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Effect of Inspiratory Muscle Training with Elastic Taping on 
Forced vital capacity and Sway Area in Stroke Patients 
Shin Jun Park

Department of Physical Therapy, Gangdong University, Eumseong, Korea

Purpose: The purpose of this study was to evaluate the forced vital capacity and sway area of respiratory muscles taping with threshold 
inspiratory muscles training for 1 week.
Methods: Nineteen stroke patients were divided into two groups: experimental group (respiratory muscles taping with threshold inspira-
tory muscles training, n=10) and control group (threshold inspiratory muscles training, n=9). Forced vital capacity tests were performed 
using a spirometer. The instrument records the forced vital capacity (FVC). COP excursion test was performed using Zebris. The instru-
ment records the sway area. All tests were measured before and after intervention.
Results: The experimental group and control group showed significant increase in FVC (p<0.05). The sway area showed a significant de-
crease only in the experimental group (p<0.05). The FVC and sway area was no significant difference between the two groups (p>0.05).
Conclusion: Threshold inspiratory muscles training is an effective intervention for improving FVC. Threshold inspiratory muscles training 
with respiratory taping is an effective intervention for improving FVC and sway area. Threshold inspiratory muscles training with respira-
tory taping can improve balance ability.
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INTRODUCTION

Brain attack or stroke patients have decreased paretic side diaphrag-

matic movement and pulmonary function.1 The paretic respiratory 

muscle tone of stroke patients is reduced compared to the non-pa-

retic side muscle tone2 and muscle weakness of this hemi side repre-

sents balance impairment.3 Inspiratory muscle training has been 

used for stroke respiratory rehabilitation because non-community 

dwelling stroke survivors show weaker inspiratory muscles than ex-

piratory muscles.4-6 Inspiratory muscle training can improve dy-

namic balance ability.7 

Recently taping methods have been introduced in the respiratory 

rehabilitation of stroke patients.2 Taping is a noninvasive, safe meth-

od that has been introduced as an upper arm or trunk intervention 

for stroke patients because of facilitation and relaxation depending 

on the attachment method.8 When applied in combination with 

other intervention methods, there is an advantage that it can be per-

formed at the same time without disturbing the movement.

Joint mobilization with respiratory taping in stroke patients 

showed better forced vital capacity than single methods.9 Diaphrag-

matic breathing exercise with taping showed increased inspiratory 

muscle tone and decreased SpO2.2 

In previous studies, however, no studies have examined pulmo-

nary function and sway area after taping intervention with threshold 

inspiratory muscle training (IMT). Threshold IMT is a device that 

can set the intensity according to the individual patient through the 

threshold valve and can increase and decrease according to the physi-

cal condition that the patient feels. Several studies have demonstrated 

that this device is a method that increases the pulmonary function 

and respiratory pressure of stroke patients.5,6,10 The ventilatory func-

tion of stroke patients is related to the balance ability11 and the thresh-

old IMT can improve inspiratory and expiratory muscle activity and 
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forced vital capacity.5 In addition, trunk correction taping and scapu-

lar setting exercises have been shown to improve the sitting balance 

of stroke patients.12 In addition, inspiratory muscle training can pro-

mote proprioception for postural control of the trunk.13 Therefore, it 

is necessary to confirm whether threshold IMT with taping affects 

the standing balance ability. The purpose of this study was to evalu-

ate the effect of simultaneous threshold IMT and respiratory taping 

on the sway area and forced vital capacity in stroke patients.

METHODS

1. Subjects 
This study was conducted on 20 stroke patients in A rehabilitation 

hospital in Gyeonggi do. All subjects were those who had been diag-

nosed with stroke for more than 6 months, and had no specific re-

spiratory complications, orthopedic disorders in the chest, or no 

skin disease. Also, subjects were able to communicate independently 

(K-MMSE 24 points or more) with standing posture for 30 seconds. 

After the initial evaluation, 20 subjects were divided into experi-

mental group (threshold IMT with respiratory taping, n =10) and 

control group (only threshold IMT, n =10). However, one patient 

was excluded due to discharge from the control group during the 

study, so the total of 19 subjects were statistically analyzed in 10 ex-

perimental group and 9 control group (Table 1). 

2. Measurement methods
All evaluations were conducted by the researcher and one assistant 

who was in the fifth year or longer.

1) forced vital capacity measurement

Forced vital capacity tests were performed using a spirometer (Mi-

croLab spirometer ML3500 MK6, UK). The instrument records the 

forced vital capacity (FVC) on the instrument’s LCD panel when 

the measurement is performed. The FVC estimates the airflow by 

inhaling the air to the maximum and then exhaling. The subject 

was ready to take measurements in a sitting position. Before the 

measurements, the evaluator showed a demonstration, detailing 

how to breathe the mouthpiece as much as possible, and how to ex-

hale as much as possible for 6 seconds. The evaluator encouraged 

the use of as much air as possible and the pouring of air for 6 sec-

onds, and used the highest of the three measurements

2) Standing balance measurement

Standing balance test was performed using Zebris (FDM-S, Medical 

GmbH, Germany). The instrument records the sway area, path 

length, and average velocity in the personal notebook when the mea-

surement is performed. The sway area test assessed the area of the 

center of pressure moving in a straight posture for 30 seconds on the 

force plate.14 The subject placed the foot naturally on the force plate 

and observed the marking point of 5 cm2 on the front 3 m.

3. Intervention Methods 
The intervention period was 1 day, 5 days a week, 1 hour (30 minutes 

in the morning and 30 minutes in the afternoon). Since taping is the 

most effective period 24 hours after attachment, taping was changed 

once a day.15 All subjects were subjects receiving neuro-development 

treatment, gait and mat exercise, and occupational therapy.

1) Threshold inspiratory muscle training

All subjects in this study performed Threshold IMT (Philips Respi-

ronics, USA) in the room and space besides the treatment schedule. 

Maximal inspiratory pressure (MIP) was measured by MicroRPM 

(Care Fusion, UK) for initial intensity setting. The intensity was 30% 

of the MIP of each subject. When the RPE was less than 13, the 

pressure was increased by 2 cmH2O, between 13 and 15 was in-

creased by 1 cmH2O, while when the pressure was increased by 15, 

the resistance was decreased by 2 cmH2O.16 Training was performed 

in 3 sets of 15 repetitions. The researchers trained each participant 

and guardian with training guidelines and methods until proper 

training performance was achieved, and observed the training per-

formance by supervising and supervising daily for one week.

Table 1.�General�characteristics��� (Mean±SD)

Experimental�
group�(n=10)

Control�
group�(n=9)

p

Gender�(male/female) 8/2 6/3 0.510

Affected�side�(left/right) 4/6 4/5 0.845

Onset�(month) 13.00±2.67 13.56±2.83 0.773

K-MMSE�(point) 25.50±1.35 26.56±1.81 0.183

Age�(yr) 66.40±4.48 64.44±6.95 0.566

Height�(cm) 166.00±5.79 167.33±7.02 0.593

Weight�(kg) 67.90±6.94 67.67±6.10 0.967

K-MMSE:�Korean�version�of�Mini�Mental�State�Examination.�
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2) Respiratory taping methods
The respiratory muscle taping methods used a 5 cm wide elastic tape 

(Benefact, Nippon Sigmax Co., ltd, Japan). The tape used in this 

study consisted of four I-tape. First, two I tapes were used. The re-

searcher attached one end of the tape to the subject’s cervical 7 th 

cervical spinous process, then wrapped the tape under the ribs and 

attached the other end near the xiphoid process (Figure 1). The other 

side was similarly attached. The remaining two I - tapes were at-

tached to each other in the transverse direction above the scapular 

bone (Figure 2). Tensile strength of the tape was 75%. The method of 

applying 75% of elongation was to make an I-shaped tape according 

to the body length of the subject, fold the manufactured tape into 

quadruplicate, remove one-half of the tape, and attach the tension by 

applying the tension.17 After taping, it was instructed to remove it if it 

feels discomfort by itching or skin pulling. In this study, the study 

group received a threshold IMT after attaching the respiratory mus-

cle taping. 

4. Statistical analysis
Data analysis of this study was statistically treated with SPSS 20.0. 

The general characteristics of the subjects, the sway area, and the 

pulmonary function were calculated using descriptive statistics. 

The difference in FVC and sway area before and after the interven-

tion was analyzed by Wilcoxon’s signed-ranks test, and the differ-

ence between the study groups was Mann-Whitney U test Respec-

tively. All statistical analyzes were performed at set α = 0.05.

RESULTS

1.  Changes in pulmonary function, sway area before and after 

intervention
The results of the study are shown in Table 2. Before intervention, 

there was no significant difference in FVC and sway area between 

the two groups. There was a significant increase in FVC, in experi-

mental group and control group after 1 week of intervention 

(p < 0.05). In addition, the sway area showed a significant decrease 

Table 2.�Comparison�of�forced�vital�capacity,�sway�area�within�and�between�group� � (Mean±SD)

Classification
Experimental�group�(n=10) Control�group�(n=9)

Before After Before After

FVC�(L) 2.79±0.47 3.03±0.56* 2.87±0.78 3.33±0.64*

Sway�area�(mm2/mm)� 136.90±37.82 84.33±34.59* 137.26±31.67 107.98±42.31

*p<0.05.�
Significant�difference�between�before�and�after�intervention�in�each�group.

Figure 2.�The�taping�methods�posterior�view.Figure 1.�The�taping�methods�anterior�view.
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in the experimental group (p < 0.05), however there was no signifi-

cant difference in the control group (p> 0.05). There was no signifi-

cant difference between the two groups (p> 0.05).

DISCUSSION

The purpose of this study was to investigate the effect of threshold 

IMT with respiratory taping on forced vital capacity (FVC) and 

sway area in patients with stroke after a week. There was a signifi-

cant increase in FVC in both experimental group and control 

group. However, there was no significant difference in FVC between 

the two groups. Diaphragmatic exercises and respiratory tapings 

showed significant differences in respiratory muscle tone and SpO2 

reduction in stroke patients, and no difference in single diaphrag-

matic exercises.2 The reason for the difference between the results of 

this study and the results of the intervention period seems to be the 

difference. The diaphragmatic exercise and taping in previous stud-

ies compared immediate effects after taping, so it is rather difficult 

to compare it with the total of ten times of training five times a 

week, twice a day. 

Reported that there were no differences between single threshold 

IMT in FVC, FEV1, and PEF as a result of applying threshold IMT 

and taping 12 times a week for 4 weeks to healthy subjects.18 FVC, 

FEV1, and PEF are the results obtained by measuring the air flow 

rate after exhaling with maximum force after the maximum inha-

lation. Single threshold IMT can increase FVC, FEV1, and PEF of 

stroke patients.5 Therefore, we suggest that the single threshold IMT 

results in a ceiling effect that is sufficient to enhance the pulmonary 

function of stroke patients.

Intensive exercise for 5 hours per week for 2 week and 1 hour for 

stroke was significantly increased in the patients with stroke, FEV1, 

10 m walking and 6 minutes walking compared to the control 

group.19 This study was carried out one week earlier than the period 

of the previous study, and there was a significant clinical signifi-

cance since both of the groups that performed the hold IMT 

showed a significant increase in pulmonary function.

In the present study, the experimental group showed a significant 

decrease in the sway area, but there was no significant difference in 

the control group.

The threshold IMT and therapeutic exercise showed a significant 

increase in the berg balance scale of the stroke patients, but there 

was also a significant increase in the control group of single thera-

peutic exercise, and there was no significant difference between the 

two groups.20 Previous researchers concluded that it is difficult to 

increase the balance ability with threshold IMT.20 The 6 week 

threshold IMT increased the balance ability associated with the up-

per extremity, but not the lower extremity balance ability, thus sup-

porting the findings that the threshold IMT alone could not reduce 

the sway area.7 

The kinesiotaping attached to the trunk increases the sitting bal-

ance by correcting trunk alignment and improving trunk stability.21 

Increased sitting posture stability is correlated with standing pos-

ture stability.22 The taping attached in this study is a method of at-

taching for the purpose of assisting the diaphragm contraction. The 

diaphragm contraction not only improves inspiration, but also in-

creases abdominal pressure, thereby increasing the stability of the 

torso.23 Therefore, it seems that the sway area was increased in the 

study group with taping.

However, there was a significant decrease in the sway area in the 

experimental group with taping. single threshold IMT could not 

show improvement in minute ventilation, but threshold IMT with 

taping could increase minute ventilation.18 Minute ventilation is the 

rate of breathing, and trunk control increases as minute ventilation 

increases.11 Trunk correction taping and scapular setting exercises 

are more effective for trunk control and trunk muscle activity in 

stroke patients than for single scapular setting exercises.12 Previous 

researchers found that sensory input via taping increased the trunk 

muscle activity of stroke patients and improved trunk control abili-

ty. Therefore, respiratory muscle taping seems to have reduced the 

sway area by increasing the trunk muscle activity16 and ventilation 

function18 required for balance control.

These results suggest that the threshold IMT can increase the 

pulmonary function of the stroke patients, and if taping is applied at 

the same time, it is possible to reduce the sway area, which means 

standing balance. However, the one-week intervention period in 

this study did not confirm the long-term effects of the intervention, 

and it did not identify the variables for how long the effect lasted 

when taping was removed. In addition, there is opposition study 

that health people do not have effect on single application of respira-

tory muscle taping.20 Therefore, in future studies, it would be neces-

sary to confirm the effect of removing taping on the respiratory 

muscle of stroke patients and the difference in the single application.
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