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Purpose: Update of a clinical practice guideline for the physiotherapy management of

patients with chronic obstructive pulmonary disease supporting the clinical decision-

making process.

Methods: A systematic computerized literature search was performed on different

modalities for improving physical exercise capacity, reducing exertional dyspnoea,

improving airway clearance and encouraging changes in physical activity behaviour.

Methodological quality was scored with the PEDro Scale. Scientific conclusions were

graded according to the criteria of the ‘Dutch Evidence Based Guideline Development

Platform’. These, together with practical considerations, were used to formulate

recommendations for clinical practice.

Results: A total of 103 studies were included in the systematic review, consisting

of five meta-analyses of randomized controlled trials, 84 randomized controlled

trials and 14 uncontrolled studies. Twenty scientific conclusions supported six

recommendations on physical exercise training. Nineteen scientific conclusions

supported eight recommendations on interventions for reducing dyspnoea. Five

scientific conclusions supported seven recommendations concerning treatment

modalities to improve mucus clearance, and two scientific conclusions supported
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two recommendations on strategies for encouraging permanent changes in physical

activity behaviour.

Conclusions: Strong recommendations support the use of physical exercise training

to improve health-related quality of life and functional exercise capacity. Future

research should investigate whether additional interventions for reducing exertional

dyspnoea have a place as adjuncts to physical exercise training in selected patients.

In addition, treatment of impaired mucus clearance, especially during acute exacer-

bations, requires further research. With the advance of new technologies for objec-

tive measurements of physical activities in daily life more research is needed

concerning interventions to initiate and maintain physical activity behaviour change

during and after supervised physical exercise training programmes

Introduction

Over the last 10 years the body of knowledge in
the area of rehabilitation for patients with chronic
obstructive pulmonary disease in general and
physiotherapy in particular has grown tremen-
dously. This information has strengthened the
case for multidisciplinary rehabilitation as an evi-
dence-based intervention for patients with chronic
obstructive pulmonary disease.1 In addition,
recent literature has given more details on the
relative contribution of the components of a multi-
disciplinary rehabilitation programme and selec-
tion of patients for specific components of a
rehabilitation programme. Physiotherapy consists
of various treatment modalities (specifically phys-
ical exercise training, peripheral and respiratory
muscle training, and breathing exercises) that are
considered cornerstones of the physiotherapeutic
intervention. In addition, much more emphasis is
now given to the assessment and treatment of a
physically inactive lifestyle.
Unlike recent statements on pulmonary rehabil-

itation in chronic obstructive pulmonary disease1,2

this guideline evaluates the effectiveness of treat-
ment modalities with a rigorous methodological
framework to make evidence-based recommenda-
tions for clinical practice.3 Compared with a
recently published evidence-based guideline on
pulmonary rehabilitation4 we focused solely on
physiotherapeutic interventions and discussed
airway mucus clearance techniques and breathing
exercises in more detail. In addition we formulated
different conclusions on the effectiveness of upper
limb exercises and breathing exercises.5

Material and methods

The included physiotherapy interventions are in
accordance with multidisciplinary and transmural
guidelines for the treatment of patients with
chronic obstructive pulmonary disease that were
developed under the auspices of the Dutch
Institute for Health Care Improvement.6 Search
strategies were adapted from these guidelines and
from the previously published Dutch physiother-
apy guidelines for chronic obstructive pulmonary
disease from 1998.6,7 In addition, reference lists of
included studies were screened and citation track-
ing was performed for all papers. The members of
the project group (RG, DL, EH) selected and
graded the scientific evidence followed by a discus-
sion within the working group. For the rating of
methodological quality of randomized controlled
trials the PEDro-quality scores were used.8 Trials
were considered to be of sufficient methodological
quality if they scored at least six out of ten points.
The results, including the methodological quality
assessment, are summarized in different levels of
evidence (Table 1) according to recommendations
from the Dutch Evidence Based Guideline
Development Platform (under the auspices of the
Dutch Institute for Health Care Improvement).

The evidence found in the literature was used to
formulate graded scientific conclusions (Table 1).
Tables including scientific conclusions are pre-
sented in a four-component format: population,
intervention, comparison, and outcomes (PICO).
They were linked to clinical questions on the
improvement of physical exercise capacity, reduc-
tion of exertional dyspnoea, improvement of
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airway clearance and facilitation of changes in
physical activity behaviour according to recom-
mendations from the National Institute for
Health and Clinical Excellence (NICE).9

In a final step scientific conclusions were com-
bined with other considerations concerning eco-
nomic or practical issues, to formulate treatment
recommendations for clinical practice.

Results

A total of 103 studies were included in the sys-
tematic review, consisting of five meta-analyses
of randomized controlled trials, 84 randomized
controlled trials and 14 uncontrolled studies.

Improvement of physical exercise capacity
In this section different types of physical exer-

cise training that can be applied to improve health-
related quality of life and exercise performance
in patients with chronic obstructive pulmonary
disease are discussed. Interventions are all based
on general exercise recommendations of the
American College of Sports Medicine (ACSM)
for healthy (elderly) adults (Table 2). They were
modified to the specific needs of patients with
chronic obstructive pulmonary disease when
necessary and will be discussed in relation to the

underlying pathophysiology and symptomatol-
ogy.10,11 A total of 20 graded scientific conclusions
(see online data supplement Tables W1A–W6A)
support six treatment recommendations on physi-
cal exercise training.

Endurance training
Most studies report positive effects of endur-

ance training on (functional) exercise capacity,
health-related quality of life and dyspnoea
during physical exercise. However, there exists
considerable heterogeneity in effects between stu-
dies. Graded scientific conclusions and detailed
descriptions of studies12–19 on the effects of endur-
ance training are provided in the online data sup-
plement Tables W1A and W1B.

Other considerations. The ACSM advises an
initial training frequency for endurance training
of at least three times per week for healthy
(older) adults. Training at higher intensities
during endurance type training leads to greater
physiological benefits than training at lower inten-
sities.20–22 Patients with severe symptoms of dys-
pnoea during exercise are frequently not capable
of performing high-intensity (i.e. 70–80% of peak
work rate) endurance type training.23,24 It seems
that moderate intensity endurance training (i.e.
50–60% of peak work rate or perceived exertion

Table 1 Classification of studies and grading of scientific conclusions

Classification of interventional studies based on scientific conclusiveness
A.1 Systematic review (or meta-analysis), including at least two independent trials

at quality level A2 and consistent results
A.2 RCT of good quality (PEDro46) and sufficient power
B RCT but not at A2 level, or controlled study (including case–control or cohort study)
C Non-controlled study
D Expert opinion (such as working group members)

Grading of scientific conclusions
Level 1 Supported by one systematic review at level A1 or at least two RCTs at level A2

It has been demonstrated that. . .
Level 2 Supported by at least one trial at level A2 or two independent trials at level B

It is plausible that. . .
Level 3 Supported by one trial level B or C.

There are indications that. . .
Level 4 Based on the expert opinion (such as that of working group members).

The working group takes the view that. . .

RCT, Randomized controlled trial.
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on a modified Borg Scale of 5–6 out of 10) is
minimally required to achieve changes in physical
fitness. Improvements in health-related quality of
life after training at moderate intensities were
comparable with those observed after high inten-
sity training.21 In most studies endurance training
was performed either on a treadmill or on a cycle
ergometer. There exists a general consensus that
physical exercise training in patients with chronic
obstructive pulmonary disease should be con-
ducted partly or fully supervised at the outset of
a training programme to ensure optimal physiolo-
gical benefits.21 Patient characteristics, individual
treatment goals and cost effectiveness have to be
taken into account when determining the appro-
priate duration of supervised physical exercise
training programmes. Since no studies compared
different frequencies of endurance training in
patients with chronic obstructive pulmonary dis-
ease, the recommendations of the ACSM should
be followed.

Recommendation. Supervised endurance training
either on a treadmill or on a cycle ergometer (or a
combination of both) is recommended for patients
in all stages of the disease who are able to perform

endurance training of at least moderate intensity.
Training frequency should be three times weekly
in the first weeks of an exercise programme.

Interval training
Studies comparing interval training with endur-

ance training found comparable effects of both
exercise modalities when the same total amount
of work was performed. Vogiatzis et al. showed
that patients were able to achieve high work
rates during interval training while reporting
fewer symptoms of dyspnoea in comparison with
high-intensity endurance training.25,26 Graded
scientific conclusions on the effects of interval
training and detailed descriptions of studies25–29

are provided in the online data supplement
Tables W2A and W2B.

Other considerations. No studies are available
comparing different intensities and different
work/recovery ratios of interval training.
Available studies applied exercise bouts of 30–60
seconds at 90–100% of peak work rate with
work/recovery ratios of 1:2. Training sessions of
2–3 minutes at lower intensities (70–80% of peak

Table 2 Recommendations of the American College of Sports Medicine regarding the quantities and intensities of physical
exercise training for developing cardiorespiratory fitness, muscular strength and flexibility in healthy (elderly) adults10,11

Cardiorespiratory fitness
Kind of activity Any activity that uses large muscle groups that can be maintained continuously and

is rhythmical and aerobic in nature. Activities include: walking, cycling, stair climbing,
swimming and endurance game activities

Training frequency 3–5 days per week
Training intensity 40–60% of heart rate reserve/Vo2peak, or 4–5 on the modified Borg Scale
Training duration 20–60 minutes of continuous or intermittent (in sessions lasting 10 or more minutes)

aerobic activity

Muscular strength
Kind of activity Resistance training of the major muscle groups of upper and lower limb
Training frequency 2–3 days per week
Training intensity 60–80% of the 1RM
Training duration 8–15 repetitions, multiple set regimens (2–5 sets) may provide greater benefits

Flexibility
Kind of activity Stretches for the major muscle groups that should include appropriate static

and/or dynamic techniques
Training frequency 2–3 days per week

Training duration 4 repetitions, held for 10–30 seconds

Vo2peak, maximal oxygen consumption measured during a maximal incremental exercise test; 1RM, one-repetition maximum.
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work rate) with work/recovery ratios of 2:1 have
also been described.30,12

Recommendation. Interval training is recom-
mended as an alternative to endurance training
in patients with severe symptoms of dyspnoea
during exercise since they are frequently not able
to sustain endurance training at the recommended
intensities. In other patients individual treatment
goals concerning performance of daily tasks
should be taken into account when choosing
between (or combining) endurance and interval
training. Intensity of short exercise bouts (30–180
seconds) during interval training should be high
(at least 70–80% of peak work rate).
Recommended frequency of training is the same
as with endurance training.

Resistance training
Peripheral (lower limb) muscle function is fre-

quently impaired even in patients with mild to
moderate airflow obstruction.31,32 Improvements
in muscle strength were reported in all studies
that applied resistance training as a single inter-
vention.22,33–39 Besides improvements in
strength, resistance training also resulted in
increased functional and maximal exercise capac-
ity in severely deconditioned patients.38,39

Effects of resistance training on health-related
quality of life did not differ significantly from
endurance training. Randomized controlled trials
comparing endurance training with combined
endurance and resistance training found larger
improvements of muscle strength after the com-
bined intervention.36,39–42 None of these trials,
however, reported differences in terms of health-
related quality of life or exercise capacity when
resistance training was added to endurance train-
ing. Graded scientific conclusions on the effects of
resistance training and detailed descriptions of
studies22,33,36–43 are provided in the online data
supplement Tables W3A and W3B.

Other considerations. By reducing working
muscle mass, resistance training reduces the meta-
bolic demands and thus the ventilatory burden of
exercise. This makes resistance training an ideal
intervention for patients with peripheral muscle

weakness and pronounced symptoms of dyspnoea
during exercise. Improvements in daily function-
ing after resistance training are only expected in
patients who are functionally limited by muscle
weakness. No consensus exists on the optimal
method of resistance training (callisthenics, resis-
tance weight training, isometrics or isokinetic-type
training) in patients with chronic obstructive pul-
monary disease. Each modality produces strength
gains highly specific to the type of training.
In contrast to endurance training it is not recom-
mended to use more than three resistance training
sessions per week.44 Since no studies compared
different intensities of resistance training in
patients with chronic obstructive pulmonary dis-
ease, the recommendations of the ACSM should
be followed.

Recommendation. It is recommended to use
(lower limb) resistance training for all patients
with chronic obstructive pulmonary disease two
or three times a week. Exercises should be per-
formed at 60–80% of the 1RM using 8–15 repeti-
tions. Multiple set regimens (2–5 sets) provide
greater benefits.

Neuromuscular electrical stimulation
Studies in patients with severely impaired

muscle strength showed that neuromuscular
electrical stimulation was effective in improving
exercise capacity and muscle strength. Two rando-
mized controlled trials evaluated the effectiveness
of six weeks of neuromuscular electrical stimula-
tion in stable chronic obstructive pulmonary dis-
ease patients with severe muscle weakness in
comparison with a control group.45,46 Two other
studies investigated the effects of neuromuscular
electrical stimulation comparing active leg
mobilization with mobilization in hospitalized
patients.47,48 Graded scientific conclusions on the
effects of neuromuscular electrical stimulation and
detailed descriptions of studies45–48 are provided in
the online data supplement Tables W4A and W4B.

Other considerations. More studies are required
to determine the role of neuromuscular electrical
stimulation in combination with other physical
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exercise training interventions in less severely dis-
abled patients.

Recommendation. Neuromuscular electrical sti-
mulation is recommended for patients with
severely impaired muscle strength unable to partic-
ipate in regular physical exercise training.

Arm exercises
Arm exercises in patients with chronic obstruc-

tive pulmonary disease were shown to increase
arm muscle force49,13 and to reduce symptoms of
dyspnoea and fatigue during arm activities.42,50

One study showed that unsupported arm exercise
was more effective than supported arm training.51

Contradictory effects on health-related quality of
life have been reported when arm resistance train-
ing were added to a general physical exercise pro-
gramme.13,52 Graded scientific conclusions on the
effects of arm exercises and detailed descriptions
of studies13,42,49,50–52 are provided in the online
data supplement Tables W5A and W5B.

Other considerations. Since reliable and valid
tests of arm function related to activities of daily
living are currently not available52 individual
treatment goals of patients should be taken into
account when deciding to use arm exercises as an
adjunct to a general physical exercise training pro-
gramme. Training with free weights probably cor-
responds better to the daily needs of patients than
supported exercises against a fixed resistance (e.g.
arm ergometry).51 No studies have been conducted
so far to determine an optimal training mode for
arm exercises. In most studies a combination of
resistance and endurance training with emphasis
on the strength component was used.

Recommendation. In the absence of conclusive
evidence it is recommended to use arm exercises
as an adjunct to standard physical exercise train-
ing in selected patients with arm muscle weakness
who aim to improve limitations in upper extremity
tasks in daily life.

Training during and after acute exacerbations
Early reconditioning during or shortly after hos-

pitalization for an acute exacerbation of disease

symptoms aims to counteract detrimental conse-
quences on muscle function, health-related quality
of life, and daily activities.53–55 Probst et al. stud-
ied the effects of daily resistance training in
patients hospitalized for an acute exacerbation.56

Resistance training seemed to be well tolerated,
did not worsen systemic inflammation and was
sufficient to counteract the decline in leg muscle
force that is typically observed.

Six other trials (total n¼ 230) on the effects of
rehabilitation after acute exacerbations have been
summarized in a systematic review by Puhan
et al.57 In these studies rehabilitation improved
health-related quality of life and exercise capacity.
Larger studies with longer follow-up periods
should also look into effects of early recondition-
ing on hospital re-admission rate. Graded scien-
tific conclusions on the effects of training after
acute exacerbations and detailed descriptions of
studies56,57 are provided in the online data supple-
ment Tables W6A and W6B.

Other considerations. Interventions reducing the
ventilatory burden of exercise such as interval
training, resistance training or transcutaneous
electrical neuromuscular stimulation can be help-
ful in patients after an acute exacerbation who
usually experience severe symptoms of dyspnoea
during physical activities.

Recommendation. It is recommended to apply
training strategies that enable patients to resume
participation in a rehabilitation programme after
an acute exacerbation as soon as possible.
Resistance training, transcutaneous electrical neu-
romuscular stimulation or interval training are
best suited for early reactivation of patients.

Interventions for reducing exertional dyspnoea
Many patients with chronic obstructive pul-

monary disease are ventilatory limited during
incremental58 or high-intensity constant work
rate exercise.59 Therefore, interventions that
reduce the work of breathing (dynamic hyperinfla-
tion) or increase the ventilatory capacity are of
great interest, especially for patients with severe
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complaints of dyspnoea during exercise training.
A total of 19 scientific conclusions (see online
supplement Tables W7A–W13A) support eight
recommendations on interventions for reducing
exertional dyspnoea.

Breathing exercises
‘Breathing exercises’ is an all-embracing term

for a range of interventions such as pursed-lips
breathing, active expiration, slow and deep breath-
ing, 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) ventila-
tion and gas exchange, reduction of dynamic
hyperinflation, improvement of respiratory
muscle function, reduction of dyspnoea and
improvement of exercise tolerance and health-
related quality of life.60

Inspiratory muscle training
Positive effects of inspiratory muscle training, as

a standalone therapy, on inspiratory muscle func-
tion, symptoms of dyspnoea, exercise capacity and
health-related quality of life have been reported.
Meta-analyses revealed, however, that only inspira-
tory muscle training interventions with control of
the inspiratory load or threshold loadingwere effec-
tive to improve these outcomes.61–63 As an adjunct
to standard physical exercise training, inspiratory
muscle training resulted in increased inspiratory
muscle strengthbut didnot further improve exercise
performance.61,63 A tendency for improved exercise
performance was only observed in patients with
inspiratory muscle weakness.61 Graded scientific
conclusions on the effects of inspiratory muscle
training and detailed descriptions of studies61–
63,64–69 are provided in the online data supplement
Tables W7A and W7B.

Other considerations. Current recommendations
concerning inspiratory muscle training as a stan-
dard component of an exercise programme for
patients with chronic obstructive pulmonary dis-
ease are ambiguous.1,2,4 More studies are required

on the effects of inspiratory muscle training as an
adjunct to physical exercise training.

Recommendation. It is recommended to use
inspiratory muscle training in patients with symp-
toms of dyspnoea who are not able to participate
in standard physical exercise training. As an
adjunct to exercise training it should be applied
in selected patients. Ideal candidates are patients
who demonstrate a significant reduction of
inspiratory muscle strength and report symptoms
of dyspnoea during physical activities. Intensity of
the (controlled) training load should at least be
30% of the maximal inspiratory pressure.

Body position
No randomized controlled trials have tested the

effectiveness of forward leaning in patients with
chronic obstructive pulmonary disease. In patients
who benefited from leaning forward, Sharp et al.70

observed that electromyographic activity of the
inspiratory accessory muscles increased signifi-
cantly in standing or sitting straight. Leaning for-
ward reduced electromyographic activity in the
accessory muscles. Druz and Sharp71 and O’Neill
and McCarthy72 also concluded that leaning for-
ward improved the function of the diaphragm and
decreased the sensation of dyspnoea. In addition,
forward leaning with arm support allowed acces-
sory muscles (pectoralis minor and major) to con-
tribute significantly to ribcage elevation. Banzett
et al. showed in healthy subjects that this position
enhanced ventilatory capacity,73 while Probst et al.
showed a significant improvement in maximal
voluntary ventilation by leaning forward on a
rollator during walking.74 This observation is par-
ticularly interesting for improving exercise perfor-
mance in ventilatory limited patients. Graded
scientific conclusions on the effects of the forward
leaning position in patients with chronic obstruc-
tive pulmonary disease are presented in the online
supplement Table W8.70–74,75

Recommendation. Although evidence for for-
ward leaning is limited, it seems effective to alle-
viate symptoms of dyspnoea and may be especially
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helpful during walking in patients with chronic
obstructive pulmonary disease.

Pursed lips breathing
Pursed lips breathing consists of a combination

of (slightly) active and prolonged expiration
through the half-opened lips. At rest, pursed lips
breathing reduces breathing frequency and dys-
pnoea, increases tidal volume and oxygen satura-
tion.76–79 The application of pursed lips breathing
during exercise training had variable effects. While
both Collins et al.80 and Casciari et al.81 reported a
strong tendency for an improvement in exercise
endurance capacity, Garrod et al.82 observed that
pursed lips breathing during a six-minute walking
test did not increase walking distance and only
resulted in a lower respiratory rate and a shorter
recovery time compared with spontaneous breath-
ing. Spahija et al.78 observed that during constant
work bicycle exercise a reduction in dyspnoea
sensation during application of pursed lips breath-
ing was related to observed changes in end-
expiratory lung volume and pressure generation
of the inspiratory muscles. Graded scientific
conclusions on the effects of pursed lips breathing
and detailed descriptions of studies76–84 are pro-
vided in the online data supplement Tables W9A
and W9B.

Other considerations. In clinical practice pursed
lips breathing may reduce dyspnoea in some
patients, especially those with emphysema, and
brings about a decrease in both end-expiratory
lung volume and pressure generation by the
inspiratory muscles. Responses to pursed lips
breathing should be tested in individual patients.

Recommendation. Although evidence for pursed
lips breathing is limited, its application should be
considered in patients with emphysema during
activities causing dyspnoea (e.g. stair climbing).
Both clinical experiences as well as pathophysiolo-
gical mechanisms are in support of this.

Diaphragmatic breathing
All studies show that patients with chronic

obstructive pulmonary disease are able to change

their breathing pattern to a more abdominal move-
ment and to a reduced thoracic excursion during
diaphragmatic breathing.85–87 However, diaphrag-
matic breathing has been shown to be accompanied
by increased asynchronous and paradoxical
breathing movements while no changes in ventila-
tion distribution were observed.87,88 Increased
work of breathing, enhanced oxygen cost of breath-
ing and reduced mechanical efficiency of breathing
have also been observed.89 In addition, dyspnoea
worsened during diaphragmatic breathing in
patients with severe chronic obstructive pulmonary
disease,89 whereas pulmonary function and exercise
capacity remained unaltered. Graded scientific
conclusions on the effects of diaphragmatic breath-
ing and detailed descriptions of studies87–90 are pro-
vided in the online data supplement Tables W10A
and W10B.

Recommendation. Diaphragmatic breathing is
not recommended for the treatment of patients
with moderate to severe chronic obstructive pul-
monary disease.

Relaxation exercises
Consistent findings support short-term effects

of relaxation exercises on reducing breathing fre-
quency and improving symptoms of dyspnoea.
Graded scientific conclusions on the effects of
relaxation exercises and detailed descriptions of
studies76,91–93 are provided in the online data sup-
plement Tables W11A and W11B.

Recommendation. Relaxation exercises may be
considered in patients with anxiety and dyspnoea.

Supplemental interventions during exercise training
Supplemental oxygen and non-invasive mechan-

ical ventilation have been applied during physical
exercise training in patients with chronic obstruc-
tive pulmonary disease to reduce symptoms of
dyspnoea and to increase training effects.

Training with supplemental oxygen
Patients who are hypoxaemic at rest and who

are receiving long-term oxygen therapy should
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have this continued during physical exercise train-
ing. They will probably need oxygen supplementa-
tion exceeding resting levels to prevent further
desaturation during exercise. Several studies
found higher maximal exercise capacities during
incremental exercise testing with oxygen supple-
mentation in patients with or without desaturation
during exercise.94 No significant differences in max-
imal or functional exercise capacity or health-related
quality of life after several weeks of training with
supplemental oxygen have been reported in
five randomized controlled trials.95–99 When two
studies97,99 were pooled in a recent meta-analysis
a modest, statistically significant effect on con-
stant workload exercise time was found.100

Graded scientific conclusions on the effects of
oxygen supplementation and detailed descriptions
of studies94–99 are provided in the online data sup-
plement Tables W12A and W12B.

Other considerations. There is insufficient evi-
dence on the safety of exercise without oxygen in
patients with desaturation during exercise.101

Recommendation. The regular use of oxygen sup-
plementation for patients without desaturation
during physical exercise training is not recom-
mended. In patients who desaturate during exer-
cise, it is generally recommended not to let oxygen
saturation fall below 90% during training.
Supplemental oxygen during physical exercise
training should be used in patients without resting
hypoxaemia who desaturate (pulse oximetry
oxygen saturation590%) during exercise and in
patients on long-term oxygen therapy.

Non-invasive mechanical ventilation
Three out of five trials in severely impaired,

hypercapnic patients with chronic obstructive
pulmonary disease showed that the application
of positive pressure support leads to modest
improvements in training effects.102–104 In patients
with less severe airflow obstruction these findings
could not be confirmed.105 Graded scientific con-
clusions on the effects of non-invasive mechanical
ventilation and detailed descriptions of
studies102–107 are provided in the online data sup-
plement Tables W13A and W13B.

Other considerations. The use of assisted ventila-
tion requires careful supervision of the patient and
is therefore labour intensive. Furthermore the
intervention is not well tolerated by all patients.
This resulted in a drop-out rate of 28% due to
non-compliance with non-invasive mechanical
ventilation in one study.105

Recommendation. Based on the available evi-
dence, combined with the potential burden for
therapist and patient, the regular use of assisted
ventilation in clinical practice is not
recommended.

Improving airway mucus clearance
Physiotherapy employs a variety of methods for

improving airway mucus clearance. The following
techniques will be described: coughing or forced
expiration, manual chest and abdominal compres-
sion, postural drainage, exercise, chest percussion
and mechanical vibration, positive expiratory
pressure breathing, and positive pressure oscilla-
tive (‘FLUTTER’) breathing. These interventions
have all been investigated in small studies of
mostly moderate quality. Scientific conclusions
therefore have to be interpreted cautiously.
A total of five scientific conclusions (see online
supplement Tables W14A and W15A) support
seven recommendations concerning treatment
modalities to improve mucus clearance.

Forced expiratory manoeuvres
A systematic review on the effectiveness of

forced expiratory techniques in patients with
chronic obstructive pulmonary disease and
bronchiectasis108 revealed statistically significant
effects on mucus removal and radio-aerosol clear-
ance. No statistically significant effects were
observed on pulmonary function. Graded scienti-
fic conclusions on the effects of forced expiratory
techniques and detailed descriptions of
studies108–110 are provided in the online data sup-
plement Tables W14A and W14B.

Other considerations. In clinical practice patients
often benefit from combinations of techniques,
when practised appropriately. For example,
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expiratory force applied during forced expirations
has to be adapted in patients with tracheobron-
chial collapse. From a systematic review in
patients with cystic fibrosis it was concluded that
self-administered airway clearance techniques are
as effective as conventional chest physiotherapy to
improve mucus clearance.111 Patients preferred
techniques that made them independent from
chest physiotherapy.111 Physiotherapists should
aim at maximizing the ability of the patients to
practise these techniques independently.

Recommendation. Patients with chronic obstruc-
tive pulmonary disease and mucus retention who
are unable to expectorate mucus effectively should
be treated. The physiotherapist should make the
choice for the most appropriate technique, or
combination of techniques, based on observed
shortcomings such as lack of expiratory force
and tracheobronchial collapse. Patients should be
coached to practise these techniques independently
from their caregivers.

Manual chest and abdominal compression
A single uncontrolled study described effects of

manual compression in 29 subjects (nine normal
subjects, eight patients with chronic obstructive
pulmonary disease and 12 subjects with respira-
tory muscle weakness.112 It was concluded that
manual compression increased peak cough flow
in patients with muscle weakness, but decreased
peak cough flow in patients with chronic obstruc-
tive pulmonary disease.

Recommendation. Manual compression during
coughing or huffing should only be considered in
patients with expiratory muscle weakness.

Postural drainage
Body position affects ventilation, perfusion and

gas exchange. In a single randomized controlled
trial (PEDro score: 4/10) in patients with bronch-
iectasis and excessive mucus production (n¼ 10)
postural drainage enhanced mucus transport and
expectoration during forced expiratory manoeu-
vres compared with forced expiratory manoeuvres
without postural drainage.113

Recommendation. Postural drainage may be con-
sidered as an additional intervention when forced
expiratory manoeuvres are considered insuffi-
ciently effective and in patients with localized
mucus retention (bronchiectasis).

Exercise
In a single randomized controlled trial (PEDro

score: 4/10) in patients with chronic bronchitis
(n¼ 8) exercise did enhance mucus clearance, but
was not as effective as coughing.114

Recommendation. Exercise is effective in stimu-
lating mucus transport in patients with chronic
obstructive pulmonary disease, but does not
replace specific airway clearance techniques.
Patients with impaired mucus clearance should
be stimulated to participate, in addition to other
interventions, in physical activities and exercise, to
enhance mucus transport.

Chest percussion and vibration
Mechanical vibration may reduce mucus viscos-

ity, stimulate coughing, or, by a resonance effect,
reinforce ciliary movement.115 Thomas et al.116

noted improvements in ciliary function and chan-
ged mucus composition. A percussion frequency
between 15 and 25Hz is optimal for mucus trans-
port, but this cannot be achieved manually.117

This most likely makes manual percussion ineffec-
tive.118 A single randomized controlled trial
(PEDro score: 3/10) in 10 patients with chronic
bronchitis showed that percussion added to pos-
tural drainage and coughing offered no benefits
over postural drainage and coughing alone.119

Recommendation. Manual percussion is prob-
ably not an effective technique in enhancing
mucus clearance in patients with chronic obstruc-
tive pulmonary disease.

Positive expiratory pressure breathing
Positive expiratory pressure breathing results in

a temporary increase in functional residual capa-
city, reduction of (collateral) airway resistance and
opening of closed small airways.120 Graded
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scientific conclusions on the effects of positive
expiratory pressure and detailed descriptions of
studies121–124 are provided in the online supple-
ment Tables W15A and W15B.

Recommendation. There is insufficient evidence
to support the use of positive expiratory pressure
breathing in patients with chronic obstructive pul-
monary disease. Application might be helpful in
patients with excessive mucus production.

Positive pressure oscillative breathing
One randomized controlled trial (PEDro score:

3/10) compared the effects of postural drainage,
positive pressure oscillate (‘FLUTTER’) breathing
and forced expiratory techniques on oxygen
saturation, pulmonary function and sputum
expectoration in 10 patients with an acute exacer-
bation of chronic obstructive pulmonary disease
symptoms.125 All treatment modalities were
equally effective in sputum expectoration, but
FLUTTER breathing and forced expiration had
more durable effects on mucus clearance. No
effects were observed on oxygen saturation and
pulmonary function. The application of
FLUTTER breathing in stable patients has not
been studied yet.

Recommendation. The effectiveness of positive
pressure oscillate (FLUTTER) breathing has not
been studied thoroughly in chronic obstructive
pulmonary disease patients and can therefore not
be recommended.

Improving compliance with therapy – encouraging
permanent changes in physical activity behaviour

Permanent lifestyle changes are probably
needed to ensure long-term maintenance of treat-
ment effects. Two scientific conclusions (see online
supplement Tables W16A and W17A) support two
recommendations on strategies for improving
compliance and encouraging permanent changes
in physical activity behaviour.

Maintenance and follow-up
Maintenance programmes consisting of weekly

telephone calls and monthly reinforcement ses-
sions including physical exercise training for one
year following eight weeks of supervised physical
exercise training have so far not been successful
in changing activity behaviour and maintaining
treatment effects.126,127 Graded scientific conclu-
sions on the effects of maintenance programmes
and detailed descriptions of studies126,127 are pro-
vided in the online data supplement Tables W16A
and W16B.

Recommendation. Based on the available data it
can only be recommended to arrange regular
follow-up care for patients on the completion of
a supervised physical exercise training programme.

Patient education interventions to increase physical
activity

Atkins et al. investigated the effects of strategies
to improve adherence to a home-based walking
programme.128 Despite their promising findings
little attention has been paid so far to the incor-
poration of behaviour modification strategies into
the treatment plan for patients with chronic
obstructive pulmonary disease. A pilot study by
de Blok et al.129 looked into the effects of lifestyle
physical activity counselling, using physical activ-
ity self-monitoring (with pedometers), as an
adjunct to pulmonary rehabilitation. They found
a non-significant increase in daily steps in compar-
ison to a control group at the end of a nine-week
pulmonary rehabilitation programme. Another
study on the effects of systematic activity counsel-
ling as an adjunct to pulmonary rehabilitation is
currently recruiting patients.130 Graded scientific
conclusions on the effects of physical activity
interventions and detailed descriptions of stu-
dies128,129 are provided in the online data supple-
ment Tables W17A and W17B.

Other considerations. Several studies showed that
intense physical exercise training as part of a
multidisciplinary rehabilitation programme had
only modest effects on participation in physical
activities in daily life.131–135 Simply advising
patients to do more physical activity without
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more specific assistance and follow-up seems to be
ineffective.136 Chronic obstructive pulmonary dis-
ease education requires a physical activity inter-
vention that is feasible, acceptable and effective
in a variety of settings. Studies with successful
results in chronically ill adults had in common
that they used physical activity self-monitoring
(e.g. with pedometers or diaries) and applied beha-
vioural strategies to increase patient’s self efficacy
(confidence in one’s ability to perform a desired
behaviour) and self-regulatory skills.137 A sys-
tematic review of randomized controlled trials on
physical activity self-monitoring with pedometers
showed an average increase of 2491 steps per day
(95% confidence interval: 1098–3885 steps) above
control interventions.138 Many of these interven-
tions used two or more interventions (e.g. self-
monitoring, goal setting, diaries or counselling).

Recommendation. It is recommended to imple-
ment interventions to initiate and maintain
change of physical activity behaviour. Short ques-
tionnaires or pedometers can be used during these
interventions to facilitate follow-up assessment
and self-monitoring of behaviour change.

Conclusions

There is strong evidence for the effectiveness of
endurance, interval and strength training as core
physiotherapeutic interventions for patients with
chronic obstructive pulmonary disease. Future
research must address potential benefits of addi-
tional interventions such as neuromuscular electri-
cal stimulation, training of upper extremities,
inspiratory muscle training, breathing exercises,
non-invasive mechanical ventilation, and training
with supplemental oxygen. In addition, treatment
of impaired mucus clearance, especially during
acute exacerbations, needs further research. With
the advance of new technologies for objective mea-
surements of physical activities in daily life more
research is needed on interventions to initiate and
maintain physical activity behaviour change
during and after supervised physical exercise train-
ing programmes.
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