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ABSTRACT: Cough and expectoration of mucus are the best-known symptoms in
patients with pulmonary disease. The most applied intervention for these symptoms is
the use of chest physiotherapy to increase bronchial mucus transport and reduce
retention of mucus in the airways. Chest physiotherapy interventions can be evaluated
using different outcome variables, such as bronchial mucus transport measurement,
measurement of the amount of expectorated mucus, pulmonary function, medication
use, frequency of exacerbation and quality of life.

Measurement of the transport rate of mucus in the airways using a radioactive
tracer appears to be an appropriate outcome variable for short-term studies.
Evaluation of chest physiotherapy only with pulmonary function tests appears to be
inadequate in short-term studies. The popularity of using pulmonary function tests is
probably based more on the availability of the instruments than on a theoretical basis
related to the question of chest physiotherapy improving mucus transport. Quality of
life and progression of the disease are not often used as outcome variables, but it may
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be worthwhile to use these in the future.
Eur Respir J 1999; 13: 1477-1486.

Healthy human lungs are protected against inhaled dust
particles and micro-organisms by the continuous produc-
tion of mucus and the transport of deposited particles and
mucus to the oropharynx. In patients with diseases of the
airways, hypersecretion and expectoration of mucus are
common symptoms. Although these symptoms are well-
known they are poorly defined. In normal conditions, the
production of mucus in the airways is estimated to be
between 10-100 mL-day™". This wide range is probably the
result of the fact that it is impossible to measure mucus
production under normal conditions. A clear definition of
hypersecretion appears impossible until the normal quan-
tity of mucus is known. Another approach could be to use
the symptom itself as a definition, for instance, hyperse-
cretion is defined when there is expectoration of mucus
during a given period. Neither definition takes into account
the complexity of the problem. In patients with airways
disease there is often a combination of hypersecretion and
impaired transport. Hypersecretion can be caused by the
production of inflammatory mediators with chronic infec-
tion increasing the number of mucous glands and the out-
put from secretory cells and glands. Transport of mucus is
impaired because of cilial damage, inhibition of or uncoor-
dinated cilial movement, or due to unfavourable rheolo-
gical conditions of the mucus. The imbalance between
transport and secretion may lead to stasis of the mucus in
the airways, expectoration of mucus, or both.
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The consequences of stasis of the mucus in the airways
are poorly understood. It is generally assumed that stasis of
mucus in the lower airways contributes to airway ob-
struction. However there are very few data supporting this
hypothesis. Expectoration of mucus does not necessarily
mean that there is also stasis of mucus. The results of
A1kAWA et al. [1] demonstrate that chronic obstructive pul-
monary disease (COPD) patients with emphysema have
very little stasis of mucus in their airways, although they
had a history of expectoration. This is consistent with the
results of a study by the authors in which spontaneous
mucus transport was found to be higher in chronic bron-
chitis patients than in emphysema patients [2]. The effects
of stasis of mucus on pulmonary function may vary be-
cause of differences in the quantity and localization of
mucus in the airways. Severe mucus plugging in the
peripheral airways may have an effect on lung volume,
such as the residual volume (RV)/total lung capacity
(TLC) ratio or trapped gas volume. A smaller amount of
mucus, not completely obstructing the airway, may have
an affect on forced expiratory flow variables.

It is also assumed that stasis of mucus may predispose to
the development of pulmonary infections, cause patho-
logical changes in the lungs [3], contribute to decline in
pulmonary function [4], and death from lung disease [5].
However, it is not clear whether hypersecretion is "just" a
marker of inflammation or a cause for pathological
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changes. There is even some evidence that stasis of mu-
cus protects against inhaled material. KING et al. [6] inves-
tigated the response to methacholine in dogs by infusion
and inhalation. The ratio between the "infusion response",
and the "inhaled response" was calculated and plotted
against the thickness of the mucus layer. The study found
that in dogs with more hypersecretion and a thicker mu-
cus layer, the inhaled methacholine response was less.
This suggests that a thicker mucus layer with more
hypersecretion protects against inhaled material.

It is often stated that chronic expectoration of mucus is a
socially disabling symptoms. This seems very likely, but
data supporting this statement could not be found.

Treatment of mucus retention includes pharmacothera-
py and the application of chest physiotherapy [7]. The phar-
macotherapy of mucus clearance disorders is discussed in
a separate article in this series. Many methods used by
physiotherapists, including breathing exercises, manual
percussion and postural drainage, have been used since the
beginning of this century [8]. Application of these tech-
niques through the years is based upon the clinical
impression of physiotherapist and physicians, the subjec-
tive experience of the patient that they have beneficial
effects, and to the lack of alternative methods to treat mu-
cus retention. More recently, new physiotherapeutic inter-
ventions, such as the forced expiration technique (FET)
more commonly called the active cycle of breathing tech-
nique (ACBT), positive-end expiratory pressure (PEEP)
breathing, and flutter breathing have been introduced as
alternatives or adjuncts to the conventional methods.

It can be difficult to judge the relative efficacy of the
different components of chest physiotherapy in the treat-
ment of mucus retention. These usually consist of a com-
bination of different techniques. There are no simple
measurements that reliably reflect changes in mucus trans-
port. It has been shown that chest physiotherapeutic
methods that may be effective in the care of one type of
patient can be harmful in others [9, 10]. This is consistent
with the clinical impression that patients with various
airway diseases respond differently to chest physiothera-
py, perhaps because of differences in the underlying
pathology and physiology.

Short review of methods
Evaluation of mucus clearance techniques

Chest physiotherapy can be defined as the external ap-
plication of a combination of forces to increase mucus
transport. The techniques, intensity, duration and frequen-
cy are different between physiotherapists in different parts
of the world, and have changed over the years. This makes
comparison of results or experiences difficult unless the
techniques are described in detail. Chest physiotherapy has
been evaluated using measurements of airflow, changes in
gas exchange, measurements of pulmonary mucus clear-
ance, and measuring the volume of expectorated mucus.
These evaluation techniques range from methods that are
complex and difficult to perform but reproducible and
quite accurate for short-term studies (e.g. the clearance of
radiolabelled particles from the airway), to very simple
methods that produce results that are next to meaningless
(e.g. measurements of expectorated sputum volume in
chronic lung disease).

Comparisons of various physiotherapeutic
techniques

Chest physiotherapy

Chest physiotherapy to improve mucus transport can
consist of different manoeuvres, including special breath-
ing techniques, percussion or vibration and postural
drainage, all with or without directed coughing. This
combination of techniques is sometimes called postural
drainage. The authors prefer to reserve this latter term for
the specific gravity-assisted positions discussed later in
this article. Other techniques to augment mucus clearance
include the use of special devices such as PEEP masks,
flutter valves or high frequency chest wall or airway
oscillation devices.

In healthy dogs, it was found that percussion combined
with postural drainage increased tracheal mucus transport
velocity [11]. When compared to a control intervention,
chest physiotherapy improved mucus transport in stable
patients with COPD [12]. When compared to coughing,
the results are conflicting, with investigators finding an
improvement of mucus transport during chest physiothera-
py when compared to coughing in patients with COPD or
bronchorrhea [13, 14], but not cystic fibrosis (CF) [15].
Differences in application duration and differences in the
disease pathophysiology are probably partly responsible
for these different outcomes.

Pulmonary function tests or measurements of gas ex-
change have also been used to evaluate the effects of chest
physiotherapy [16—32]. Some of these studies were able to
detect an improvement in pulmonary function tests or gas
exchange after physiotherapy in patients with COPD [19,
20, 23] and in patients with CF [17, 23, 24] and that
patients with CF and COPD respond equally well [23].
Other studies have not demonstrated an improvement in
pulmonary function after physiotherapy in patients with
COPD [18, 29, 33] or CF [25, 31, 34]. In many studies,
relatively small groups of patients are included, and this
increases the risk of a type II error. Some studies have
also suggested undesirable side-effects of chest physio-
therapy on pulmonary function and gas exchange, e.g.
increased airway obstruction and desaturation in COPD
patients [18] and in acutely ill patients [32]. There seems
to be no beneficial effect of chest physiotherapy on the
time to recovery during an acute exacerbation of COPD
[16, 21] or to the resolution of pneumonia [22, 35].

In summary, chest physiotherapy is probably effective in
improving mucus transport, but the effects on pulmonary
function are conflicting, probably because the impact of
mucus retention on pulmonary function varies in different
patients. Further studies are needed to identify the patients
or circumstances which are at risk from complications or
adverse effects of chest physiotherapy.

Percussion, vibration and high frequency oscillation

Manual percussion and vibration techniques are prob-
ably the best-known, but also the least uniformly applied
techniques of chest physiotherapy. The rationale behind
these techniques is not clear. The effects may be based on
shear thinning of secretions, "squeezing" secretions from
distal airways with changes in intrathoracic pressures,
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formation of central mucus globules that are easier to ex-
pectorate, freeing the adhesive secretions from the airway
walls or the induction of coughs. Manual percussion is
performed with cupped hands on the ventral, lateral, and
dorsal side of the thorax of the patient with a frequency of
approximately 3—6 Hz. Mechanical vibration is performed
with higher frequencies, up to 40 Hz. Percussion and
vibration are applied during both exhalation and inspira-
tion, or during expiration only. Oscillation of air in the
airways is also thought to improve mucus transport. Intra-
pulmonary oscillatory airflow can be induced directly by
oscillation of the air at the mouth or indirectly by
oscillation of the thorax using special devices.

The effect of these techniques has been evaluated using
measurements of mucus transport [36—46]. In patients
with COPD, vibration with a frequency of 41 Hz and an
amplitude of 2 mm did not affect mucus transport [36]. In
a mixed group of patients with hypersecretion, percussion
did not affect mucus transport [37]. In COPD patients,
manual percussion had a small effect on mucus transport
[38]. The effect on mucus transport appears to be fre-
quency dependent [39—43]. In animal studies, a frequency
of 12-15 Hz was most effective in improving tracheal
mucus transport [39, 40]. In an experimental mode, a
frequency of 13 Hz also appeared to be the most effective
frequency in improving mucus transport [41]. However,
in another animal study a frequency between 25 and 35
Hz appeared to be the most effective [43]. A frequency of
~10-15 Hz, which is outside the range of the manual
techniques but lower then most commercial vibrators,
appears to have the best effect on mucus transport [40].
This is consistent with the finding that in CF patients, the
intrathoracic pressures induced by vibration, and thus the
vibration induced expiratory flows, appeared to be fre-
quency dependent [42]. The direction of the induced flow
is also important. Based on the results of experimental
studies it can be concluded that the oscillation/vibration
should lead to an expiratory biased flow, i.e. a higher
expiratory than inspiratory flow [41, 46—48] particularly
when there is increased mucus rigidity [41].

Studies have failed to demonstrate any additional in-
crease in mucus transport when vibration was added to
chest physiotherapy in patients with COPD or CF [37, 38,
49, 50], although one study found an improvement of the
"rate of expectoration of mucus" when vibration was
added to chest physiotherapy [51]. The combination of
percussion and postural drainage may be more effective,
in terms of the volume of expectorated mucus, than
coughing alone in patients with COPD [52]. High fre-
quency oscillations and chest physiotherapy are equally
effective in terms of the volume of expectorated mucus
[53].

On their own, percussion and vibration techniques may
improve pulmonary function and gas exchange in patients
with CF [54]. These effects could result from improved
mucus transport, but effects independent of changes in
mucus transport have been described. Improved gas
exchange by high frequency oscillation may also be the
result of changes in breathing pattern as described by
PIQUET et al. [55]. In a long-term study, Warwick and
HanseN [56] demonstrated an improvement in forced vital
capacity (FVC) and forced expiratory volume in one
second (FEV1) during a period of treatment with high
frequency chest wall compression compared with a

period during which conventional chest physiotherapy
was applied without this intervention in patients with CF.
ARENs et al. [57] found no differences between chest
physiotherapy and high frequency oscillation on the thor-
ax in CF patients during an exacerbation on pulmonary
function and clinical status.

Side-effects of these interventions, such as an increase in
airflow obstruction, have also been described in patients
with COPD [18, 58]. In an animal study, the application of
vibration and percussion was associated with the devel-
opment of atelectasis [59].

There are insufficient data to justify the routine use of
percussion, vibration or oscillation techniques when added
to chest physiotherapy. The experimental results of high
frequency oscillation are quite promising. Nevertheless
controlled clinical studies are needed to investigate the
effect on mucus transport and to clarify under which cir-
cumstances or in which type of patient this technique
would be most effective, as well as which patients are at
risk of adverse effects from these interventions.

Postural drainage

The rationale for postural drainage rests on the assump-
tion that additional gravitational forces will enhance mucus
transport from more or less vertically positioned bronchi.
Different positions are described for the large bronchi [60].
In an animal study, CHoOPRA ef al. [11] found an increase in
tracheal mucus transport velocity during postural drain-
age. Some studies have found improved mucus transport
in patients with CF [61, 62], but in a study in patients with
COPD, no improvement was observed [63]. The effect of
posture has also been investigated using pulmonary func-
tion tests and arterial blood gas analysis [64—67] without
a clear demonstration of benefit. Changes in pulmonary
function and gas exchange may not be the result of chan-
ges in mucus transport, but of changes in lung volume
and ventilation—perfusion matching. Positioning can also
place the patient at risk for gastro-oesophageal reflux
[68], especially if there is pulmonary hyperinflation.

Forced expirations and coughing

High intrapulmonary pressures develop when the glottis
is closed and there is an explosive burst of airflow, a cough,
after glottic opening. During forced exhalation, also called
"huffing", a forced expiratory manoeuvre is performed
with an open glottis. Forced expiration combined with
breathing control (diaphragmatic breathing), is known as
FET, and the FET combined with thoracic expansion
exercise is known as ACBT [60]. However these terms are
not used consistently in the literature.

Transport of a viscoelastic gel through a tube can be
augmented by sufficiently high airflow or two-phase gas-
liquid flow [69, 70]. Mucus transport by two-phase gas-
liquid flow can occur both in an airway closed by mucus
and in an open airway thickly lined with mucus. Mucus
transport in a closed airway can only be achieved during
forced expiration from high pressure leading to high air-
flow. Mucus transport in an open airway can be achieved
by expiratory airflow during forced expiration, as well as
by tidal breathing [71-73]. Mucus is mobilized both with
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expiratory airflow velocities of 1.0-2.5 m-s™ (annular
flow) or at flow velocities >2.5 m-s™ (misty flow) [69].

High-flow velocity is reached when airflow is high and
the airway diameter is small. The effective airway diameter
depends on the airway cross-sectional diameter, the thick-
ness of the mucus layer, and the amount of dynamic com-
pression of the airway. Airways are compressed during a
forced expiration due to an increased transmural pressure.
Compression primarily occurs in the central airways and
this contributes to the development of local high airflow
velocities in these airways. Forced expiration and coughing
are probably the most effective manoeuvres in chest
physiotherapy for improving mucus transport [30, 74-76].
When the force of the expiratory muscles is reduced
leading to lower pleural pressures during coughing, dynam-
ic compression of the airways is possibly less pronoun-
ced and can limit the effectiveness of coughing [77]. In
these circumstances, the expiration can be assisted by
manual compression of the thorax and the abdomen [78].
In some pathological conditions, smooth muscle contrac-
tion, inflammatory processes including oedema, and dy-
namic compression of the airways, can all reduce the
diameter of the peripheral airways, limiting airflow and
airflow velocity in the more central airways. In patients
with decreased pulmonary elastic recoil pressure and air-
way collapse, the effectiveness of mucus transport by
forced expiration is reduced [2]. ZacH et al. [79] found
evidence that in patients with CF, the use of broncho-
dilators may decrease the stability of the airway walls and
thus reduce the effectiveness of forced expiration and
coughing because of airway collapse. This could not, how-
ever be confirmed in a recent study by DESMOND et al
[80]. BENNETT ef al. [81] found that mucus clearance by
cough in patients with COPD was decreased after inhala-
tion of ipratropium bromide and they speculated that this
was due to alteration of the airway compression, or to
changes in the rheological properties of the mucus.

During a forced expiration, high expiratory flows are
built up in the first 0.1 s producing a high shear rate. High
shear rates cause a reduction of the mucus viscosity. Re-
peated forced expiratory flows are therefore also thought to
improve mucociliary transport by a temporary reduction of
the viscosity of the mucus. Another potential mechanism is
that repeated forced expirations with short intervals reduce
the dwell time and thereby, temporarily, the adhesiveness
of mucus to the bronchial wall. These hypotheses are
supported by a study demonstrating that in an experimental
model, transport of a mucus gel simulant in an artificial
trachea was higher when the interval between the coughs
was reduced [82]. No studies were performed on the effect
of breathing exercises during tidal breathing on mucus
transport, although from a theoretical point of view this is
a possible mechanism to improve mucus transport.

Evaluation of chest physiotherapy

Mucus transport assessment

Transport rates of mucus in the human airways can be
assessed by timing the transport rate of a tracer deposited
on the bronchial mucus layer [83]. There are three dif-
ferent types of tracers used.

In the first type a bolus of a tracer, usually Teflon®
discs or albumin microspheres, is deposited on the large
airways through a bronchoscope or by inhalation. The trans-
port of the tracer is visualized by bronchoscopy, radio-
graphy or scintigraphy if radiolabelled particles are used.
With bronchoscopic particle deposition, airway cilia can be
damaged, disturbing mucociliary transport. Measurements
of mucus transport rates using this technique are limited to
local measurements in the large airways.

Alternatively, a radiopaque dust, usually tantalum pow-
der [84] is blown into the lungs through an endotracheal
tube, and deposition and clearance of the tracer is moni-
tored radiographically. The amount of tantalum remaining
in the lungs after a given time interval is scored visually
and is expressed as a percentage of the initial amount.
This technique is invasive, can damage the airways, and
uses a relatively high radiation dose depending on the
number of chest radiographs. Therefore, this technique is
rarely used for measuring mucus transport.

Finally, a radioactive aerosol tracer (RAT) is inhaled and
deposited on the airway surfaces. The amount of radio-
active tracer is counted using a gamma camera or scin-
tillation counters. Transport of the tracer is expressed as the
percentage retention or the percentage decrease of the
initial amount of radioactivity in defined regions of the
lungs after a fixed time. This technique is one of the most
reliable methods to measure mucus transport over a short
period of time in the bronchial tree.

The radioactivity of the particles does not appear to
influence mucus transport [85]. Deposition of the tracer is
the principal factor that influences mucus clearance meas-
urements [86]. Deposition of particles of a size >0.5 um
mass median aerodynamic diameter (MMAD) takes place
via inertial impaction and gravitational sedimentation,
with smaller particles being deposited due to Brownian
diffusion [87]. The site of deposition of an aerosol in the
bronchial tree depends on the inspiratory manoeuvre and
the characteristics of the aerosol. The depth of the de-
position is inversely related to the inspiratory flow rate
[88, 89] with high inspiratory flow increasing central
deposition. Whole lung deposition also increases when a
breath-holding pause after inspiration is included [86].

To control the deposition pattern, monodisperse aerosols
are used. These are usually produced by a spinning disc
aerosol generator [90], and have an MMAD of 1.0-5.0
um and a geometric standard deviation (ratio of 84.1%
cumulative size to 50% cumulative size) <1.22 pum.

Heterodisperse aerosols can be generated by jet nebu-
lizers and have an MMAD between 1.0-5.0 um with a
geometric standard deviation between 1.7-2.0 um [91, 92.]
The main characteristic of the aerosol that influences the
deposition pattern of monodisperse as well as heterodis-
perse aerosols is the MMAD [93]. The particle deposition
patterns of a heterodisperse and a monodisperse aerosol
with the same MMAD are similar [94]. Particle size in-
fluences the deposition pattern but does not affect mucus
transport [95].

The amount of radioactivity deposited on the airway
surface after inhalation of the aerosol is recorded with a
gamma camera or by scintillation counters. Using a gamma
camera for recording the radioactivity has the disadvan-
tage that relatively more radioactivity is necessary, but the
advantages are that the initial deposition pattern can be
visualized, corrections can be made for deposition in the
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oesophagus or stomach, and that it permits recording of
radioactivity in different regions of interest, allowing
quantification of the initial deposition pattern and an
estimation of the regional clearance. Assessment of the
regional clearance is limited because only two-dimensional
pictures can be obtained. The initial deposition pattern can
be estimated by calculating the penetration index. To
define the outer regions of the lungs and to correct for the
lung volume, an 81 Krypton ventilation image or a trans-
mission scan can be recorded. The penetration index is the
ratio of the radioactivity from the radioaerosol in the pe-
ripheral to the central region divided by the ratio of the 81
Krypton ventilation radioactivity of the peripheral to the
central region [96].

Clearance of the radioactive tracer, reflecting mucus
transport can be expressed as the percentage retention or
percentage decrease after a fixed period or as the area
under the retention curve (AUC). Expressing clearance as
the AUC reflects clearance, during the whole observation
period. Clearance expressed as the percentage retention or
as the percentage decrease after a certain time may also
give information about clearance at different time intervals
during the observation period. Clearance data are corrected
for alveolar deposition by subtracting the amount of radio-
active tracer deposited in the alveoli from the amount of
whole lung deposition. To estimate the alveolar depos-
ition, the amount of radioactive tracer is measured 24 h
after inhalation. Correction for alveolar deposition may be
useful in healthy subjects where some particles are
deposited in the alveoli, but is less important in patients
with obstructive pulmonary disease leading to a more
central deposition of particles owing to impaction [97-99].
Correction for alveolar deposition with this technique
may not always be valid, as retention after 24 h can also
reflect bronchial deposition, especially when there is
decreased mucus transport [100, 101].

Reproducibility of the RAT technique has been in-
vestigated by measuring the AUC 6 h after inhalation of
the tracer in healthy subjects, asymptomatic smokers,
asthmatics, patients with chronic bronchitis and patients
with bronchiectasis [98]. This study found an intersubject
coefficient of variation of 13% for the healthy subjects
and 28-39% for the other groups. The intrasubject co-
efficient of variation was about half these values. REGNIs
et al. [89] found in a small group of CF patients a lower
intrasubject coefficient of variation of 3.3%, as a result of
controlling the mean inspiratory flow rate. In intervention
studies, a cross-over design in which the subjects are their
own controls is probably the best option.

There are preliminary data that mucus clearance as-
sessed by the RAT technique may have systematic
variations. MORTENSEN ef al. [86] demonstrated that mucus
transport is slower in males than in females, and slower in
the summer than in the winter period. However, RuBIN
and coworkers [102, 103] have demonstrated that tracheal
mucus velocity in dogs and mucociliary clearance on the
frog palate are more rapid in the summer. This makes
more sense as increased panting would increase clearance
and increased temperature would increase ciliary beat
frequency and reduce apparent viscosity of the secretion.

It may be expected that the straightforward measure-
ment of expectorated sputum volume would be an accurate
method to assess the effectiveness of therapeutic interven-
tions directed toward improving mucus clearance. How-

ever, sputum volume measurements can be inaccurate
because of patient reticence to expectorate, inadvertent
swallowing of secretions, and salivary contamination of
the secretions expectorated. The actual volume of secre-
tions expectorated is extremely variable from day to day
and even at different times of the day, with greater volumes
generally being produced in the early morning. Finally,
increased volumes of collected secretions could represent
increased production of mucus as well as increased clear-
ance. Measurement of a volume of expectorated mucus can
give a global impression of transport assuming that mucus
production in the airways is stable during the time of the
measurements. Measurement of the volume of expecto-
rated mucus is, in absolute terms, probably only reliable
using the technique described by ToreEMaLM [104]. In this
technique, two electrodes are located in the trachea or the
canula in patients with a tracheostomy. Mucus is trans-
ported to the trachea were it closes the electrical circuit,
by connecting the two electrodes, and starts a suction
apparatus, which removes the mucus from the trachea.
Removing the mucus opens the electrical circuit and
consequently the suction apparatus stops.

Measurement of the volume of expectorated mucus has
been used to investigate relative changes in mucus trans-
port. Care should be taken that as little saliva as possible is
mixed with the mucus and that as little mucus as possible is
swallowed. Contamination with saliva can be partially
corrected by drying the mucus and taking the dry weight
for analysis. However, interventions that stimulate mucus
secretion can change the hydration of expectorated se-
cretions by >50%, making wet-to-dry weight calculations
of expectorant invalid. Correlation between the volume of
expectorated mucus and data obtained by the RAT
technique is poor but statistically significant (r=0.39,
p<0.05) [105] probably because data obtained using the
RAT technique are independent of the volume of mucus.
There is no difference in the transport rate of a tracer
deposited on a thick mucus layer or on a thin mucus layer.
This is supported by results from a study [105] dem-
onstrating that the correlation between the radioactive
tracer content in the expectorated mucus and the RAT
clearance data was much better (r=0.78, p<0.001).

In most studies investigating the effect of a physiothera-
peutic intervention, the results of mucus transport
measured by the RAT technique are checked by weighing
the quantity of expectorated mucus. In table 1, the results
of several studies are summarized. In most studies, an
improvement in mucus transport quantified by the RAT
technique was associated with an improvement in mucus
transport quantified by the volume of expectorated
mucus. Exceptions are the studies of SutToN et al. [14,
37], and Hasani et al. [110]. SutToN et al. [14, 37] found
that mucus transport assessed by the RAT technique was
not improved, although the volume of expectorated muc-
us was increased after chest physiotherapy. A possible
explanation for this conflicting result may be that mucus
in the peripheral airways was poorly labelled with the
radioactive tracer and was therefore not reflected in the
RAT data but only in the volume of expectorated mucus.
This hypothesis is supported by the fact that a tracer tends
to deposit inhomogeneously and more centrally so that
with severe airway obstruction the tracer does not reach
poorly ventilated parts of the lungs. Hasani et al. [110]
found that coughing and forced expirations in patients
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Table 1. — Association between changes in mucus trans-
port, owing to physiotherapeutic intervention, as assessed
by the radioactive aerosol tracer (RAT) technique and the
expectoration of mucus

First author [ref] RAT clearance Mucus expectorated

Pavia [36]
BaTEMAN [12]
BaTEMAN [13]
Rossman [15]
SutTon [14]
SutToN [14]
SutTon [37]

VaN HENGsTUM [74]
Sutton [106]

VaN HengsTum [107]
Van HengsTum [50]
MORTENSEN [105]
Conway [108]
Hasant [109]

o
I e e e S S S S SR

+

Findings are independent from type of disease or type of physio-
therapy. +: improvement, p<0.05; -: no change, p>0.05.

who did not expectorate mucus resulted in an improved
mucus transport as quantified by the RAT technique.
The RAT technique is more sensitive than assessing the
volume of expectorated mucus to quantify changes in
bronchial mucus transport, especially when mucus produc-
tion is low. A combination of measurement of mucus trans-
port using the RAT technique and measurement of the
volume of expectorated mucus is probably the most reli-
able method to quantify acute changes in mucus transport.

Assessment of subjective effects associated with mucus
retention

An important but often overlooked aspect of sputum
expectoration is the subjective experience of the patient.
One of the potential effects of chest physiotherapy is to
make expectoration more efficient or less tiring, or to
concentrate expectoration over specific periods of the day.
For the patient, these effects can be very important but are
not measured by the methods described above. To the best
of the authors’ knowledge, no studies have been performed
to investigate these potential effects of chest physiotherapy.
The instruments that may be valuable are the "Question-
naire for ease of cough and sputum clearance" developed
by PeTTY et al [111], and the St George's Respiratory
Disease questionnaire [112]. The first questionnaire quan-
tifies the subjective difficulty, frequency, and severity of
cough and expectoration. The second is used to quantify
the health-related quality of life including symptoms such
as cough and sputum. The use of scoring systems de-
veloped to measure dyspnoea are of very limited value in
assessing mucus mobilization, as significant dyspnoea is
rarely a problem in patients with mild-to-moderate
obstructive lung disease who are most likely to benefit
from chest physiotherapy.

Pulmonary function assessment

It has often been assumed that mucus has a measurable
effect on pulmonary function and that improvement of
mucus transport will improve pulmonary function. Reten-
tion of mucus can theoretically reduce airway diameter and

contribute to airflow obstruction. Therefore, in many stud-
ies, pulmonary function and particularly spirometry, have
been used to evaluate the effect of airway clearance
interventions meant to improve mucus transport. However,
the measurement of airflow and simple lung volumes do
not appear to reflect changes in mucus transport and are
relatively insensitive to airway clearance manoeuvres.

Mucus can also completely obstruct some airways and
thus influence static lung volumes and the volume of
trapped gas. Decreased alveolar ventilation can lead to
hypoxaemia. These effects can be different in different
pulmonary diseases. The effects of sputum on pulmonary
function were investigated by CocHRANE et al. [19] before
and after the application of chest physiotherapy and it was
found that specific conductance (sGaw) was reduced with-
out a significant change in FEV1 after chest physiothera-
py. The improvement in sGaw was not related to the
volume of mucus expectorated. These authors speculated
that redistribution of mucus throughout the airways as a
result of chest physiotherapy, was responsible for the
reduction in sGaw. REGNIS ef al. [89] found in CF patients
a significant correlation between mucus transport as-
sessed with the RAT technique and lung function (RV/
TLC, r=-0.39) and with clinical score (National Institutes
of Health (NIH), r=0.39). The relatively low correlation
coefficients make it unlikely that changes in mucus
transport owing to intervention affect pulmonary function
or clinical score. Improved pulmonary function asso-
ciated with an improvement of mucus transport or mucus
expectoration has not been confirmed by other investi-
gators. Table 2 gives an overview of studies in which an
improvement of mucus transport, quantified by the RAT
technique or by the amount of expectorated mucus, was
related to a physiotherapeutic intervention as well as any
concomitant changes in pulmonary function. It is clear
that improvement in mucus transport is not necessarily
reflected by an improved pulmonary function. Therefore,
spirometry alone should not be used to evaluate changes
in bronchial mucus transport.

Chest physiotherapy may affect other factors including
ventilation—perfusion distribution [32, 54], breathing pat-
tern [114], and smooth muscle tone [18]. These changes
will bias pulmonary function test results and may mask an
effect of improved mucus transport on pulmonary func-
tion. Chest physiotherapy can lead to an improved [54] or
decreased [32] ventilation—perfusion matching. In pa-
tients with pulmonary disease there can be a considerable
circadian variation in pulmonary function [115]. Careful
control measurements considering this are essential. Post-
ural changes can also have either positive or negative
effects on pulmonary function and gas exchange [58, 59,
64-67].

It is important to assess the effect of physiotherapy on
pulmonary function to evaluate side-effects secondary to
the intervention or to test the theoretical basis on which a
certain intervention is based [116]. Testing the rate of
change in pulmonary function over time may also be
worthwhile to investigate the long-term effects of chest
physiotherapy on the course of the disease.

Spirometry is neither sensitive nor specific in assessing
immediate changes in mucus transport. The study of REG-
NS et al. [89] suggests that measurements of gas trapping,
e.g. RV/TLC ratio, may better reflect mucus transport
than measurement of FVC or FEV1. Evaluation of chest
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Table 2. — Association between an improvement in mucus transport owing to a physiotherapeutic intervention, as assesed

by changes in pulmonary function

First author [ref] Diagnosis Patients n Pulmonary function variables Effect
COCHRANE [19] COPD 23 sGaw, FEV1 +, -
OLDENBURG [63] COPD 8 FEV1, FVC -
May [52] COPD 35 FEV1, PEF, FEF50%, FEF75%, FVC -
MALONEY [9] COPD 13 sGaw, FEV1, FEF25-75%, FVC, VC, VTG -
Mazzocco [29] Bronchiectasis 13 FEV1, PEF, FVC -
GaLLoN [51] Mixed group 9 FEV1, PEF, FEF25-75%, FVC -
vaN HEenGsTum [113] COPD 8 sGaw, FEV1, FEF25-75%, FVC -
SurtoN [106] Bronchiectasis 8 FEV1, FVC -
vaN HENGsTum [50] COPD 8 sGaw, FEV1, MEF50%, FVC -

COPD: chronic obstructive pulmonary disease; sGaw: specific airway conductance; FEV1: forced expiratory volume in one second;
FVC: forced vital capacity; PEF: peak expiratory flow; FEF50%: forced expiratory flow at 50% of FVC; FEF75%: FEF at 75% of FVC;
FEF25-75%: forced mid expiratory flow; MEF50%: mean maximal expiratory flow; VC: vital capacity; VTG: volume thoracic gas. +:

improvement, p<0.05; -: no change p>0.05.

physiotherapy only with pulmonary function tests in
short-term studies seems to be inadequate. The popularity
of using pulmonary function tests is probably based more
on the availability of the instruments than on a theoretical
basis related to the question of chest physiotherapy
improving mucus transport.

Hospitalization

Improvement of bronchial mucus transport is thought to
reduce the retention of infected secretions and thus the
frequency of respiratory tract infections [117]. In patients
with CF, the application of chest physiotherapy is thought
to contribute to increased longevity. There are difficult
ethical problems in evaluating these effects as an inter-
vention that has been shown to have short-term bene-
ficial effects on mucus transport cannot be ethically
withheld from patients. REisMaN et al. [118] compared
FET and "conventional chest physiotherapy" in patients
with CF. No differences were found in hospitalization for
pulmonary exacerbation or pulmonary function. There
were also two long-term studies investigating the effect of
PEEP breathing physiotherapy [119, 120]. The results of
these two studies are conflicting in terms of exacerbation
frequency and antibiotic use.

Quality of life

Hypersecretion, reduced mucus transport, and airflow
obstruction are impairments, while chronic coughing and
expectoration of mucus or dyspnoea can limit the patient
in daily or recreational activities, and can therefore be
classified as disabilities. Chronic coughing, expectoration
and dyspnoea can also limit the patient in their social
functioning and thus lead to a handicap. The effects of
intervention can also be evaluated in these terms. Most
studies have focused on effects on impairment level such
as mucus transport and pulmonary function. Interventions
should also evaluate changes in the disability level, e.g.
subjective experience of coughing and activities of daily
living, and on handicap level using quality-of-life ques-
tionnaires. However, an intervention may be effective on
impairment level by improving bronchial mucus transport,

but may have negative effects on disability or handicap
level due to the dependence on another person or a
complicated device. There are limited data concerning the
psychological and social aspects of chest physiotherapy.
NewTtoN and Bevans [21] investigated the short-term
effect of chest physiotherapy on daily eating score, sleep
score, and a Medical Research Council (MRC) chronic
bronchitis questionnaire and found no improvement.
Chest physiotherapy, like other physiotherapeutic inter-
ventions, is not a medication prescribed by a physician,
but a social interaction between the therapist and the
patient, often over a number of years. Research evalu-
ating changes in mucus transport can potentially be based
on this phenomenological paradigm [121]. For example,
it may be worthwhile investigating the qualitative effects
of an intervention on expectoration, social contacts, and
quality of life. The outcome of these studies cannot be
interpreted in terms of improvement of mucus transport,
but questions concerning qualitative aspects can be par-
ticularly important when different interventions are equal-
ly effective in improving mucus transport.

Efficacy studies should be performed in homogeneous
groups of patients with well-described characteristics in
terms of age, sex, diagnosis, baseline pulmonary function
tests, and, if possible, compliance characteristics. The
effects of chest physiotherapy are probably determined by
special characteristics of subgroups, characterized by lung
mechanics, bronchial hyperreactivity, rheological proper-
ties of mucus, and localization of mucus in the bronchial
tree. Further studies are needed to identify the important
subgroups. An adequate description of the intervention is
essential, as just calling an intervention "routine chest
physiotherapy" is both insufficient and confusing. Postural
drainage is sometimes used for a combination of tech-
niques, including percussion and vibration, forced expira-
tion and coughing.

Publications should describe the intervention in terms
that include duration, repetitions, dose, frequency, number
of physiotherapists involved, and a description of the
technique. Care should be taken that control groups and
control measurements are comparable. The fact that the
effect of mucus retention is poorly understood implies that
in studies investigating the effect of improving mucus
transport, more than one outcome variable should be used
in order to cover different potential effects.
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