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Objective: The purpose of this study was to investigate the relationship between heart rate (HR), self-awareness of exercise in-
tensity (rating of perceived exertion, RPE), and 5-meter walk test (5MWT) of persons affected by stroke during backward walking 
according to the preferred stride frequency (PSF), PSF＋3 and PSF＋6 conditions. 
Design: Cross-sectional study.
Methods: A total of 11 persons with stroke (9 males, 2 females) participated voluntarily. All patients underwent backward walk-
ing under the PSF, PSF＋3, and PSF＋6 conditions in underwater and ground environments, and each condition was performed for 
5 minutes. The HR, RPE, and walking speeds were measured during walking, and the measured values from underwater and 
ground environments were compared.
Results: The HR and RPE in the ground environment were significantly increased (p<0.05), and although the 5MWT showed an 
increase in speed, it was not significant. The HR and RPE in the underwater environment were also significantly increased 
(p<0.05), however, although the 5MWT results was increased, it was not significant. The HR and RPE were significantly in-
creased in the PSF＋6 condition (p<0.05).
Conclusions: The results of this study showed that backward gait training underwater can provide an appropriate exercise in-
tensity for stroke survivors and suggests that exercises performed in an underwater environment is more effective compared to the 
ground environment.
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Introduction

Restoration of walking ability is an important factor in 
quality of life and functional independence of daily living in 
persons with stroke, and it is the most important goal in 
post-stroke rehabilitation [1]. Various treatment methods 
have been suggested in order to improve gait, and backward 
walking has been recommended for persons with hemi-
plegia for appropriate adjustment of exercise and enhance-
ment of walking activities [2].

Other studies have demonstrated that asymmetrical gait 
patterns in stroke survivors can be improved [3], leading to 
increased walking speed [4]. Recently, it has been found that 
muscular activity and movement mechanisms are mediated 
by backward gait in healthy adults [5,6]. Another method of 
exercise for stroke survivors is water exercise, which is less 
burdensome on the lower extremities. It uses water buoy-
ancy and resistance to improve muscle strength, muscle en-
durance, balance ability, cardiopulmonary endurance, etc 
[7]. Exercising underwater provides physical and psycho-
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Table 1. General characteristics of the subjects (N=11)

Characteristic Value

Sex (male/female) 9/2
Age (y) 45.55 (17.33)
Height (cm) 169.27 (9.05)
Weight (kg) 70.38 (14.38)
MMSE-K 26.91 (1.92)

Values are presented as number only or mean (SD).
MMSE-K: Korean version of Mini-Mental State Examination.

logical stability, which may further allow stroke survivors to 
perform exercises with increased confidence and observe a 
greater exercise effect. Studies on backward walking in an 
underwater environment are increasing and have shown that 
backward walking in water may lead to greater muscle activ-
ity in the paraspinal muscles [8], compared to the ground en-
vironment [9]. In addition, compared to the forward, the 
backward gait showed a greater metabolic rate and the kin-
esthetic angle was also higher [10]. Recently, we measured 
the metabolic expenditure and the exercise angle by compar-
ing backward gait in the underwater and ground environ-
ment. Unlike forward gait, which is set at half of the ground, 
half-speed adjustment in the backward gait was considered 
inappropriate to induce a similar metabolic depletion and 
rating of perceived exertion (RPE) [11]. Other studies have 
also reported differences in spatio-temporal characteristics 
and joint angles during forward and backward gait [12]. 
However, previous studies have shown that most of the stud-
ies on underwater walking training are mainly for healthy 
adults, and studies on underwater walking training for stroke 
survivors are insufficient. In addition, studies focused on 
backward walking training in underwater environments for 
stroke survivors are also lacking. Therefore, the purpose of 
this study was to investigate the physiological and self- 
awareness changes according to the stride frequency of per-
sons with stroke during backward gait in underwater and 
ground environments.

Methods
Subjects

Patients who were admitted to Bobath Memorial Hospital 
in Seongnam city, Gyeonggi-do for stroke who fulfilled the 
following conditions were included in the study: those who 
had been diagnosed with stroke 6 months ago or more, a 
Mini-Mental State Examination score of 24 or more, no seri-
ous cognitive impairment, those who can perform the evalu-
ation according to the direction of the researcher, those who 
can walk more than 10 meters independently, those who do 
not have cardiopulmonary or orthopedic diseases, and those 
without hearing impairments. All subjects signed a consent 
form, and all procedures in this study were approved by the 
Sahmyook University Institutional Review Board (IRB No. 
2-7001793-AB-N-012018067HR).

Methods

Prior to the start of the experiment, all of the subjects had 

adequate amount of practice in order to be able to proceed 
with the actual measurements. In addition, all subjects fully 
understood about having self-awareness of the exercise in-
tensity prior to the assessment, and the physiological data 
was collected before each experiment (Table 1).

During the experiment, a therapist accompanied the pa-
tient to prevent falls. At the start of the experiment, subjects 
began walking at their most comfortable speed, and in-
creases in speed was based on Masumoto’s method [13]. 
However, PSF of ＋3 and ＋6, respectively. If it is difficult 
to increase the speed, it is set to be lower. The experiment 
was carried out for 5 minutes per stride frequency. Heart rate 
(HR), exercise intensity (RPE), and 5-meter walk test 
(MWT) were measured during the last remaining 5 minutes. 
The HR was measured using a handheld device (POLAR 
RS400sd; Polar Electro, Kempele, Finland) and the trainer 
angle was Borg’s RPE 6 to 20 scale [14]. Subjects were pro-
vided with a 1-minute rest period between the three different 
speeds. Subjects walked on ground or underwater randomly 
and were provided with as 30-minute rest period between 
each environment [11]. The training in the underwater envi-
ronment was carried out in a pool with the dimenstions of 6 
meters in width, 4 meters in length, 1.2 meters in depth, and 
the water temperature was 32°C±1°C (Figure 1).

All data was analyzed using the statistical program IBM 
SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA), and 
repeated measures analysis of variance was used to inves-
tigate the difference of variables according to the different 
periods. In addition, an independent sample t-test was con-
ducted to compare the differences between the underwater 
and the ground environment. All statistical significance lev-
els were set at p<0.05.

Results

The ground environment HR was 74.36±13.02 in the PSF, 
76.36±13.87 in the PSF＋3, and 80.36±13.22 in the PSF＋
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Table 2. HR, RPE, walking speeds according to the various environments and stride frequencies (N=11)

Variable
Stride frequency 

F p-value
PSF PSF＋3 PSF＋6

HR
Land 74.36 (13.02) 76.36 (13.87) 80.36 (13.22) 39.487 <0.001
Water 80.09 (12.90) 85.91 (12.39) 92.00 (12.33) 30.982 <0.001
p-value 0.312 0.104 0.045*

RPE
Land 10.55 (1.81) 12.64 (1.96) 13.91 (1.87) 29.00 <0.001
Water 10.45 (1.70) 13.00 (1.55) 16.09 (0.94) 124.655 <0.001
p-value 0.094 0.635 0.002

5MWT
Land 41.01 (30.11) 37.69 (27.16) 31.96 (18.29) 4.325 0.064
Water 27.24 (12.75) 24.24 (12.23) 22.19 (12.43) 2.551 0.103
p-value 0.178 0.150 0.158

Values are presented as mean (SD).
HR: heart rate, RPE: rating of perceived exertion, PSF: perferred stride frequency, 5 MWT: 5 meter walk test.

Figure 1. Backward walking in water.

6, and showed a statistically significant difference. The 
ground environment RPE was 10.55±1.81 in the PSF, 
12.64±1.96 in the PSF＋3, and 13.91±1.87 in the PSF＋6, 
and showed a statistically significant difference. The ground 
environment 5MWT showed 41.01±30.11 in the PSF, 
37.69±27.16 in the PSF＋3, and 31.96±18.29 in the PSF＋

6, but the difference was not statistically significant. The un-
derwater environment HR showed 80.09±12.90 in PSF, 
85.91±12.39 in PSF＋3, and 92.00±12.33 in PSF＋6, and 
showed a statistically significant difference. The underwater 
environment RPE was 10.45±1.70 in PSF, 13.00±1.55 in 
PSF＋3, and 16.09±0.94 in PSF＋6, and showed a statisti-
cally significant difference. The underwater 5MWT was 
27.24±12.75 in the PSF, 24.24±12.23 in the PSF＋3, and 
22.19±12.43 in the PSF＋6, but the difference was not stat-
istically significant. When comparing the characteristics be-
tween the two environments, HR in underwater walking was 
significantly faster than that in PSF＋6, and RPE in under-
water walking was also significantly higher in PSF＋6. The 
5MWT showed no significant difference between the two 
groups (Table 2).

Disscussion

Human walking is a fundamental component functional 
independence that is generally affected by disease or injury, 
and is therefore considered to be an ultimate goal in most re-
habilitation processes [15]. In this study, we investigated 
changes in HR, RPE, and walking speed with backward gait 
according to changes in stride frequency in underwater and 
ground environment. In the aquatic environment, the HR 
and RPE were higher compared to the ground environment, 
which supports the results from previous studies [16-18].

It was also consistent with previous assertions in which 
higher metabolic expenditure and higher exercise angles 
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were associated with greater stride frequency (SF) [13]. In 
addition, we could observe that, although it was not statisti-
cally significant, the PSF was slower in the underwater com-
pared to the ground environment, and the HR and RPE were 
increased with increasing SF. Particularly, it should be noted 
that HR and RPE were significantly increased in the under-
water environment compared to the ground environment at 
the PSF＋6 point. These symptoms were reported to be due 
to higher load on the joints due to increased underwater vis-
cous resistance when performing fast underwater walking in 
the past [19].

However, recent research by Masumoto et al. [11] 
showed that at higher speeds, the backward walking on the 
ground environment produced higher metabolic depletion 
and RPE comapred to the aquatic environment. We conclude 
that our results were due to the fact that this study involved 
walking on the ground rather than the treadmill, unlike the 
study of Masumoto et al. [11]. Therefore, further studies ex-
amining the characteristics and differences in underwater 
treadmill walking and underwater walking are necessary. 
The reason why the increase in walking speed did not show 
a significant difference is considered to be due to the fact that 
persons with stroke have impaired visual acuity and there-
fore have to rely solely on their senses, and when their senses 
are also impaired, a certain activity can be unfamiliar and is 
difficult to perform. In addition, since the measurements 
were made during the last minute of the 5 minutes of train-
ing, it is considered that the physical strength and speed may 
have been affected by the constant underwater resistance. In 
this study, we investigated the effects of performing back-
ward gait in an underwater environment on stroke survivors, 
but the information is not sufficient compared to that on for-
ward gait and walking on a ground environment for persons 
with stroke. In future studies, it is necessary to find a more 
effective gait training method for those affected by stroke 
through biomechanical analysis, such as the study of muscle 
activity during backward walking in an underwater 
environment. 

The results of this study show that the exercise period can 
be used to adjust the exercise intensity appropriate for per-
sons with stroke during backward gait training in the water, 
and suggest that the underwater environment is more effec-
tive than the ground environment.
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