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Introduction
 Chronic Obstructive Pulmonary Disease (COPD) currently impos-
es a substantial mortality and morbidity burden worldwide [1,2]. The 
estimates in 2010 were that 328 million people had COPD worldwide, 
with the majority of cases found in low- and middle-income countries 
[3]. In COPD, disorders of the airway or alveoli cause disruption to 
the expiratory flow, resulting in air trapping and the pathognomonic 
hyperinflation associated with COPD [1]. This arises because people 
with COPD experience dyspnea due to difficult expiration, so they do 
not have time to complete their exhalation. People with severe cases 
of COPD show elevated functional residual capacity as one of the 
spirometry characteristics. Consequently, they inhale more air than 
they exhale and, over time, they increase their end-expiratory lung 
volume in the process referred to as dynamic hyperinflation [4]. Some 
patients can perform Pursed Lips Breathing (PLB) on their own as a 
positive pressure breathing technique to overcome the hyperinflation, 
and numerous Positive Expiratory Pressures (PEP) devices (Flutter®, 
Acapella®, and RC Cornet®) have been developed recently [5,6]. 
PEP exercise is one breathing (expiration) exercise against resistance 
that can be performed either through a device or through pursed lips. 
This kind of exercise can be prescribed for a patient with a pulmo-
nary disorder, a neurologic disorder, or a preoperative indication [5]. 
The objectives of using this type of assistive device are to improve 
ventilation, assist airway clearance, prevent recurring infections and 
atelectasis, improve pulmonary clearance mechanisms, and facilitate 
gas exchange, thereby lowering the impact of the disease progression 
[6]. The use of these devices has been widely accepted because of 
their clinical efficacy and the high level of acceptance and compliance 
by patients. These features make PEP devices very useful in home 
exercises, especially during this pandemic of COVID-19 [7-9].

 To the authors’ knowledge, this is the first study conducted in In-
donesia, a developing country with an increasing number of COPD 
cases. Indonesia has unique geographical characteristics that create 
difficulties in access to health facilities. The aim of this study was 
to demonstrate the effectiveness of home exercise by adding PEP to 
the training regimen COPD cases. The findings presented here are 
also expected to guide readers in other developing countries with high 
populations and difficult access to the health facilities to choose assis-
tive devices for breathing exercises. The authors believe that the use 
of a simple yet inexpensive device to train expiratory muscles would 
be practical solution for reducing disability in patients with COPD.

Materials and Methods
 The study was set up as a one-group Pretest-Post-test Design to an-
alyze the effect of PEP by comparing the expiratory muscle strength,  
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Abstract
 In this COVID-19 pandemic era, it is important to obtain objec-
tive expiratory muscle strength measurement in Chronic Obstructive 
Pulmonary Disease patients (COPD). Previous studies have shown 
that exercise using a Positive Expiratory Pressure (PEP) device can 
improve expiratory muscle strength and clinical condition. The aim of 
this study was to assess the effectiveness of PEP expiratory muscle 
exercise in patients with COPD. This study utilized a one-group Pre-
test-Post-test design, and all recruited subjects were COPD patients. 
Expiratory muscle exercise using the PEP device was carried out 
twice per day for 15 minutes per session as a home therapy pro-
gram for eight weeks. The outcomes were Maximal Expiratory Pres-
sure (MEP), Maximal Inspiratory Pressure (MIP), 6-minute walking 
distance (6 MWD) test, and St George Respiratory Questionnaire 
(SGRQ) total score; all tests were conducted before the intervention 
and then evaluated every two weeks. The data were analyzed using 
a paired sample t-test and Wilcoxon’s test. Twelve male subjects 
with mean age of 63.33 ± 9.61 years were recruited for this study. 
Some significant improvement were observed in MIP (P=0.01), 
MEP (P=0.04), walking distance (P=0.08), and SGRQ total score 
(P=0.012) after the intervention, indicating that exercise using a PEP 
device can result in overall improvement in COPD symptoms. In par-
ticular, an improvement in expiratory and inspiratory muscle strength 

was attained even when resistance was focused only on expiratory 
muscles. In this COVID-19 pandemic era, home therapy programs 
with PEP devices may serve as alternatives to clinical programs for 
patients with COPD.
Keywords: Chronic obstructive pulmonary disease; Maximal expi-
ratory pressure; Maximal inspiratory pressure; Positive expiratory 
pressure; Six-minute walking distance
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using the 6-minute walking distance (6MWD) test, and St George 
Respiratory Questionnaire (SGRQ) scores, before and after the inter-
vention. The subjects were patients with COPD being treated at the 
Cipto Mangunkusumo General Hospital outpatient clinic. The sub-
jects were recruited using a purposive sampling method. The study 
was approved by Ethical Committee Faculty Medicine of Universities 
Indonesia no. 0374/UN2.F1/ETIK/2018. The inclusion criteria for the 
subjects were (1) age ≥ 40 years old; (2) meeting the diagnosis crite-
ria based on Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) 2020; (3) ability to correctly perform breathing exercises 
using PEP with a routine that can be seen in their exercise diary; and 
(4) no other exercise program. The exclusion criteria were (1) a car-
diac disease, asthma, or uncontrolled metabolic disorder (based on 
anamnesis and physical examination); (2) a risk of pneumothorax or 
a rib fracture; (3) pain in a lower extremity with a visual analog scale 
score ≥ 7; (4) limited range of motion and leg length discrepancy; (5) 
a history of unstable angina pectoris or myocardial infarction in the 
last 2 months; (6) systolic blood pressure > 180 mmHg; (7) diastolic 
blood pressure > 100 mmHg; and [8] resting heart rate >120 beats/
minute. The intervention of exercise using a PEP assistive device was 
prescribed as a home program therapy. To perform this exercise, the 
subjects sit upright with their elbows resting on a table to maintain the 
over distention. The exercise can be started by slow inspiration until 
the tidal capacity has been reached, and then the subjects perform a 
breath hold for 2-3 seconds. The dosage of resistance is an inspira-
tion to expiration ratio of 1:3; the subjects are then asked to perform 
huffing and coughing to expel the mucus. This exercise can be re-
peated for 10-15 repetitions in normal respiration. The subjects are 
then asked to rest for 5-10 expirations before starting the next cycle. 
The frequency of the exercise is twice a day for 15 minutes for eight 
weeks. Follow-up was performed every two weeks in the Respiratory 
Rehabilitation Clinic, with the dosage of resistance adjusted to the 
present state and re-evaluated every two weeks. Initially, the subjects 
were examined using spirometry to diagnose the lung function. Ex-
piratory muscle strength was measured with Micro RPM. The final 
two procedures namely 6MWD was done to measure functional ca-
pacity, and SGRQ were performed to evaluate quality of life. All the 
data were analyzed using the Statistical Package for Social Sciences 
(SPSS) version 20.0. Any comparison was regarded as statistically 
significant when p<0.05.

Results
 Twenty-five subjects were involved in this study. Nine subjects 
dropped out because of the distance from the hospital to their resi-
dences. The remaining 16 subjects consisted of 12 males and 4 fe-
males, and all finished all the sessions. Because of the differences in 
body height and the small sample of female subjects (4 subjects) ver-
sus male subjects, the authors only analyzed the data obtained from 
the male subjects. Table 1 illustrates the descriptive data; where most 
of the subjects were elderly with a normal body mass index. The mean 
expiratory muscle strength was 69.83 (± 29.88) cm H2O. The mean 
walking distance was 324.25 ± 112.66 meters. The mean SGRQ score 
was 47.05 ± 21.11 for the symptoms, 57.72 ± 29.33 for the activity, 
37.29 ± 23.34 for the impact, and 44.98 ± 23.07 for the total. Expira-
tory muscle strength is illustrated in table 2, and highlights the effect 
of PEP exercise over the eight-week period. An improvement in the 
expiratory muscle strength was evident even after two weeks of inter-
vention. The mean expiratory muscle strength before the intervention 
was 69.83 (± 29.88) cm H2O and this increased to highest mean ex-
piratory muscle strength of 99.00 ± 36.99 cm H2O after 8 weeks of 
intervention; this increase was statistically significant (P= 0.004).

 Conversely, table 3 shows the impact of the exercise on inspiratory 
muscle strength. Similar significant improvements were seen to those 
observed for the expiratory muscle strength. The baseline inspirato-
ry strength was 52.17 ± 21.91 cm H2O, and this improved to 60.75 
±22.06 cm H2O after two weeks. The final measurement after eight 
weeks was 68.92 ± 21.63 cm H2O, and the difference was statistically 
significant compared to the baseline (p < 0.05).

 Functional capacity as evaluated based on the 6MWD results (Ta-
ble 4). Improvement in the walking distance was noted every two 
weeks after the intervention. The mean walking distance before the 
intervention was 324.25 (±112.66) meters, and after eight weeks of 
the intervention, the mean walking distance was 396.10 (±107.19) 
meters. Statistical analyses showed significantly differences in the 
mean walking distances at every two-week evaluation. Health-related 
quality of life (HRQL) using the SGRQ is shown in table 5. All values 
clearly indicate improvement from the baseline, and the differences 
were statistically significant.

Subjects Characteristics n = 12

Age (years) 63.33 ± 9.61

Body Weight (kg) 67.44 ± 12.98

Body Height (cm) 162.66 ± 5.19

Body Mass Index (BMI) 25.65 ± 5.34

FEV1 percent prediction 57.34 ± 25.20

FVC percent prediction 59.07 ± 17.46

FEV1 percent 73.26 ± 14.82

Maximal Expiratory Pressure (cm H2O) 69.83 ± 29.88

Six Minute Walking Distance (meter) 324.25 ± 112.66

SGRQ  

- Symptom 47.05 ± 21.11

- Activity 57.72 ± 29.33

- Impact 37.29 ± 23.34

Total 44.98 ± 23.07

Table 1: Subjects Characteristics.

Table 2: Maximum Expiratory Pressure.

Table 3: Maximum Inspiratory Pressure.

Maximum Expiratory Pressure (CmH2O) n Mean ± SD P Value

Pre- 12 69.83 ± 29.88  

2 weeks post intervention 12 81.92 ± 25.69 0.035

4 weeks post intervention 12 85.42 ± 23.69 0.027

6 weeks post intervention 12 88.58 ± 34.41 0.036

8 weeks post intervention 12 99.00 ± 36.99 0.004

Maximum Inspiratory Pressure (CmH2O) n Mean ± SD P Value

Pre- 12 52.17 ± 21.91  

2 weeks post intervention 12 60.75 ± 22.06 0.035

4weeks post intervention 12 60.17 ± 20.84 0.027

6 weeks post intervention 12 66.58 ± 24.92 0.036

8 weeks post intervention 12 68.92 ± 21.63 0.004
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Discussion

 In the early analyses, the data for the male and female subjects 
were compared. The body heights between male and female sub-
jects were significantly different. The outcome of this study was the 
6MWD score, which is influenced by walking speed. Walking speed 
is related to age, height, lower limb muscular force, balance ability, 
and lower extremity joint disorders. Therefore, the walking speed can 
be expected to show a reduction in individuals of greater age and of 
lesser height and lower extremity muscle strength [10,11]. The lung 
volume also influences the expiration muscle strength because the 
increase in the expiratory volume can promote a greater inspiratory 
volume [12]. Due to the small number of only four female subjects, 
we have excluded them from further analyses, and only males were 
included.

 This study successfully showed that the addition of a PEP device 
significantly increased both the MEP and MIP in subjects with COPD. 
The main pathology in the COPD subjects was clearly hyperinfla-
tion, which resulted from narrowing of the airways caused by muscle 
spasms, mucosal inflammation, mucus hyper secretion, an unstable 
airway, or the deterioration of the lung recoil elasticity from destruc-
tion of the lung parenchyma. The narrowing of the airway lumen 
diameter pathologically increases the expiratory resistance, leading 
to airway collapse at normal levels of Functional Residual Capacity 
(FRC) [13].

 All the pathological processes mentioned above would cause a de-
crease in the expiratory flow, leading to insufficient expiration and air 
trapping and ultimately causing dynamic hyperinflation in the thorax 
cavity [1,5]. Although this study did not measure the breathing vol-
ume directly, but instead relied on indirect measurement of the breath-
ing volume through the expiratory muscle strength, the improvement 
in expiratory muscle function can reduce hyperinflation [14,15]. Ulti-
mately, an improvement in respiratory muscle strength would reduce 
hyperinflation more effectively by opening the airway.

 This study subjects had a mean age of 63.33 (± 9.61) years, and 
the morbidity databases in GOLD 2020 show that the morbidity due 
to COPD increases with age. Hence, our study findings are in line 
with the majority of other COPD studies, where 62% of the inves-
tigated patients were over 40 years of age, with a particular focus 
on those aged between 40 and 64 years [2,16,17]. A previous study 
of the COPD prevalence in Indonesia and Vietnam also showed that 
the mean age of the subjects with COPD in Indonesia was 52 years 
[2,16,17]. Similarly, the subjects in the present study had mean body 
weight 67.74 (± 12.98) kg and a mean height of 162.66 (± 5.19) cm, 
with a mean body mass index of 25.65 (± 5.34) kg /m2. These values 
were in line with those published by Susanto et al., who showed that 
80% of the subjects with COPD had a body mass index ≤ 25 kg/m2 
[18].

 In line with previous studies, this study evaluated the changes oc-
curring every two weeks and found a steady increase in the baseline 
mean MEP from 65.23 cmH2O to 85.15 cmH2O at the final evalua-
tion. Table 3 shows a constant improvement in the inspiratory muscle 
strength, which reached the highest value at the eighth week. These 
improvements were in line with those reported by Mosa, et al., who 
compared a PEP exercise group and control group of patients with 
COPD. The control group was given chest physiotherapy and oth-
er group was given the PEP exercise, and the PEP group showed a 
significant increase in MEP from 70.3 ± 8.7 cmH2O to 84.35 ± 9.76 
cm H2O whereas the control group showed only a small increase, 
from 76.6 ± 13.22 cmH2O to 77.12 ± 12.11 cm H2O (19). Routine 
PEP exercises could therefore significantly increase MEP by more 
than 10 cmH2O, which would have clinical benefits in subjects with 
COPD. Interestingly, a study from Italy also showed a beneficial ef-
fect of Temporary Positive Expiratory Pressure (TPEP) used either as 
a home exercise, in the hospital, and without physical exercise. The 
number of exacerbation events decreased after one month and three 
months of exercise at home (5.7% after one month of intervention 
and 14.3% after three months of intervention) and in hospital (8.8% 
after one month of intervention and 14.7% after three months of inter-
vention) when compared to a control group (28.7% after one month 
and 38.7% after three months) [19]. The same study also revealed an 
improvement in inspiratory muscle strength in all the TPEP groups 
compared to their controls [9]. These earlier studies strengthen the 
findings of the present study regarding MIP improvement with the 
PEP device, whereas only one report, to our knowledge, has reported 
similar findings [20]. Hence, although the PEP is a device designed 
to strengthen the MEP, biomechanical configuration has allowed both 
inspiratory and expiratory muscle to be strengthened. One plausible 
reason would be that good expiration requires adequate inflation of 
the lungs, as assisted by diaphragm being the primary inspiratory 
muscle. This would then promote long-lasting effects of the PEP ex-
ercise, whether administered at home or in the hospital.

Table 4: Six Minute Walking Distance.

Table 5: St. George Respiratory Questionnaire (SGRQ.

Six Minute Walking 
Distance

n Mean ± SD P-Value
∆Walking Distance 

(meters)

Pre- 12 324.25 ± 112.66   

2 weeks post inter-
vention

12 369.3 ± 102.60 0.049 45.05

4weeks post inter-
vention

12 389.5 ± 83.27 0.016 65.25

6 weeks post inter-
vention

12 350.6 ± 138.64 0.259 26.35

8 weeks post inter-
vention

12 396.1 ± 107.19 0.005 71.85

SGRQ Mean ± SD P value

Symptoms   

Pre 47.05 ± 21.11 0.001

Post 28.67 ± 13.41  

Activity   

Pre 57.72 ± 29.32 0.019

Post 43.62 ± 28.03  

Impact   

Pre 37.29 ± 23.34 0.028

Post 24.01 ± 19.65  

Total   

Pre 44.98 ± 23.07 0.01

Post 30.73 ± 18.80  
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 The study by Tapan, et al. showed an improvement in the max-
imum expiratory pressure from 98.2 ± 5.7 cm H2O to 109.3 ± 6.7 
cm H2O after using a nasal continuous positive airway pressure (nC-
PAP) device for eight weeks. This study, conducted in 31 patients 
with Obstructive Sleep Apnea Syndrome (OSAS), demonstrated an 
improvement in the maximum inspiratory pressure, maximum expira-
tory pressure, VO2 max, and maximal heart rate after the intervention 
[21]. Consequently, this confirms that strengthening of the expiratory 
muscles is always accompanied by improvement in the inspiratory 
muscles, and this phenomenon is not exclusive to individuals with 
COPD [21]. The applicable theory would be that enhancement of the 
thoracic inflation as an individual tries to blow air against a resis-
tance could improve the length-tension relationship of the diaphragm, 
which in turn would train the diaphragm to act as the primary inspira-
tory muscle. The current study utilized a PEP as the assistive device, 
since PEPs are more practical and more comfortable for the patient 
compared to nCPAP devices.

 Table 4 shows the improvement in walking distance based on the 
6 MWD test results evaluated every two weeks. The average walk-
ing distance was improved except at six weeks of intervention, and 
we speculate this may have reflected the inability of one subject to 
perform the test due to musculoskeletal thigh pain, which would be a 
contraindication for performing the 6MWD test. This finding is in line 
with a larger study that showed a significant difference in the walk-
ing distance of a patient with COPD after PEP exercise compared 
to exercise without the PEP exercise. The subjects were assigned ei-
ther to the PEP exercise group or groups without PEP exercise. The 
improvement in walking distance was from 232.46 to 294.22 meters 
in the PEP exercise group versus 262.44 meters to 265.67 meters in 
the control group [22]. The Minimal Clinically Important Difference 
(MCID) of the 6 MWD test for functional capacity assessment is 26 
± 2 meters for patients with severe COPD, whereas PEP exercise pro-
vided a robust clinical improvement in the 6MWD test (≥ 70 meters 
after eight weeks, compared to baseline) [23,24].

 The final measured outcome was the SGRQ, which is a question-
naire that assesses and evaluates the quality of life of patients with 
COPD [25]. The sum score of SGRQ represents the quality of life, 
with lower values indicating better quality, and this value showed a 
direct correlation with the severity of COPD [26]. Improvement in the 
SGRQ score after PEP exercise in this study is summarized in table 5, 
where the symptoms subscale score was reduced from 47.47 to 27.24, 
the activity subscale score from 58.17 to 43.67, the impact subscale 
score from 34.78 to 21.00, and the total score from 44.02 to 28.90 by 
the PEP exercise. The MCID of SGRQ in COPD is 4 units, whereas 
a difference of 15.12 was noted at eight weeks in the present study, 
classifying this as an important clinical improvement [25].

 Although great differences were seen throughout the eight weeks 
of PEP exercise, a control group with pursed lip breathing exercise 
without any device should be planned for future comparison studies. 
Larger samples including both genders should also be proposed in 
order to determine the confounding factors that promote improve-
ment. Other possible classifications could be made using the BMI, as 
several studies have also classified an emphysematous group as hav-
ing cachexic COPD, while patients with obesity show to bronchitis 
COPD [27]. These pathognomonic differences would also correlate 
with muscular weakness, and thus may also reflect different effects of 
respiratory muscle exercise.

Conclusion
 This study showed that exercise using a PEP device provides an 
overall improvement in breathing by patients with COPD. In par-
ticular, an improvement in both expiratory and inspiratory muscle 
strength was attained even though the resistance exercise was focused 
only on the expiratory muscles. In this COVID-19 pandemic era, 
home therapy programs with PEP devices may serve as safer alter-
natives for patients with COPD, as well as providing longer lasting 
benefits on their endurance and quality of life.
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