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ABSTRACT

Introduction: Physical therapy is involved in the non-medical treatment of patients with acute and chronic respiratory diseases,
including obstructive and restrictive pulmonary diseases, patients with neuromuscular disorders, patients admitted for major
surgery and patients with critical illness in intensive care. Physical therapy contributes towards assessing and treating various
aspects of respiratory disorders such as airflow obstruction, mucus retention, alterations in ventilatory pump function, dyspnea,
impaired exercise performance and quality of life. Conclusion: Exercise training, peripheral and respiratory muscle training, airway
clearance techniques and lung expansion in spontaneous breathing patients (lung expansion maneuvers, huffing and assisted
coughing) and in mechanically ventilated patients (bagsqueezing), and breathing retraining (pursed lips breathing, active
expiration) have been shown effective in selected patients with disorders affecting the respiratory system. Assessment of
patients is critical to identify patient characteristics that allow appropriate selection of treatment modalities providing optimal
effectiveness and efficacy.

Key words: breathing retraining, effectiveness of respiratory techniques, functional capacity.

RESUMO

Fisioterapia em Adultos com Distúrbios Respiratórios: Onde Estamos?

Introdução: Fisioterapia envolve o tratamento não-médico de pacientes com doenças respiratórias agudas e crônicas, incluindo
doenças pulmonares obstrutivas e restritivas; pacientes com doenças neuromusculares; pacientes submetidos a grandes cirurgias
e pacientes com doenças graves, em terapia intensiva. A fisioterapia contribui para a avaliação e para o tratamento de vários
aspectos das doenças respiratórias, tais como obstrução do fluxo aéreo; retenção de secreção; alterações na função ventilatória;
dispnéia, mau condicionamento físico; além de contribuir para a melhora da qualidade de vida. Conclusão: Esta revisão discute
a eficácia do treinamento físico, do treinamento periférico e muscular, de técnicas de limpeza das vias aéreas, e a função
respiratória em relação a uma variedade de condições que afetam o sistema respiratório.

Palavras-chave: retreinamento respiratório, efetividade de técnicas respiratórias, capacidade funcional.

INTRODUCTION

Physical therapy is relevant to the treatment of patients
with acute and chronic lung disease, but is also effective in
patients with advanced neuromuscular disorders, in patients
admitted for major surgery and patients with critical illness
in intensive care units. Physical therapy contributes towards
assessing and treating various aspects of respiratory disorders
such as airflow obstruction, mucus retention, alterations in

ventilatory pump function, dyspnea, impaired exercise
performance and quality of life. Since lack of compliance
with treatment is a well-known problem in prescribing
techniques for airway clearance and maintaining the effects
from exercise training following rehabilitation, physical therapy
also includes patient education. This overview discusses airway
clearance techniques, breathing retraining, exercise training
and peripheral and respiratory muscle training, in relation to
a variety of conditions affecting the respiratory system.
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Figure 1. Resistance muscle training for lower limbs in a patient with
COPD.

DECONDITIONING: EXERCISE TRAINING
AND PERIPHERAL MUSCLE TRAINING

Impaired exercise tolerance is a common finding in
patients with respiratory disease. However, reduced exercise
capacity shows only a weak relationship with impairment
of lung function. Other factors, such as peripheral and
respiratory muscle weakness and deconditioning, are now
recognized as important contributors towards reduced exercise
tolerance1,2. Randomized controlled studies on the efficacy
of pulmonary rehabilitation have reported significant
improvements in maximal exercise capacity, walking distance
and endurance capacity following pulmonary rehabilitation.
In addition, improved quality of life and reduced symptoms
have been observed3,4. Although these programs are
comprehensive, most authors consider exercise training to
be a mandatory part of such programs. Endurance training
involves a larger muscle mass working at moderate intensity
for a longer period of time. For patients with more advanced
disease, reducing the impact on the cardiopulmonary system,
by shortening the exercise duration and/or reducing active
muscle mass is indicated. Indeed, interval training and
resistance muscle training (Figure 1) are appropriate and
effective alternatives to endurance exercise training5,6.
Randomized controlled trials on chronic obstructive pulmonary
disease (COPD) patients have found that weight-lifting
resulted in significant increases in peripheral muscle
performance, endurance exercise capacity and quality of life7.
In COPD patients with peripheral muscle weakness, strength
training has been shown to be equally effective as endurance
training on exercise capacity and quality of life6. The
combination of strength and endurance training has improved
peripheral muscle strength, exercise performance and quality
of life in COPD patients with muscle weakness, compared
with either endurance training or strength training alone8.
Recently, neuromuscular stimulation of lower limb muscles
in patients with severe COPD has been shown to improve
muscle strength, exercise performance and quality of life9.

Clinical conditions associated with severe deconditioning,
such as critical illness and burn injuries need input from
physiotherapists, to maintain or restore the patient’s ability
to be “upright and moving” and thus shorten bed rest10.
Mobilization enhances oxygen transport, muscle function,
joint mobility and coordination of movement. Prevention of
muscle atrophy is best achieved with active muscle
contractions, but critically ill patients are often unable to
perform voluntary contractions. Under these conditions, active
or passive cycling (Figure 2) or passive muscle stretching
has been shown to prevent muscle fiber atrophy and protein
loss, in comparison with twice-a-day passive stretching of
less than 5 minutes per session11. Moreover, electrical
stimulation of the quadriceps (Figure 3) not only gives rise
to active limb mobilization but also enhances muscle strength
and decreases the number of days needed to transfer from

Figure 2. Device for active and passive cycling in a bedridden patient
in intensive care (Motomed Letto, RECK Germany).

bed to chair12. Recent studies have underpinned the need for
exercise training after a period of critical illness, to enhance
functional capacity13.

DYSPNEA AND RESPIRATORY PUMP
DYSFUNCTION

Dyspnea is an important and debilitating symptom in
patients with COPD14. Several pathophysiological factors
known to contribute towards dyspnea include: (i) increased
intrinsic mechanical loading of the inspiratory muscles, (ii)
increased mechanical restriction of the chest wall, (iii)
functional inspiratory muscle weakness, (iiii) increased
ventilatory demand relative to capacity, (iv) gas exchange
abnormalities, (v) dynamic airway compression, or (vi)
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cardiovascular effects15. Dyspnea relief is an important aim
in the treatment of COPD, which is an only partially reversible
disease. Among the treatment methods commonly applied
(such as bronchodilator therapy, exercise training and oxygen
therapy), breathing techniques are also applied to alleviate
symptoms and improve respiratory physiology.

of their length-tension relationship. There are several treatment
strategies that aim to reduce chest wall hyperinflation.

Relaxation exercises
The rationale for relaxation exercises arises from the

observation that slowing down the respiratory rate will allow
more time for expiration. Renfoe17 showed in COPD patients
that progressive relaxation resulted in an immediate decrease
in heart rate, respiratory rate, anxiety and dyspnea scores
in comparison with a control group, but only the respiratory
rate dropped significantly over time. Gift et al.18 observed
similar improvements in a randomized controlled trial with
relaxation using audio tapes, in comparison with a control
group. Significantly larger reductions in breathing rate, anxiety
and dyspnea than in the control group were found.
Kolaczkowski et al.19 observed that the combination of
relaxation exercises and manual compression of the thorax
improved the excursion of the thorax and oxygen saturation
significantly. A positive trend towards symptom reduction
is apparent in applying relaxation exercises.

Pursed lips breathing
Pursed lips breathing aims to improve expiration both

by the active and prolonged expiration through the half-opened
lips and by preventing airway collapse. Compared with
spontaneous breathing, pursed lips breathing reduces the
respiratory rate, dyspnea and PaCO2, and improves tidal
volume and oxygen saturation under resting conditions20,21.
However, its application during treadmill exercise has not been
found to improve blood gases22. Recently Garrod et al.
observed that pursed lips breathing during a six-minute walking
test resulted in a lower respiratory rate after the walking test,
in comparison with natural breathing during the walking test23.
Breslin20 observed an increase in rib-cage and accessory
muscle recruitment during pursed lip breathing, over the entire
breathing cycle, while the tension-time index of the
diaphragmatic contraction decreased. These changes might
have contributed towards the decrease in dyspnea sensation.

Some COPD patients use the technique instinctively,
while other patients do not. The changes in minute ventilation
and gas exchange have not been found to be significantly
related to the patients who reported subjective improvement
in the sensation of dyspnea. These “symptom benefit patients”
had a more markedly increased tidal volume and decreased
breathing frequency22. On the other hand, there are other
reports of reduced elastic recoil pressure in symptom benefit
patients21.

In conclusion, pursed lips breathing is found to be
effective in improving gas exchange and reducing dyspnea.
COPD patients who do not spontaneously adopt pursed lips
breathing show variable responses. Patients with loss of elastic
recoil pressure seem to benefit more from practicing this
technique during exertion and episodes of dyspnea.

Figure 3. Neuromuscular stimulation of the quadriceps femoris muscle.

“Breathing exercise” is an all-embracing term for a range
of exercises such as active expiration, slow and deep
breathing, pursed lips breathing, relaxation therapy, body
positions such as forward leaning, inspiratory and expiratory
muscle training, and diaphragmatic breathing. The aims of
these exercises vary considerably and include the improvement
of (regional) ventilation and gas exchange, reduction of
dynamic hyperinflation, improvement of respiratory muscle
function, reduction of dyspnea and improvement of exercise
tolerance and quality of life16.

Breathing retraining to reduce dynamic hyperinflation
of the rib cage

The idea of decreasing the dynamic hyperinflation of
the rib cage is based on the assumption that this intervention
will decrease the elastic work of breathing and allow the
inspiratory muscles to work over a more advantageous part
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Breathing retraining to improve respiratory muscle
function

Reduced endurance and strength of the inspiratory
muscles are frequently observed in chronic lung disease and
neuromuscular disorders and contribute towards dyspnea
and exercise limitation, and probably towards respiratory
failure. Improvement of respiratory muscle function has the
aim of reducing the relative load on the muscles (the ratio
between the actual pressure and the maximal pressure; PI/
PImax) and hence may contribute towards reducing dyspnea
and increasing the maximal sustained ventilatory capacity.
This might also imply improvement in exercise capacity among
patients with ventilatory limitation during exercise. Breathing
retraining and body positions have the aim of improving the
length-tension relationship or geometry of the respiratory
muscles (in particular the diaphragm), or increasing the
strength and endurance of the inspiratory muscles. According
to the length-tension relationship, the output from the muscle
increases when operating at a greater length, for the same
neural input. At the same time, the efficacy of the contraction
in moving the rib cage improves. Moreover, the piston-like
movement of the diaphragm increases and enhances the lung
volume changes.

Contraction of the abdominal muscles during expiration
Contraction of the abdominal muscles during expiration

lengthens the diaphragm, thus allowing it to operate close
to its optimal length. In addition, active expiration will increase
the elastic recoil pressure of the diaphragm and rib cage. The
release of this pressure after relaxation of the expiratory
muscles will assist the next inspiration. In healthy subjects,
this mechanism is brought into play only with increased
ventilation. However, in patients with severe COPD,
contraction of abdominal muscles invariably becomes linked
to resting breathing24. Active expiration increases the
transdiaphragmatic pressure (Pdi) and PImax. The additional
effects of active expiration on exercise training among patients
with severe COPD were studied by Casciari et al25. They
observed a significant increase in maximum oxygen uptake
during a bicycle ergometer test, following a period of additional
breathing retraining as part of a training program on a treadmill,
in comparison with the treadmill program without breathing
retraining.

Although active expiration seems to improve inspiratory
muscle function and is commonly observed in resting breathing
and during exercise in COPD patients, the significance of
abdominal muscle activity remains poorly understood24.

Body position
Relief of dyspnea is often experienced by patients in

different body positions. Forward leaning has been shown
to be very effective in COPD26 and is probably the body
position most adopted by patients with lung disease (Figure
4). The effect of this position seems to be unrelated to the

severity of airway obstruction, changes in minute ventilation
or improved oxygenation26. Hyperinflation and paradoxical
abdominal movement have indeed been related to dyspnea
relief in the forward leaning position26. Alternatively, forward
leaning has been associated with significantly reduced
electromyographic (EMG) activity in the scalene and
sternomastoid muscles, increased transdiaphragmatic pressure
and significantly improved thoracoabdominal movements26.
From these studies, it was concluded that the subjective
improvement in dyspnea among patients with COPD was
the result of the more favorable position of the diaphragm
on its length-tension curve. In addition, forward leaning with
arm support allows accessory muscles (pectoralis minor and
major) to contribute significantly towards rib cage elevation.
Banzett showed in healthy subjects that this position enhanced
ventilatory capacity27. The same holds for the forward leaning
position with head support, which allows the accessory neck
muscles to assist inspiration.

Figure 4. Forward leaning position allowing accessory muscle
recruitment and dyspnea relief.

Abdominal belt
The “abdominal belt” was developed as an aid to

support diaphragmatic function. Early studies reported on
its use on patients with emphysema, but it has only been
successfully used on patients with spinal cord injury, for
whom it improves vital capacity28. However, increased
expiratory flow and expiratory pressures during abdominal
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strapping have not been consistently observed in such patients29.

Respiratory muscle training
Recent studies on patients with COPD have shown

natural adaptations of the diaphragm at cellular level (increased
proportion of type I fibers) and subcellular level (shortened
sarcomeres and increased mitochondria concentration), which
contributes towards greater fatigue resistance and better
functional muscle behavior30. Despite these cellular adaptations,
both functional inspiratory muscle strength and inspiratory
muscle endurance are compromised in COPD cases.
Inspiratory muscle training may further enhance these
spontaneous adaptations.

Three types of training are practiced at the present time:
inspiratory resistive training (IRT), threshold loading (ITL)
and normocapnic hyperpnea (NCH). During NCH the patient
is asked to ventilate maximally for 15-20 minutes (Figure 5).

than does exercise training alone36,37. The additional effect
of IMT on exercise performance seems to be related to the
presence of inspiratory muscle weakness32. At present there
are no data to support resistive or threshold loading as the
training method of choice. Threshold loading enhances the
velocity of inspiratory muscle shortening38. This might be
an important additional effect, as this shortens inspiratory
time and increases the exhalation and relaxation time.

Figure 5. Normocapnic hyperpnea training in a patient with spinal cord
injury.

Figure 6. Respiratory muscle resistive training with threshold loading
in a patient being weaned off mechanical ventilation.

It is concluded that, in COPD cases, well-controlled
inspiratory muscle training improves inspiratory muscle
function, thereby resulting in additional decreases in dyspnea
and nocturnal desaturation time and potential improvement
in exercise capacity, in patients with inspiratory muscle
weakness. Training intensity should be at least 30% of the
maximal inspiratory pressure for 30 minutes per day.

In quadriplegic patients, respiratory muscle training has
also been shown to enhance inspiratory muscle function,
pulmonary function and dyspnea39,40, but a recent systematic
review could not confirm this41. In patients with neuromuscular
disease (NMD), respiratory muscle dysfunction is more
complex and dependent on the precise disease and its stage.
It seems that NMD patients for whom more than 25% of the
predicted pulmonary function still remains are still trainable42.
Although inspiratory muscle function is commonly affected
in these diseases, expiratory muscle function is often more
impaired in quadriplegia and multiple sclerosis. Expiratory
muscle training has also been shown to be beneficial in the
latter condition43. Over the long term, the progressive nature
of most neuromuscular diseases affecting the primary function
of the muscle probably impedes the beneficial effects of
training.

In a randomized controlled trial, NCH was shown to enhance
respiratory muscle endurance and exercise capacity, as well
as quality of life, in COPD patients31. During inspiratory
resistive breathing, the patient inspires through a mouthpiece
and adapter with an adjustable diameter or “threshold loading”
(Figure 6). Most studies have observed that breathing against
an inspiratory load (at least 30% PImax) increased maximal
inspiratory pressure and endurance capacity of the inspiratory
muscles (see overview 32).  A recent study on COPD patients
has shown significant increases in the proportion of type I
fibers and the size of type II fibers in the external intercostals
following IMT33. Dyspnea34 and nocturnal desaturation time35

also decreased, while exercise performance tended to
improve32.  Inspiratory muscle training in addition to exercise
training has been shown to improve exercise capacity more
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Finally, respiratory muscle weakness is a frequent cause
of weaning failure. Uncontrolled trials have suggested that
inspiratory muscle training during the weaning period could
facilitate the weaning process44,45. Biofeedback of breathing
patterns to such patients can also enhance the weaning
process for patients receiving long-term mechanical
ventilation46.

Breathing retraining to optimize thoracoabdominal
movements

Alterations in chest wall motion are common in patients
with asthma and COPD. Several studies have described
increased rib cage contribution towards chest wall motion
and/or asynchrony between rib cage and abdominal motion
in these patients47,48. The mechanisms underlying these
alterations have not been fully elucidated, but appear to be
related to the degree of airflow obstruction, hyperinflation
of the rib cage, changes in diaphragmatic function and
increased contribution of accessory inspiratory muscles
towards chest wall motion.  Indeed, increased firing frequency
of single motor units of the scalene and parasternal muscles
49, and also of the diaphragm50,51, have been observed in COPD
patients compared with age-matched control subjects. The
activity of accessory muscles has been positively associated
with the sensation of dyspnea, whereas diaphragm activity
has been negatively related to this sensation52. Consequently,
diaphragmatic breathing, or slow and deep breathing, are
commonly applied in physical therapy practice, in attempts
to correct abnormal chest wall motion and decrease the
breathing work, accessory muscle activity and dyspnea.

Diaphragmatic breathing
During diaphragmatic breathing, the patient is told to

move the abdominal wall predominantly during inspiration
and to reduce upper rib cage motion.  All studies have shown
that, during diaphragmatic breathing, COPD patients are
voluntarily able to change their breathing patterns to more
abdominal movement and less thoracic excursion53,54.
However, diaphragmatic breathing may be accompanied by
increased asynchronous and paradoxical breathing
movements, while no permanent changes in breathing pattern
are observed53,54. Although abdominal and thoracic movement
clearly changes, no changes in ventilation distribution has
been observed54. In addition, dyspnea has been found to
worsen during diaphragmatic breathing, while increased
breathing work, enhanced oxygen cost in breathing and
reduced mechanical efficiency of breathing have been found
in patients with severe COPD55.

In conclusion, there is no evidence from controlled
studies to support the use of diaphragmatic breathing in COPD
patients.

Slow and deep breathing
Since, for a given minute ventilation, alveolar ventilation

improves when breathing at a slower rate and higher tidal
volume, this type of breathing is encouraged for patients with
impaired alveolar ventilation. Several authors have reported
a significant drop in respiratory frequency, and significant
rise in tidal volume and PaO2 during imposed low frequency
breathing at rest in patients with COPD (see pursed lips
breathing). Slow and deep breathing retraining as part of
pulmonary rehabilitation during exercise training may add
to more efficient breathing during exercise and hence reduce
the ventilatory demand and dyspnea56.

In summary, slow and deep breathing improves
breathing efficiency and oxygen saturation at rest. A similar
tendency has been observed during exercise, but needs further
research.

IMPAIRED AIRWAY CLEARANCE AND
LUNG INFLATION

Hypersecretion and impaired mucociliary transport are
important pathophysiological features of obstructive lung
diseases like cystic fibrosis and chronic bronchitis, as well
as in patients with acute lung disease, i.e. atelectasis and
pneumonia. Hypersecretion is associated with an increased
rate of decline of pulmonary function and excess mortality
in patients with COPD57. In patients with more advanced
neuromuscular disease, mucus retention and pulmonary
complications significantly contribute towards morbidity and
mortality58. Although a cause-effect relationship has not been
proven under these conditions, improvement of airway
clearance is considered to be an important aim in treating
such patients.

Pharmaceutical interventions and physical therapy are
effective in enhancing mucus transport by improving the
rheological properties of the mucus layer (thus stimulating
ciliary action) or by using compensatory physical mechanisms
such as gravity, two-phase gas-liquid interaction, vibration,
oscillation or airway compression59,60.  A meta-analysis on
patients with cystic fibrosis61 concluded that the combined
standard treatment of postural drainage, percussion and
vibration resulted in significantly greater sputum expectoration
than did no treatment. No differences were observed between
standard treatment and other treatment methods. A Cochrane
Library review on patients with COPD and bronchiectasis
concluded that the combination of postural drainage,
percussion and forced expiration improved the airway
clearance but not pulmonary function62. Forced expiratory
maneuvers (hawking and coughing) are considered to be the
cornerstone of airway clearance techniques and thus an
essential part in every combination of treatment methods.
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Forced expiration Tecniques
The idea behind therapeutic forced expiratory maneuvers

is to enhance mucus transport through the interaction and
energy transfer between the high airflow velocity and the
mucus layer (two-phase gas-liquid interaction). The
effectiveness of this transmission and hence of mucus
transport depends on the thickness of the mucus layer and
airflow velocity. A thicker mucus layer is easier to move, as
more kinetic energy is transmitted to the mucus layer63.
Hawking and coughing, and also (although to a lesser extent)
ventilation at rest or during exercise, induce higher airflow
velocities that equally effectively stimulate mucus transport
from the central and intermediate lung zones64-66.  However,
in patients with airway instability (pulmonary emphysema),
forced expiratory maneuvers may result in airway collapse
and impair mucus transport. Indeed, manual chest wall
compression during forced expiration has been found to
decrease the peak cough flow rate in patients with severe
COPD67. In contrast, in neuromuscular disease (NMD), the
reduced expiratory muscle strength limits effective hawking
and coughing. Manual assistance with chest wall compression
enhances the peak cough flow rate in patients with
neuromuscular disease without scoliosis, but has not been
beneficial in patients with chest wall deformities67. In addition,
deep lung insufflation increases maximum insufflation capacity
and peak cough flow in patients with progressive
neuromuscular disease67. Mechanical insufflation and
exsufflation and manually assisted coughing are effective and
safe for facilitating the clearance of airway secretions68.
Glossopharyngeal breathing has been shown to increase vital
capacity and expiratory flow rates and is a treatment option
for patients with high spinal cord injury69.

Exercise
During exercise, increased ventilation and release of

mediators in the airways may be effective in enhancing mucus
transport70. Indeed, increased mucus transport has been
observed during exercise in healthy subjects and patients with
chronic bronchitis71, but it has been found to be less effective
than conventional physical therapy in patients with cystic
fibrosis72. During exercise combined with physical therapy,
significantly more sputum volume has been found to be
expectorated than during physical therapy alone73.

Postural drainage and Body position
During postural drainage, the major bronchi are

positioned to allow gravitational forces to promote mucus
transport to the central airways. Studies investigating the
efficacy of postural drainage and using radioaerosol tracer
assessment have not shown any additional improvement in
mucus transport following postural drainage74 but, in patients
with bronchiectasis and excessive mucus production, postural
drainage alone enhanced mucus transport and expectoration75.

Body position has also been shown to affect oxygenation.
This effect has not always been acknowledged in clinical care.
In patients with unilateral lung disease, the lateral decubitus
position with the unaffected side down generally improves
oxygenation76. In patients with acute respiratory distress
syndrome, the prone position increases arterial PO2. Alterations
in ventilation-perfusion inequality have been suggested as the
main reason for improved oxygenation in these body
positions77.

Percussion and vibration
Manual or mechanical percussion and vibration are based

on the assumption that the oscillatory forces are transmitted
to the bronchi. Although such oscillations are observed during
bronchoscopy in the central airways, it is believed that
absorption of the forces by air and by the lung parenchyma
prevents transmission to smaller and intermediate airways.
This probably explains the lack of additional effect on mucus
transport from adding chest percussion and vibration to
breathing retraining, postural drainage and coughing78.  Another
explanation might be the frequency dependence of the effects
of vibration and oscillation. The optimal frequency-enhancing
mucus transport appears to be around 12-17 Hz79. However,
clinical trials have not shown greater efficacy of high
frequency oscillation with a more optimal oscillation frequency
than in standard physical therapy on patients with chronic
bronchitis80 and cystic fibrosis in a stable condition81 or
hospitalized82.

Positive expiratory pressure mask breathing and Flutter
breathing

Positive expiratory pressure mask breathing (Figure 7)
was introduced to prevent airway collapse and improve
collateral ventilation, and thus to enhance mucus transport.
Indeed, Falk et al.83 showed that the addition of this technique
to forced expiration or postural drainage increased the mucus
expectoration in cystic fibrosis cases. Other investigators
have been unable to show additional short-term effects on
mucus transport in cystic fibrosis84 or chronic bronchitis85.
However, it has been demonstrated that positive expiratory
pressure therapy is superior to standard treatment in preserving
pulmonary function over the long term86.

Flutter breathing is the addition of a variable, oscillating
expiratory pressure and airflow at the mouth, to facilitate
mucus clearance. Although Konstan et al.87 observed a fivefold
increase in expectorated mucus using this method in patients
with cystic fibrosis, in comparison with coughing or postural
drainage, other authors have been unable to find differences
in expectoration88. Sputum rheology has been found to become
significantly altered during flutter breathing, but without
resulting in increased sputum volume88.
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Chest expansion and lung inflation
Mechanically ventilated patients are often unable to

perform forced expiratory maneuvers effectively, due to
unconsciousness. Manual hyperinflation combined with chest
wall compression during expiration (“bag squeezing”, Figure
8) is frequently applied in clinical practice, and this improves
oxygenation and lung compliance, and facilitates secretion
removal89-91. Potential detrimental cardiovascular effects must
be taken in consideration when applying manual
hyperinflation92.  Its effectiveness in preventing pulmonary
complications and pneumonia has been questioned, but recent
data provide some evidence that physical therapy may indeed
add to the prevention of ventilator-associated pneumonia93.

Figure 7. Breathing exercises using positive expiratory pressure (PEP)
mask on a patient with cystic fibrosis.

Figure 8. Manual hyperinflation and chest wall compression in a
ventilated patient.

Postoperative pulmonary complications following
thoracic and abdominal surgery remain a major cause of
morbidity and mortality. Prolonged hospitalization and
intensive care stay may result. Early mobilization is very

effective for preventing pulmonary complications. Evidence
for the effectiveness of physical therapy in preventing
postoperative pulmonary complications following abdominal
surgery is provided by randomized controlled trials94,95. In
addition, absence of preoperative physical therapy has been
found to be an independent factor associated with higher risk
of postoperative pulmonary complications in patients with
lung resection96.

In addition to deep breathing exercises, coughing and
early mobilization, incentive spirometry (IS) also promotes
reductions in pulmonary complications. Following abdominal
surgery, Hall et al.97 concluded that incentive spirometry was
as effective as chest physical therapy in both low and high-
-risk patients. Incentive spirometry has not been shown to
be of additional value after major abdominal, lung and cardiac
surgery98,99. In thoracic surgery for lung or esophageal
resection, incentive spirometry has been shown to have no
additional effect on pulmonary function recovery, pulmonary
complications or hospital stay100.

CONCLUSION

Physical therapy is involved in the non-medical treatment
of patients with acute and chronic respiratory disease. In
addition to its traditional role in treating airflow obstruction
and mucus retention, other aspects of respiratory disorders
such as ventilatory pump dysfunction, dyspnea, impaired
exercise performance and quality of life are also targets for
physical therapy interventions. Exercise training, peripheral
and respiratory muscle training, airway clearance techniques
and lung expansion in spontaneous breathing patients (lung
expansion maneuvers, huffing and assisted coughing) and
in mechanically ventilated patients (bagsqueezing), and
breathing retraining (pused lips breathing, active expiration)
have been shown effective in selected patients with disorders
affecting the respiratory system. Assessment of patients is
critical to identify patient characteristics that allow appropriate
selection of treatment modalities providing optimal
effectiveness and efficacy.
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