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ORIGINAL ARTICLE

Improvement	of	VO2 max in Patient with 
restrictive Pulmonary disorder after deep Breathing Exercise

aBStraCt

introduction: Restrictive pulmonary disorder is reducing VO2 max values. It can be caused by lung can’t 
take oxygen from outside air freely. Pulmonary rehabilitation is known to increase the VO2 max. One of 
the pulmonary rehabilitation is deep breathing exercise. In this study aimed to know the improvement 
VO2 max after deep breathing exercise.

methods: This was an experimental without control pre and post-experimental study. The Six Minutes 
Walking Test (6MWT)  was measured in patients with restrictive pulmonary disorder, after deep breathing 
exercise two times a day, for four weeks in May 2018.

results: Fifteen subjects were recruited, with the mean age was 70,76 ± 5,33 years old, 6MWT was 
375,13 ± 44,19 m and  VO2 Max 31,61±0,86 ml/kg/minute. After four weeks intervention, 6MWT value 
was 401±44,57 m (p=0.000) and VO2 Max score was 32,11±0,87 ml/kg/minute (p=0.000).

Conclusion: Four weeks of deep breathing exercise can improve the VO2 max in restrictive lung disorder.
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iNtrodUCtioN

In restrictive pulmonary disorders, there 
are several common manifestations, such as 
dyspnea, fatigue, and inactivity. In addition, 
patients sometimes complain of heart problems, 
muscle disorders, nutritional problems, and 
psychological problems that stand alone or in 
combination with respiratory disorders. Overall 

this affects the quality of life of both private 
patients and also families.

Restrictive pulmonary disorders are disorders 
that occur in the lung parenchyma or can also be 
caused by disorders outside the lungs (pleura, 
chest wall and neuromuscular). This condition 
is characterized by a decrease in lung volume 
due to decreased compliance of the lung and 
chest wall so that oxygen levels that can be 
taken are also reduced. 1-3

The causes of restrictive pulmonary disorder can 
be divided into two groups based on anatomy 
structure. The first is intrinsic disorder (i.e. 
diseases involving lung parenchyma that cause 
the lungs to not develop fully such as idiopathic 
fibrosis, the usage of drugs, exposure to inorganic 
and organic dust). The second is extrinsic 
disorder (i.e thoracic wall nonmuscular diseases, 
neuromuscular and pleural disorders).1,3,4

aBStraK

Pendahuluan: Terjadi penurunan VO2 maks pada penyakit paru restriktif, yang disebabkan  organ paru tidak 
dapat menangkap oksigen dengan leluasa. Tatalaksana Rehabilitasi Paru diharapkan dapat meningkatkan VO2 

maks. Salah satu tindakan rehabilitasi paru-paru adalah latihan nafas dalam. Penelitian ini bertujuan untuk 
mengetahui perbaikan VO2 maks setelah latihan nafas dalam.

metode: Desain pre dan post intervensi tanpa kontrol. Peneliti melakukan penilaian uji jalan Enam Menit (Six 
Minutes Walking Test - 6MWT) pada pasien dengan penyakit paru-paru restriktif, sebelum dan setelah latihan 
nafas dalam, dua kali sehari, selama empat minggu, pada bulan Mei 2018.

Hasil: Lima belas subjek direkrut, dengan usia rata-rata 70,76 ± 5,33 tahun, 6MWT adalah 375,13 ± 44,19 m 
dan VO2 Max 31,61±0,86 ml/kg/menit. Setelah empat minggu intervensi, nilai 6MWT adalah 401±44,57 m 
(p=0.000) dan skor VO2 Max adalah 32,11±0,87 ml/kg/menit (p=0.000).  

Kesimpulan: Latihan nafas dalam  secara teratur selama empat minggu, dapat memperbaiki VO2 maks pada 
penyakit paru restriktif.

Kata kunci: Latihan Nafas Dalam, Penyakit Paru Restriktif, VO2 maks
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Restrictive pulmonary disorder caused by intrinsic 
disorders, physiological abnormalities that occur in 
the form are poor diffusion capacity, poor pulmonary 
compliance, and pulmonary hypertension in later 
disease. In restrictive pulmonary disorder caused 
by extrinsic disorders, physiological abnormalities 
that occur are poor chest wall compliance, chest 
wall muscle weakness, loss of neural control of 
breathing musculature.2,4,6

In the United States, intrinsic pulmonary disorders 
with a prevalence of 3-6 cases per 100,000 
population. Prevalence of Idiopathic Pulmonary 
Fibrosis (IPF) 27-29 cases per 100,000 people, 
aged between 35-44 years. The prevalence at 
the age of> 75 years increases by 175 cases per 
100,000 people. Predictions for mortality are: old 
age, male, poor lung function, severity of fibrosis, 
weak response to therapy, presence of fibroplasia 
in histopathology. Based on race, it was reported 
that white people with sarcoidosis in the US had a 
risk of 10-17 times compared to blacks.4

Symptoms and signs that are usually 
found in restrictive pulmonary disorder are 
shortness of breath, dyspneu, dry cough, easy 
fatigue, difficulty in removing secretions or 
kyphoscoliosis, tachypneu, reduced exercised 
tolerance. Other symptoms and signs following 
the underlying disease.1,4

Pulmonary function test is a supports 
examination to determine the restrictive 
pulmonary disorder. It is using the Spirometer 
test. In restrictive pulmonary disorder, there 
are a decrease in Total Lung Capacity (TLC), 
Functional Residual Capacity (FRC) and 
Residual Volume (RV). Decreased Forced 
Expiratory Volume in one second (FEV1) 
and Forced Vital capacity (FVC) with normal 

values or an increase in the ratio of FEV1 to 
FVC indicates a restrictive pulmonary disorder 
condition. 4,6

Restrictive pulmonary disorders can affect daily 
activities because they will progressively decrease 
fitness and functional abilities. VO2 max is one of 
the standards for assessing physical fitness which 
is  affected by oxygen intake, oxygen delivery 
and oxygen using. The 6 Minutes Walking Test 
(6MWT) is a test that can be done to find out 
VO2 max. Fatemi et al. in their study found a 
significant difference (p <0.001) for lung function 
as assessed through FEV1, FVC and FVE1 / FVC 
values from 51 subjects divided into three levels 
groups of VO2 max and in their study it can be 
concluded that the higher the lung function value, 
the higher the VO2 max value of a person.1,3

There are  treatments for restrictive pulmonary 
disorder, i.e. Corrective measures (e.g., appropriate 
antibiotic for infection, treatment of pleura effusion, 
etc); Supportive measures like supplemental 
oxygen, nutritional  and ventilatory support; 
Physical therapy; Pulmonary rehabilitation.1,4

Pulmonary rehabilitation in restrictive pulmonary 
disorders consists of strength training of 
respiratory muscles, cardiopulmonary endurance 
exercises, breathing exercises and education 
in disease and home programs. Tonelli et al. 
(2017) on forty-one patients (IPF 63%, age 66.9 
± 11 ys) were enrolled in a standard pulmonary 
rehabilitation course in two centers. From forty 
one patients, 97% (n = 40) completed the program. 
Exercise performance (both at peak load and 
submaximal effort), symptoms (iso-time dyspnea 
and leg fatigue), quality of life (St. George 
Respiratory Questionnaire-SGRQ) and chronic 
dyspnea (Medical Research Council scale-
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MRC) significantly improved after pulmonary 
rehabilitation (p < .001). Patients with lower 
baseline 6MWT showed greater improvement in 
6MWT (Spearman r score = − .359, p = .034) and 
symptoms relief at SGRQ (r = −.315, p = .025) 
regardless of underlying disease. It similar with 
Huppmann et al study on four hundred and two 
consecutive ILD patients who were admitted to 
a specialised pulmonary rehabilitation centre 
(1999–2010).7,8

Deep breathing exercise is a part of pulmonary 
rehabilitation. It is an easy alternative program 
for patients that can be used as a home program. 
Deep breathing is a slowly and deeply breathing 
technique which is taught to conscious and 
cooperative clients. The purposes of deep 
breathing exercise is to increase the oxygen intake. 
It is allowing abdomen lifts slowly and chest fully 
expands, increase maximal alveolar inflation, 
increase muscle relaxation, improve effective 
coughing mechanisms, prevent atelectasis, 
increase the strength of respiratory muscles, 
mobility of the chest and thoracic vertebr, also 
correct abnormal breathing patterns.3,9,10 

Deep breathing exercise will improve compliance 
of the lung parenchyma and respiratory muscles 
so that it will increase oxygen intake into the body. 
With the increase in oxygen intake will increase 
the circulation of oxygen into the blood carried 
to the muscles. In the muscles, oxygen will be 
used by the mitochondria. The more increased 
oxygen intake to the mitochondria the better the 
muscle performance. One of them is the lower 
limb muscles used for the 6 minute walk test. An 
experimental study by Hyun Gyu Cha et al (2016) 
on the elderly proved to be an increase in lung 
function and distance in 6MWT after being given 
a deep breathing exercise for four weeks.8,9

In this study, researchers want to find out the 
improvement of VO2 max in patients with 
restrictive pulmonary disorder who get only four 
weeks deep breathing exercise. 

METHODS

This study was an experimental without control 
pre and post-experimental study. The method of 
sampling is the total sample in which all patients 
who meet the inclusion and exclusion criteria are 
included. Data was taken at the Pucang Gading 
social rehabilitation clinic in May 2018.  We took 
data on restrictive pulmonary disorder patients 
who received deep breathing exercise therapy 
conducted twice a day for four weeks interventions. 
Before the intervention begins the patient is trained 
first by the physiatrist. When the implementation is 
guided by officers from the clinic. 

Inclusion criteria were people having mild 
to moderate restrictive pulmonary disorders 
assessed from spirometry results, able to 
understand instructions, able to walk without 
assistance and willing to be included in the study 
by filling the informed consent. Exclusion criteria 
were the presence of illness that makes the patient 
impossible to take part in the study. And the drop 
out criteria: participants refuse to continue the 
training session until completion, attendance is 
less than 80%.

The Stages of deep breathing exercise were: 1,4 The 
patient sits upright in a chair and place their hand 
above the abdomen (just below the ribs) and in 
the middle of the chest. The patient has to feel the 
movements of chest and abdomen when they are 
breathing; The doctor was asking the patients to 
take a deep breath through the nose for four seconds 
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until the chest and abdomen feel lifted up, and then 
keep the mouth closed during inspiration, hold the 
breath for two seconds then exhale through the lips 
that are pressed together and slightly open while 
tightening (contracting) the muscles abdomen in 
4 seconds. This step must be repeated three times 
for a minute with a two second break on each 
repetition, and then it’s followed by a two minute 
rest period. This exercise is called a cycle. The 
exercise has to twice a day.

VO2 max data were taken from the assessment 
6 MWT before and after the intervention under 
physiatrist supervision. The 6MWT is a simple, 
practical test that requires a 100-foot (30-meters) 
track that does not require complicated training 
equipment or experienced personnel and special 
training. But now with the Nury tract the distance 
can be reduced to 15 meters. This coupled with 
the three-step rotational method has been shown 
to be statistically not significantly different from 
walking straight.9-11

This test measures the distance that patient can 
travel by walking on a flat track and hard surface 
within 6 minutes. This test as a whole evaluates 
the response of all organ systems involved during 
exercise including the pulmonary, cardiac and 
circulatory systems, blood, neuromuscular and 
muscle metabolism. 11

Statistical analysis 
Statistical  analysis was using IBM SPSS 

for Windows version 25. To evaluate the 
distributions of numeric data it’s using 
Kolmorogov-Smirnov normality test for 
numerical data, if the data is normally distributed 
the hypothesis test for the mean difference 
between the two groups. If the data distribution 
is normal uses paired t test or Wilcoxon test if 
the data distribution is not normal. Significance 
in this study was obtained if p values <0.05 
were obtained with 95% confidence intervals.

rESUltS

Fifteen subjects were recruited, with the mean  
age  was 70,76 ± 5,33 years old, 6MWT  was  
375,13 ± 44,19 m and  VO2 Max 31,61±0,86 ml/
kg/minute. The subject’s baseline characteristic 
can be seen in table 1.

table 1. Baseline Characteristic

Baseline characteristic mean ±SD

Age (years)
6MWT (meter)

VO2 Max(ml/kg/minute)

70,67±5,33
375,13 ± 44,19

31,61±0,86

After four weeks  intervention,  6MWD value  
was  401±44,57 m (p=0,000), ad VO2 max score 
was 32,11±0,87 ml/kg/minute (p=0,000). There 
were improvement in 6MWD and VO2 Max 
after the intervention can be seen in table 2.

Table	2.	Comparison	in	6	MWT	and	VO2 max after deep breathing exercise

Baseline characteristic Before after p

6MWT(meter)

VO2 max(ml/kg/minute)

375,13 ± 44,19

31,61±0,86

401 ± 44,57

32,11±0,87

0,000

0,000
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diSCUSSioN

The participant in this study are fifteen patients 
with restrictive pulmonary disorder at Pucang 
Gading social rehabilitation clinic. The highest 
restrictive pulmonary disorder prevalence is more 
than 75 years old. It’s similar with the mean age of 
the participants in this study which is 70 years old.3

The fifteen participants received interventions in 
the form of deep breathing exercise conducted 
twice a day for four weeks. Before the intervention 
begins the patient is trained first by the physiatrist. 
When the implementation is guided by officers 
from the clinic. VO2 max data were taken from 
the assessment 6 MWT before and after the 
intervention under physiatrist supervision.

Restrictive pulmonary disorder is caused by a 
decrease in recoil of the lungs and chest wall or 
in other words a person with this conditon can not 
develop the lungs fully so that the amount of oxygen 
taken during the inhalation process also decreases. 
Signs and symptoms that occur in patients with 
restrictive pulmonary disorders often include 
shortness of breath, easy fatigue and reduced 
exercise tolerance. Breathing exercise can increase 
the ability of lung development so tissue’s oxygen 
supply will be adequate by improve ventilation. 
This has been proven in research by Fatemi et al 
on population with three stage of lung function 
(mild, moderate and severe) who concluded that 
the higher the lung function value, the higher the 
VO2 max value of a person.1,2

In this study there was a significant increase in the 
results of the 6MWT assesement and VO2 max. In 
other words it can be concluded that the average 
patient can walk 26 meters further in 6 MWT 
assesment after the intervention. These results 

are simillar with previous studies by Fatemi et 
all and Hyun Gyu Cha et all and Huppmann et 
al study on four hundred and two consecutive 
ILD patients who were admitted to a specialised 
pulmonary rehabilitation centre (1999–2010) that 
the 6MWT distance improved by 46,3 m (308,6 
m versus 354,6 m; p,0.001).2,6,8

CoNClUSioN

In summary, four weeks deep breathing exercise 
for restrictive pulmonary disorder patients 
improve the VO2 Max. 
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