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Effects of respiratory reeducation exercise using a 
pressure biofeedback unit on the quality of life of persons 
with stroke

Hyun Seung Kim

Department of Medical Sciences, Graduate School of Nambu University, Gwangju, Republic of Korea

Objective: The purpose of this study was to confirm the validity of a respiratory retraining exercise using pressure biofeedback 
units among individuals with stroke as an effective intervention for improving quality of life.
Design: Randomized controlled trial.
Methods: Thirty patients with stroke were recruited as subjects. Among them, 15 patients were randomly assigned to an ex-
perimental group performing lumbar stabilization exercise and respiratory retraining exercise, and the other 15 patients were ran-
domly assigned to a control group conducting only lumbar stabilization exercises. Exercises were conducted 3 times a week for 6 
weeks, and quality of life was evaluated in the pre-test, 3 weeks and 6 weeks periods. The respiratory retraining exercises were per-
formed using a pressure biofeedback unit and the degree of the quality of life was measured using the Stroke- Specific Quality of 
Life. For data analysis on the study results, a two-way repeated ANOVA was used in order to observe for changes in the measured 
variables according to time for both groups. If there was a reciprocal action between the groups and the time in the effect test within 
the entities, a one-way repeated ANOVA was implemented and was statistically processed.
Results: There was a significant difference in the main effect test between the 2 populations depending on the duration of the ex-
periment (6 weeks) (p<0.05).
Conclusions: The above results showed that respiratory retraining exercises may provide positive effects in the treatment of 
stroke as the quality of life showed significant differences according to the duration of treatment.
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Introduction

Stroke is a disease that damages the brain due to ob-

struction or rupture of the blood vessels around the brain tis-

sue [1]. Disability recovery after stroke is generally in-

complete, and approximately 50% of patients have persis-

tent neurological damage [2], accompanied by various com-

plications including symptoms such as movement disorders, 

perception and cognitive disorders, speech disorders, and 

visual disorders [3]. This is one of the factors that limit daily 

activities and hinder social participation [4-6]. Lumbar sta-

bilization exercise is an exercise that restores the ability to 

control muscles and movement, and refers to maintaining 

proper contraction of the abdominal muscles and controlling 

and adjusting the neuromuscular system [7]. It is also effec-

tive in improving the function and pain of patients with back 

pain through the activation of the central muscles [8] by 

strengthening active lumbar-related tissues [9]. Therefore, it 

is widely used to improve trunk and heart muscle strength 

[10]. However, incorrect use of various exercise methods 

performed on patients with low back pain can lead to muscle 

damage and it is not effective in improving muscle strength. 

Therefore, in order to compensate for this point, this study 

used a pressure biofeedback device [11]. The pressure bio-
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Figure 1. Research design of this study.

feedback device is an inelastic device that is connected to a 

pressure gauge and expands when the internal pressure 

increases. It was originally developed to evaluate the ability 

of the abdominal muscles to actively stabilize the lower back 

[12]. It is used in various studies to test the stability of the 

lumbar spine [13]. In addition, it is reported that muscle con-

traction and strength can be visually confirmed, and exercise 

effects are enhanced by accurately contracting the small 

muscles in the lumbar spine [14]. The quality of life is also 

an important factor in the rehabilitation of stroke survivors 

[15]. Quality of life is an important part of a healthy life as 

the ultimate goal of any health intervention. However, there 

are insufficient papers related to the quality of life of in-

dividuals with stroke. Quality of life can appear as a com-

plex result of several factors, so analysis and intervention 

should be conducted. Therefore, in this study, the purpose of 

this study was to investigate how breathing retraining ex-

ercise using a pressure biofeedback device can affect the 

quality of life of persons with stroke.

Methods
Participants and procedures

This study was conducted on 30 individuals with stroke 

admitted to the Sunhan Nursing Hospital. This study was ran-

domly assigned consisting of 15 subjects in the experimental 

group who underwent respiration retraining exercise using 

the lumbar stabilization exercise and the pressure biofeed-

back device, and 15 subjects in the control group who per-

formed only the lumbar stabilization exercise. We also re-

cruited those who understood and wished to participate in 

this study. Consent was obtained after explaining the proce-

dure and purpose of the study to all subjects. 

The selection criteria for this study were as follows: those 

who had an initial stroke event 6 months ago or more, those 

who had no respiratory problems, those who had no prob-

lems with communication, those who did not undergo kid-

ney dialysis, those who could respond to the evaluation 

form. 

The exclusion criteria were those diagnosed with de-

mentia, those who wore pacemakers, those with devel-

opmental disabilities, those with complications, and those 

who had a stroke relapse.

This study was approved by the Institutional Review 

Board (IRB) of the Nambu University (NBU-IRB-1041478- 

2017-HR-017) and was conducted in accordance with the 

ethical standards of the Helsinki Declaration. On the other 

hand, if the participant wanted to discontinue while the study 

was in progress, he or she was excluded from the study. The 

design of this study was as follows (Figure 1).

Experimental method 

The exercise method of the experimental group was lum-

bar stabilization exercises for 30 minutes and breathing re-

training exercises for 20 minutes, and the control group per-

formed lumbar stabilization exercises. The lumbar stabiliza-
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Table 1. Experimental method

Exercise method

Lumbar stabilization exercise CG (30 minutes) 1. Bridge motion on a stable support surface
2. Lifting your feet on a stable support surface
3. Upper body lifting exercise on a stable support 

surface
1 Set 10 times
Apply a total of 3 sets
2 Minutes each break after 1 set

Breathing retraining exercise using pressure biofeedback device EG (20 minutes) 1. Raising the pressure to 70 mmHg
2. Maintain pressure at 60 mmHg for 10 seconds
Apply a total of 5 sets
2 Minutes each break after 1set

EG: experimental group, CG: control group.

Figure 2. Stabilizer Pressure Bio-Feedback (Chattanooga, chatta-
nooga, TN, USA).

tion exercise method was 10 repetitions for 1 set for a total of 

3 sets, and after 1 set a 2-minute rest period was provided be-

fore the next set was performed. The bridge exercise was re-

constructed as a lumbar stabilization exercise where the sub-

ject lied down on a stable support surface with 45° of hip 

flexion and 90° of knee flexion, the arms were spread out ap-

proximately 30° with the palms facing the ground, and the 

neck was kept in straight position. At this point, the motion 

of lifting the trunk from the floor was maintained while 

maintaining the contraction of the vertebral and abdominal 

muscles.

The breathing retraining exercise was performed to im-

prove the stability of the sacrum by lower extremity flexion 

and extension while maintaining a state with no lumbar flex-

ion or rotation through proper contraction of the abdominal 

muscles. At this time the pressure was dropped to 60 mmHg 

in the state of increasing the 70 mmHg pressure, which was 

maintained for 10 seconds and a rest period of 2 minutes was 

applied before the next set, and a total of 5 sets were applied 

(Table 1).

Measurement Tools

Stabilizer pressure bio-feedback
A pressure biofeedback device was used to measure the 

constant contractile force of the deep muscles of the lower 

back. The pressure biofeedback device consists of a meter 

and a flat pocket pneumatic pump, where the force gen-

erated by the contraction of the deep muscles is transferred 

to the pressure biofeedback device to measure the pressure. 

The unit is mmHg [16] (Figure 2).

Stroke-specific quality of life measure (SS-QOL)
This is an outcome measure developed for stroke survi-

vors, which also includes overlooked areas as a general 

quality of life assessment. It is also composed of 12 

sub-items by Williams et al. [17] and the composition is en-

ergy, family role, language use, movement, mood, personal 

personality, self-help activities, social role, and thinking 

ability. It consists of upper limb function, visual acuity, and 

occupation-production activities, and the total score is 49 

points minimum and 245 points maximum as measured on a 

5-point scale. Reliability of each item is above 0.73 [17].
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Table 3. A comparison of SS-QOL intervention period on each group (N=30)

Pre-test 3 weeks 6 weeks
F (p)

Period Group Group period

EG (n=15) 150.73 (16.61) 144.47 (27.31) 132.33 (16.72) 21.950 (<0.001) 0.926 (0.344) 0.667 (0.506)
CG (n=15) 159.47 (16.34) 144.13 (28.48) 141.53 (13.74)

Values are presented as mean (SD).
SS-QOL: stroke-specific quality of life, EG: experimental group, CG: control group.

Table 2. General characteristics of the subjects (N=30)

Characteristics EG group (n=15) CG group (n=15) t (p)

Sex (male/female) 8/7 8/7 <0.001 (1.000)
Affected side (right/left) 6/9 6/9 <0.001 (1.000)
Age (y) 64.80 (8.78) 68.80 (12.25) −1.027 (0.313)
Height (cm) 163.80 (9.48) 162.60 (8.65) 0.434 (0.668)
Weight (kg) 61.73 (8.89) 58.47 (9.38) 0.979 (0.336)
BMI (kg/m2) 22.80 (3.16) 22.10 (2.30) 0.645 (0.524)
Onset duration (mo) 13.33 (3.15) 12.80 (2.81) 0.489 (0.629)

Values are presented as number only or mean (SD).
BMI: body mass index, EG: experimental group, CG: control group.
*p<0.05.

Statistical analysis

For the analysis and statistical processing of data in this 

study, the mean and standard deviation values were calcu-

lated using the IBM SPSS for Windows, Version 23.0 (IBM 

Co., Armonk, NY, USA). General characteristics were eval-

uated using descriptive statistics. In addition, the t-test was 

performed to test the difference between the groups who 

performed the lumbar stabilization exercise with the breath-

ing retraining exercise and the group who only performed 

the lumbar stabilization exercise according to the character-

istics of the subjects. Two-way repeated ANOVA was used 

to determine the changes in the measured variables during 

the pre-test (before experiment), mid-test (after 3 weeks), 

and post-test (after 6 weeks) periods of both groups. In the 

individual effects test, if there was an interaction between 

groups and times, a one-way repeated analysis of variance 

was performed for statistical processing. The significance 

level α was set to 0.05.

Results

A total of 30 subjects participated in this study. The gen-

eral characteristics of the subjects were 8 males and 7 fe-

males in the experimental group, and 8 males and 7 females 

in the control group. The average age was 64.80±8.78 years 

in the experimental group and 68.80±12.25 years in the con-

trol group. The average age was 64.80±8.78 years in the ex-

perimental group and 68.80±12.25 years in the control group. 

The average height and weight, and body mass index were 

163.80±9.48 cm, 61.73±8.89 kg, 22.80±3.16 kg/m2 in the ex-

perimental group and 162.60±8.65 cm, 58.47±9.38 kg, 

22.10±2.30 kg/m2 in the control group. The onset duration was 

13.33±3.15 months in the experimental group and 

12.80±2.81 months in the control group. There were no sig-

nificant differences between the groups according to the ho-

mogeneity and normality test (p>0.05) (Table 2).

In comparing the quality of life of each group, there was 

no statistically significant difference in the main effect test 

between the 2 groups (p>0.05). There was no statistically 

significant difference in the interaction between the group 

and the experimental period (p>0.05). However, there was a 

significant difference in the main effect test in the test after 

6 weeks according to the experimental period (p<0.05) 

(Table 3).

Discussion

In this study, lumbar stabilization exercises and breathing 

retraining exercises using a pressure biofeedback device 
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were performed in individuals with stroke. Therefore, a 

pressure biofeedback device was used to investigate how 

quality of life was affected by the addition of breathing re-

training exercises. As a result of the study, the respiration re-

training exercise using the pressure biofeedback device for 

stroke survivors showed a significant difference compared 

to the group who performed only the lumbar stabilization 

exercise. It is believed that breathing retraining exercise us-

ing a pressure biofeedback device has a positive effect on 

improving patients’ symptoms. According to previous re-

search, as a method to improve trunk muscle strength, it was 

more effective to strengthen the trunk muscles by directly 

stimulating the trunk with bridge exercises and the perform-

ing the 4-legged posture than applying load onto the distal 

segment [18]. This researcher believes that the intervention 

method was correct, and it can be seen as the result of 

strengthening the deep muscles by strengthening the trunk 

muscle strength. In addition, to strengthen the body control 

ability, the interaction between the body and other body seg-

ments for dynamic stability is an important purpose [19] and 

it is related to body stability, which is consistent with pre-

vious studies [20]. Therefore, it is thought that a more pos-

itive effect can be achieved if the respiratory retraining ex-

ercise intervention using a pressure biofeedback device is 

used in parallel with lumbar stabilization exercises rather 

than just performing general lumbar stabilization exercises.

SS-QOL reflects the characteristics of stroke survivors 

and is a quality of life assessment tool suitable for our culture 

and social environment [21]. In addition, as for the factors 

that affect life satisfaction or quality of life in stroke survi-

vors, it has been reported in several studies that the perform-

ance ability of daily living activities and the tendency to fall 

into depression are the main factors [22]. According to a pre-

vious study, it was reported that impaired physical function 

and daily life activity performance of stroke survivors also 

had an affect on depression and negatively affected re-

habilitation [23]. On the other hand, it was reported that 

group activities in these daily life performance abilities 

formed an interaction between patients with stroke, re-

ducing depression and improving quality of life [24]. After 

performing trunk stabilization training for these persons 

with stroke 5 times a week for 6 weeks, the quality of life was 

evaluated and was significantly improved. It is thought that 

this had a positive effect on improving the quality of life by 

having an influence on the formation of interactions of the 

patients due to the bridge exercise, the lifting of the head on 

the stable support surface, and the lifting of the upper body. 

In conclusion, the quality of life improved on average in 

both the experimental group and the control group after in-

tervention in this study, but there was no significant 

difference. However, there were significant differences in 

both groups during the experiment. This difference is 

thought to have occurred because the duration and method 

of intervention were different.

As a limitation of this study, the control variables other 

than the patient’s treatment time were not considered, and 

the number of subjects was not large, so it is considered that 

there is a limit to generalizing the results using the minimum 

number of people. The experimental period was also com-

posed of a short period of 6 weeks, therefore long-term ef-

fects were not investigated.

Therefore, it is necessary to analyze a variety of subjects 

as a sample, and it is thought that it will be of great help in 

proving the effect if further investigations include a longer 

exercise period or investigations on the effect on depression 

are made.
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