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ABSTRACT 

 

Introduction: Intercostal (IC) muscles help in upward and outward movement of the ribs which 

results in increase in antero-posterior diameter of the thoracic cavity. The use of manual stretching 

procedure is prevalent in respiratory physiotherapy to improve pulmonary functions.  

Objective: To determine the effect of Intercostal (IC) stretch and breathing control in improving the 

lung function parameters (Forced Expiratory Volume) in the first second (FEV1), Forced Vital 

Capacity (FVC) and FEV1/FVC % and respiratory rate among healthy young females.  

Methodology: Thirty healthy female subjects, age 19-24 years were recruited based on inclusion and 

exclusion criteria and written informed consent was taken. Participant’s assessment and evaluation 

was done. Lung function parameters and respiratory rate were recorded before undergoing procedure. 

Subjects underwent three IC stretch for ten breaths on the inspiratory phase of the respiratory cycle 

followed by breathing control exercises with a time gap of 2-3 minutes in semi recumbent position. 

Immediately, following intervention, the respiratory rates recorded and lung function test were 

performed using spirometry to evaluate the effect of intervention. The total sessions last for 15 

minutes.  

Result: By applying Paired t-test for Pre and Post values of FEV1, FVC, FEV1/FVC and respiratory 

rate p-value obtained was 0.0001, which was statistically significant. This suggested that IC stretching 

with breathing control is more effective in improving dynamic lung parameters.  

Conclusion: The study concludes that there was a significant improvement in the lung function (FVC, 

FEV1, FEV1 /FVC) and respiratory rate among the healthy young females who underwent IC stretch 

followed by breathing control exercise.  
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INTRODUCTION 

The respiratory system consists 

primarily of the lungs, whose main function 

is to ensure gas exchanges with the 

environment, and the thoracic wall, which 

moves as a result of continual muscle 

action1. The thoracic wall represents the 

thoraco-abdominal area composed of the rib 

cage and the abdomen, separated by the 

diaphragm2,3. Thus, normal thoraco-

abdominal motion consists of expansion and 

retraction of these compartments during 

inspiration and expiration, respectively4,5.  

Breathing pattern and thoraco-

abdominal motion may be influenced by 

several factors, such as the individual’s 

positioning6,7, age7,8, sex7, respiratory 

overload9, neuromuscular diseases10, lung 

diseases associated with increased airway 

resistance4,11,12 and chronic obstructive 

pulmonary disease (COPD)5,13-15. Higher 

rates of asynchrony may be related to worse 
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prognosis and significantly greater 

mortality13. 

          Although the rib cage and abdomen 

move in unison, each of the compartments 

has independence of movement16. When the 

displacement between the compartments 

ceases to be harmonious, the thoraco-

abdominal motion becomes asynchronous 
4,5,17. Healthy men and women in different 

age groups present symmetry between the 

movements on the right and left sides of the 

chest and abdomen 18. 

In relation to sex, a study that made 

comparisons between men and women 

showed that there were differences in 

respiratory times3. The inspiratory time, 

expiratory time, and total time of the 

respiratory cycle were shorter among the 

women. In addition, the women presented 

higher respiratory frequency, thus 

suggesting that they tended to breathe more 

rapidly than the men. In the analysis of 

thoraco-abdominal motion during quiet 

breathing, men and women presented the 

same response3,7. 

Intercostal (IC) muscles are diverse 

and widely spread throughout the rib cage. 

These muscles help in upward and outward 

movement of the ribs which results in 

increase in antero-posterior diameter of the 

thoracic cavity19. The IC muscles help both 

in inspiration and forced expiration.  

Even though these muscles engage 

in respiration their activities are fewer 

during active contraction among normal 

healthy adults 20. Various research studies 

demonstrated that IC stretching improved 

expired tidal volume, decreased the level of 

dyspnea and increased chest expansion 

clinically which results in better gaseous 

exchange in human subjects 21,22. 

IC stretch is performed actively by 

thoracic mobility exercises. Passively IC 

stretch can be performed by thoracic 

rotation, midsternum rotation, lateral 

thoracic stretching, through thoracic 

mobility exercises as well as through 

manual stretching of IC spaces 21 

The external IC muscles which are 

helpful during inspiration showed a higher 

discharge activity during forcible inhalation. 

Similarly, a stretch of 15 micrometers 

applied to IC spaces showed an increase in 

muscle activity in cats 23. The increase in 

muscle activity of the IC muscles could lead 

to increase in lung volume and capacities.  

             According to Puckree24, IC 

stretching and controlled breathing is 

effective in improving breathing pattern and 

respiratory muscle activity among healthy 

conscious adults. However; none of the 

research studies examined the effect of IC 

stretching on dynamic pulmonary function 

parameters among healthy subjects. 

Morphologically intercostal muscles 

displayed a variation in fiber size and 

atrophy among obstructive lung disease 

subjects 25. 

Hence, a change in pulmonary 

function parameters while performing IC 

stretching and controlled breathing might 

benefit to a particular population where 

respiratory compromise has been 

demonstrated due to poor IC muscle 

function. Therefore, the main purpose of the 

study was to observe the effect of IC 

stretching and controlled breathing on 

pulmonary function parameters. 

 

PROCEDURE 

Patients selected for the project were 

explained about the study and written 

consent was taken from them.  

Respiratory rate Before participation, all 

subjects underwent resting respiratory rate 

measurement. Initially the study subjects 

were requested to lie on a semi recumbent 

position and readings taken after 3 minutes 

of resting using auscultation methods. The 

method adopted in this study to measure 

respiratory rate was reliable according to a 

protocol described earlier26. 

Pulmonary function test The ventilator 

parameters such as forced expiratory 

volume in 1st second (FEV1), forced vital 

capacity (FVC) and forced expiratory 

volume in first second percentage (FEV1%), 

were measured by pulmonary function test. 

A pulmonary function test was carried out 

by using the handheld spirometer to 
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estimate the dynamic lung function 

parameters. Participant’s details were taken 

before pulmonary function testing such as 

age; height and weight using SECA weight 

and height scale (Vogel & Halke, Hamburg, 

Germany). Then, the variables were keyed 

into the Pony Fx Cosmed, Italy, 

spirometer27. According to the (ATS)/(ERS) 

task force28, spirometry training and testing 

were performed to ensure quality. Testing 

was carried out in sitting position and rest 

interspersed between each of the three tests. 

The participants were requested to perform 

at least three trails and the best of the three 

values for the manoeuvre such as slow vital 

capacity and forced vital capacity was taken 

by the same physiotherapist as suggested by 

ATS/ERS task force28. The spirometry test 

was preceded with IC stretch. 

IC stretch and breathing control Initially a 

stretch was applied by the same 

physiotherapist on the left-side midway 

between the midaxillary line and a line 

through the nipple in the downward 

direction of the third IC space. The IC 

stretch was applied by the physiotherapist 

manually with the help of index finger over 

the third IC spaces in a caudad - cephalad 

direction to the upper borders of the fourth 

rib24. Enough care was paid to avoid 

compression of the chest wall. Breathing 

control exercises were performed followed 

by IC stretching. This was performed in a 

comfortable semi recumbent position with a 

pillow under both knees. Participants were 

encouraged to place their hands over the 

upper abdomen. As the subject breathed in, 

the hands were placed over the epigastric 

region to feel the rise; as they breathed out, 

the hand sank 29. 

              Immediately, following 

intervention, the respiratory rates recorded 

and pulmonary function test were performed 

using spirometry to evaluate the effect of 

intervention. Subjects underwent three IC 

stretch and breathing control exercises with 

a time gap of 2-3 minutes. Each stretch was 

employed for ten breaths throughout the 

inspiratory phase of the respiratory cycle. 

             The total sessions last for 15 

minutes. 

 

RESULT 

 
Table 1:  Pre and Post Mean ± Standard Deviation (SD) of 

FEV1 Values 

FEV1 Values                                              Mean ± SD 

Pre – Intervention 1.90 ± 0.29 

Post – Intervention 2.17 ± 0.24 

 

 
Graph 1: 

 

INFERENCE: The graph shows significant 

difference in the Pre-test and Post-test 

values. FEV1 values, indicating that the 

Post-test value is more than Pre-test value (t 

= -7.96, p= 0.0001) 

 
Table 2:   Pre and Post Mean ± Standard Deviation of FVC 

Values 

FVC Values                                     Mean ± SD 

Pre - Intervention 2.01 ± 0.27 

Post - Intervention 2.29 ± 0.26 

 

 
Graph 2: 
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INFERENCE: This graph shows a 

significant increase in FVC values after the 

IC stretch and breathing control exercise 

which indicates that the post-test values are 

greater than pre-test values (t = 4.14, p = 

0.001) 

 
Table 3:   Pre and Post Mean ± Standard Deviation of 

FEV1/FVC Values 

FEV1/FVC Values                              Mean ± SD 

Pre – Intervention 94.11 ± 3.20 

Post – Intervention 95.16 ± 3.026 

 

 
Graph 3: 

 

INFERENCE: There was also increase in 

the post-test FEV1/FVC ratio, indicating 

post-test values are more than pre-test 

values (t = -4.363, p = 0.001) 

 
Table 4:   Pre and Post Mean ± Standard Deviation of 

Respiratory rate 

Respiratory rate                                   Mean ± SD 

Pre – Intervention 19.3 ± 0.33 

Post – Intervention 18.2 ± 0.32 

 

 
Graph 4: 

 

INFERENCE: The comparison of pre and 

post test values of respiratory rate showed 

the lowered respiratory rate in post 

intervention test (t = 4.52, p = 0.0001) 

 

DISCUSSION 

This study was done to find out the 

effect of Intercostal stretch and breathing 

control exercise on lung function among 15 

healthy young females in the age group of 

19-24 years. The subjects were taken from 

Dr. D.Y. Patil college of Physiotherapy, 

Pimpri, Pune. 

The findings of this study showed 

the improvement in lung function (FEV1, 

FVC, FEV1 /FVC) and respiratory rate 

among healthy conscious females who were 

given IC stretch with breathing control 

exercises. 

The result of this study shows a 

significant increase in the lung function post 

IC stretch and breathing control exercise. 

The overall increase in mean post treatment 

values were FEV1 = 2.17 ± 0.24, FVC = 

2.29 ± 0.26, FEV1/FVC = 95.16 ± 3.02. 

The changes in lung function is due 

to the firing discharged from the muscle 

spindle during a passive stretch phase20. IC 

stretching activates the stretch receptors in 

the chest wall, thereby distending thorax 

which could be neurologically linked to 

medulla with efferent nerve cells. The 

afferents, that innervate the margins of 

diaphragm activates the reflex which alters 

the pulmonary parameters 29. 

The IC enhances the chest wall 

elevation and thereby increases the 

expansion by improving intra-thoracic lung 

volume which contributes to improve the 

flow rate percentage. This may contribute in 

increasing the ventilatory capacity (tidal 

volume), minute ventilation and oxygen 

status31. 

As studied by Threlkeld32 by 

applying manual techniques such as IC 

stretch produces a suitable amount of plastic 

deformation of connective tissue which 

enhances mobility at joints. Therefore, the 

result of this study suggests that IC stretch 

was an effective treatment parameter. 
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There is increase in the value of lung 

function post IC stretch and breathing 

exercise which indicates improvement in the 

lung function. It can be due to the semi-

recumbent position during the breathing 

exercise as in this position there is posterior 

pelvic tilt and gravity assist the diaphragm 

in functioning effectively in its role as the 

primary muscle of inspiration. 

There is also significant decrease in 

the respiratory rate post IC stretch and 

breathing control exercise (respiratory rate = 

18.2 ± 0.32). The rate of respiration is 

lowered, as the semi-recumbent position 

during breathing control exercise helps to 

improve tidal volume and lowers the 

respiratory rate33. As this position gives 

mechanical advantage by decreasing the 

pressure of the abdominal organs over the 

diaphragm and helps the diaphragm to work 

efficiently thereby increasing the chest 

expansion and giving more space for the 

lung volumes. This may be one of the 

reasons for the significant improvement 

seen post breathing control exercises along 

with IC stretch over the taken lung function 

parameters. 

Few studies have proven the 

improvement in the breathing pattern can be 

due to localized stretch in the third ICs, 

showing a deeper breathing pattern, greater 

activities on parasternal ICs, 

electromyographic activities which resulted 

in an increase in tidal volume and a decrease 

in breathing frequency among healthy 

subjects24. 

A possible limitation of the study 

was quantification of stretch pressure was 

not performed and it’s uncertain how far 

these stretch receptors stimulated to evoke 

response.  The sample size of the study was 

very low with very short duration of the 

study. 

 

CONCLUSION 

The study concludes that there was a 

significant improvement in the lung 

function (FVC, FEV1, FEV1 /FVC) and 

respiratory rate among the healthy young 

females who underwent IC stretch followed 

by breathing control exercise. 
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