X4

Health, 2022, 14, 921-930

X/

"‘: g‘é?ggmﬁ https://www.scirp.org/.journaI/health
94% Publishing ISSN Online: 1949-5005

@,

ISSN Print: 1949-4998

Effects of Water Weight-Loss Walking
Training on Lower Limb Motor Function
and Gait in Stroke Patients

Jingbin Dou, Mengxuan Jiang

Qingdao Special Servicemen Recuperation Center of PLA Navy, Qingdao, China

Email: djb818@sina.com

How to cite this paper: Dou, J.B. and
Jiang, M.X. (2022) Effects of Water Weight-
Loss Walking Training on Lower Limb Mo-
tor Function and Gait in Stroke Patients.
Health, 14, 921-930.
https://doi.org/10.4236/health.2022.148065

Received: July 6, 2022
Accepted: August 20, 2021
Published: August 23, 2021

Copyright © 2022 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(OMOMMY e pcces:

Abstract

Background: Water weight-loss walking training is an emerging physical
therapy technique, which provides new ideas for improving the motor func-
tion of stroke patients and improving the quality of life of patients. However,
the rehabilitation effect of water weight-loss training in stroke patients is
currently unclear. Objective: To analyze the effect of water weight loss walk-
ing training in stroke patients. Methods: A total of 180 stroke patients ad-
mitted to our hospital from January 2019 to December 2021 were selected
and randomly divided into two groups. The control group received routine
walking training, and the research group performed weight loss walking
training in water on this basis. The lower limb motor function, muscle tone
grade, daily living ability, gait and balance ability were compared between the
two groups before and after treatment. Results: Compared with the control
group, the FMA-LE score (Fugl-Meyer motor assessment of Lower Extremi-
ty), MBI score (Modified Barthel Index) and BBS score (berg balance scale) of
the study group were higher after treatment, and the muscle tone was lower
(P < 0.05). After treatment, the stride length, stride speed and stride width in
the two groups were increased compared with those before treatment, and the
stride length, stride speed and stride width in the study group after treatment
were higher than those in the control group (P < 0.05). Comparison of the
maximum angle of flexion and extension of hip and knee between the two
groups, P < 0.05. Conclusion: Water weight loss walking training can en-
hance patients’ muscle tension, correct patients’ abnormal gait, improve pa-
tients’ balance and walking ability, and contribute to patients’ motor function
recovery and self-care ability improvement.
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Three-Dimensional Gait Analysis, Lower Limb Motor Function

1. Introduction

Patients with stroke often have sequelae of varying degrees, such as hemiplegia
of lower limbs, cognitive impairment and speech impairment, among which
lower limb motor function is the main factor affecting patients’ self-care ability
[1]. Therefore, how to effectively restore the lower limb motor function of pa-
tients is very important. In terms of rehabilitation treatment, traditional walking
training advocates decomposition training of all components of walking, in-
cluding balance, stepping and weight bearing, etc., which may easily lead to suf-
ficient separation exercise but poor actual exercise effect [2]. As an important
means of rehabilitation, walking training for weight loss can integrate all com-
ponents of walking organically and emphasize the training of all components of
walking in the real environment [3]. Studies have reported that weight-loss
walking training is of great significance to the improvement of patients’ walking
ability and the maintenance of normal walking ability [4]. A systematic review
by Hu Nannan [5] et al found that water exercise is quite safe and has been
proven to improve balance function, mobility and muscle strength in stroke pa-
tients. GIURIATI [6] ef al found that water exercise intervention can improve
the MBI score of stroke patients. Saquetto [7] et al. found that the BBS score im-
proved more in patients with water exercise combined with land exercise. To
better understand the effect of water weight-loss walking training in stroke pa-
tients, 180 stroke patients were selected in this paper, and the effect of weight-loss

walking training was studied as follows:

2. Materials and Methods
2.1. Participants

Stroke patients admitted to the Comprehensive Treatment Department of Qing-
dao Special Service Sanatorium Center from January 2019 to December 2021
were selected. Statistical power was calculated a priori using G Power software
for sample size calculations. Inclusion criteria: 1) All of them are in line with the
relevant diagnostic criteria in “Main Points of Diagnosis of Various Cerebro-
vascular Diseases” [8]; 2) The vital signs were stable; 3) All cases were the first
onset; 4) All of them had physical dysfunction. Exclusion criteria: 1) Serious
heart and lung diseases; 2) Deterioration of the condition, with new cerebral in-
farction or cerebral hemorrhage lesions; 3) Patients with bone and joint diseases
of lower limbs; 4) Severe cognitive dysfunction; 5) Others who cannot cooperate

with walking training.

2.2. Methods

The control group was given routine walking training, and the patients were in-
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structed to carry out range of motion training for lower limb joints. For the muscle
groups with higher muscle tension, the muscle tension could be reduced by
pulling. Guide patients to carry out basic training of lower limbs such as muscle
strength, coordination, balance, sensation and posture adaptability training; The
training was performed once a day and five times a week, including standing
step, lateral step and weight bearing on one leg.

On the basis of the above, the research team gave medical hydrotherapy weight-
loss walking training. Keep the water temperature at about 35°C. The water
depth is from the umbilical to the xiphoid process. According to the specific sit-
uation of the patient, the speed, rest time and times should be adjusted reasona-
bly so that the patient can relieve fatigue consciously. The training time was half
an hour a day, once a day, five times a week, and the training time of both
groups was 3 months.

Both groups were evaluated by three dimensional motion capture and analysis
system (Model: LaiTronic). After entering the gait analysis room, the patient
wore only light tops and shorts and no shoes. Before the test begins, prepare for
5 minutes and familiarize yourself with the test process. The temperature of the
test room is suitable. After preparation for the activity, infrared markers were
pasted at 11 points, including the bilateral greater trochanter of femur, lateral
condyle of femur of bilateral knee joint, bilateral lateral malleolus, bilateral cal-
caneal tuberosity, bilateral posterior superior iliac spine to iliac crest and sa-
crum. Patients were asked to walk a distance of more than 5 m at a comfortable
speed for 4 times. The first gait data was removed and the average value of the

next three gait data was included in the analysis.

2.3. Observation Indicators

1) Lower limb motor function: The lower limb part (FMA-LE) of fuGL-Meyer
Scale [9] was scored with a total score of 34, and the higher the score, the better.

2) Balance ability: BBS scale [10] was used for evaluation, and the higher the
score, the better.

3) Ability to live in daily life: The modified Barthel index (MBI) [11] was used
to evaluate. The total score was 100, and the higher the score, the better.

4) Muscle tension grading: The modified Ashworth spasm [12] evaluation was
used to grade the muscle tension of patients before and after treatment, which
was divided into O - 4 grades, of which 0 was normal and 4 was the affected part
was stiff or unable to move. The higher the grading was, the worse the muscle
tension was.

5) Three dimensional gait assessment: Three dimensional motion capture and
analysis system was used to measure the stride length, step width and step speed
of the two groups before and after treatment, and compare the maximum Angle

of hip and knee flexion extension between the two groups.

2.4. Statistical Methods

SPSS23.0 was used to analyze the data. T and X* tests were performed on mea-
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surement data (X +.5 ) and counting data (%), and rank sum test was performed

on grade data. P < 0.05 suggested significant difference.

3. Results

3.1. Comparison of Baseline Data of Two Groups of Patients

Among the 180 patients, 99 were males and 81 were females, aged 48 - 75 years,
with an average of (54.21 * 3.89) years. According to random number table me-
thod, the patients were divided into two groups, 90 cases in each group. Com-

parison of general data between the two groups, P > 0.05. See Table 1.

3.2. Comparison of Functional Recovery and Self-Care Ability
between the Two Groups

Before and after treatment, the FMA-LE score (20.78 + 2.93) vs (28.95 + 3.74),
the BBS score (12.75 *+ 3.79) vs (16.68 + 4.34) and the MBI score (62.68 + 4.72)
vs (82.75 + 6.87) in the observation group had significant changes. Statistical
significance, the control group FMA-LE score (20.83 + 2.85) vs (26.48 % 3.29),
BBS score (12.69 + 3.81) vs (14.72 + 3.98) and MBI score (63.20 + 4.57) vs (63.20
* 4.57) changes It was also statistically significant, and the scores in the observa-
tion group were higher than those in the control group after treatment (P <
0.05). As shown in Table 2.

Table 1. Comparison of baseline data between the two groups.

Pathological
Gender (n/n) Disease types (11/n) athologica
G N Age (X ts, Course of the disease changes (n/n)
roup —
annum) (x5, annum) Cerebral hemorrhage/ .
Male/female . . Left/right
cerebral infarction
Observation group 90 49/41 54.78 + 3.82 2.85+0.42 44/46 48/42
Control group 90 50/40 53.96 £ 3.87 2.91+0.38 43/47 46/44
f/tvalue 1.431 1.005 0.022 0.089
P value 0.154 0.316 0.881 0.765
Table 2. Comparison of FMA-LE, BBS and MBI scores between the two groups (X 5 ).
FMA-LE score BBS score MBI score

Group n

Prior treatment Posttreatment Prior treatment Posttreatment Prior treatment Posttreatment

Observation group 90  20.78 £2.93
Control group 90  20.83 +2.85
T'value 0.116

P value 0.908

28.95+3.74" 12.75 £ 3.79 16.68 + 4.34° 62.68 +4.72 82.75 + 6.87
26.48 +3.29" 12.69 + 3.81 14.72 +3.98" 63.20 + 4.57 76.94 + 5.29"
4.704 0.106 3.158 0.751 6.357
<0.001 0.916 0.002 0.454 <0.001

Note: Compared with before treatment, *P < 0.05.
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3.3. Comparison of Muscle Tension Grades between the Two
Groups

Before treatment, the muscle tension grade of the two groups was compared, P >
0.05; the muscle tension grading of the study group was better than that of the
control group (P < 0.05). See Table 3.

3.4. Comparison of Stride Length, Pace and Stride Width between
the Two Groups

Before and after treatment, the stride length (0.42 £ 0.15) vs (0.79 * 0.27), stride
speed (0.25 £ 0.13) vs (0.65 *+ 0.34) and stride width (0.27 £+ 0.09) vs (0.20 + 0.11)
in the observation group were statistically significant The changes in stride length
(0.41 £ 0.17) vs (0.65 + 0.23), pace (0.27 + 0.11) vs (0.49 + 0.28) and stride width
(0.26 + 0.12) vs (0.21 = 0.08) in the control group were also statistically signifi-
cant. Compared with the control group, the stride length and stride speed of the
study group after treatment were significantly different (P < 0.05). See Table 4.

3.5. Comparison of Range of Motion between the Two Groups

The maximum angle of hip flexion (6.71 + 0.85) vs (20.58 + 4.64), the maximum
angle of hip extension (8.24 * 1.15) vs (23.65 + 5.57), the maximum angle of
knee flexion (7.82 + 1.14) vs (24.18 * 4.26) in the observation group before and
after treatment, the maximum angle of knee extension (9.15 * 2.46) vs (28.76 +
5.12) were statistically significant. In the control group, the maximum angle of
hip flexion (6.74 + 0.82) vs (15.62 * 3.87), the maximum angle of hip extension
(8.29 £ 1.08) vs (18.86 + 4.18), the maximum angle of knee flexion (7.79 £ 1.23)
vs (19.86 £ 3.79), and the maximum angle of knee extension (9.21 £ 2.38) vs
(23.45 £ 4.2) were also statistically significant, and the study group The maxi-
mum angles of hip and knee flexion and extension were greater than those of the

control group (P < 0.05). As shown in Table 5.

Table 3. Comparison of muscle tension grades between the two groups [N (%)].

Time Grouping n 0 level 1 level 2 level 3 level 4 level
Observation
90 0 15 39 24 12
group
Prior treatment Control group 90 0 16 37 26 11
Zvalue 0.041
P value 0.968
Observation
90 11 29 30 15 5
group
Posttreatment control group 90 5 23 32 22 8
Zvalue 2.040
P value 0.042
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Table 4. Comparison of stride length, pace and step width between the two groups before and after treatment (X £ 5 ).

Stride (m) Pace (m/s) Step width (m)
Grouping n
Prior treatment Posttreatment Prior treatment Posttreatment Prior treatment Posttreatment
Observation group 90 0.42 £ 0.15 0.79 £ 0.27 0.25+0.13 0.65 + 0.34 0.27 £ 0.09 0.20 +0.11°
Control group 90 0.41 £0.17 0.65 +0.23" 0.27 £ 0.11 0.49 +0.28" 0.26 £0.12 0.21 +0.08"
tvalue 0.418 3.745 1.114 3.877 0.632 0.697
Pvalue 0.676 <0.001 0.267 0.001 0.528 0.486

Note: Compared with before treatment, *P < 0.05.

Table 5. Comparison of hip and knee flexion extension activity between the two groups before and after treatment (X £ ).

Maximum Angle of hip Maximum Angle of hip Maximum Angle of knee Maximum Angle of knee

flexion extension flexion extension
Grouping n
Prior Prior Prior
Posttreatment Posttreatment Posttreatment Posttreatment
treatment treatment treatment treatment
Observation . . .
90 6.71+£0.85 20.58+4.64 824+1.15 23.65+557 7.82+1.14 24.18+4.26 9.15+2.46 28.76 +5.12
group
Control . ‘ .
90 6.74+0.82 15.62+3.87 829+1.08 18.86+4.18 7.79+1.23 19.86%+3.79 9.21 +2.38 23.45+4.26
group
T'value 0.241 7.788 0.301 6.525 0.170 7.188 0.166 6.731
Pvalue 0.809 <0.001 0.764 <0.001 0.865 <0.001 0.868 <0.001

4. Discussion

For stroke patients, rehabilitation treatment is very important both for function-
al recovery and for reducing the burden on families and society. The recovery of
lower limb motor function and gait is of great significance to the functional in-
dependence of patients. Stroke can damage the neurological function of patients,
lead to functional disorders such as limb paralysis, and seriously reduce patients’
self-care ability [13]. Patients with post-stroke hemiplegia, due to their own mo-
tor dysfunction, will lead to abnormal gait, thus increasing the risk of falls and
affecting the quality of life of patients [14]. Therefore, how to effectively improve
the lower limb motor function of stroke patients and enhance their walking abil-
ity has become the primary goal of stroke rehabilitation treatment [15] [16] [17].
With the continuous progress of rehabilitation therapy, the methods that can be
applied to the recovery of limb function of stroke patients are more diversified.
Routine walking rehabilitation training mainly improves patients’ basic walk-
ing ability through basic training and decomposition training [18]. However,
walking is a dynamic and continuous process, which requires not only muscle
strength but also overall coordination, while conventional walking training often
fails to achieve this effect [19]. Weight training on foot through the use of sus-
pension device or the buoyancy of water, can to a certain extent, reduce the body
weight of patients with lower limb weight, at the same time, the therapist can be-

side to help, for patients with hemiplegia early balance and walking ability

DOI: 10.4236/health.2022.148065 926 Health


https://doi.org/10.4236/health.2022.148065

J. B. Dou, M. X. Jiang

training to create a good condition, effectively improve the patient’s body coor-
dination, make its more natural gait [20].

Many clinical practices have shown that weight-loss walking training can or-
ganically combine stride, balance, weight bearing and other factors to help pa-
tients establish a normal gait pattern, which is increasingly widely used in clini-
cal treatment [21] [22] [23] [24]. Zeng Ming et al. [25] found that water tread-
mill training could improve the walking function of stroke patients through rou-
tine water exercise training in the control group and treadmill walking training
in water in the treatment group. Studies have found that water platform training
significantly improves lower limb motor function, walking speed and walking
ability of stroke patients [26]. Wang Jun ef al. [27] believed that treadmill walk-
ing training in water can improve motor function and walking ability of stroke
patients. Wang Li [28] adopted 6-week intensive walking training in water for
stroke patients with hemiplegia, and found that early rehabilitation training
combined with intensive walking training in water had a significant recovery ef-
fect on walking ability, which was superior to conventional rehabilitation train-
ing.

Water buoyancy can partially compensate for the insufficient muscle strength
of the flexion hip muscle group in the stride phase of the affected lower limb,
reduce the pathological abduction and external rotation of the hip, and improve
the symmetry of gait [29]. Water flatbed training not only causes changes in ex-
ercise load, but also affects the movement mode, so it is more suitable for gait
training [30]. The results of this study showed that the fMA-LE, BBS and MBI
scores of the study group were higher than those of the control group, and the
improvement of muscle tone grade, stride length, stride speed, stride width and
range of motion were better than those of the control group (P < 0.05). The re-
sults showed that the training mode in the study group was more helpful to im-
prove the patients’ motor function, improve their muscle tension, enhance their
balance and coordination ability, correct their abnormal gait, and enhance the
stability of knee and hip joints, thus accelerating the recovery of lower limb
function and improving the patients’ ability to live.

The limitations of this study are that no follow-up was performed, and no
group intervention was performed according to the different recovery periods of

stroke patients. Future studies can take this limitation into account and improve.

5. Conclusion

In conclusion, the effect of water weight loss walking training promoted in
stroke patients is significant, which can significantly improve patients’ muscle
strength, balance ability and walking ability, and promote the improvement of

lower limb function, thus optimizing patients’ prognosis.
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