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ABSTRACT: The aim of this article was to provide practical recommendations to healthcare
professionals interested in offering a pulmonary rehabilitation programme for patients with
chronic obstructive pulmonary disease (COPD). The latest research findings were brought
together and translated into clinical practice. These recommendations focus on the description of
useful assessment tests and of the most common exercise modalities for patients with COPD. We
provide specific details on the rationale of why and especially how to implement exercise training
in patients with COPD, including the prescription of training mode, intensity and duration, as well
as suggestions of guidelines for training progression.
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he recent statement on pulmonary rehabilitation of the American Thoracic Society/
European Respiratory Society (ATS/ERS)
describes pulmonary rehabilitation as a ‘‘comprehensive intervention based on a thorough patient
assessment followed by patient-tailored therapies
which include, but are not limited to, exercise
training, education and behaviour change, designed to improve the physical and emotional
condition of people with chronic respiratory
disease and to promote the long-term adherence
to health-enhancing behaviour’’ (personal communication; M. Spruit, CIRO+, Horn, the Netherlands).

T

Pulmonary rehabilitation has been demonstrated
to improve exercise tolerance, reduce symptoms
of dyspnoea and increase health-related quality
of life. Therefore, pulmonary rehabilitation is
regarded as one of the most effective nonpharmacological treatments in patients with
chronic obstructive pulmonary disease (COPD)
[1, 2]. This article guides the reader through some
of the key points on how to set up a pulmonary
rehabilitation programme for patients with COPD.
The common process of pulmonary rehabilitation,
consisting of assessment, intervention and outcome,
will be revealed and discussed. Since exercise
training is regarded as one of the cornerstones of
pulmonary rehabilitation, based on the highest
178
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scientific evidence levels (table 1), this article
provides an overview on different methods for
assessing patients’ exercise capacity, as well as
introducing the most common and some new
exercise modalities applied to patients with COPD.
Special emphasis is placed on practical recommendations that can be directly applied in clinical
practice.
PATIENTS’ ASSESSMENT
Patients with COPD may respond to exercise
training in different ways compared to healthy
subjects since the determinants of exercise limitation appear to be widely multi-factorial. Such
factors may include gas exchange abnormalities,
dynamic lung hyperinflation, insufficient energy
supply to the peripheral and respiratory muscles,
morphological alterations in leg and diaphragm
muscle fibres and reduced functional metabolic
capacities [4, 5]. Exercise performance will be
limited by the weakest component(s) of this
physiological chain.
A good way to start the implementation of a
pulmonary rehabilitation programme is to make
sure that patients undergo an adequate assessment
of their physical capacity. When conducting
assessment tests it is important to find out the
main causes of exercise limitation. The information
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TABLE 1

SERIES: PULMONARY REHABILITATION

Benefits and evidence levels of pulmonary
rehabilitation outcomes in chronic obstructive
pulmonary disease (COPD)

Benefits

Evidence

Improves exercise capacity

A

Reduces the perceived intensity of breathlessness

A

Improves health-related quality of life

A

Reduces the number of hospitalisations and

A

hospital days
Reduces anxiety and depression associated

A

with COPD
Strength and endurance training of the upper

B

limbs improves arm function
Benefits extend well beyond the immediate

B

period of training
Improves survival

B

Respiratory muscle training can be beneficial,

C

especially when combined with general exercise training
Category A: randomised controlled trials, rich body of data; Category B:
randomised controlled trials, limited body of data; Category C: nonrandomised
trials or observational studies. Reproduced from [3] with permission from the
publisher.

provided by these tests is helpful in designing an individually
tailored exercise programme. Continuous and interval endurance training, as well as strength training, may be regarded as
the major exercise components. The application of additional
exercise methods, for example breathing exercises, inspiratory
muscle training, neuromuscular electrical stimulation or whole
body vibration training, may also be useful techniques which
will be discussed later.
Assessment tests
Exercise tolerance can be assessed by a cardiopulmonary
exercise test using either cycle ergometry or a treadmill,
measuring a number of physiological variables, including peak
oxygen uptake (V9O2), peak heart rate and peak work
performance. A less complex approach is to use a self-paced,
timed walking test (e.g. 6-min walk test (6MWT)). This test
requires at least one practice test before data can be
interpreted. Shuttle walking tests are also a useful option.
They provide more in-depth comprehensive information than
an entirely self-paced test, but are easier to perform than a
cardiopulmonary exercise test [6]. Additional assessment of
muscle strength of the lower and upper extremities also adds
important information and provides a comprehensive insight
into patients’ limitations derived from extrapulmonary manifestations of COPD.

to employ a protocol in which work rate increases at a constant
rate. For the same reason it is useful to start the testing phase
from a baseline of unloaded pedalling at 0 W. The ATS/
American College of Chest Physicians (ACCP) statement on
exercise testing recommends starting with a resting phase of
3 min followed by 3 min of unloaded pedalling before the
incremental phase [7]. The intensity should then be increased
every minute by 5-25 W until the patient reaches volitional
exhaustion. Alternatively, a ramp protocol could be used,
usually increasing intensity every few seconds. However, the
total increment per minute in the ramp protocol should be
similar to that of the previous protocol showing a similar
metabolic response [8]. In general, exercise tests in which the
incremental phase is completed between 8–12 min are efficient
and provide useful diagnostic information. Outcome parameters
from the test such as peak work rate, peak heart rate or peak V9O2
can be used to derive exercise intensities for an endurance
training protocol on a cycle ergometer.
Constant work rate test
This type of test protocol is gaining popularity due to its
clinical relevance and its more sensitive response to therapeutic interventions in comparison with an incremental test
protocol [9]. Before conducting a constant work rate test it is
necessary to perform a maximal cardiopulmonary (incremental) exercise test. For the constant work rate test, the patient
cycles at ,70% of their peak work rate until exhaustion. The
time the patient is able to sustain cycling is regarded as the
outcome parameter.
6-min walk test
The 6MWT is probably the most popular field walking test
used for patients with respiratory disorders. It evaluates the
global and integrated responses of all systems involved during
exercise, including the pulmonary and cardiovascular system,
neuromuscular units and muscle metabolism. It is generally
believed that the self-paced 6MWT assesses the sub-maximal
level of functional capacity, although reaching high levels of
cardiopulmonary stress. The 6-min walking distance (6MWD)
seems to better reflect the function exercise level for daily
physical activities than maximal incremental tests [10].
Furthermore, oxygen desaturation during the 6MWT may also
reflect oxygen desaturation during the patients’ activities of
daily living [11].

Cardiopulmonary exercise testing
Incremental cycle ergometry
This test is widely used in clinical practice. A progressively
increasing work rate protocol enables rapid acquisition of
diagnostic data. Because the response of some of the major
interesting variables, such as minute ventilation, V9O2 and carbon
dioxide uptake, lags behind changes in work rate, it is important

The 6MWT requires a 30-m hallway but no exercise equipment. The test measures the distance that a patient is able to
walk quickly on a flat, hard surface in a period of 6 min back
and forth around cones. A rigorous standardisation of the test
procedure [12], especially concerning the verbal communication before and during the test, is very important to minimise a
potential bias by the tester. Some of the basic instructions that
should be mentioned before the test include the patient being
encouraged to ‘‘…walk as far as possible for 6 min’’ and that
they ‘‘…probably will get out of breath or become exhausted’’.
Therefore, the patient is ‘‘permitted to slow down, to stop and
to rest if necessary’’. During the test the tester should only use
standard phrases of encouragement every minute with an even
tone of voice; for example, ‘‘You are doing well. You have 3
minutes to go’’. At the beginning and the end of the test the
patient’s oxygen saturation, heart rate, perceived dyspnoea
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and leg fatigue on a Borg scale are generally documented, as
well as the total distance walked (in metres) during the test.
Incremental shuttle walking tests
The incremental shuttle walking test (ISWT) is also a field
walking test; however, it differs from the 6MWT as it uses an
audio signal from a CD player to determine the walking pace
of the patient back and forth on a 10-m course [6]. The walking
speed increases every minute, and the test ends when the
patient is not able to reach the turnaround point within the
required time. The distance walked is noted as a primary
outcome parameter. The power output is similar to a
symptom-limited, maximal, incremental treadmill test. An
advantage of the ISWT is that it shows a better correlation with
peak V9O2 than the 6MWD as this test determines the
maximum exercise capacity. Disadvantages include less widespread use and more potential for cardiovascular risks, since it
evokes maximal exertion from the patients.
A related variation of the ISWT is the endurance shuttle
walking test (ESWT). Patients are asked to walk at a speed
equivalent to 85% of the peak speed achieved during the ISWT
until exhaustion [13]. Walking time is taken as outcome. The
ESWT shows major improvements following pulmonary
rehabilitation and is more sensitive to changes than the field
tests of maximal capacity [14].
Sit-to-stand tests
Another simple test procedure to determine functional exercise
capacity is a sit-to-stand test. The test involves either the
number of sit-to-stand repetitions from a standard chair within
30 s, respectively 60 s, or quantifies the time that a patient
needs to perform, for example, five repetitions in a row. These
tests may also determine functional status as easily as the
6MWT in regard to neurophysiologic effectiveness [15, 16].
Moreover a recent study has even shown a strong correlation
between the result from a sit-to-stand test and mortality [17].

Endurance training
Endurance training is probably the most common exercise
modality in patients with COPD. The main objective of
endurance training is to improve aerobic exercise capacity as
aerobic activities are part of many everyday tasks in these
patients. It has been shown that endurance training also
improves peripheral muscle function in patients with COPD
[21]. In addition, there is some evidence that high-intensity
endurance training induces greater physiological benefits than
lower-intensity exercise [22]. However, most patients with
severe COPD are not able to sustain high-intensity exercise due
to serious symptoms, such as dyspnoea and fatigue [23].
Therefore, alternative exercise protocols, such as interval
training, have gained increasing interest especially in patients
with advanced COPD.
Continuous versus interval training
Historically, the rationale for interval training included the ability
to impose high-power bursts of exercise on peripheral muscles
without overloading the cardio-respiratory system. As outlined
previously, people with COPD respond to training in a different
way to healthy subjects as they are restricted by the complex
interaction of different determinants of exercise limitation.
A recent systematic review included eight randomised
controlled trials with a total of 388 COPD patients and
compared the effects of continuous and interval training in a
meta-analysis (mean forced expiratory volume in 1 s 33–55%
predicted) [24]. The authors summarised that both exercise
modalities led to comparable improvements in exercise
capacity and health-related quality of life. Continuous and
interval endurance training also significantly improved the
capillary-to-fibre ratio as well as the fibre-type distribution
within the vastus lateralis muscle in similar amounts.
Accordingly, there is a significant reduction in the proportion
of anaerobic fast-twitch (type IIb) muscle fibres following both
training regimes yielding a higher percentage of aerobic slowtwitch (type I) muscle fibres [21]. The benefits in terms of
improving exercise tolerance, quality of life and muscle fibre
morphology and typology were comparable across patients
with COPD in Global Initiative of Chronic Obstructive Lung
Disease (GOLD) stages II, III and IV [25].

Peripheral muscle strength testing
As COPD is a disease with extrapulmonary, systemic manifestations such as muscle dysfunction [18], it is also important to assess
peripheral muscle function. Muscle strength is usually expressed
as the maximal voluntary isometric force of a muscle. As a
reflection of lower limb strength, the quadriceps femoris muscle
is, mostly, tested. Important requirements for a valid measurement are a proper fixation of the patient so that they cannot make
any evasion movement; compensatory movements, and strong
encouragement to ensure the highest possible muscle contraction.
Devices such as an isokinetic dynamometer, a special chair using a
strain gauge fixed at the ankle, or hand-held dynamometers can
be used to determine muscle strength. Handgrip force, measured
by a handgrip dynamometer, can be considered as an indicator for
upper extremity strength. All strength measurements can be
expressed in relation to normal values [19, 20].

Nevertheless, in patients with very severe COPD there is
evidence that interval training is associated with fewer
symptoms of dyspnoea during exercise and fewer unintended
breaks [26, 27]. Therefore patients with severe COPD may
markedly increase the total exercise duration with significantly
lower metabolic and ventilatory stress, as well as lower rates of
dynamic hyperinflation when performing interval training
compared to continuous training [28].

IMPLEMENTING AN EXERCISE TRAINING PROGRAMME
IN PULMONARY REHABILITATION
The ‘‘conventional’’ modalities used to exercise patients with
COPD participating in pulmonary rehabilitation programmes
mainly include endurance (continuous or interval) training
and strength training.

This may indicate a better feasibility of interval training
protocols, especially in patients with severe airflow obstruction. In general, many patients are frustrated by the burden of
physical limitation in daily life. To avoid frustration during
exercise training it may be important to offer exercise protocols
that are feasible to each specific patient. It is speculated that
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Although interval training consists of a sequence of on-and-off
high-intensity muscular loads, its tolerability in the context of
perceived respiratory and peripheral muscle discomfort has
been shown to be better than that of constant load exercise [29].
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TABLE 2
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Practical recommendations for the implementation of continuous and interval endurance training programmes
Continuous endurance training

Interval endurance training

Frequency

3–4 days?week-1

3–4 days?week-1

Mode

Continuous

Interval modes:
30 s of exercise, 30 s of rest or
20 s of exercise, 40 s of rest

Intensity

Initially 60–70% of PWR

Initially 80–100% of PWR for the first three to four sessions

Increase work load by 5–10% as tolerated

Increase work load by 5–10% as tolerated

Progressively try to reach ,80–90% of baseline PWR

Progressively try to reach ,150% of baseline PWR

Initially 10–15 min for the first three to four sessions

Initially 15–20 min for the first three to four sessions

Progressively increase exercise duration to 30–40 min

Progressively increase exercise duration to 45–60 min

Perceived exertion

Try to aim for a perceived exertion on the 10-point Borg scale

Try to aim for a perceived exertion on the 10-point Borg scale

Breathing technique

Suggest pursed-lip breathing or the use of PEP devices to prevent

Duration

(including resting time)
of 4 to 6

of 4 to 6

dynamic hyperinflation and to reduce breathing frequency

Suggest pursed-lip breathing or the use of PEP devices to prevent
dynamic hyperinflation and to reduce breathing frequency

PWR: peak work rate; PEP: positive expiratory pressure. Adapted from [30].

this could reveal a psychological advantage to improve the
patients’ motivation and maybe also increase long-term
adherence to exercise training programmes. Nevertheless,
especially older, patients with COPD initially have to
familiarise themselves with this exercise mode and resting
intervals in order to follow the right sequence of work and rest
intervals for the required period.
An easy approach to target training intensity for continuous
and interval endurance training on a bicycle would be to
derive exercise intensity from a certain percentage of the peak
work load (e.g. 70%). To further adjust cycling load to an
effective, as well as feasible, intensity the patients’ perceived
exertion on the modified Borg scale (0-10) should be aimed at 4
to 6. Table 2 shows some practical recommendations for the
implementation of continuous and interval endurance training
programmes.
So how to find the right endurance training protocol for your
patient? Table 3 shows some non-evidence-based indications
of when the use of an interval training protocol may be more
appropriate. If a patient is in a borderline status at some of
these points it is recommended to let the patient decide which
exercise protocol they would prefer. The patient could try both
TABLE 3

Practical indications for considering the use of an
interval training approach

Interval training may be more appropriate when the patient presents
with:
A severe airflow obstruction (FEV1 ,40% pred)
A low exercise capacity (peak work rate ,60% pred)
A total time at a constant work rate test of ,10 min
A marked oxygen desaturation during exercise (SpO2 ,85%)
An intolerable dyspnoea during continuous endurance training
FEV1: forced expiratory volume in 1 s; % pred: % predicted; SpO2: arterial
oxygen saturation measured by pulse oximetry.
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modalities on the first days of a pulmonary rehabilitation
programme and share their own opinion. Integrating the
patient in the planning of their exercise programme may also
improve their willingness to adhere to the intervention.
Cycle-based versus walking-based endurance training
Walking is one of the most important activities of daily living
in patients with COPD. However, most endurance training
programmes are based only on cycle endurance training. In
addition to the higher costs and space requirement involving a
treadmill in comparison to a cycle ergometer, another possible
explanation for this fact could be that patients with COPD
exhibit a greater ventilatory response during walking compared to cycling [31]. Thus, minimising dyspnoea sensations
and the potential of oxygen desaturation during high intensity
exercise are arguments in favour of providing cycling-based
endurance training. However, walking-based endurance training programmes are also very effective in improving exercise
capacity and quality of life in people with COPD [32, 33].
Compared to equipment-dependent training, such as cycle
training, non-treadmill walking is an easily available training
modality, particularly for those living in places with limited
resources. Furthermore, exercising the patients’ walking skills
might be more effective to the patient than exercising cycling
skills that are unlikely to be essential to everyday life. A recent
study has even shown that supervised, progressive walking
training resulted in a significantly larger increase in endurance walking capacity compared to supervised, progressive
stationary cycle training [34]. Similar effects were found on
peak walking and cycling capacity, endurance cycling capacity
and health-related quality of life.
Since walking endurance capacity in patients with COPD
is especially impaired, this could be the rationale for the
implementation of walking-based endurance training to
improve the patients walking capabilities.
Up-to-date detailed recommendations for prescribing walking
training can rarely be found in the literature. A common
VOLUME 22 NUMBER 128
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reference point that was used in several studies [34, 35] was to
set the walking speed at ,80% of peak V9O2, which was
achieved in a shuttle walking test. To avoid the complex and
time consuming procedure of a ergospirometry during the
shuttle walk test, peak V9O2 can be approximately derived
by the following equation: peak V9O2 mL?min-1?kg-15
4.19+0.0256ISWT distance [36]. It has been shown that this
intensity is feasible in most patients and is effective in
improving exercise capacity [32]. If patients are not able to
walk continuously for at least 10 min at the given speed, the
intensity could be decreased stepwise by ,10% until the
patient is able to walk without taking a rest.
It is easy to set and control the proper walking speed when
patients are exercising on a treadmill. If patients walk on the
ground it is much more difficult to accurately stick to the
individualised pace. Other methods such as using a metronome or listening to music, the rhythm of which is adjusted to
the individual walking speed, might be useful [35, 37]. Also a
given track with distance marks could be helpful. If no
supportive devices are available to determine walking speed, a
perceived exertion on the Borg scale from 4 from 6 could be
targeted. Furthermore, an interval approach could also be
applied. To date, walking interval training has not been
investigated. Due to practical reasons, longer interval walking
periods of 1–2 min duration might be more appropriate.
Oxygen supplementation during exercise
The benefits of long-term oxygen therapy (LTOT) in patients
with COPD associated with hypoxaemia are well known. In
these patients, LTOT prolongs survival and reduces hospitalisations, as well as the risk of comorbidities [38, 39]. More
recently, the usefulness of oxygen therapy in improving
outcomes from pulmonary rehabilitation in patients with
COPD has been evaluated in several studies. In general, a
distinction must be made between immediate effects of oxygen
on exercise performance and its usefulness in the exercisetraining component of pulmonary rehabilitation. As an adjunct
to exercise training, supplemental oxygen therapy has been
studied in patients who are severely hypoxaemic at rest or
with exercise. The rationale for these studies is that supplemental oxygen therapy improves peripheral muscle oxygenation [40], dyspnoea [41] and exercise capacity [42] in patients
with COPD and hypoxaemia, possibly allowing them to train
at higher intensities. While the use of oxygen improves
maximal exercise performance acutely in the laboratory,
studies testing its effect in enhancing the exercise-training
effects have produced inconsistent results. This may reflect
differences in methodology among the studies, especially with
regard to training workload [43]. However, the use of
continuous supplemental oxygen for patients with COPD
and severe resting hypoxaemia is clearly indicated and
recommended as a part of routine clinical practice. Oxygen
saturation measured by pulse oximetry .90% and/or an
arterial oxygen pressure .55 mmHg should be targeted [44].
The use of supplemental oxygen as an adjunct to exercise
training could also be useful in patients who do not meet
inclusion criteria for LTOT and do not experience exerciseinduced hypoxaemia. In a double-blinded randomised trial,
patients without significant exercise-induced oxygen desaturation were randomised to receive either room air or oxygen
182
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during high-intensity exercise training [45]. Exercise performance improved significantly more in the group receiving
oxygen. This improvement was accompanied by a reduction in
respiratory rate.
The long-term effects when supplemental oxygen is discontinued and the effect on other outcomes such as health-related
quality of life remain to be determined.
Strength training
Peripheral muscle dysfunction and muscle weakness are
highly prevalent comorbidities of COPD, contributing to
exercise intolerance and symptom intensity [46, 47]. It is
assumed that resistance training can reverse peripheral muscle
dysfunction and thereby reduce, at least in part, the burden of
COPD impairment [48]. Resistance training as an adjunct to
endurance is recommended in all patients especially those
with peripheral muscle weakness. Because strength training
has a greater potential to improve muscle mass and strength
than endurance training [49, 50], a combination of these two
exercise modalities is highly recommended. Strength training
also provokes less dyspnoea during exercise, which most
probably makes it easier to tolerate than aerobic training [51].
Therefore, a combination of resistance training with interval
endurance training can be a useful alternative training strategy
in patients severely restricted in their ability to perform
endurance training due to marked ventilatory limitation.
A systematic review that included 18 randomised controlled
trials showed consistent improvements in muscle strength
despite a large variation of exercise characteristics, such as
number of repetitions, exercise intensity or the method
of strength training itself (e.g. conventional strength training machines, pulleys, free weights, Thera-Band; Hygenic
Corporation, Akron, OH, USA) [52]. Therefore, the ideal exercise
modalities for strength training in patients with COPD remain
unknown. It appears that there is more than one mechanism to
improve strength skills. Another important and clinically
relevant finding of this article was that the effects of strength
training may also be translated into meaningful changes in
functional performance such as climbing stairs, standing up or
arm elevation activities [52].
The ATS/ERS statement on pulmonary rehabilitation recommends performing two to four sets of six to 12 repetitions at
intensities ranging from 50% to 85% of the one repetition
maximum (1RM) 2-3 days per week (table 4) [53]. However,
the principle of deriving strength training intensities from the
1RM must be critically considered. Due to a large interindividual discrepancy and a wide range of variability of the
number of possible repetitions at a certain percentage of the
1RM, the ideal resistance for many individuals may be over- or
underestimated [54, 55]. Therefore, the main focus could rather
be on targeting local muscular exhaustion within the range of
six to 12 repetitions (in other words determine a six to 12
repetition maximum) rather than reaching a certain percentage
of the 1RM. Of course the patient must be instructed on this
obligatory goal of achieving muscular exhaustion, otherwise
they may not be willing to expose themselves to this exertion.
An easy and very practical approach to determine optimal
resistance for strength training is that the physiotherapist sets a
training load so the patient is able to repeat an exercise six to
EUROPEAN RESPIRATORY REVIEW
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Practical recommendations for the implementation
of strength training

TABLE 5

Practical recommendations for the implementation
of inspiratory muscle training (IMT)

Frequency

2–3 days?week-1

Frequency

5–7 days?week-1

Objective

Targeting for local muscular exhaustion within a given number

Objective

To increase inspiratory muscle strength in patients with

Mode

Most commonly threshold loading

Intensity

Initially o30% of PImax

inspiratory muscle weakness (PImax ,60 cmH2O)

of repetitions for major muscle groups of upper and lower
extremities
Mode

Two to four sets of six to 12 repetitions

Intensity

50–85% of one repetitive maximum as a reference point
Increase work load by 2–10% if one to two repetitions over

Increase load as tolerated
Duration

For example, using an interval approach with 76 2 min of IMT
and 1 min of rest between each interval

the desired number are possible on two consecutive
training sessions
Speed

Moderate (1–2 s concentric and 1–2 s eccentric)

PImax: maximal inspiratory pressure. Data from [60, 62].

Data from [53].

maximally 12 times and has to stop due to muscle fatigue. With
a little experience from the physiotherapist this is a very quick
and useful approach that does not necessarily require
determining the 1RM. However, it is recommended to use
both upper and lower limb resistance weight training
conducted with moderate speed at 1–2 s for both concentric
and eccentric. When the subject can perform the current
workload for one or two repetitions over the desired number
of six to 12 repetitions on two consecutive training sessions it is
recommended to apply a 2–10% increase in load [56].
BEYOND ‘‘CONVENTIONAL’’ EXERCISE MODALITIES
In recent years some additional exercise modalities beyond
endurance and strength training have gained increasing
interest. Due to the limited space of this article some of these
new training components will only be briefly introduced.
Inspiratory muscle training
As a consequence of COPD, strength and endurance [57] of the
diaphragm can also be reduced and contribute to hypercapnia,
dyspnoea and reduced walking capacity [58]. Inspiratory
muscle training may enhance the dysfunction of the diaphragm
and improve some of its consequent burden. Various metaanalyses [59, 60] have shown that inspiratory muscle training
can improve inspiratory muscle strength and endurance, as well
as reduce dyspnoea. Scientific data on its benefits on functional
exercise capacity and quality of life are less consistent, but
evidence is emerging [60]. In patients suffering from inspiratory
muscle weakness, defined as maximal inspiratory pressure
(PImax) ,60 cmH2O, the addition of inspiratory muscle training
to a general exercise training programme improved PImax and
tended to improve exercise performance [61]. More studies that
investigate inspiratory muscle training, especially in patients
with inspiratory muscle weakness, are needed.
By far, the most commonly used inspiratory muscle training
technique is the one of ‘‘threshold loading’’ devices (table 5).
These devices generally have a spring-loaded valve requiring
the patient to inhale strongly enough to open the valve and to
breathe in against an individualised load. The optimal training
intensity is still unknown but an initial resistance of o30% of
PImax is recommended [60]. Resistance should then be increased
stepwise, as tolerated. At present the optimal exercise duration
is uncertain, most studies provided a total exercise time of
EUROPEAN RESPIRATORY REVIEW

15-20 min per day [63]. It might be helpful to split inspiratory
muscle training into two to three short exercise sessions per day.
Neuromuscular electrical stimulation
During neuromuscular electrical stimulation (NMES) the
muscles get stimulated electronically via adhesive electrodes
placed on the skin. As the metabolic response during a NMES
session is significantly lower compared to a resistance exercise
training session in patients with COPD [64], this technique
may be particularly relevant to severely deconditioned or bedbound patients [65]. The most consistent finding of NMES
training in COPD is a 20-30% gain in quadriceps strength
as compared with control subjects [66, 67]. Most exercise
protocols aim for the muscles of the thigh and the calf muscle.
In NMES studies the duty cycle ranges between 2 to 10 s on
and 4 to 50 s off for 20-60 min and one to two sessions per day
3-7 days per week (table 6) [68]. To set the initial stimulus the
intensity will be increased until a visible strong muscle
contraction occurs or to the maximum level of the patients’
toleration. A novel finding is that it seems that there is a certain
threshold for responders and non-responders to NMES. The
gains in functional exercise capacity were heavily dependent
on the ability of the patient to increase and sustain a
progressively higher current intensity. The relationship
between the change in walking test distance was characterised
by a threshold of 10 mA increase from the beginning until the

TABLE 6

Practical recommendations for the implementation
of neuromuscular electrical stimulation

Frequency

3–7 days?week-1

Objective

To increase peripheral muscle strength in severely

Mode

Pulse duration 200–700 ms

deconditioned or bed-bound patients
Duty cycle 2–10 s on/4–50 s off
Intensity

Increase intensity (mA) until a visible muscle contraction
occurs or to the maximum tolerated level
Increase intensity whenever possible

Duration

One to two sessions per day, total exercise time per day
20–60 min

c

Data from [69].
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end of a 6-week NMES intervention below which changes in
exercise capacity with NMES were practically absent [69].
Whole body vibration training
During whole body vibration training subjects exercise on a
vibrating platform that produces sinusoidal oscillations. At
high intensities this vibration evokes muscle contractions on
the entire flexor and extensor chain of muscles in the legs and
all the way up to the trunk. Instead of voluntary muscle control
like in common resistance training, the muscle contractions
during high-intensity vibration training are caused by stretch
reflexes [70]. The user has no direct influence on muscle
activity itself and can only control body posture movement.
To date there is some evidence that whole body vibration
training yields improvements of similar magnitude in regards
of exercise capacity, muscle force and quality of life in
comparison to conventional strength training [71]. Another
study concluded that in patients with advanced COPD, whole
body vibration training seems to be an effective and feasible
exercise modality that may even enhance functional exercise
capacity significantly more when performed in addition to
endurance and strength training [72]. The underlying mechanisms are not yet investigated, but it is speculated that
improvements in neuromuscular activation may play an
important role. Table 7 provides some practical guidelines
for the use of whole body vibration training.
Breathing retraining (or breathing exercises)
Breathing retraining is a simple approach aiming to alter
respiratory muscle recruitment in order to reduce dyspnoea
and improve respiratory muscle performance. Breathing
retraining techniques described over time have mainly
included pursed-lip breathing, diaphragmatic breathing and
expiratory muscle strengthening. The improvements with
breathing retraining discussed in the literature have included
improvements in dyspnoea, work on breathing, ventilation,
lung volume, functional performance and activities in daily
living. However, many argue the improvements may not be
due to breathing retraining alone but rather due to the
adjunctive therapies such as medications, use of oxygen, and
exercise training itself [73]. However, in a meta-analysis by

HOLLAND et al. [74] it was concluded that breathing exercises
improve functional exercise capacity in patients with COPD
compared to no intervention despite the fact that there are no
consistent effects on dyspnoea or health-related quality of life.
Breathing exercises may be useful to improve exercise
tolerance in selected individuals with COPD who are unable
to undertake exercise training [74].
Assessing the effectiveness of the exercise training
programme
Any pulmonary rehabilitation programme should include
given outcome assessments, required for the objective evaluation of programme effectiveness, and of patient progress
during the testing period. As currently practiced, pulmonary
rehabilitation typically includes several different components,
including not only exercise training but also education,
nutritional and psychosocial support, and instruction in
various respiratory and chest physiotherapy techniques. As
an example, different outcomes to be assessed concerning their
effectiveness after pulmonary rehabilitation include (but are
not restricted to): overall exercise capacity (exercise tests),
upper and lower limbs strength, symptoms (breathlessness
and fatigue), health-related quality of life (specific questionnaires), and the improvement in physical activity performed in
daily life not only in exercise tests.
CONCLUSIONS
In all stages of COPD, exercise training performed in the
context of a pulmonary rehabilitation programme has been
shown to be effective in a number of outcomes of patients with
COPD, such as improved exercise tolerance, muscle strength,
quality of life, and reduced dyspnoea and fatigue. Pulmonary
rehabilitation is now a well-recognised therapy that should be
available to all patients with symptomatic COPD, and exercise
training is the cornerstone of a pulmonary rehabilitation
programme. This article has provided specific details on the
rationale of why and especially how to implement exercise
training in patients with COPD, including the prescription of
training mode, intensity and duration, as well as suggestions of
guidelines for training progression.
STATEMENT OF INTEREST

TABLE 7

Practical recommendations for the implementation
of whole body vibration training

Frequency

3 days?week-1

Objective

To increase peripheral muscle strength and neuromuscular
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activation, especially of lower limbs
Mode

Side-alternating or vertical vibration platform, peak-to-peak

Intensity

High intensities

displacement o4 mm
Side-alternating vibration platforms: .20 Hz
Vertical vibration platforms: ,35 Hz
Increase intensity by using additional weight, such as
dumbbells or a weighted backpack
Duration

Two to four sets of each 30–120 s per exercise

Data from [73].
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