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Introduction

Lung disease in cystic fibrosis (CF) is characterised by increased 
mucus production and reduced mucus clearance, thus leading to 
a process of infection, structural changes and physiological  
disturbances.1,2 Effective mucus clearance is essential, in order 
to reduce symptoms and optimise treatment.2

Cough and forced expirations are suggested to be the 
most effective manoeuvres for improving mucus transport 
and sputum removal from central airways.3 While cough rep-
resents a basic cleaning mechanism and serves as back-up 
mechanism and adjunct to mucociliary clearance,4 Forced 
Expiration Technique (FET) is used as part of active cycle of 
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breathing techniques5 and other airway clearance techniques 
(ACTs) such as positive expiratory pressure (PEP) therapy.6

The Specific Cough Technique (SCT) was developed in 
the late 1990s in Norway,7 aiming to make removal of bron-
chial secretions more efficient in individuals with CF, who 
tended to have less beneficial effect with other techniques. 
SCT comprises one gentle cough at lower lung volume to 
localise and collect mobilised mucus, followed by two to 
three coughs from higher lung volume to expectorate.

Previous evaluation and experience in clinical practice 
have shown that SCT easily can be learned, self-administered 
and used in airway clearance physiotherapy to enhance mucus 
clearance and effective expectoration.7

SCT may be used as part of an airway clearance strategy 
to mobilise and clear bronchial secretions, that is, in con-
junction with saline inhalation or physical activity/exercise 
used as part of treatment, or with other ACTs, for example, 
PEP or oscillating positive expiratory pressure (OPEP).

To date, there is insufficient evidence to suggest that one 
ACT or approach is superior6 or non-inferior to others,8 and 
evaluation of the comparative effectiveness of ACTs remains 
to be a challenge due to differences in disease severity, 
pathophysiology and characteristics of subgroups.2,3,9

The aim of this pilot study was to search for possible 
effects of SCT compared to FET in individual participants 
who may be worth following up in a subsequent larger study. 
A secondary aim was to evaluate the feasibility of SCT in 
terms of participants’ perception and preference.

Methods

Study design

The pilot study was a series of N-of-1 randomised controlled 
trials (RCTs) undertaken at Oslo University Hospital in 2010 
and 2011. The trial design uses a series of planned and 
repeated pairs of treatment periods, where random allocation 
determines the order of the treatments within each pair.10 
Randomisation was performed prior to the study by an inde-
pendent assessor and concealed. Coin-toss was used to deter-
mine the order of the treatments within each pair.

Unlike randomised controlled group trials which establish 
treatment efficacy by providing information about the average 
effect in a target population, randomised, controlled trials in 
single subjects provide information about the best treatment in 
an individual, which may be hidden by the group average.11 
We used a randomised, controlled multiple crossover sequence 

in eight treatment periods, with two treatments in each pair, 
one with FET and one with SCT. Each participant underwent 
eight treatment periods (Figure 1) serving as their own control. 
The treatment pairs were performed approximately at the 
same time of the day on two consecutive days, separated by 
24 h. The main criteria for success of the pilot study were the 
assessment of significant differences in sputum weight in indi-
vidual participants and the complete (>90%) follow-up of 
participant-reported outcomes.

Study subjects

Participants were recruited through the regional CF centre 
and consecutively included. The CF diagnosis of the partici-
pants was based upon clinical symptoms, sweat chloride lev-
els >59 mmol/L and two CF mutations.

Inclusion criteria were as follows: CF diagnosis, age 
⩾18 years, sputum production more than 5 mL in a treatment 
session, either isotonic or hypertonic saline inhalation as part 
of treatment or dornase alpha. Exclusion criteria were as fol-
lows: respiratory failure, active haemoptysis, pregnancy and 
acquisition with multiresistant Pseudomonas aeruginosa, 
Burkholderia cepacia, atypical mycobacteria or methicillin-
resistant Staphylococcus aureus.

Seven participants were included in the study. In the same 
time period, 82 CF patients were followed at the regional CF 
centre, but the whole cohort was not screened for eligibility 
in this pilot study.

One participant withdrew halfway due to unrelated per-
sonal reasons (Figure 2). All participants were clinically sta-
ble at the time of entry, that is, required no treatment for a 
pulmonary exacerbation within 2 weeks. It was decided a 
priori to start the treatment pair over again if a participant 
experienced an exacerbation during one of the treatment peri-
ods and to postpone the treatment pair for 2 weeks if a partici-
pant received intravenous (i.v.) antibiotics. The Regional 
Ethics Committee in Oslo approved this study (2010/802). 
All participants provided written informed consent.

Intervention

The majority of the participants were familiar with FET and/
or SCT prior to the study. The skill level of both techniques 
was secured in the beginning of the study, and each partici-
pant was trained according to recommended applications.5,7

We used a standardised protocol and the intervention was 
supervised by the same experienced respiratory physiotherapist. 

Week1 Week2 Week3 Week4 Week5 Week6 Week7 Week8

A B B A B A B A A B B A A B A B

Figure 1. Schematic presentation of the treatment schedule for one of the participants: 16 treatments during eight treatment periods 
and two interventions each week: one with SCT and one with FET and randomised sequence of the interventions.
A: forced expiration technique; B: specific cough technique.
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SCT and FET were evaluated using either isotonic saline or 
hypertonic saline during treatment12 in horizontal positions to 
enhance ventilation and mucociliary clearance,13 hydrate and 
promote mucus clearance and cough clearance.2 Each partici-
pant inhaled the same medication in each intervention.

Interventions comprised a session of approximately 
60 min, with saline inhalation during treatment in side-lying 
horizontal positions, alternating with SCT or FET. The body 
side on which side-lying was first completed was selected 
based on previous order in individual routine treatments or 
participants’ preference.

The number of manoeuvres, body side, saline doses and 
treatment duration was defined a priori and standardised for 
each participant. Body side was typically changed at the 
halfway point of the treatment session and the procedure 
repeated until the predetermined time was over.

Inhalation therapy consisted of nebulised bronchodilator 
followed by either hypertonic saline (6%–7%) or isotonic 
saline. Participants were instructed to breathe calmly and 
slowly through the mouthpiece. Each participant completed 
three sets of the following breathing cycle during nebulisa-
tion: four breaths of increased tidal volume (3–4 s) and a 
deeper breath (5–6 s), and then, they performed either FET or 
SCT to aid expectoration.

The participants were using the nebuliser with the 
described breathing pattern as part of the treatment to mobi-
lise and transport mucus by increasing the tidal volume, ven-
tilation and addressing deposition of inhaled saline, 
alternating with either FET or SCT.

FET consisted of typically three forced expirations (mid-
low lung-volume huff), combined with breathing control, 
followed by a huff or cough from high lung volume to clear 
secretions, followed by breathing control.5

SCT consisted of one single and low-sounded cough at 
lower lung volume following a prolonged expiration, to 
localise and collect mobilised mucus, followed by 2–3 
coughs with modest cough-effort from higher lung volume, 
that is, two coughs after the first breath, followed by a mod-
est inspiration and one single cough to expectorate, and then 
followed by tidal breathing.7

SCT allows adaptation and control of the expiratory start-
ing volume, the subsequent inspiratory volume and cough-
effort, thus the pressures and flows being developed. In each 
participant, SCT was customised in accordance with the 
degree of bronchial obstruction and individual breathing 
pattern.

The sequence of manoeuvres in each technique was 
repeated three times, that is, each participant expectorated 
three times using either FET or SCT before the saline inhala-
tion continued. Total volume of sputum expectorated in 
either technique was collected in coded and pre-weighed 
gradated tubes (50 mL; Greiner Bio-One, Frickenhausen, 
Germany).

Data collection

Demographics and participant characteristics were recorded 
at baseline, including aerosol medication, main culture of 
bacteria and lung function.

Intervention pilot: efficacy

Sputum wet weight (g) was chosen as outcome measure in 
this pilot study since it has been suggested as appropriate in 
short-term studies6 and considered as a good predictor of 
dry weight.13 It appeared to be an easy method, often used in 
clinical practice to measure effectiveness.14 According to 
the present design, the outcome measure must be relevant 
both clinically and to the participants’ well-being.15 Thus, 
sputum wet weight was considered to be a relevant outcome 
measure when assessing individual efficacy.

Sputum was collected throughout each treatment and 
weighed wet by a blinded investigator unaware of the 
techniques being performed, using a Mettler-Toledo 
Weighing Balance (EL 202; accuracy: 0.01 g). The bal-
ance was calibrated before each measurement and sputum 
weight was derived from the total weight minus the pre-
use tube weight.

Recruited

Enrolled

Completed

Analysed

Assessed for eligibility in N-of-1 series (n =) 7

Enrolled in N-of-1 trial (n =) 7

N-of-1 trials analyzed (n =) 6

Excluded (n =):0
Did not meet inclusion criteria (n =) 0
Declined to participate (n =) 0
Other reasons (n =) 0

Lost to follow up (n =):0
Adverse effects (n =) 0
Other reasons, withdrawal due to 
unrelated personal reasons (n =) 1
New participant enrolled

Discontinued intervention (n =) 0
Adverse effects (n =) 0
Other reasons, list (n =) 0

N-of-1 trials completed (n =):6
As planned (n =) 6
Stopped early, with reasons (n =) 0

Excluded from analysis (n =):0

Figure 2. Participant flow.
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Feasibility objectives, participants’ perception and 
safety

Feasibility objectives quantified prior to study initiation 
included eligibility, trial enrolment, follow-up and data man-
agement including self-reporting on participants’ perception. 
Specific outcomes included perception of usefulness.

After completion of each treatment in week 8, participants 
self-reported on perceived usefulness with either technique 
using a 5-point Likert response scale16 with seven assertions: 
ease of understanding instruction, ease of performance, effec-
tiveness at clearing sputum, ease to use in daily treatment, 
normalising in everyday life, in terms of clearing secretions 
in daily treatments with a minimum of disturbance to life-
style, degree of tiredness and breathlessness (1 = strongly 
agree and 5 = strongly disagree). In addition to this, after the 
last intervention, participants self-reported on preferred tech-
nique: 1 = I prefer FET, 2 = I prefer SCT and 3 = I have no 
preference. Oxygen saturation (SpO2) and heart rate (HR) 
were assessed to identify any differences between the tech-
niques and as a safety issue using a Nonin 2500 Pulse 
Oximeter (Nonin Medical Inc, Plymouth, MN, USA).

Lung function. Lung function was measured by forced expira-
tory flow volumes according to the European Respiratory 
Society (ERS)/American Thoracic Society (ATS) guidelines 
using a SensorMedics Vmax 20c (SensorMedics Diagnos-
tics, Yorba Linda, CA, USA) and performed by blinded 
assessor using reference values from Knudson et al.17

Power calculation: calculation of the number of 
treatment periods

The number of treatment periods was determined before the 
study based on the following calculations.10 Given that the 
compared treatments are equally effective in terms of spu-
tum production, X denotes the number of weeks where SCT 
is more effective than FET. Given equal efficacy, X will be 
binomially distributed with a weekly success probability 
equal to 0.5, and p value can be calculated for outcomes of 
X. High values of X indicate that SCT is more effective that 
FET. Low values of X indicate that FET is more effective 
than SCT. With a significant level of 5% and eight treatment 
periods, the result ‘X = 8’ for a given participant will provide 
a p value of 0.008. If we use six treatment periods, the high-
est possible value of X is 6.

It may be shown that if the treatments are equally effec-
tive, the p value associated with the result ‘X = 6’ is 0.063. 
Thus, it is not possible to obtain a significant result with six 
treatment periods. Thus, we decided to use eight treatment 
periods for each participant.

We chose to include six participants in the study because 
we had the opportunity to conduct 16 × 6 = 96 interventions 
in eight treatment pairs. We considered that six participants 
can give us some information about this difference.

Data analysis

A one-sample binomial test was used when comparing indi-
vidual sputum weight in the experiments with FET and SCT. 
Sputum weight was analysed by counting the number of 
weeks where SCT or FET produced higher weight. The level 
of significance was set at 5%. Data were investigated for the 
possibility of a carry-over effect between the techniques by 
calculating individual mean sputum production for each 
technique.

Treatment differences between FET and SCT were fur-
ther assessed on group basis and compared by descriptive 
methods. These data include sputum weight, lung function, 
SpO2 and HR. Group differences between the techniques 
were not tested for significance due to limited number of 
participants. Data collected from all periods were included in 
the analysis. Statistical analyses were performed using SPSS 
18 (SPSS Inc., Chicago, IL, USA).

Results

Demographics and baseline characteristics of the partici-
pants are listed in Table 1. The lung function parameters 
reflected mild-to-moderate (n = 4) and more severe (n = 2) 
degree of airway obstruction, range = 29%–95%. The treat-
ment pairs were distributed over 2 months (n = 2), 3–4 months 
(n = 3) and 6 months (n = 1).

Sputum production and safety

Individual sputum data are presented in Table 2. In three par-
ticipants, sputum production was statistically significant in 
favour of SCT. Although not statistically significant, we 
found that SCT was the most effective technique in partici-
pant 6 in 7 of 8 weeks and in participant 5 in 6 of 8 weeks, in 
contrast to participant 2 where sputum production was in 
favour of FET in 7 of 8 weeks (Table 3).

Group data for the measurements of sputum weight on 
mean change for each technique are presented in Table 4. By 
assessing whether the differences in sputum weight between 
the techniques were affected by the order in which the treat-
ments were given, no carry-over effects were detected that 
can explain the differences in sputum production (data not 
shown).

Both treatments were well tolerated and no adverse events 
or unintended effects were identified, with similar SpO2 and 
HR levels before and after each treatment (Table 4). There 
was a trend (not significant) towards higher lung function 
values on mean change in favour of SCT (Table 4).

Feasibility, perceived usefulness and preference

An overview of the enrolment, participant flow and comple-
tion of the trial is given in Figure 2. Three participants pre-
ferred SCT, one FET and two had no preference. Perceived 
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usefulness was similar for the two techniques (Table 5). 
Participants reported both techniques as effective at clearing 
sputum and easy to understand and perform. SCT was asso-
ciated with greater ease of use in daily treatments and more 
normalising in everyday life (Table 5).

Discussion

The SCT was found to be effective, safe and preferred in 
three out of six participants. Furthermore, the amount of spu-

tum produced when using SCT was non-inferior to FET irre-
spectively of the order of treatments.

The evaluation of SCT and FET in conjunction with 
saline inhalation during treatment was not associated with 
adverse effects as assessed by short-term changes in oxygen 
saturation, HR and spirometry values. Comparable results 
between SCT and FET on perceived usefulness were found 
on several parameters.

Sputum production

The results of the presented study demonstrate that SCT is 
safe and non-inferior to FET, which may facilitate SCT as an 
alternative technique used in airway clearance physiother-
apy, being of clinical value in individuals with CF.

An ultimate goal in airway clearance physiotherapy is to 
enhance mucus clearance and expectoration of bronchial 
secretions and to increase expiratory airflow velocity by 
cough and forced expirations by generating two-phase gas–
liquid flow and shear forces which help dislodging mucus.18,19 
To achieve effective expectoration, the intrathoracic pressure 
must be balanced to avoid dynamic airway closure20 and 
complications associated with vigorous coughing.19

FET was introduced to enhance clearance of secretions 
with less transpulmonary pressure.5,19 Thus far, FET has 
been compared with directed cough in short-term studies, 
reporting inconsistent findings.21,22 Sutton et al.21 found FET 
to be more effective than directed coughing alone in terms of 
sputum mobilisation and radioaerosol clearance in patients 

Table 1. Baseline characteristics of the study participants (n = 6).

Male/female 4/2
Age (year), median (min–max) 35.5 (23–57)
BMI (kg/m2), median (min–max) 23.0 (21–24)
FEV1 (% predicted), median (min–max) 74.0 (29–95)
FEF50% (% predicted), median (min–max) 49.0 (9–98)
FEF25%–75% (% predicted), median (min–max) 40.5 (10–86)
Pseudomonas aeruginosa 3
Staphylococcus aureus 3
Bronchodilator (n) 6
Isotonic saline (n) 2
Hypertonic saline (n) 4
DNase (Pulmozyme) (n) 4
Chronic inhaled antibiotic therapy (n) 2

BMI: body mass index; FEV1: forced expiratory volume in 1 s; FVC: forced 
vital capacity; FEF50%: forced expiratory flow at 50% of FVC; FEF25%–
75%: forced expiratory flow between 25% and 75% of FVC.

Table 2. Mean (range) sputum weights (g) and differences (g) for the two treatments (n = 6).

Treatment weeks 1–8 FET SCT Differencesa

Participant 1 42.7 (25.0–61.5) 51.8 (30.6–73.9) 9.0 (21%)
Participant 2 32.6 (25.8–37.6) 28.4 (22.0–35.3) −4.2 (13%)
Participant 3 19.1 (13.2–28.8) 26.5 (18.9–30.1) 7.3 (38%)
Participant 4 22.5 (18.1–25.1) 27.7 (22.7–31.5) 5.1 (23%)
Participant 5 15.3 (11.7–19.8) 18.2 (14.9–21.7) 2.9 (19%)
Participant 6 29.0 (21.7–37.5) 33.6 (28.5–42.0) 4.5 (16%)

FET: forced expiration technique; SCT: specific cough technique.
aDifferences presented as mean (g) and percentage (%).

Table 3. Within individual comparison of the interventions (n = 6).

Treatment 
weeks 1–8

Number of weeks where 
FET was the most effective

Number of weeks where 
SCT was the most effective

p value

Participant 1 8 0.008
Participant 2 7 1 0.062
Participant 3 8 0.008
Participant 4 8 0.008
Participant 5 2 6 0.296
Participant 6 1 7 0.062

FET: forced expiration technique; SCT: specific cough technique.
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Table 5. Group comparison of perceived usefulness of forced expiration technique and specific cough technique (n = 6).

Number of participants either agreeing or strongly 
agreeing with the assertion for each technique

Forced expiration 
technique

Specific cough 
technique

Easy to understand instruction 6 6
Easy to perform 5 6
Effective at clearing sputum 5 6
Easy to use in daily treatment 3 5
Normalising in everyday life 2 4
Tiring to use 3 2
Get tired/breathless from using it 1 2

with copious sputum. In a study by Hasani et al.,22 FET and 
instructed cough were found to be equally effective in clear-
ing secretions in patients with airway obstruction.

SCT was developed to facilitate sputum clearance by 
using planned and controlled cough at specific lung  
volumes.7 The technique is characterised by two phases as 
previously defined by Gursli:7 a relaxed and prolonged expi-
ration and then one gentle and low-sounded cough at lower 
lung volume (initial phase), followed by inspiration, and two 
to three coughs from higher lung volume to expectorate 
(removal phase). The initial cough aims to assess whether 
there is mobilised mucus present and to localise mobilised 
mucus before expectoration. The following inspiration typi-
cally comprises a mid-sized breath relative to the subsequent 
modest cough-effort, as only modest increase in intratho-
racic pressure is needed to generate the necessary dynamic 
compression to increase airflow velocity by cough.18 Mucus 
is cleared from central airways utilising the cleaning mecha-
nisms of two-phase gas–liquid flow, local dynamic airway 
compression and increased expiratory airflow velocities, 
thus enhancing sputum removal.3,4,18

While SCT aims at localising mobilised mucus before 
expectoration, utilising the cleaning mechanism of cough by 
balancing lung volumes, cough-effort, pressure and flow,7 FET 
aims to enhance mucus transport by increasing expiratory flow 
in more peripheral airways before a huff or cough from high 
lung volume.5,9 We acknowledge that SCT may be easier to 
perform, which may have had an impact on the results.

It has been suggested that certain types of mucus may 
influence effectiveness of some ACTs23 and that sputum 
characteristics may play a role as to which technique is 
more effective.2,24 In our study, one participant removed 
more sputum with FET, thus indicating that FET was 
more effective in this participant. Given that less viscous 
sputum may be easily cleared by cough clearance and 
mucus with higher viscoelasticity by transport, sputum 
characteristics may explain why the sputum weight was 
higher when using SCT compared to FET in three 
participants.18

Our study found a trend towards higher lung function val-
ues on mean change from before and after each treatment 
(pair 2) in favour of SCT. Although not significant, this find-
ing may possibly reflect that enhanced sputum production 
reduces airway obstruction. However, lung function meas-
urements are relatively insensitive to reflect immediate 
changes in mucus removal,3 and group data in this study 
should be interpreted carefully. Furthermore, the measure-
ments were only taken before and after the second treatment 
pair. Hence, there are limited numbers behind this lung func-
tion data. Nevertheless, this is an interesting finding, which 
should be studied further.

Feasibility and safety

Perceived usefulness was comparable between SCT and FET 
on several parameters. However, most participants reported 

Table 4. Group comparison of forced expiration technique and specific cough technique on selected variables (n = 6).

Results expressed as mean change (SD) 
from before and after each treatment

Forced expiration 
technique

Specific cough 
technique

Total sputum wet weight (g) 26.9 (10.0) 31.0 (11.3)
FEV1, % of predicteda 2.16 (1.83) 4.83 (3.71)
FVC, % of predicteda 2.16 (2.04) 2.33 (3.01)
FEF50%, % of predicteda 5.50 (8.11) 11.16 (10.14)
FEF25%–75%, % of predicteda 1.50 (4.23) 8.00 (7.07)
SpO2 (%) −0.63 (0.87) −0.51 (0.34)
HR 4.95 (9.30) 4.95 (9.13)

FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; FEF50%: forced expiratory flow at 50% of FVC; FEF25%–75%: forced expiratory flow 
between 25% and 75% of FVC; SpO2: oxygen saturation; HR: heart rate; SD: standard deviation.
aMeasured as mean change before and after each treatment in pair 2.
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SCT to be more useful in terms of ease of use in daily treat-
ments and more normalising in everyday life.

It has been suggested that more efficient expectoration 
may be an important effect of treatment.3 Furthermore, that 
perceived lack of efficacy may influence adherence.25 Acute 
efficacy measured by sputum weight in our study was com-
parable with participants’ perception of effectiveness. 
Furthermore, preference for technique was associated with 
efficacy in four of six patients.

Subjective perception is considered valuable as it may 
influence adherence with treatment.8,14,25 Preference may 
further influence adherence with technique, and in our study, 
individual preference for technique was found in four par-
ticipants. Two participants reported no preference, possibly 
reflecting the opportunity to choose technique according to 
individual need and treatment modality.

SCT was displayed as a safe alternative to FET in terms of 
sputum clearance and short-term changes in SpO2, HR and 
spirometry values, as no adverse events or unintended effects 
were identified during this study.

Strengths and limitations

A major strength of this study is the randomised, controlled 
multi-crossover design with individual measurements on 
sputum production and lung function, including assessment 
of participants’ perceptions and preference. A methodologi-
cal strength is that no carry-over effects were detected that 
can explain the differences in sputum production.

Individual responses in single trials are demanding to 
generalise to the wider population. However, it has been sug-
gested that results might be generalised by combining trials 
with the use of strict entry-criteria, similar procedures and 
outcome measures, and acceptable statistical tests.10

Our study demonstrates that individual RCTs can be use-
ful in evaluating the feasibility of a novel technique. The 
study design seems useful in determining whether the treat-
ment is beneficial in a particular participant and to identify 
responders to treatment.26 Additional benefits may be 
enhanced self-management, which in turn may influence 
adherence to maintenance treatment. The adherence to the 
trial design was excellent; demonstrating that the novel SCT 
was well tolerated and accepted as each participant under-
went eight treatments with no drop outs.

This pilot study followed guidelines for N-of-1 RCTs as 
presented by Guyatt et al.10 However, there might be some 
potential limitations which could have influenced the results.10

The major limitation is the small sample size, thus mak-
ing it difficult to generalise. However, we were able to find 
significant differences between SCT and FET in individual 
participants, thus indicating that the design may be valid in 
future larger studies.

One other limitation is the lack of blinding of the physio-
therapist and participant through the intervention, thus prior 
beliefs, preferences and expectations may bias the results.10

Another possible limitation is related to disease stability. 
Previous studies have validated sputum production as a 
reproducible outcome measure in CF and reported sputum 
production to be similar within a week interval27 and on a 
day-to-day basis during disease stability.28 In this study, spu-
tum production was relatively similar in each pair when the 
techniques were compared.

A further possible limitation relates to the use of sputum 
wet weight (g) as outcome due to potential overestimation 
and underestimation.29 Although dry weight of sputum has 
been considered as more accurate in reflecting sputum quan-
tity, contradictory findings exist in the literature regarding 
the correlation between wet and dry weight. While some 
studies found no difference in the ratio of dry to wet sputum 
weight,21 and no significant difference in wet or dry sputum 
weight between treatment groups and placebo,28 other stud-
ies have found a significant difference between treatments 
when considering both wet and dry weight.30 Although a 
standardised protocol was used in this study, the lack of suf-
ficient recoding of total coughs in the interventions, as spon-
taneous coughs can influence sputum production, may have 
affected sputum weight.

One limitation may be related to treatments being conducted 
by the developer of the SCT. In studies on airway clearance, 
supervision by an experienced physiotherapist is important. 
However, it may also leave the study open to bias in favour of 
a technique. However, in our study, treatments were based on a 
standardised protocol with objective outcome measures and 
blinding of outcome assessments, which may have helped to 
reduce potential variability due to the conductor.

Implications for future research

This pilot study demonstrates that the N-of-1 trial design can 
be useful in determining an individual treatment efficacy out-
come and to identify responders to treatment. It was also man-
aged to complete patient reported outcomes for all participants, 
thus the criteria for success in this pilot study were achieved.

A clinical implication of this study is that SCT compared 
to FET may clear sputum in a more efficient way and with 
less effort in individuals with CF. Further studies are required 
to investigate the clinical efficacy of SCT in airway clear-
ance therapy on sputum production and clinical meaningful 
endpoints. Additional studies involving multiple centres to 
increase the number of participants are required to evaluate 
the effects of SCT in terms of airway clearance. Long-term 
studies are needed to assess potential long-term benefits and 
effects of the SCT on clinical endpoints, such as exacerba-
tions and health-related quality of life, including possible 
key factors associated with adherence.

Conclusion

SCT was well tolerated and accepted by the participants with 
CF in our study. All participants completed the pilot study 
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and no adverse effects were observed. SCT was non-inferior 
to FET in terms of sputum production. Thus, SCT appears to 
represent a promising alternative for clearing sputum in 
physiotherapy for airway clearance.
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