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ABSTRACT
Primary ciliary dyskinesia is a rare autosomal recessive disease with compromised mucociliary drainage. Among the most
commonly recommended non-pharmacological therapeutic strategies are secretion drainage techniques. However, the evidence for the use
and effectiveness of these techniques is low, and they are generally based on extrapolated evidence of cystic fibrosis. This article reviews
the recommendations and available evidence of chest physiotherapy, mainly manual and instrumental techniques of bronchial drainage and
physical exercise in children with primary ciliary dyskinesia.
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INTRODUCTION
Primary ciliary dyskinesia (PCD) is a rare disease,
predominantly autosomal recessive, characterized by dysfunction
of the respiratory cilia and alteration of mucociliary clearance.
Poor depuration leads to various clinical manifestations and
recurrent infections, both in the upper and lower airways (1). The
prevalence of PCD in children varies between 1 / 2,200 to 1 /
20,000 live births (2, 3). The progression of the disease is very
variable, since some patients maintain a good lung function and
a reasonably good quality of life until adulthood, while others
have worse results that lead to respiratory failure and lung
transplantation (4). The delay in diagnosis and treatment can
result in lung damage, bronchiectasis and finally deterioration of
respiratory function (1).
More than 35 mutations have been identified in genes
related to cilia that can cause PCD (4). These mutations lead to
an abnormal ciliary movement, which is usually associated with
an abnormal ciliary ultrastructure. This dysfunctional cilium leads
to inefficient mucociliary drainage (5, 6).
Normal ciliary function is essential to keep the respiratory
system clean of particles and organisms and its dysfunction is
characterized by the presence of neonatal respiratory distress,
chronic cough and persistent nasal symptoms.
The deterioration of mucociliary clearance and
the transport of extracellular fluids generate bronchiectasis
with accumulation of secretions in the airway that favor the
Correspondence:
Kins. Homero Puppo G.
Department of Kinesiology, Faculty of Medicine,
Universidad de Chile
Independencia 1027, Santiago de Chile, Chile
Phone (+562) 29786513
E-mail: homeropuppo@gmail.com

proliferation of bacteria and allergens, inflammation and chronic
infections (2).
Due to the fact that mucociliary drainage is the main
problem in children with PCD, therapies designed to facilitate the
transport and elimination of secretions are aimed at reducing the
stasis of secretions, the occurrence of infections, the presence of
atelectasis, inflammation and progressive lung damage (4).
The respiratory kinesiologist who works with children
with PCD must manage the secretion drainage techniques
individually, taking into account the child's age, the patient's
preferences, their ability, the properties of the mucus and the
severity of the disease. Therefore, they must be able to modify
and adapt techniques according to the patient’s need, for
example: for the transition of the child’s care by his parents,
adapt the techniques according to the response of each child
and also prevent the loss of adherence in the long term, etc.
(4). It is recommended that the frequency of performing
secretion drainage techniques be twice a day with an increase
in the number of sessions during exacerbations. Due to the high
economic and family cost that this may imply, parental training is
always recommended under the supervision of a kinesiologist or
physiotherapist (4,7,8).
Currently, due to the limited evidence available, the
therapeutic strategies used in PCD are not based on specific
recommendations validated for this disease, but rather, patients
are treated according to expert opinion or from the evidence
available from cystic fibrosis (CF). Even so, the treatment is
mainly based on drainage of secretions, prevention and control
of infections and elimination of inflammatory factors (9). In this
article we will discuss the treatments used to favor the drainage
of secretions through respiratory physiotherapy techniques and
physical exercise (Figure 1).
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Figure 1. Therapeutic strategies for drainage of secretions in Primary
Ciliary Dyskinesia.

PCD: Primary ciliary dyskinesia; PE: Prolonged expiration; AD: Autogenous
drainage; ACBT: Active cycle of breathing techniques; FET: forced
expiratory techniques; HFCWO: High frequency chest wall oscillation.
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RESPIRATORY PHYSIOTHERAPY
Secretion drainage techniques used in PCD are
intended to facilitate the transport and elimination of secretions.
From a physiological point of view, the final objective of these
techniques seeks to improve regional ventilation, keeping open
the small airways, facilitating collateral ventilation, optimizing
the flow of two phases and moving the point of equal pressure
towards the more central airways (10). The skill and experience of
the physiotherapist or kinesiologist who is dedicated to treating
this type of patient, involves the identification of the problems
associated with the elimination of secretions, and the ability to
select and recommend appropriate techniques to correct the
associated problems (10).
Different techniques of manual physiotherapy can
be used to favor the drainage of secretions depending on age,
collaboration and objective to achieve (Figure 2). In those infants
and preschoolers who present bronchial hypersecretion on the
basis of an exacerbation, the use of slow expiratory techniques
such as prolonged slow expiration is recommended (11). If the
child collaborates with the exercises, the autogenous drainage
(AD) technique or Slow expiration with glottis opened in lateral

Figure 2. Recommended techniques according to age.

PE: Prolonged expiration; AAD: Assisted autogenous drainage; ELTGOL: Slow expiration with glottis opened in lateral posture; AD: Autogenous
drainage; ACBT: active cycle of breathing techniques.
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posture (ELTGOL) is recommended (11). On the other hand, AD
can be performed autonomously after a period of learning and
training (11, 12). At the end of each series of secretion drainage
techniques, the performance of expectoration maneuvers by
means of the "active cycle of breathing techniques" (ACBT),
which may include coughing or the forced expiration technique
(FET) should be favored (13). If the patient is not able to cough
efficiently, it may be accompanied by cough assistance techniques
(14). In particular, the FET technique aims to increase the volume
of air behind the secretions and therefore, favor the transport of
secretions especially from less ventilated areas (15).
In the case of using instrumental physiotherapy,
there is a wide variety of devices that help patients drain their
secretions. These include positive pressure airway devices (PEP),
which deliver a positive pressure to the airways during expiration,
which favors the displacement of secretions and their subsequent
elimination (16). On the other hand, there are also oscillatory
PEP (positive expiratory pressure) devices such as Acapella®,
Flutter ®, Aerobika ® or Shaker ® (Figure 3), and external vibration
devices such as vibratory vests (HFCWO) that generate oscillation
through the rib cage by programming frequencies and intensities
that are transmitted to the airways, but in this case without positive
pressure (17). In this sense, a study conducted by Gokdemir et al,
based on a cross-over design in 24 children with PCD, compared
5 days of intervention, in which one group received HFCWO and
another group, postural drainage, percussions and vibrations in
12 positions. Both groups showed significant improvement in
lung function, but no differences were found between them (18).
Furthermore, a study that conducted a survey at
European centers with children with PCD, found that bronchial
drainage techniques were consistently recommended to
all patients in 78% of the centers and 85% of them had a
kinesiologist/physiotherapist on the team (19). This data could
be underestimated since they were collected between 2007 and
2009, prior to the "European Task Force" for the diagnosis and
management of children with PCD who has the recommendation
of specialist centers with physiotherapy and exercise in the
Figure 3. PEP devices (positive expiratory pressure) with internal
oscillation: a. Acapella ®; b. Flutter ®; c. Aerobika ®; d. Shaker ®.

regular treatment for bronchial drainage (20).
PHYSICAL EXERCISE
In children and adolescents with chronic respiratory
diseases there is a general physical deconditioning, due to the
functional deterioration associated with lung damage (21). In
this way, the physio-pathological alterations of these diseases
significantly compromise physical capacity and health-related
quality of life (HRQOL), which is why physical exercise is an
effective strategy to mitigate the functional deterioration
associated with respiratory disease ( 22).
The execution of an exercise is determined by the
aerobic and anaerobic power that a person can generate, which
requires the interaction of the cardiovascular, respiratory and
musculoskeletal systems (23). There is consensus in suggesting
that regular physical exercise can assist in the drainage of
secretions and generate bronchodilation in patients with PCD (1,
20, 24).
So far the literature has shown that patients with PCD
have lower aerobic performance, which has been associated with
deterioration of lung function (25, 26). Simsek et al. showed
that aerobic and anaerobic performance are impaired from
early stages of the disease, in a group of 31 patients with PCD
with an average age of 13 ± 3 years compared to a group of
healthy controls, using the shuttle walking test. In the same
study, anaerobic capacity was correlated with age, lung function
and peripheral muscle strength (26). This was corroborated by
Ring et al, who evaluated peak oxygen uptake (VO2 peak) and
lung function in 22 children with PCD, finding that the VO2 peak
and the forced expiratory volume during the first second (FEV1)
was significantly reduced in the baseline assessment and in the
follow-up at one year, as well as with the children with CF (27).
Another study investigated exercise tolerance using the
cardiopulmonary exercise test in 10 children with PCD comparing
them with 8 control children, finding a reduction in peak oxygen
uptake and an increase in the gas exchange threshold (28).
Although the sample sizes of these studies are small, it
is reasonable to recommend regular exercise, based on physical
and psychological benefits, as well as its positive effect on airway
clearance in children with chronic respiratory diseases such as
PCD (10, 29).
Aerobic exercise is recommended at least twice a
week using loads of 50 to 80% of the maximum exercise capacity
assessed through the stress test, you can also use the heart
rate or the subjective perception of fatigue. Aerobic exercise is
preferred because it has shown benefits not only in the respiratory
field, but also cardiovascular. The increase must be progressive
to achieve an adequate phenomenon of adaptation to the load,
avoiding risks of physical overload (21). Complementary to the
general physical exercise, you can perform a strength training
involving large muscle groups, taking special care not to overload
the child's musculoskeletal system as it is in development.
The training programs should be designed focused on
the needs of the patient and their possibilities of carrying it out.
Thus, partially supervised and domiciliary exercise protocols are
recommended when the demographic conditions make it difficult
for the child to attend the health center on a regular basis. Under
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these protocols the sessions are carried out both in the health
center and at the patient's home, taking into account the need
for at least one session a week to be carried out at the health
center, with the purpose of reinforcing methodological aspects
such as the control of cardiac strength by the patient and / or
their caregiver and stimulate adherence to the program. In the
home exercise protocols, the patient performs all the exercise
sessions at home, and can only be re-evaluated at the health
center once a month. Under this strategy, it is important that the
patient performs exercises that are incorporated into their daily
life activities (21).
All programs, regardless of the modality, should
encourage the child to increase their levels of physical activity.
This can be achieved with the use of pedometers or physical
activity bracelets and establishing daily step goals according to
age. The evaluation of physical activity in an objective manner
as well as the prescription of regular physical activity should be
a pillar in the training programs for chronic respiratory patients
(30).
On the other hand, it should not be forgotten that they
are children and exercise should be encouraged through games
and sports such as riding a bicycle, swimming, etc. in order to
optimize its adherence.
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CONCLUSION
Daily physiotherapy of the respiratory tract, together
with antibiotic treatment for infectious exacerbations, constitutes
the cornerstone of treatment for children with PCD. For this, we
must have trained professionals who know the disease thoroughly
and have sufficient expertise in the application of the various
respiratory physiotherapy techniques that we currently have, both
manual and instrumental.
On the other hand, the performance of systematic
physical exercise to obtain the greatest potential in physical,
emotional and social functionality of children affected by this
disease should be favored.
It is the responsibility of the health team professionals
to fully apply various therapeutic strategies to control the disease,
preventing the deterioration of lung function and promoting a
quality of life according to the evolution of the disease that allows
for the maximum potential of these children, fully inserted, both
in their families as well as in their communities.
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