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Abstract: The objective of this paper is to evaluate and to assess the effect of short term pulmonary rehabilitation on 

Saturation of peripheral oxygen (Spo2), forced vital capacity (FVC), Forced expiratory volume in one second (Fev1) and 

exercise capacity in moderate COPD. This paper discusses the methods - A total of 25 COPD patients satisfying the 

selection criteria were recruited in the study subjects,  were then evaluated with parameters such as SpO2,  FEV1 ,  FVC 

and 6MWT prior to the procedure, all participants submitted to Short term pulmonary rehabilitation which includes 

incentive spirometry, static bicycle, ergometry training and pursed-lip breathing exercises had been given for 30 min 

duration, given six days per week continued for five weeks. At the end of exercise again the parameters such as SpO2, 

FEV1 ,  FVC and 6MWT were assessed. The Results found were - 25 COPD patients who were included in this short term 

pulmonary rehabilitation found that there is a significant difference in SpO2, FEV1 ,  FVC and 6MWT which shows 

(p<0.05) and finaly the conclusions - From the present study it has been concluded that short term pulmonary 

rehabilitation is effective on SpO2, Fev1 ,  Fvc and exercise capacity in moderate COPD. 
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I. Introduction 

    

 COPD is not a "smoker's cough" but an under-diagnosed, life-threatening lung disease
2
. 

Chronic obstructive pulmonary disease (COPD) is an cause of death and disability. Smoking 

remains the major cause of COPD
1
. According to WHO, COPD is a lung disease characterized 
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by chronic obstruction of lung airflow that interferes with normal breathing and is not fully 

reversible. COPD is often diagnosed late because patients lack symptoms in the early stages of 

the disease despite the presence of moderate decreases in pulmonary-function.  

         COPD has been redefined in the GOLD guidelines as a disease state characterized by 

airflow limitation that is not fully reversible. The GOLD expert panel classified COPD into 4 

stages, ranging from 0-3.  

 

Stage-0: At Risk. Chronic cough/sputum production may be present, but patients have normal 

spirometry readings.  

 

Stage-1: Mild-COPD. FEV1 >= 80%, FEV1/FVC<70%. Patients may have or have not chronic 

cough and increased sputum production. 

  

Stage-2: Moderate-COPD. Worsening of airflow (30% >= FEV1>80%). Patients with stage-2 

disease are symptomatic, seek medical attention, and have SOB. Stage-2 has 2 subcategories: IIA 

and IIB. IIA patients have a FEV1 between 50%-80%;  IIB patient have a FEV1 between 30%-

50%. Patients with FEV1<50% are especially prone to acute exacerbations.  

 

Stage-3: Severe-COPD. FEV1<30%. Patients are also included in stage-3 if they have 

respiratory-failure or right heart failure. The QOL is severely affected. Acuteexacerbations 

require hospitalization and are frequently life threatening
4
. 

 

The problems in COPD includes the dyspnea, reduction of FEV1/FVC  and  FEV1
5
, and 

decrease in exercise-performance. SpO2 is the percentage of hemoglobin with oxygen at the time 

of the measurement
7
. Normal SpO2 values are 97%-99% 

7
. Most commonly non-invasive method 

to find-out the prognosis in COPD is 6-minute walk test
8
.The 6MWT is self-paced

9
. 

 

Incentive spirometers (IS) are tools to use for measurement of pulmonary outcomes. The 

IS is to provide patients with immediate visual feedback regarding achievement of preset goals. 

This visual-input encourages patients to continue to use and work toward increasing their 

maximal inspiratory effort. Here, we are using flow incentive - spirometer, these spirometers are 

flow-dependent
16

. 

 

Prevalence of COPD affects 9/1000 males and 7.3/1000 females. It increases in decades 

up to 50% of smokers over the age of 65 years
10

. Males>females, but morbidity among women 

has increased. Morbidity-mortality increases with severity of disease, age and co-morbidity
11

.  

 

Pulmonary rehabilitation(PR) program helps to achieve their optimal level of activity and 

function. Exercise-training for COPD includes aerobic-exercise, like walking or using a 

stationary-bike, and muscle-strengthening exercises for arm/legs
15

. Rehabilitation is to improve 

QOL and exercise-capacity
13

. Many studies has given the program duration of >6 weeks, only a 

few investigators have studied exercise programs within short duration of <6 weeks, so this study 

also focused on whether 5-week rehabilitation program is beneficial for COPD patients
14

.  
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PR should be considered for COPD patients with dyspnea, other respiratory symptoms, 

reduced exercise-tolerance, impaired health-status, or activity-restriction. It has been shown to 

alleviate respiratory symptoms, increase exercise-tolerance and health-status, and helps patients 

better ADL
15

. Though this type of pulmonary rehabilitation generally given for more than 3 

months duration, which can lead some practical difficulty as regular visits and financially. So to 

avoid this, there is a need of alternate study with short duration which can be beneficial for the 

COPD patients. 

 
 So the purpose of the study is to evaluate and to assess the effect of short term pulmonary 

rehabilitation on SpO2, FVC, FEV1 and exercise capacity in moderate COPD. 

 

II. Material and Methodology 

 

Study design was quasi experimental study with only one group. A sample of 25 patients 

had been taken. Study was conducted in C. U. SHAH PHYSIO-THERAPY COLLEGE. Patients 

were taken from T.B. Hospital Campus, Medicine and T.B & Chest O.P.D. Participants included 

are clinically diagnosed with moderate COPD;  according to GOLD classification;  age group of 

35-55 years; on stable regime of COPD medications for at least 1 month prior to recruitment; 

males were included in the study. Exclusion criteria: Recent acute exacerbation of COPD; 

already had participation in regular exercise program during previous 6 months; any associated 

co-morbidity like cardiac-pulmonary disease; orthopedic problems; lower limb problems that 

limit the activity levels; neurological problems like significant cognitive deficit, presence of 

peripheral vascular diseases, severe peripheral neuropathy; uncooperative subjects. 

 

III. Procedure 

 

A convenience sample of 25 subjects on the basis of inclusion criteriae had been taken in 

study.  All subjects had received verbal explanation of purpose, risk and benefits. An informed 

consent had been given. All subjects were evaluated thoroughly using an Evaluation Performa. 

Parameters were assessed on day 1 i.e. SpO2 measured by pulse oximeter and FVC and FEV1 

were assessed by computerized spirometer. Exercise capacity was evaluated by the 6-minute 

walk distance test. Pulmonary rehabilitation which includes incentive spirometery, static-bicycle 

ergometer training and pursed-lip breathing exercises had been given to the patients for 30 

minutes for 6 days/week for 5 weeks. At the end of pulmonary rehabilitation again the 

parameters SpO2, FVC and FEV1 were assessed. 

 

Study protocol: 

 

Incentive spirometry: 

 

1. The subjects were positioned comfortably (semi-reclining). 

 

2. The subjects asked to take three to four slow, easy breaths and maximally exhale with the 

fourth breath. 
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3. Then spirometer was placed in the subject’s mouth and asked to maximally inhale 

through the spirometer and was motivated by visual    feedback, through the ball rises to a 

preset marker.  

 

4. The subject’s aim was to generate a predetermined flow and to achieve a preset volume. 

 

5. The subjects were encouraged to hold their breath for 2-3 seconds at full inspiration. 

 

This sequence was repeated five to ten times for 10min. 

 

Static Bicycle ergometer 

 

1. Static-bicycle ergometer training (CET) consisted of exercise on a cycle ergometer under 

the supervision.  

 

2. Subjects were instructed to pedal a bicycle ergometer on pedaling rate of 60 rpm for 

15min. and speed is increased in every 5min. according to the tolerance of the patient. 

 

3. This was continued 6 days/week for 5 weeks. 

 

 Pursed-lip breathing for 5min.: 

 
For pursed-lip breathing subjects were asked to sit in semi-Fowler position with their shoulders 

relaxed 

 

1. Subjects were asked to place his hands over the abdomen to detect any contraction of 

abdominals. Patient was instructed to breath in slowly and deeply and asked to loosely 

purse the lips.  

 

2. This was taught to oppose his lips like a fish and slowly let all the air out using controlled 

expiration.  

 

3. The subjects were advised to repeat this 3 or 4 times / session and then followed by rest.  

 

IV. Statistical method 

 

Statistical analysis was performed using SPSS software, and the data are presented as the mean 

±SD. Parameters before and after the pulmonary rehabilitation program were compared using the 

paired t-test. Differences were considered as significant at P< 0.05. 

 

V. Result 

 

SpO2:Paired t-test done for the values of SpO2 pre/post rehabilitation are presented in 

Table 1. The mean age taken in the study 42.4 ± 9. The mean of SpO2 before rehabilitation 93.80 

and after it was 97.16 with standard deviation of 0.645 and 0.374 respectively. Significant 



 

IJAPRR International Peer Reviewed Refereed Journal, Vol. II, Issue IX, p.n. 01-12, 2015 Page 5 

 

difference is seen in SpO2. FVC: Paired t-test done for the values of FVC pre/post rehabilitation 

presented in Table 2. The mean of FVC before rehabilitation 2.35 ± 6.90 and after it was 2.68 ± 

7.31 with standard deviation of .00690 and .00737 respectively, significant difference is seen in 

FVC. FEV1: Paired t-test done for the values of FEV1 pre/post rehabilitation presented in Table 

3. The mean of FEV1 before rehabilitation 1.45± 0.209 and after it was 1.65 ± 0.207 with 

standard deviation of .22001 and .21854 respectively, significant difference is seen in FEV1.  

6MWT: Paired t-test done for the values of 6MWT pre/post rehabilitation presented in Table 4. 

The mean of 6MWT before rehabilitation 15.00 and after it was 20.75 with standard deviation of 

.764 and .843 respectively, significant difference is seen in 6MWT. 

 

There was a significant change in SpO2, FEV1, FVC and 6MWT from pre to post 

readings in 5-weeks of pulmonary rehabilitation (p<0.05). This implies that incentive spirometry, 

cycle-ergometer, pursed-lip breathing and 6MWT are effective in improving lung capacities, 

exercise capacity, and SpO2 in moderate COPD. It was found that the results are significant with 

value of p<0.05 which is highly statistically significant.  

 

VI. Discussion 

 

In most previous studies, the duration of pulmonary rehabilitation has been more than 6 

weeks based on the training effect in normal subjects
18,19

. A few studies has been demonstrated 

the effects of a 5 week rehabilitation period20
-22

. 

 
To clarify the effect of a pulmonary rehabilitation program we conducted a training 

program 6 times per week for 5 weeks, including incentive spirometry exercises, static bicycle 

ergometer exercises and pursed-lip breathing exercise. Our results demonstrate that this program 

improves pulmonary function parameter of FEV1, FVC, improves exercise capacity as 

determined by walking test, reduces dyspnea on effort and improves endurance in patients with 

COPD. 

 

In most previous studies, no changes in spirometeric values have been reported
23-25

. But 

in this study variations are seen in result of training of 5 weeks, the 6MWD significantly 

increased. Needleman et al have reported that static bicycle ergometer training significantly 

improves the 6 minute walking distance
26

. Patients were trained 6 times a week at almost the 

same intensity as in this previous study, which may explain the improvement in the 6MWD. 

 

A walking test may be a good measure of “function exercise capacity”, defined as a 

patient’s ability to undertake physically taxing activities. Therefore, we assume that an increase 

in functional exercise capacity is necessary in managing dyspnea and in maintaining the lung 

volume in COPD patients. 

 

In most of the studies improvement in FEV1, FVC and SpO2 is controversial
22,25,27

. Mc 

Govern JP et al stated that oxygen saturation as measured by pulse oximetry (SpO2) in patients 

with COPD undergoing exercise testing is not sufficient accurate to replace SpO2 as the gold 

standard for oxygen saturation
28

. Ciro Casanova et al stated that oxygen desaturation profile 

during 6MWT improves the predictive ability of the 6 minute walking distance
29

. Hiroaki 
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Nomori stated that the decrease in 6 minute walking distance and SpO2 after surgery was 

significantly influenced by the pre-operative FEV1, FVC%. COPD patients have a limited 

capacity for walking during early period after surgery due to significant oxygen saturation
30

.To 

establish an appropriate exercise intensity to accomplish an increase in lung volumes and oxygen 

saturation in COPD, further investigation is necessary. 

 

Although the effect on our patients was due to a multidisciplinary pulmonary 

rehabilitation program including not only ergometer exercise but also incentive spirometry and 

pursed-lip breathing exercises; we suggest that the prescribed exercise intensity, session duration 

and overall duration of the ergometer exercise protocol improves lung capacity in COPD. 

 

However, we only investigated the exercise capacity and endurance immediately after 

rehabilitation. It is not clear how long this improvement will last. Further long-term 

rehabilitation program studies, including the assessment of physical function, QOL and 

prognosis are necessary. 

 

In summary, this study of 5 week pulmonary rehabilitation program comprising incentive 

spirometry, static bicycle ergometer and pursed-lip breathing, improved FEV1, FVC and SpO2 

and the 6MWD (an indicator of functional exercise capacity). These findings suggest that even if 

the program is of short term duration, it can still benefit patients with COPD. The increase in 

functional exercise capacity, even without an increase in maximal exercise capacity, will reduce 

dyspnea and improve endurance in patients with COPD. 

 

VII. Limitations of the study 

 

1. The study was conducted on a smaller sample size. 

 

2. Only moderate COPD involved in the study. 

 

3. Only males were included in the study. 

 

4. Only single group were planned in this study. 

 

 

VIII. Future Research 
 

The study can be done in different subject groups who require physical training. Further 

long-term rehabilitation program studies, including the assessment of physical function, QOL 

and prognosis are necessary, randomization and comparative studies were more needed still. 

 

IX. Conclusion 
 

25 subjects of moderate COPD were given Pulmonary rehabilitation for 5 weeks duration 

and it is shown that short term pulmonary rehabilitation which includes incentive spirometry, 
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static bicycle ergometer training and pursed-lip breathing shows improvement among moderate 

COPD subjects. 
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Table 1 shows pre and post parameters of SpO2 

Variables Average S.D Table 

Value 

P-

Value 

Result 

 

SpO2 

 

Pre 93.80 0.645 22.2 <0.05 Difference is 

significant 

 Post 97.16 0.374 
 

 

Table 2 shows the pre and post parameters of FVC 

Variables Average S.D Table 

Value 

P-

Value 

Result 

 

FVC 

 

Pre 2.35 6.904 176 

 

<0.05 

 

Difference is 

significant 

 Post 2.66 7.371 

 

 

Table 3 shows pre and post mean values of FEV1 

Variables Average S.D Table 

Value 

P-

Value 

Result 

 Pre 1.45 0.22 251 <0.05 Difference is 
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FEV1 

 

 significant 

 

 

Post 1.65 0.21 

    

 

Table 4 shows pre and post mean of 6MWT 

Variables Average S.D Table 

Value 

P-

Value 

Result 

 

6MWT 

 

Pre 261.96 7.29 116.91 <0.05 

 

Difference is 

significant 

 Post 358.20 6.87 

 

 

 

 

 

 

Table 5 shows the pre and post mean values of SpO2, FEV1 ,FVC and 6MWT 
 

 

 

 

 

 

 
 

 

 

 

 
Fig-2-Bathroom weighing machine and Inch tape 

           Fig1-Static-Bicycle Ergometer 

Variables Before After P value 

SpO2 93.8 ±  0.645 97.16 ± 0.374 p<0.05 

FEV1 1.45 ±  0.22 1.65   ± 0.21 p<0.05 

FVC 2.35 ±  6.904 2.66   ± 7.371 p<0.05 

6MWT 261.96 ± 7.29 358.20 ± 6.87 p<0.05 
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Fig3Computerized Spirometer 

 
 

 
    Fig-.4-Incentive Spirometer 
 

 

 

 
Graph 1 

 

 
Graph 2 
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Graph 3 

 

 
Graph 4 
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