed as an evaluation of gait 
symmetry based on trunk acceleration values [9]. The LI is calculated from the 
vertical acceleration and medio-lateral acceleration, and hence LI can express 
any asymmetry in the trunk movement that occurs during walking [9]. The SI is 
significantly correlated with gait velocity [8]. The LI is significantly correlated 
with standing balance [9]. In stroke patients, the gait asymmetry is a result of 
decreases in various physical functions. The symmetry of the swing time is re-
lated to the stage of motor recovery in acute stroke [10]. The spasticity of the 
lower limbs has also been found to affect temporal gait asymmetry in stroke pa-
tients [11]. 

One example of the impairment of trunk function in stroke patients is re-
stricted thorax mobility; this restriction occurs due to the paralysis of one or both 
upper extremities and to muscle weakness in the trunk, which causes restrictive 
ventilatory impairment [12]. Previous studies have clarified that stroke patients 
exhibit weakened respiratory muscle functions [13] [14]. Various studies have 
investigated training techniques for treating weakness in the respiratory muscles 
and restricted thorax mobility in stroke patients. Respiratory-muscle training may 
improve respiratory muscle strength in patients with neurological conditions, 
including stroke patients [15] [16]. In stroke patients, the trunk function as eva-
luated using the Trunk Impairment Scale was significantly correlated with the 
respiratory functions and respiratory muscle strength [17]. However, a relation-
ship between respiratory function and gait asymmetry in stroke patients has not 
been established. 

As previously indicated, the decrease in respiratory function in stroke patients 
is caused by the restriction of thorax mobility and low respiratory muscle strength. 
It was expected that gait asymmetry was affected by muscle strength and by the 
alignment of the trunk and shoulder girdle. Therefore, we conducted the present 
study to investigate the relationship between gait asymmetry and respiratory 
function in stroke patients. 

https://doi.org/10.4236/ojtr.2021.94009


Y. Terui et al. 
 

 

DOI: 10.4236/ojtr.2021.94009 113 Open Journal of Therapy and Rehabilitation 
 

2. Materials and Methods 
2.1. Study Design 

This study is a cross-sectional study. All patients underwent a 10-m walk test so 
that definitive step time and trunk acceleration data during walking could be 
recorded, and all patients also underwent a respiratory function test and respi-
ratory muscle strength assessment. This study was reviewed and approved by the 
Ethics Committees of Akita University Graduate School of Medicine (No. 1319) 
and Akita Prefectural Center for Rehabilitation and Psychiatric Medicine (No. 
127) and was carried out according to the Declaration of Helsinki. Written con-
sent was obtained from all participants. 

2.2. Participants 

Thirty patients with an initial stroke event and hemiplegia (19 males; ages 61 ± 11 
years) who had undergone stroke rehabilitation at Akita Prefectural Center for 
Rehabilitation and Psychiatric Medicine were enrolled in this study. The following 
patients were excluded: 1) patients who were not able to walk by themselves with-
out support; 2) patients with an illness or injury other than stroke that impaired 
their behavior; 3) patients who had ataxia due to stroke; and 4) patients who did 
not understand the purpose of the experiment. Figure 1 shows the flow of patient 
selection. The characteristics of the patients are summarized in Table 1. 

Power analysis was performed using the program G*Power 3.1; a correlation 
analysis was performed with an α of 0.05, a power of 0.80, and an expected cor-
relation between the trunk balance and the respiratory function/respiratory 
muscle strength of 0.5.11. The calculated sample size in the power analysis was 
28. 

 
Table 1. Demographics of the participants (n = 30).  

Variables Stroke patients 

Age (years) 61 (11) 

Height (cm) 161.2 (8.9) 

Weight (kg) 57.4 (9.0) 

BMI (kg/m2) 22.0 (2.7) 

Disease duration (days) 96.0 (44.7) 

Clinical entity (n)  
Hemorrhage/infraction 

21/9 

Paralyzed side (n) 
Right/left 

17/13 

SIAS, Hip 4 (3, 5) 

SIAS, Knee 4 (1, 5) 

SIAS, Ankle 3 (0, 5) 

Definitions: BMI; body mass index, SIAS; Stroke Impairment Assessment Set. Data are 
presented as mean (SD) or median (minimum, maximum) unless otherwise indicated. 
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Figure 1. Flowchart of patients with stroke included in this study. 

2.3. Measurement of Step Time and SI 

To measure the step time, a load meter (MP-1000, Anima, Tokyo) was used. The 
MP-1000 is a wireless sensor that can be placed inside of shoes. The MP-1000 
was used to calculate the step time, standing time, and the percentage of the 
weight load on each lower limb. We used the step time to calculate the SI [8] ac-
cording to the following formula: 

( )
paratic nonparatic

paratic nonparatic

SI 100
1 2

V V

V V

−
= ×

−
 

Vparatic = step time of a paratic limb, Vnonparatic = step time of a nonparatic limb 
We used the absolute value of the SI to evaluate the extent of the asymmetry. 

A high SI value indicates asymmetry, and a low SI value denotes symmetry [8]. 

2.4. Asymmetry of Trunk Acceleration 
2.4.1. Tri-Axial Accelerometer 
A wireless tri-axial accelerometer (MG-M1110; LSI Medience, Tokyo) [18] [19] 
was used. This accelerometer was 75 mm long × 20 mm wide × 50 mm high; it 
weighed 120 g. The sampling rate was 100 Hz. The accelerometer was used to 
measure the vertical, anteroposterior, and mediolateral acceleration of the trunk 
during walking. Each aspect of acceleration was represented on graphs produced 
by the analysis software on a personal computer (MG-M1110-PCTM; LSI Me-
dience, Tokyo) [18] [19]. This software calculated the steps, gait speed, and gait 
coefficient of variation and exported the values of each aspect of acceleration in-
to Microsoft Excel (Excel). 

2.4.2. Accelerometry Procedures 
The accelerometer was fixed to a belt at the level of the patient’s L3 spinous 
process. Each patient performed a 10-m walk test twice so that definitive trunk 
acceleration data could be recorded. A 10-m-long walkway with 1-m spare walk-
way areas at both the starting and ending points was constructed. For the walk 
test, the patient was instructed to walk straight at a self-selected comfortable 
speed toward a target line on the floor. 

Hospitalized patients at rehabilitation unit (n = 104)

Excluded (n = 74)
Patients who were not able to walk by themselves without support (n = 24)
Patients with an illness or injury other than stroke that impaired their behavior (n = 18)
Patients who had ataxia due to stroke (n = 25)
Patients who did not understand the purpose of the experiment (n = 7)

Met the criteria (n=30)
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2.4.3. Method for Making Lissajous Figure 
All acceleration data from the 10-m walk were used except for those from the 
patient’s first and final steps. Using Excel, we plotted the Lissajous figure (LF) on 
a scatter chart with the y-axis representing the vertical acceleration and the x- 
axis representing the mediolateral acceleration [9]. Figure 2 shows the LF made 
from the measured trunk acceleration values in a representative patient. 

2.4.4. Calculation of the LI 
As shown in Figure 2, the areas that were calculated for the LI were a quadran-
gle surrounded by an undulating line (Rr) and a quadrangle surrounded by an 
undulating and dotted line (Rl). The formula for calculating the LI was as fol-
lows: 

( )
( )

2
LI 100r l

r l

R R
R R
× −

= ×
+

 
A high LI value indicates asymmetry, and a low LI value denotes symmetry on 

the frontal plane [9]. 

2.5. Respiratory Function/Respiratory Muscle Strength 

The patients’ pulmonary function was assessed using three parameters: the vital 
capacity (VC), forced expiratory volume in 1 second (FEV1), and the FEV1/ 
forced VC. These parameters were measured using a spirometer (Autospiro AS- 
507, Minato Medical Science, Osaka, Japan). The VC and FEV1 were expressed 
as percentages of the predicted values derived from Kubota et al. (%VC and %FEV1) 
[20]. The maximal inspiratory mouth pressure (PImax) and the maximal expira-
tory mouth pressure (PEmax) were measured to represent respiratory muscle  
 

 
Figure 2. Lissajous figure. Rr: Right quadrangle surrounded by undulating line; Rl: 
Left quadrangle surrounded by undulating and dot line; R; right side, L; left side. 

Y-axis(m/s2)
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strength using the Autospiro AS-507 spirometer following the method recom-
mended by the American Thoracic Society/European Respiratory Society [21]. 
The values were expressed as percentages of the predicted values derived from 
Suzuki et al. [22] (%PImax and %PEmax). 

2.6. Statistical Analysis 

The assumption of normality was assessed using the Shapiro-Wilk test. We used 
Spearman’s rank correlation coefficient to identify the respiratory function/res- 
piratory muscle strength level that had an effect on the absolute value of the SI 
and the LI of the stroke patients. SPSS Statistics 24 (IBM, Armonk, NY) was used 
for the statistical analyses (level of significance p < 0.05). 

3. Results 

The mean absolute value of the SI was 19.7 ± 16.3 (Table 2). Figure 3 illustrates 
the actual LF of patients with stroke. The mean LI value was 43.4% ± 33.2% 
(Table 2). The mean %VC value of the 30 stroke patients was 87.0% ± 15.3% 
and the mean %FEV1 value was 79.6% ± 25.7% (Table 2). The other respiratory 
function and respiratory muscle strength values of the patients were also smaller 
than the respective predicted values (Table 2). The results of our analysis dem-
onstrated that the absolute value of the SI was significantly correlated with %PI-
max and %PEmax, and the LI was significantly correlated with %VC in this se-
ries of stroke patients (respectively, r = −0.386, p = 0.042, r = −0.392, p = 0.047 
and r = −0.446, p = 0.023) (Table 3). 

4. Discussion 

In this study, the mean absolute value of SI was found to be 19.7. In a previous 
study, the mean absolute value of SI was 17.3 [8]. In our previous study, the 
mean LI of the healthy subjects was 21.1%, [9] and in the present study the mean 
 
Table 2. Gait asymmetry and Respiratory function/muscle strength data. 

Variation  

SI 19.7 (16.3) 

LI (%) 43.3 (33.2) 

%VC (%) 87.0 (15.3) 

%FEV1 (%) 79.6 (25.7) 

FEV1/FVC (%) 82.8 (16.0) 

%PImax (%) 47.9 (26.9) 

%PEmax (%) 44.8 (18.8) 

Definitions: SI; Symmetry Index (absolute value), LI; Lissajous Index, VC; vital capacity, 
FEV1; forced expiratory volume in 1 second, FVC; forced vital capacity, PImax; maximal 
inspiratory mouth pressure, PEmax; maximal expiratory mouth pressure. Data are pre-
sented as mean (SD). 
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Figure 3. Actual Lissajous Figures. (a) Lissajous figure of the female patient (49 years old) with left side paresis. The area of right 
side is larger than that of left side; (b) Lissajous figure of the female patient (70 years old) with right side paresis. The area of left 
side is larger than that of right side; (c) Lissjous figure of female healthy subject (65 years old) was illustrated by an example. R; 
right side, L; left side. 
 

Table 3. Correlation between gait asymmetry and respiratory function/muscle strength. 

Variation SI (r) LI (r) 

%VC (%) −0.299 −0.446* 

%FEV1 (%) −0.327 −0.195 

FEV1/FVC (%) −0.130 0.176 

%PImax (%) −0.386* −0.237 

%PEmax (%) −0.392* −0.224 

Definitions: SI; Symmetry Index (absolute value), LI; Lissajous Index, VC; vital capacity, 
FEV1; forced expiratory volume in 1 second, FVC; forced vital capacity, PImax; maximal 
inspiratory mouth pressure, PEmax; maximal expiratory mouth pressure. *; p < 0.05. 

 
LI of the stroke patients was 43.4%, which is much higher than the LI of the 
healthy subjects. The patients in this study showed a dominantly asymmetrical 
gait both in terms of their steps and their trunk movement. The stroke patients 
had various severity of lower limbs and various gait abnormality. Thus, the stan-
dard deviation of LI and SI became large. In the future, the stroke patients are 
divided into degree of severity of groups and investigated gait asymmetry. 

The mean %VC and %FEV1 values and the respiratory muscle strength values 
were all low in the present stroke patients. However, these patients did not have 
restrictive ventilatory impairment because their %VC values were >80%. They 
were all able to walk 10 m without a cane, and 15 patients walked independently. 
Stroke patients with heavy hemiparesis were not included in this study. In other 
investigations, the muscle-strength level of stroke patients was weak, [23] [24] 
[25] [26] [27] and this weakness was also observed in the present patients. 

In the present study, the participants who had lower respiratory muscle strength 
showed more temporal asymmetry in their gait, while the participants who had 
lower VC values showed more asymmetry in their trunk movement while walk-
ing. The legs of stroke patients may suffer from paralysis or spasticity, and it has 
become clear that the trunk may also be affected by stroke-induced ambulatory 
disability [28] [29]. There is evidence that trunk training can improve the trunk 
control, standing balance, and mobility of individuals who have experienced a 
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stroke [30]. In this study, both the inspiratory and expiratory muscles were sig-
nificantly correlated with temporal asymmetry during walking in stroke patients. 
The inspiratory muscles include muscles in the neck region and the muscles 
surrounding the thorax. The expiratory muscles include the muscles of the lower 
trunk. There is a relationship between the SI and gait speed in stroke patients 
[8]. Therefore, the muscle strength from the neck region to the trunk is related 
to gait asymmetry and ambulatory ability.  

In this study, asymmetry in trunk movement during walking was significantly 
correlated with %VC. The participants did not have respiratory diseases; thus, 
degradation of the %VC occurred due to restriction of the thorax movement. 
Respiratory muscle stretching in post-stroke patients with hemiparesis demon-
strated that the acute effects of such stretching can contribute to the expansion 
of the respiratory system during tidal breathing [31]. Voyvoda et al. reported a 
decrease in the movement of the diaphragm during deep breathing in hemipleg-
ic patients [32]. Herein, we calculated the LI values of the stroke patients based 
on their trunk acceleration, measured by an accelerometer attached to the pa-
tient’s back at the lower lumbar spine (L3). Thus, the LI was affected not only by 
the movement of the patient’s lower extremities but also by the movement of his 
or her trunk. In addition, we observed in a previous investigation that the LI was 
significantly correlated with the Berg Balance Scale [9] which evaluates a sub-
ject’s standing balance, and standing balance is related to the trunk function [33] 
[34] [35]. The diaphragm has properties related to the maintenance of lumbar 
spinal stability [36] [37] [38] [39]. The relationship that we observed herein be-
tween the %VC and the LI is thus based on a common denominator, i.e., the 
impairment of the trunk function. 

There are a few limitations to the present study. First, the patients in this 
study included both patients with mild impairment and patients with moderate 
impairment. To investigate the relationship between gait asymmetry and respi-
ratory function/muscle strength in more detail, the patients should be classified 
according to severity. Second, the present study was not a longitudinal study. In 
the future, it will be necessary to determine whether improvement of the respi-
ratory function/respiratory muscle strength is related to an improvement in gait 
asymmetry. 

5. Conclusion 

The present study is the first to examine the relationship between gait asymme-
try and respiratory function in stroke patients. The results of our analyses dem-
onstrated that temporal asymmetry as evaluated using the SI was significantly 
correlated with the strength of the respiratory muscles. These results also showed 
that gait asymmetry in the trunk movement was significantly correlated with %VC 
values in stroke patients. Weakness in the neck and trunk muscles was related to 
gait asymmetry in stroke patients. The restriction of thorax mobility in these pa-
tients, reflected by a decrease in their lung capacity, was related to the limitation 
of their trunk movement during walking. 
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