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Abstract

Introduction: Modern physiotherapy in Cystic Fibrosis (CF) includes airway clearance (AC) as well as inhalation therapy and physical exercise. Many studies have
reported different AC techniques equally effective, but not in all CF patients. Patient preference is important for adherence and thereby for the result. The pulmonary
disease progresses and life changes. What effects can continuously individually optimized physiotherapy have in CF?

Method: In this interventional long-term pilot study thirteen adult CF patients (followed for 1 year) learnt to utilize different AC techniques and to choose
technique(s) for everyday use, achieving a certain physiologic strategy. They saw a physiotherapist for optimization and education every month, were guided in
inhalation therapy and physical exercise, and were contacted once a week to optimize and keep up with their treatment programs. Patients were their own controls
as the analysing of results were compared with the two immediate annual years pre-existing clinical and laboratory data collected as part of the patients’ regular medical care.

Results: Mean FEV, and FVC change rate changed from annual decline the two prior years to improvement after the intervention year. Chest mobility increased
significantly. Peak working capacity, oxygen saturation, active hours during day and quality of life improved slightly.

Conclusion: Patient cooperation, individualizing and continuously optimizing flexible physiotherapy based on needs and patients” preference show good long-term

physical effect and quality of life. Further and longer studies on effects on early cooperation between physiotherapist and patient are necessary.

Introduction

In Cystic Fibrosis (CF) the mucus obstruction in pulmonary airways
is originated by dehydration of airway surface liquid and impaired
mucociliary clearance, commencing in the small airways at the start of
life [1]. Respiratory physiotherapy is considered an important part of
CF care, but used to comprise mainly airway clearance (AC) therapy
and not necessarily aiming at the most peripheral airways [2-4].
Modern respiratory physiotherapy includes inhalation therapy,
AC therapy and physical activity/exercise, all aiming at reducing
disease progression and avoiding complications rather than
rehabilitating [3-7].

The prevailing AC technique used to be postural drainage (PD)
with percussion and vibration, utilized in hospital as well as in
everyday care at home. It was time-consuming and not possible for
patients to accomplish themselves, they were dependent on a parent/
assistant to have it done properly. But, since late 1970:es different AC
techniques have been developed and evaluated [3-7]. Different AC
techniques are based upon different respiratory physiology theories
that may be important for the single patient, dependent on to what
extent the pulmonary airways and lung tissue is damaged by the disease
[3]. Sadly, publications often define the physiology of the studied AC
techniques poorly, if at all, sometimes also the patient instructions
are unsatisfactory described, and the study cannot be repeated. Most
studies, irrespective of lasting for a single treatment or up to three
years, report different techniques equally effective, although not in
all patients [4,5]. However, long term studies confirm that individual
patient preference is an important factor for adherence and thereby for
the result [4,5]. Patient preference may vary as well as lung function
change over time.
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Inhalation therapy is continuously expanding as the therapeutic
targets increase [8]. Due to the different aim that the different kinds
of drugs have (bronchodilator, mucolytic, anti-inflammatory or anti-
microorganic) the treatment strategy is of great importance due to
the expected deposition pattern and amounts of mucus expectorated
during the AC therapy [3]. We also know increasingly more about what
effects optimal aerosol quality and good inhalation technique have on
deposition pattern, especially in patients with an influenced respiratory
physiology and affected breathing pattern [3,9].

Physical activity has been recommended a part of every-day life
since long, and to an increasing event physical exercise is becoming part
of basic care [3,6,7,10-14]. Physical capacity test is reported a sensitive
measure of early changes in pulmonary disease and is recommended
to be performed regularly [14]. Studies, old and new, report improved
physical capacity from supervised physical exercise programmes over
short term, but status soon returned to basic when supervision ceased
[15-17]. However, some studies with less supervised physical exercise
as part of the basic treatment showed improvement of physical capacity
and stabilized lung function [6,7,10,11]. Focusing on individualizing the
physical exercise, favouring adherence by integrating it with patients”
lifestyle and desires gave positive long-term effect [6,7,10,12,13].
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The objective of this study was to evaluate long-term effects of
modern physiotherapy including inhalation therapy, AC therapy and
physical exercise, when continually optimized together with the patient
to fit the individual the best during every-day life for a year.

Methods
Study design

This is an interventional long-term pilot study.
Patients

Adult CF patients treated at Copenhagen CF centre were recruited.
CF diagnosis was based on sweat chloride testing, confirmed by the
finding of two disease causing mutations. Data were obtained from
the clinical CF database, holding prospectively entered patient data.
Thus, the analyses were based on pre-existing clinical and laboratory
data collected as part of the patients’ regular medical care. Patients
were their own controls. The data used for comparison of effect were
the results from the routine annual tests from the two immediate years
prior to the intervention. Only those adult patients who were not
accustomed to regular physiotherapy contact and evaluation, and not
used to physical exercise as a part of the basic treatment were invited to
participate. Intervention duration was one year.

Inclusion criteria: >18-year-old and forced expiratory volume in
one second (FEV ) >40 percent predicted (% pred). Exclusion criteria:
pain, handicap and participation in another study.

A physician not involved in the study saw the patients at their
traditional scheduled monthly controls to the CF clinic. By routine
these controls always included lung function test and general check-
up. The general CF treatment was continued and/or changed, handled
following a treatment pattern since many years for all patients, based
on needs defined by the physician and agreed upon with the patient.

Intervention Physiotherapy

During routine monthly controls at the out-patient clinic the
included patients met the physiotherapist for evaluation and optimizing
or changing the treatment when needed or desired, practicing therapy
and making new agreements. In-between, patients were contacted
weekly via telephone or mail to support and maintain motivation.
Content and technique(s) were possible to adapt to individual needs
and desires at each contact. The different treatment quantities could
be both increasing and decreasing at times during the study depending
on need, but always striving for being optimal and acceptable for the
patient, fitting into their every-day life to facilitate adherence. Visiting
the physiotherapist during the intervention followed a certain strategy,
in collaboration with the patient;

- evaluate and settle AC therapy

- settle inhalation therapy and strategy, if prescribed

- tailor and agree on a physical exercise programme

- individualize treatment education at contacts

- change/optimize parts of physiotherapy if/when needed or desired
Inhalation therapy

A physician, not involved in the study, was responsible for choice
and prescription of inhalation therapy. Drug(s) included could be;
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- broncho-dilator administered as a powder or solution to start with

- hypertonic saline 5-7%, inhalation alternated with AC therapy or
performed simultaneously

- RhDNase most often after AC therapy
- antibiotic administered as powder or solution at the end

The physiotherapist was responsible for the choice of device when
adequate, teaching inhalation technique and establishing an optimal
treatment strategy.

Airway clearance therapy

All AC therapy was based on the same respiratory physiology
“treatment cycle”, consisting of 4 steps;

1) open airways,

2) mobilize,

3) transport and

4) evacuate secretions

Each treatment session could comprise a single, specific AC
technique, or the “treatment cycle” consisting of parts of techniques
presented in the International Physiotherapy Group for CF booklet [3].
The treatment was performed in sitting only or including side lying.
There was no minimum time of AC. A session included the “treatment
cycle” as many times needed and/or accepted by the patient. The
choice of technique(s) was based on the effects achieved and on patient
preferences, which may have differed during the study intervention.
Deep inspirations, recruiting closed airways, always ended each AC
therapy session. The patients were taught to do airway clearance twice
a day to get a feeling of how much mucus there was and to clear the
mucus they had. The airway clearance could be five minutes or more,
but currently always noticing and working with the mucus they had,
and how much they had varied during the intervention. Decreasing
adherence, patient dissatisfaction with the treatment as well as lung
function impairment were reasons for optimizing and/or changing AC
techniques at each physiotherapy contact, all dependent on agreements
and needs.

Physical exercise

Each patient performed unsupervised physical exercise > 3 times
per week. Agreement was made with the patient regarding the physical
exercise programme content;

- endurance training, preferably both aerobic and anaerobic, based
on

- weight bearing exercises

- mobility training, primarily focusing on chest wall and auxiliary
muscles

- muscle strengthening exercises, primarily comprising postural
muscles

Each patient’s potential physical exercise/sport at study start
could be optimized or intensified and supplemented with exercises
representing the aims, or new programme(s) were tailored. During the
study intervention, the physical exercise programme could be changed
depending on patient preferences, and the listed aims.
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Outcomes
Parameters
The parameters utilized were
- forced expiratory volume in one second (FEV )
- forced vital capacity (FVC)
- functional residual capacity (FRC)
- lung clearance index (LCI)
- chest mobility

- peak working capacity (PWC) with transcutaneous oxygen
saturation (SpO2), heart rate and work of breathing

- body mass index (BMI)

- quality of life

- hours of physical activity during every-day life
Details

FEV,, FVC and BMI from the last two annual tests prior to the
intervention served as control and were collected from patient records.
FEV, and FVC were performed standardised by a biomedical analytic,
following the routine at the centre, in accordance with the ATS/ERS
guidelines using Jaeger Master Screen Pro® (CareFusion, Hoechberg,
Germany). Lung function is expressed as mean % pred of the Global
Lung Function Initiative (GLI) 2012 [18]. LCI (units) and FRC (litres)
were measured by multiple breath washout inspiring 100% oxygen while
nitrogen was washed out of the airways (Exhalyzer D?, IntraMedic AB,
Gentofte, Denmark), following test routines [19]. Three measurements
were performed at each time, from where a mean was calculated.

Peak Working Capacity (PWC) was performed as a ramp test on
an electrically braked ergometer bicycle (Technogym?®, Pedan, Kage,
Denmark), the Godfrey ramp test protocol was utilized [20]. Patients
were instructed to keep the cadence to 60/min. The PWC is expressed
as %pred Nordenfeldt [21]. Patients were requested to judge the work
of breathing with the Borg CR10 scale [22]. With the help of a forehead
electrode the SpO2 and heart rate was registered prior to, each minute
during and three minutes after the test. The test was finished by routine
when patients did not manage to attain the pre-defined cadence, or
they indicated exhaustiveness.

Chest mobility was measured at rest as the difference in centimetre
circumference between maximal inspiration and maximal expiration
with a measuring tape around the chest at the Sternum Processus
Xiphoideus. Patients were lying supine horizontal, hips bowed 45° and
knees 90°, and arms stretched along the body sides.

Quality of life was measured with the Cystic Fibrosis Questionnaire-
Revised (CFQ-R) for adults and the Physical, Emotional, Health
perception and Respiratory domains were utilized [23]. Hours of
physical activity was measured with a Physical Activity Scale (PAS),
which is a subjective measure where patients report how many hours
during a normal 24-hour day they are physically active in different
intensities. The scale has been validated in Denmark to measure
physical activity in different patient groups and in healthy people [24].

Data analysis

FEV, %pred, FVC %pred and BMI are referring to mean annual
individual data from the 2 years control period immediately prior to
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the study, the study start and after one year of intervention. LCI, FRC,
chest mobility, PWC %pred including SpO2, quality of life and hours
of physical activity during every-day life refer to individual data from
study start and end of the intervention year. Data are expressed as
mean + standard deviation (£SD). Student’s t-test were used to test
for difference between two independent means or proportions, and p <
0,05 was considered statistical significant.

Ethical approval

Ethical approval was obtained from the Regional Scientific
Committee and patients provided written informed consent.

Results

Seventeen adult patients with a confirmed CF diagnosis who were
registered at the Copenhagen CF centre and who fulfilled inclusion
and exclusion criteria were invited to participate in the study. Three
declined due to private reasons, one dropped out due to regular feverish
episodes caused by home fungi. The demographics for the remaining
thirteen patients are shown in table 1.

Both the mean annual change rate for annual FEV, %pred and FVC
%pred changed from decline to improvement after the intervention,
although non-significantly (Figure 1). Mean FRC was 3,1 (£1,3) liter
at study start and 3,2 (+0,9) liter at the end. The mean LCI was initially
19,0 (£3,7) units and improved to 17,3 (+2,8) at the end, n.s. Some of
those who had reduced (improved) LCI showed increased FRC, others
vice versa. The mean chest mobility at the start of the intervention was
5,7 (£1,2) cm and improved to 7,2 (£1,3) cm at the end of the study,
p=0,004. Neither FRC, LCI nor chest mobility had been measured
during the control period.

The mean PWC %pred at start of intervention was 83,2 (+10,9)
and improved to 88,1 (+13,9), p=0,04. The mean SpO2 increased from
95,9 (£2,3), to 97,0 (£2,3) at the improved PWC, p=0,02. The PWC
had not been measured routinely prior to the intervention. Mean BMI
maintained 25 (+0,4) during control and intervention period.

The mean hours of physical activity performed during a normal 24
hour-day was at the start of the study 4,7 (+2,4) and had changed to
5,3 (+1,7) after the intervention, n.s. Seven of the 13 were performing
high intense physical activity every day at the start, while 11 of the 13

Table 1. Baseline data at the start of the intervention. Expressed as number of patients if
nothing else is told

Variable
Number 13
M/F 6/7
Age, years:
mean (+SD) 43 (£6.7)
median (range) 39 (32-51)
FEV1 %pred, mean (+SD) 59 (+11.3)
FVC %pred, mean (+SD) 80 (£ 12.1)
BMI (weight/length2), mean (+SD) 25(+£0.4)
Genetics:
AF508/AF508 9
AF508/other 4
Sputum colonisation:
No chronic colonisation 1
Pseudomonas aeruginosa, chronic 10
Burkholderia cepacia, chronic 3

Nontubercolous mycobacteria, chronic

Achromobacter, chronic
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did so at the end of the study. Quality of life was measured with the
help of four domains from the CFQ-R for adults [23]. The difference
for the four domains between start and end of the intervention were all
positive, but not significant (Table 2). The respiratory domain showed
the highest improvement.

Discussion

It is known that one AC technique is not superior to CF patients
in general but may be for the single individual, which should induce
us to individualize the treatment [4-6]. Physical capacity, social
situation, character and daily condition differ and are reasons for us to
personalize the treatment together with the single patient continuously.
We considered all AC therapy during the intervention to be founded
on the same respiratory physiology strategy, a “treatment cycle”,
while the physiotherapy components in the individual treatment
programmes are based on A) the physiologic effects achieved from the
alternative treatment techniques tested, and B) on patient preference.
Since physiological and social conditions change the technique(s)
utilized may differ over time, but also from one day to another, or
from morning to evening, again considering efficiency and preference.
We are convinced that adherence is improved in patients who are
educated in the treatment, who have had the opportunity to try
different techniques and are provided with choice, as reported in a
study by Mcllwaine (2013) with 94% adherence [25]. Adherence was
not a parameter in our study since declining adherence functioned as

%pred
4
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-
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Control Intervention

Figure 1. The mean annual lung function change rate + SD the immediate control years
prior to and then after the intervention year

White = Forced Expiratory Volume in one second (FEV) and black = Forced Vital Capacity
(FVC).

Domain At start Atend
Physical 81.4 (x12.1) 83.3 (£ 11.9)
Emotional 80.0 (+ 19.6) 83.1 (+13.5)
Health perception 55.6 (+26.0) 57.3 (£ 19.8)
Respiratory 68.8 (= 15.0) 733 (x13.1)

Table 2. Quality of life*, mean + SD at the start and at the end of the intervention, n.s

*The Danish version of the revised CF quality of life questionnaire in adolescents and
adults, CFQ-R domains, scale 0-100 [23].
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an incentive for optimising/modifying/changing technique before it
became a problem.

Although participants in our study had relatively high fitness levels
at the start of the intervention, they still establish that physical exercise,
if included as a part of the basic treatment in a longer term may result
in increased PWC. Their improved SpO2 at the increased PWC level
suggests an even further improvement of the ventilation capacity.
Although low during the control period, the annual mean decline rate
of FEV, %pred changed to positive by a year of individualized and
continuously optimized physiotherapy, including physical exercise. In
alonger follow-up we do not know what the result would be. The change
of rate cannot be expected to follow this pattern but perhaps be more
stable than is the FEV, %pred decline rate for deltaF508 homozygous
patients that is -1,52 and for deltaF508 heterozygous -1,35, recently
reported by De Boeck (2017) from the ECFS registry [26].

Benefits from physical exercise

Physical exercise resulting in slower rate of lung function decline
is well known and many patients report improved AC after physical
exercise sessions [6,10-13,27,28]. One theory is clogged or collapsed
airways may be recruited by lung tissue interdependence, due to
temporarily increased lung volumes such as tidal volume (TV) and/
or FRC (depending on lung condition) during the physical exercise
[29,30]. Another theory is that during exercise in CF, the temporarily
reduced sodium and water re-absorption from the airway mucosa
enables mucociliary function [31]. A combination of both may make
the mucus dislodge efficiently from airway walls. In conformity with
that, many patients utilize physical exercise a time efficient alternative
AC technique, when combining it with the forced expiration technique
[6,7]. Another important factor for the result may be adherence,
which in a previous study by White (2007) has been reported 91% to
physical exercise [28]. As been reported previously we found a bigger
effect on FVC than on FEV | %pred [10-12]. Maybe this is due to that
if pulmonary hyperinflation has not been adequately treated the chest
wall becomes stiff and hampers deep expirations, which hinders AC
therapy at low lung volume. Improving expiratory mobility in a stiff
chest is possible and may be difficult and time-consuming, sustaining
mobility is therefore of interest in basic CF care [32]. Utilizing an AC
technique mobilizing mucus at an as low Residual Volume (RV) as
possible (step 2 in the treatment cycle) may simultaneously maintain
or even improve chest mobility, which may have been confirmed
in this study. However, each AC session is being finished with deep
inspirations to avoid micro-atelectasis.

Out of musculoskeletal aspects osteoporosis is a growing
problem, vertebral fractures are common and thoracic kyphosis have
been reported in about 50% of adult CF populations [27,32]. To an
increasing extent physical exercise as prevention to musculoskeletal
complications is included in the basic CF care, and part of the exercise
is recommended to be weight-bearing to sustain bone mass density
(BMD) [3,6,27,32]. BMD was not collected in this study, but endurance
training was always partly carried out weight-bearing, considering
future consequences. BMD ought to be included in the outcomes
in future studies. Similarly, the increased demands on ventilation
during the physical exercise may strengthen respiratory muscles,
thereby it may not be necessary to utilize specific time for inspiratory
muscle training [33]. However, inspiratory muscle strength was not
collected in this study, but the population could be interesting to
utilize as comparing in a study reaching across different centres. Just
as previously reported, our experience is that good posture reduces the
risk for musculoskeletal dysfunction [32]. Therefore, chest wall and
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auxiliary muscle mobility exercises and muscle strengthening exercises
embracing postural muscles were included to maintain or improve
these functions, striving for avoiding dysfunction and back pain, and
preserving a “healthy look”.

Lung clearance index and open airways

Obstructive small airways contribute little to airway resistance.
Therefore, LCI evaluating effects in the small airways and on ventilation
is more interesting than forced expiratory lung tests that show lack of
sensitivity to early disease [34]. However, LCI is less informative when
there are airways not reachable for measuring, such as collapsed airways
and where air is trapped by e.g. secretion plugs. These are situations
that change with recruited lung volumes and removed plugs, where
the re-opened airways may be obstructive and available ventilation is
paradoxically aggravating the LCI [35]. Such results in this small study
may be due to coincidence, butif not, it supports that the separate effects
on FRC and LCI from physiotherapy in inhomogeneous ventilation are
complex and not predictable [35].

Quality of life

Although quality of life was high among the adult CF patients at the
start of the intervention, it increased further. The four CFQ-R domains
were utilized since they expected to contain the most information
about physical status [23,36]. We believe that increased intensity in
daily physical activity can be a reason to the improved quality of life,
especially when the respiratory domain is the increased, as reported.
Utilizing PAS can be questioned since it has not yet been validated in
CF, but it contains much alternative flexibility and a functional aspect
measuring intensity that we regard adequate [24]. We considered it an
easy tool with a close cultural connection, therefore suitable to use.

Frequent contact

Patients invited to participate were accustomed to coming for
scheduled check-up to the hospital’s CF out-patient-clinic once
every 4-6th week, but not to the physiotherapist prior to the study. By
routine the physiotherapist used to be involved in connection to annual
control, and in between if a physician or nurse considered there was a
need or if patients asked for it themselves.

While enrolled in this study, patients met a physiotherapist at each
of their “scheduled” routine visit, supporting importance of regular
assessment [5,10]. Adequate functional aspects concerning the content
of the physiotherapy were defined individually as the base for evaluating
effect and adherence with the treatment. The meetings were utilized for
individual education, repeating or catching up with previous discussion
and the current treatment techniques were evaluated, quality optimized
or techniques exchanged. This study included weekly contacts, usually
by telephone, aiming at supporting treatment motivation. The frequent
contacts required a lot of time for both patient and physiotherapist, but
our experience says it is of great value for education and motivation
while optimizing/modifying/changing a treatment programme.
Maintained increase of physical activity in habitual everyday life might
represent a change in life style that may preserve longer lasting benefits
from the improved PWC, SpO2 and lung function [6-7,10-13,17].

Conclusion

This one-year study is of the first of its kind that made it possible
to continuously utilize all parts of modern physiotherapy individually
the best in clinical work, as prerequisites change. Although small and
in absence of a control group, this long-term study shows positive
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effects on PWC, lung function, intensity of daily physical activity and
that quality of life may be improved, if physiotherapy is frequently
evaluated and re-designed in collaboration with the patient. The
requirements for good long-term results seem to be continuous up-
dating and educating about optimal use of physiotherapy, functioning
as a base for the physiotherapist and single patient to jointly find
sufficient but not too extensive treatment that fit into everyday life.
Considering the number of CF patients may grow faster than team
resources, there is need for unsupervised, but individualized and
frequently optimized physiotherapy as an important part of basic care
to counteract pulmonary disease progress. Further and longer studies
on effects from early cooperation between physiotherapist and patient
in all ages are needed.
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