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Background and Objective: Maximum inspiratory pressure (MIP) serves as an indicator of 
inspiratory muscle strength. It is still controversy whether an inspiratory muscle strength and 
chest expansion are improved after low resistive intensity of MIP training. This study aimed to 
examine whether 40% of MIP for 8 weeks training increase inspiratory muscle strength, chest 
expansion and diaphragmatic movement in subjects with respiratory muscle weakness. 
Methods: Eight female subjects with respiratory muscle weakness, MIP less than 80% predicted, 
were recruited in this experiment.  All subjects were measured MIP, upper chest, lower chest 
expansion, and diaphragmatic movement at baseline and post training. Respiratory muscle 
training program was performed by using a Threshold Inspiratory Muscle Trainer at 40% of MIP, 10 
repetitions/set, 3 sets/day, 5 days a week, 8 weeks. MIP was evaluated weekly during a 8-week 
experimental period. 
Results: It appears that the maximum inspiratory pressure progressively increased and sustained 
in the study subjects until the end of the training period. At the end of the training period, the 
MIP was higher than baseline values (-75.3 ± -10.2 cmH2O vs. -92.8 ± -16.5 cmH2O; p = 0.017). 
Moreover, a lower chest expansion (5.8 ± 1.4 cm vs7.3 ± 1.6 cm; p = 0.02) and diaphragmatic 
movement (4.6 ± 1.6 cm vs. 6.9 ± 1.5 cm; p = 0.007) were also increased after 8 weeks of 
training. 
Conclusion:  The findings of the current study suggest that inspiratory muscle training with 40% 
of MIP for 8 weeks improved inspiratory muscle strength and chest expansion in subjects with 
respiratory muscle weakness. The MIP training program may be useful for improvement of chest 
expansion in subjects, having an inspiratory muscle weakness. 
Key words: Inspiratory muscle training, Maximum inspiratory pressure, inspiratory muscle 
weakness, six minute walk distance 
 

Introduction 
Chest physical therapy techniques such as breathing exercise, thoracic expansion 

exercise, and physical therapy devices commonly used to improve chest expansion for a variety 
of patients with respiratory diseases. Assessment of chest expansion is necessary to provide the 
patient’s limitations and also useful in monitoring improvement during pulmonary rehabilitation. 

Proceeding   
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Maximum inspiratory pressure (MIP) serves as an indicator of inspiratory muscle 
strength.Diminished inspiratory muscle strength has been reported in chronic diseases such as 
neuromuscular disorders1, chronic kidney disease2, chronic heart failure3, 4, and chronic 
obstructive pulmonary disease (COPD)5. In addition, inspiratory muscle weakness was also 
observed in normal subjects and aging6-8. 

Movement of the rib cage and diaphragm during inspiration are important factors in the 
chest and lung expansion.The attenuation of inspiratory muscle contraction could be, in 
part,responsible for generatingminimal negative pressure in the pleural cavity and decreased lung 
volume9. Therefore, improve respiratory muscle strength causing increase volume of the thoracic 
cavity and associated with and the degree of chest expansion. 

Previous studies showed inspiratory muscle strength has a positive correlation with chest 
expansion8.Althoughinspiratory resistive load traininghas been reported to be improving 
inspiratory muscle strength, chest expansion and exercise capacity2,the differences training 
program variable include frequency, volume, and intensity of training may provide different 
results.It is possible that, low resistive intensity (40% of maximum inspiratory pressure (MIP) for 8 
weeksmay improve chest expansion and diaphragmatic movement in subjects with respiratory 
muscle weakness. 

This study aimed to examine whether 40% of MIP for 8 weeks 
trainingcouldincreaseinspiratory muscle strength, chest expansion and diaphragmatic movement 
in subjects with respiratory muscle weakness. 

 
Methods 

Eight female subjects, who met the inclusion criteria were included: 1) respiratory muscle 
weakness, MIP less than 80% predicted6, 10, 2) normal pulmonary function test, 3) BMI 17.5 – 22.9 
kg/m2, 4) exercise less than 50 minutes/week, and 5) Non-smoker.  Exclusion criteria were 
excluded: 1) medical diagnosis of cardiovascular diseases and musculoskeletal disorder, 2) 
abnormal chest shape, and 3) refusal by an individual. All protocols were approved by the 
Institutional Ethics Committee of Burapha University (Reference No. 114/2559).  
 All participants in this study were measured baseline and post-training parameters, 
i.e.MIP,  upper and lower chest expansion, and diaphragmatic movement.  

MIP was evaluated by using respiratory pressure meter (MicroRPM™, CareFusion, UK) with 
a disposable cardboard mouthpiece. Each participant was asked to perform five MIP maneuvers, 
the highest three MIP values were averaged and recorded.  The subject was seated for the test. 
The Physical Therapist first demonstrated the correct maneuver. The participant was instructed to 
exhale slowly and completely, seal lips firmly around the mouthpiece, and then take a hardly 
inhaled to the maximal amount of additional air that can be drawn into the lungs (inspiratory 
reserve volume). Each maneuver was sustained for at least one second and the participant was 
allowed to rest for one minute and then repeat the maneuver.  

Pulmonary function test was performed in all subjects following the American standard 
for spirometry method11. 

Chest wall expansion was measured at the thoracic circumference by using rigid tape. 
Thoracic chest expansion was recorded three values of the differncebetween breathing out 
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maximally to breathing in maximally. Upper chest expansion was measured at axillary level, 
lower chest the tape measure was put at the tip of xiphoid tip, and diaphragmatic movement 
was placed at the lateral lower edge of the 10th rib8, 12. 
 After baseline parameters were collected, subjects were assigned to inspiratory muscle 
training program. Respiratory muscle training program was performed by using a Threshold 
Inspiratory Muscle Trainer (Powerbreathe K1series, England, United Kingdom) at the loading of 
40% of MIP, 10 repetitions per set, 3 sets per day, 5 days per week. The participants were 
supervised by a researcher all of the training session. MIP was evaluated weekly during an 8-week 
experimental period.  
 Data were expressed as mean ± standard deviation (SD) and analyzed using SPSS 
software version 17. Comparisons between baseline and post training were performed using a 
paired-t test.p<0.05 was considered significantly different. 
 

Results 
 General characteristics of the participants include age, height, weight, body mass index 
(BMI), and blood pressure were presented in Table 1. There were seen normal pulmonary 
function test of all subjects (Table 1). 
 Figure 1A showed the inspiratory muscle training program at 40% of MIP  significantly 
increased MIP (increase more negative pressure) compared with baseline (-75.3 ± -10.2 vs. -92.8 ± 
-16.5; p = 0.017). Moreover, the results appear that the  MIP progressively elevated at week 4 and 
sustained in the study subjects until the end of the training period (Figure 1B). 
 Interestingly, after MIP training was significantly increased lower chest expansion (5.5±1.7 
vs. 7.3±1.6; p = 0.02) and diaphragmatic movement (4.6±1.6 vs. 6.9±1.5; p = 0.007) compared 
with baseline. (Figure 2) 
Table 1General characteristics of all subjects.   

Parameters All subjects (n=8) 
 Age (years) 20.5 ± 0.9 
Height (m) 1.6 ± 0.1 
 Weight (kg) 50.1 ± 4.9 
 BMI (kg/m2) 19.4 ± 1.7 
 Systolic blood pressure (mmHg) 104.8 ± 6.7 
 Diastolic blood pressure (mmHg) 
Pulmonary function test(%predicted) 

70.3 ± 5.6 

 FVC  89.7 ± 10.5 
 FEV1  93.3 ± 10.1 
 FEV1/FVC  106.0 ± 4.4 

Data were expressed as Mean ± SD. BMI; Body mass index, FVC; Force vital capacity, FEV1; Force 
expiratory flow in 1 second 
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Figure 1 The effect of 40% MIP training on MIP at baseline and post training period (A), % 
changes of MIP during 8-week (B) experimental period. Data were expressed as mean ± SD. * 
p<0.05 compared with baseline. 
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Figure 2 The effect of 40% of MIP training on upper chest, lower chest expansion and 
diaphragmatic movement at baseline and post training period. Data were expressed as mean ± 
SD. *p<0.05 compared with baseline. 
 

Discussion 
The main reported finding of this study is that, 8 weeks of 40% of MIP training were 

significantly increased MIP, lower chest expansion and diaphragmatic movement in subjects with 
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inspiratory muscle weakness, but upper chest expansion remained unchanges. Moreover, our 
data evidenced that the MIP were significantly elevated after 4 weeks of training period. 

Maximal inspiratory pressure is an indicator of inspiratory muscle strength. Maximal 
inspiratory pressure is the amount of negative pressure, which is able to generate when trying to 
take a deep breath. Based on the pressure-volume relationship of the respiratory system, the 
higher of the lung volume associated with the higher inspiratory muscle strength.  Diminished 
respiratory muscle strength could be affected by decreasing of chest expansion and lung volume. 
The results of the present study found MIP significantly increased after training. Similarly, previous 
work shown that 10 weeks of inspiratory muscle training at 40 -60% of MIP was significantly 
increased respiratory muscle strength in patients with Multiple Sclerosis13. In addition,8weeks 
program of inspiratory muscle training set at 80% of maximal effort in healthy subjects was 
improved vital capacity, total lung capacity, inspiratory muscle strength, and 
diaphragmaticthickness14.  Therefore, increment of thoracic expansion and diaphragmatic 
movement may responsible for higher inspiratory muscle strength by improving inspiratory 
muscle thickness14. 

In many published studies report resistive inspiratory muscle training, improve maximum 
oxygen consumption and exercise capacity in healthy subjects14, and also reduce dyspnea 
perception in patients with heart and lung diseases 5, 15.This result suggested resistive inspiratory 
muscle training may have a significant impact in improving lung expansion, and exercise capacity, 
and reduce dyspnea in subjects who have aninspiratory muscle weakness. 

This study revealed that, low resistive inspiratory muscle training (40% of MIP) can 
improve respiratory muscle strength and chest expansion.Thus, this training method has 
recommended for therapists to apply in subjects, who have an inspiratory muscle weakness and 
diminish of chest expansion. 

 
Conclusion 

The findings of the current study suggest that inspiratory muscle training with 40% of MIP 
for 8 weeks improved inspiratory muscle strength and chest expansion in subjects with 
respiratory muscle weakness. The MIP training program may be useful for improvement of chest 
expansion in subjects, who have an inspiratory muscle weakness. 
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