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ABSTRACT

Background: COPD leads to airway obstruction, hyperinflation, mechanical disadvantage of
respiratory muscles which places accessory muscles in shortened position, leading to increase
resistance to chest wall expansion, this causes decrease in pulmonary function. Breathing exercises
assist by decreasing dyspnea. Diaphragmatic breathing aims to improve chest wall motion and
distribution of ventilation. In Inverse ratio breathing, the ratio of I:E becomes 2:1. This study aims to
compare the immediate effects of diaphragmatic and inverse ratio breathing in patients with COPD.
Method: Study was conducted on 60 patients having COPD. Subjects were randomly selected to
perform diaphragmatic or inverse ratio breathing first on day 1, and other technique on day 2.
Diaphragmatic breathing was performed for total duration of 5 minutes within 10 minute interval at 6-
8 breathes/minute. Washout period of one day was given. Next day, subject was asked to perform
inverse ratio breathing using visual video feedback (inspiration for 4 seconds and expiration for 2
seconds) for 10 minutes.

Outcome measures: Pulmonary functions (FVC, FEV,, FEV/FVC, MVV) and thoracic expansion at
2" 4™ 6™ intercostal space

Results: Result showed significant improvement for FVC, FEV; and MVV, but FEV/FVC shows no
significant difference after diaphragmatic breathing. There was no significant difference for
pulmonary functions after inverse ratio breathing. Results showed no significant difference for
thoracic expansion after either of two breathing techniques.

Conclusion: Diaphragmatic breathing showed significant improvement in pulmonary functions,
however no improvement was observed in thoracic expansion. Inverse ratio breathing showed no
improvement in pulmonary functions or thoracic expansion.

Keywords: COPD, diaphragmatic breathing, inverse ratio breathing, pulmonary functions, thoracic
expansion

INTRODUCTION

Recently ATS/ERS jointly defined
Chronic Obstructive Pulmonary Disease
(COPD) as “a preventable and treatable
disease state characterized by airflow
limitation that is not fully reversible”™!. The
two major components of COPD are chronic

grg]nchitis 231 and pulmonary emphysema

COPD is one of the most important
causes of morbidity and mortality
worldwide ! representing the largest
fraction of mortality for respiratory diseases,
which are the third most common cause of
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death (8%) in the 25 member states of the
European Union (EU) !,

As on 2016, three out of five leading
causes of mortalities constitute non-
communicable diseases whereas COPD is
the second biggest cause of death in India
today [,

Patients with COPD develop
changes in chest wall configuration. These
changes are related to airway obstruction,
hyperinflation, and mechanical disadvantage
of respiratory muscles. Reduced upper limb
activity leads to disuse which causes muscle
tightening and stiffness thereby further
increasing chest wall resistance and work of
breathing®. The hyperinflated lungs places
the pectoralis major in a shortened position,
which leads to increase in resistance to chest
wall to expand, this causes a decrease in
%](ercise capacity and pulmonary function

In patients with severe COPD,
mechanical efficiency of respiratory
muscles causes decreased rib cage motion
and increase abdominal motion leading to
paradoxical pattern of breathing!*® which is
common in diaphragm dysfunction. Due to
dysfunction of diaphragm, accessory
muscles of respiration play a major role.
The activity of these muscles elevates
shoulder girdle and increases Vvertical
motion of the rib cage during the inspiratory
phase of breathing. Retraction of these soft
tissues and muscles around the chest wall
limits the chest expansion Y. Due to the
accessory muscle tightness in COPD
patients, chest expansion is decreased,
where the rib cage movement is also
reduced which leads to hyperinflation,
leading to a chronic reduction of the
opposition zone of the diaphragm.

Persons with COPD are greatly
under estimated because the disease is
usually not diagnosed until it is moderately
advanced. Dyspnea is often progressive, and
initially occurs with exertion, gradually
interferes with daily activities and in late
stages dyspnea may be present at rest also.
The person becomes more of a chest
breather, relying on the intercostals and

accessory muscles rather than effective
abdominal breathing.

Breathing exercises may assist the
patient during rest and activity by
decreasing dyspnea, improving
oxygenation, and slowing the respiratory
rate.

Some  reports  have  shown
diaphragmatic  breathing to cause a
significant increase in tidal volume,

reduction in respiratory rate, and improved
breathing pattern and respiratory efficiency
in COPD patients 231,

During diaphragmatic breathing the
patient is told to move the abdominal wall
predominantly during inspiration and to
reduce upper rib cage motion. This aims to
improve chest wall motion and the
distribution of ventilation, to decrease the
energy cost of breathing, the contribution of
rib cage muscles and dyspnea and to
improve exercise performance.

Respiration can be controlled
voluntarily and one can hyperventilate or
hypoventilate till serious derangements in
PCO,, PH, POyoccur in the blood.
Inspiration can be prolonged till the tidal
volume increases to more than three times
the normal after which the stretch receptors
in the lungs are activated and the inspiratory
signals are shut off. In this manner one can
prolong the duration of inspiration such that
it becomes double the duration of
expiration. This is called as inverse ratio
breathing (IRB) in which the ratio of
inspiration to expiration (I: E) becomes
2:1"1 To prolong inspiration in such
manner the work of the external intercostal
muscles increases to further increase the
volume of the thoracic cavity than relaxed
breathing.

Previously, studies have been carried
out to find out the effects of inverse ratio
breathing as a setting with different
ventilator modes on cardio respiratory
parameters in severe respiratory failure,™™
in healthy individuals™ as well as to study
benefits of inverse ratio ventilation in
patients with Acute Respiratory Distress
Syndromel*”  but consciously training
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subjects with COPD with inverse ratio and
diaphragmatic breathing and comparing
their immediate effects is not much studied
to the best of author’s knowledge.

In a patient with COPD, I: E ratio
reverses due to pathology. Its effect is
predominantly seen on lung and its function
causing significant decrease in the
pulmonary capacity and thoracic expansion.
The hyperinflated lungs cause diaphragm
inefficiency by placing it in a shortened
position causing weakness and mechanical
disadvantage which leads to reduced lung
capacity and dyspnea.

Breathing exercises are thought to
increase the pulmonary functions and chest
expansion in the long term but its immediate
effects have to be known.

So it is necessary to find out whether
a single session of breathing exercise is
effective in increasing lung capacity and
chest expansion.

Due to the increasing prevalence of
COPD, it is necessary to find adjunct
breathing exercises which could help relieve
dyspnea with immediate effect.

Inverse ratio breathing is thought to
improve oxygenation and have
advantageous effect on lung mechanics.
Considering the proposed mechanisms by
which inverse ratio breathing can be
beneficial and the fact that it can be carried
out voluntarily, it was hypothesized that
inverse ratio breathing may affect the lung
capacities.

This study aims to compare the
immediate effects of inverse ratio breathing
and diaphragmatic breathing on pulmonary
functions and thoracic expansion in patients
with chronic obstructive pulmonary disease
(COPD).

MATERIALS AND METHODS
Study type: Interventional
Study design: Crossover study

Sampling Convenience
sampling

Study population: Patients with mild and
moderate severity of chronic obstructive
pulmonary disease

Study duration: 1 year

technique:

Inclusion criterial®®: Patients diagnosed
with COPD by physician (The diagnosis
was be done according to the American
Thoracic Society (ATS) guidelines™, age
40- 70 years, both male and female, not
involved in any other physiotherapy
treatment, patients who are willing to
participate, patients who are able to follow
command.

Exclusion criterial®®: Acute exacerbation
in the last 6 weeks, presence of any other
respiratory ~ conditions,  presence  of
orthopaedic conditions such as scoliosis,
kyphosis, presence of neuromuscular
conditions such as spinal cord injury,
critically ill (i.e. severe (30% < FEV1<50%
predicted) and very severe (FEV1<30%
predicted)).

Outcome measures: Pulmonary function
tests: Forced vital capacity (FVC), Forced
Expiratory Volume in one second (FEV,),
FEV./FVC Maximum Voluntary
Ventilation (MVV)

Thoracic expansion at 2", 4™ and 6"
intercostal spaces

Materials used in the study: Pen, paper,
data collection sheet, consent form, plinth,
chair, RMS spirometer Helios 401, nose
clip, mouth piece, inelastic measuring tape,
weighing scale, stadiometer, visual video
feedback

Procedure: After the approval of the ethical
committee, the study was conducted on 60
patients having COPD who met the
inclusion criteria. The individuals were

Study setting: Department of  explained of the purpose and procedure of
Physiotherapy, VS General Hospital, the study. Those who were willing to
Ahmedabad, Gujarat participate were asked to sign a written
Sample size: 60 consent form. The subjects were randomly
divided in order 1 and order 2, who
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performed either diaphragmatic breathing or
inverse ratio breathing first on day 1, and
then the other technique on day 2.

Prior to administering of the
breathing techniques, pulmonary function
tests’® (FVC, FEV,, FEV./FVC, MVV)
and thoracic expansion at 2", 4" and 6"
intercostal spaces (ICS) were obtained.
After recording the parameters, the patient
was asked to perform diaphragmatic
breathing™®” for a total duration of 5 minutes
within a 10 minute interval at 6-8 breathes
per minute. The patient was made to
achieve the semi- fowler’s position and
asked to relax the shoulder and neck
muscles. They were told to place their hands
just below the anterior costal margin.
Instruction was given to breathe in slowly
and deeply through the nose allowing the
abdomen to rise and then exhale slowly
through the mouth. The parameters were
measured again and recorded. A washout
period of one day was given.

On the next day, on the same patient,
the parameters of pulmonary function tests
and thoracic expansion were measured. The
patient was made to sit upright on a chair
and asked to carry out inverse ratio
breathing using a visual video feedback
(inspiration for 4 seconds and expiration for
2 seconds) for 10 minutes. These breathing
techniques were performed for 1 minute,
followed by 1 minute of rest, again
breathing technique for 1 minute followed
by 1 minute of rest for a total of 10 minutes.
Hence the technique was carried out for a
total duration of 5 minutes and rest given for
5 minutes during the total 10 minute
duration.

STATISTICAL ANALYSIS

Statistical analysis was done using
SPSS version 16. Confidence interval was
kept at 95% and level of significance was
kept at 0.05. Before applying statistical
tests, the data was screened for normal
distribution. Shapiro- Wilk test was applied
to check the normality. Data for pulmonary
functions i.e. FVC, FEV;, FEV,/FVC and
MVV were normally distributed, so
parametric tests (Paired t- test for analysis
of pre and post intervention and Unpaired t-
test for analysis of the two interventions)
were used where as the data for chest
expansion at 2" 4™ and 6Mintercostals
space were not normally distributed, so non-
parametric tests (Wilcoxon test for analysis
of pre and post intervention and Mann
Whitney U test for analysis of the two
interventions) were used

RESULTS

A total of 72 subjects participated in
the study of which 60 completed the study
i.e. there were 12 dropouts. All the 60
subjects performed diaphragmatic and
inverse ratio breathing on consecutive days
in random order.

Table 1: Demographic data of participants

CHARACTERISTICS MEAN SD
AGE (years) 55.68 7.97
HEIGHT (cm) 161.00 8.63
WEIGHT (kg) 58.80 14.97
BMI (kg/m?) 22.82 6.35
Table 2: Gender distribution and smoking
NUMBER | PERCENTAGE

MALE 39 65
GENDER  I"FEMALE 21 35

YES 25 42
SMOKING | NO 23 38

EX- SMOKER | 12 20

Table 3: Comparison of FVC, FEV;, FEV,/FVC and MVV Pre and Post diaphragmatic breathing

MEAN * SD

PARAMETERS PRE POST t- VALUE | p- VALUE | INTERPRETATION
FVC (L) 2.15+0.50 242 +0.54 11.575 0.001 Significant

FEV. (L) 1.39+0.36 1.59 +0.40 22.464 0.001 Significant
FEV./FVC (%) | 6428+3.66 | 6440+3.69 | 1.224 0.226 Not significant

MWV (L/min) 55.51 +14.53 | 63.43 +15.87 | 22.464 0.001 Significant

Table 4: Comparison of FVC, FEV;, FEV/FVC and MVV Pre and Post inverse ratio breathing
MEAN * SD

PARAMETERS PRE POST t- VALUE | p- VALUE | INTERPRETATION
FVC (L) 2.15+0.49 2.16 £0.50 1.078 0.285 Not significant

FEV. (L) 1.39+0.36 1.39+0.36 0.700 0.487 Not significant
FEV.J/FVC (%) | 64.28+3.66 | 64.37+355 | 1.150 0.255 Not significant

MVV (L/min) 55.59 +14.30 | 55.70 +14.35 | 0.700 0.487 Not significant
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Table 5: Between technique comparison of FVC, FEV;, FEV,/FVC and MVV of Diaphragmatic breathing and Inverse ratio
breathing
PARAMETERS [-MEAN 25D . . | VALUE | p- VALUE | INTERPR-ETATION
Diaphragmatic breathing | Inverse ratio breathing
FVC (L) 0.30+0.13 0.03 +£0.03 15.300 0.000 Significant
FEV; (L) 0.20 + 0.07 0.02 +0.02 19.191 0.000 Significant
FEV/FVC (%) | 0.48+0.57 0.28 +0.49 2.066 0.041 Significant
MVV (L/min) 7.92+2.73 0.88 +0.79 19.191 0.000 Significant
Table 6: Comparison of thoracic expansion pre and post Diaphragmatic breathing
MEAN #* SD
PARAMETERS PRE POST Z-VALUE | p- VALUE | INTERPRETATION
2" ICS (cm) 1.38+0.67 | 1.43+0.69 | 1.807 0.071 Not significant
4™ ICS (cm) 229+0.81 | 235+0.89 | 1.436 0.151 Not significant
6™ ICS (cm) 1.03+044 | 1.08+043 | 1.732 0.083 Not significant
Table 7: Comparison of thoracic expansion before and after Inverse ratio breathing
MEAN #* SD
PARAMETERS PRE POST Z-VALUE | p- VALUE | INTERPRETATION
2" 1CS (cm) 141+065 | 1.47+0.70 | 1.658 0.097 Not significant
4™ ICS (cm) 231+0.80 | 239+0.89 | 1.801 0.072 Not significant
6™ ICS (cm) 1.04+0.41 | 1.07+0.45 | 0.775 0.439 Not significant
Table 8: Between technique comparison of thoracic expansion of Diaphragmatic breathing and Inverse ratio breathing
MEAN + SD
PARAMETERS Diaphragmatic breathing | Inverse ratio breathing U-VALUE | p- VALUE | INTERPR-ETATION
2" 1CS (cm) 0.05+0.22 0.05+0.24 0.180 0.857 Not significant
4™ ICS (cm) 0.05 +0.29 0.07 £0.42 0.281 0.779 Not significant
6™ ICS (cm) 0.04 +£0.20 0.02 +£0.23 0.045 0.964 Not significant
; ; [26, 27]
DISCUSSION the respiratory muscles of the rib cage :
This study was conducted to In this context, both the reduction in

compare the immediate effects of inverse
ratio breathing and diaphragmatic breathing
on pulmonary functions and thoracic
expansion in  patients with  chronic
obstructive pulmonary disease.

The result showed that FVC, FEV;
and MVV improved significantly after
diaphragmatic breathing. But FEV./FVC
ratio and thoracic expansion was not
significantly improved. Whereas after
performing inverse ratio breathing, the
pulmonary functions and thoracic expansion
showed no significant improvement in
patients with COPD.

It is known that diaphragmatic
dysfunction is an important deleterious
consequence of the progression of the
severity of COPD. With the increase in air
flow resistance, air trapping, and
hyperinflation in this disease, the inspiratory
muscles are passively shortened and placed
at a mechanical disadvantage [ 2.
Therefore, a progressive reduction occurs in
the mobility of the diaphragm and in its
relative contribution to thoracoabdominal
movement® 2* %1 and as a compensatory
mechanism, there is greater recruitment of

diaphragm mobility and the greater activity
of the rib cage respiratory muscles are
associated with the increase in dyspnea and
intolerance to physical exercise 128 %30

To reduce or minimize these
alterations, studies have been conducted
with diaphragmatic breathing as a form of
therapy for improving diaphragmatic
mobility and thereby reducing the
deleterious  effects of diaphragmatic
dysfunction.

Diaphragmatic breathing  was
beneficial to the COPD patients because it
promoted an increase in the lung volumes,
which is in agreement with the proposal of
Cahalin et al 2. Diaphragmatic breathing is
frequently applied in pulmonary
rehabilitation programs, and its efficacy in
improving pulmonary functions has been
documented ?° 3. In the present study, the
beneficial  effects of  diaphragmatic
breathing on pulmonary functions were also
observed when compared with inverse ratio
breathing.

The increases in pulmonary volume
during the breathing exercises were due to
significant increases in end-inspiratory rib-
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cage volume and end-inspiratory abdomen
volume, without changes in the end-
expiratory chest wall volume. Other studies
also reported significant increases in tidal
volume during diaphragmatic breathing **
%2331 The increase in volume associated
with the increase in the end-inspiratory
chest wall volume indicated that the subjects
were able to recruit the inspiratory reserve
volume. The same result was observed in
the study by Fernandes et al B! in a specific
group of subjects with COPD who also
presented significant increases in tidal
volume but no changes in end-expiratory
volume.

Inverse ratio breathing technique
differs to a great extent from that of
diaphragmatic breathing. To perform the
exercises of the inverse ratio breathing, it is
necessary to breathe deeply at I: E ratio of
4:1 which mainly requires the use of the
upper chest. The subjects used the accessory
muscles more than the diaphragm, showing
thoracic  respiration by raising their
shoulders or moving their chests for
excessive inhalation and exhalation. Such
result is consistent with that of the study in
which breathing exercise using threshold
device did not induce changes in
diaphragmatic activities but significantly
increase activities of the
sternocleidomastoid muscle 7.

Therefore, as respiration is a little
restricted because no movement occurs in
the abdominal compartment, the results of
this study showed that after inverse ratio
breathing, there were no changes in the
pulmonary  volumes, unlike after
diaphragmatic breathing, in which there is a
diaphragmatic excursion with abdominal
projection. This more restricted respiratory
movement in inverse ratio breathing did not
promote alteration in any respiratory
patterns evaluated in the individuals with
COPD in the present study.

A study conducted by Kshipra et
al.M to find the immediate effects of
inverse ratio breathing versus diaphragmatic
breathing on inspiratory vital capacity and
thoracic expansion in adult healthy females

suggested a significant increase in lung
volumes and thoracic expansion in both the
breathing techniques. Thus, because the
movement of the rib cage is greater in the
healthy subjects, this was probably detected
in the healthy individuals.

Inverse ratio breathing causes breath
stacking (creating auto PEEP), as the patient
is unable to completely exhale a breathe
before the next inspiratory phase begins,
resulting in elevated airway pressure. It may
potentiate this process due to relatively short
expiratory time. The auto PEEP effect may
benefit the oxygenation; however, the
increased pressure may exacerbate lung
stress.

With regard to chest wall expansion,
although there was improvement after
diaphragmatic  breathing  exercises in
pulmonary functions, however, there was no
increase in the chest mobility. It is known
that subjects with COPD have diminished

diaphragmatic motion and a lower
diaphragmatic  excursion, % 3% and,
depending on the severity of these

alterations, this may interfere with the
response to diaphragmatic breathing, %
which limits the involvement of chest
mobility. In fact, some studies that assessed
the effects of pursed-lips breathing showed
an increase in the tidal volume in both the
rib cage and the abdomen; however, the
contribution of the compartments to the
chest wall was not analyzed 435,

The present study is a short-term one
and its conclusions must be confirmed by
long-term studies. Whether the acute
physiological effects can be offset in the
long-term by more favourable effects
remains to be established. As a matter of
fact, the detrimental effects observed by
Gosselink et al.®® with diaphragmatic
breathing were not permanently present
during natural breathing, thus indicating that
the diaphragmatic breathing pattern was not
adopted as the natural pattern. Nevertheless,
short-term studies are required before
longer-term investigation of therapeutic
interventions, in order to show at least the
tolerance of the patients to the treatment.
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CONCLUSION

From this study, it can be concluded
that a single session of diaphragmatic
breathing showed significant improvement
in  pulmonary functions, however no
improvement was observed in thoracic
expansion. Whereas inverse ratio breathing
showed no improvement in pulmonary
functions or thoracic expansion.

The results of this study i.e.
diaphragmatic breathing which showed
significant improvement in pulmonary
functions has important clinical implications
for symptom management in individuals
with COPD. The assessed breathing
exercises i.e. diaphragmatic breathing was
demonstrated to improve pulmonary
volumes and hence improves oxygenation.
Therefore, these exercises might be helpful
for individuals who feel anxious and tense
when it is difficult to breathe, as well as for
individuals trying to manage sudden COPD
symptoms. The exercises may play a role in
care and symptom management, and thus
may be taught in pulmonary rehabilitation
and nursing care programs, and be included
in routine care of individuals with COPD.

As it occurs in patients with COPD,
in which the breathing pattern is reversed
(i.e. increased inspiratory time and reduced
expiratory time) which also occurs in
inverse ratio breathing, has to be corrected
by teaching the patient diaphragmatic
breathing technique.

Limitation

e Study duration of the treatment protocol
was short.

e Control group was not taken in the
study.

e Only stable patients with COPD were
included, therefore these results cannot
be generalised to other population
groups, including patients with COPD in
acute pulmonary exacerbations.

Future recommendation
e Treatment can be given for longer
duration with follow up.

e Other pulmonary function parameters
and outcomes like PEFR, respiratory
rate, SPO,, ABG analysis and dyspnea
scale can be used.
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