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Abstract 

Background: Physiotherapy-related data, such as airway clearance techniques (ACTS), physical activity and aerobic 
fitness are not consistently included in international cystic fibrosis (CF) data registries. This study aimed to pilot the 
collection of ACTS, physical activity and fitness in a hospital CF clinic, as a step towards informing future national 
implementation.

Methods: This study was undertaken in a CF clinic within a major tertiary hospital. Patients and families were invited 
to participate. Participants completed self-report questionnaires on ACT use and those aged ≥ 10 years completed 
a physical activity questionnaire (Core Indicators and Measures of Youth Health Survey) and aerobic fitness test (the 
A-STEP test). Participants also completed a survey to explore the tolerance and acceptability of the fitness test, and 
the perceived accuracy of the self-reported data collection.

Results: Forty patients agreed to participate in the study (mean age = 9.8, SD = 4.1 years old; 52.5% female). All 
patients and/or families that were approached agreed to participate and completion rate for the ACTs and physi-
cal activity surveys was 98% and 100% (respectively). Completion rate for the fitness test was 55%, due to time 
constraints. Most participants agreed (≥ 90%) they could accurately provide ACT and physical activity data, and the 
assessments were tolerable and acceptable.

Conclusions: Patients with CF and their families are able to and can acceptably provide physiotherapy-related data, 
and collecting self-report ACTs and physical activity data is highly feasibly during routine CF clinic visits. However, 
aerobic fitness testing using the A-STEP test may be less feasible in clinic environments, due to time constraints.
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Background
Across the world, patient data registries collect and 
record standardised patient-related information includ-
ing diagnoses, care processes, and outcomes [1]. Patient 

data registries offer a valuable source of disease treatment 
and outcome data which can drive improved patient care 
[2]. Further benefits of data registries include inform-
ing disease care guidelines, and monitoring outcomes of 
interventions and the safety of medications [2]. Practi-
cally, there needs to be a balance between the reliability, 
validity and specificity of data elements and the feasibility 
and acceptability of data collection by all patient registry 
stakeholders [3]. Hundreds of patient data registries exist 
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around the world [1], including disease and intervention-
based registries. Most high-income countries administer 
disease-based patient registries for cystic fibrosis (CF), a 
life-limiting autosomal recessive disease that affects the 
function of exocrine glands.

Physiotherapy is a cornerstone of CF treatment [4]. 
Physiotherapy often focusses on airway clearance tech-
niques (ACTs), involving manual techniques such as 
percussions, postural drainage and autogenic drainage, 
which assist with clearing respiratory secretions and 
improving lung ventilation [4]. Various devices may also 
be used, such as positive expiratory pressure (PEP) and 
oscillating PEP devices, high frequency chest wall oscil-
lation and intrapulmonary percussive ventilation [5]. In 
recent years, there has also been increasing emphasis on 
the role of physical activity and exercise, as an adjunct 
to ACTs [6]. Exercise has been shown to improve muco-
ciliary clearance (secondary to increased ease of sputum 
expectoration, improved ventilation and respiratory flow) 
[7] and aerobic capacity [8] among individuals with CF. 
Participation in physical activity is also associated with 
a reduced rate of decline in pulmonary function [9], and 
improved quality of life [10], while improved fitness is 
associated with higher survival [11]. Despite the impor-
tance of physiotherapy in the treatment of CF, physio-
therapy-related data, such as ACTs, physical activity and 
fitness are not consistently included in international CF 
data registries [12]. To our knowledge, data on ACTs are 
collected on the UK, USA and Canadian CF data reg-
istries, fitness data is collected on the UK registry only, 
whilst physical activity and fitness are not currently col-
lected. The collection of holistic physiotherapy-related 
data (i.e., ACTs, physical activity and aerobic fitness) 
annually would allow cross-sectional and longitudinal 
analysis of data and comparison with other data recorded 
on the Australian Cystic Fibrosis Data Registry (ACFDR) 
such as lung function and survival. Analysis of all out-
comes would allow robust recommendations regarding 
physiotherapy interventions across the CF phenotype 
spectrum.

We recently engaged with key Australian CF stake-
holders to examine the importance of collecting physio-
therapy-related data on the ACFDR. The peak body, CF 
Australia, and the ACFDR Steering Committee endorsed 
the study. Lead CF physiotherapists from every major 
paediatric and adult CF centre in Australia participated 
in the Delphi study, reaching consensus that physiother-
apy-related data should be included on the ACFDR [12].

Though a number of barriers to collecting such physio-
therapy data were identified, such as increased workload 
for clinicians and concerns about variability/validity/
reliability of outcome measures, these were offset by the 
perceived benefits, such as the ability to benchmark and 

compare CF centres, understanding the outcomes of dif-
ferent physiotherapy interventions and to review trends 
in CF physiotherapy practice. A consensus (> 80% agree-
ment) was reached for collection of data on ACTs (84% 
agreement), physical activity (89%) and fitness (95%), 
provided they were measured using feasible data collec-
tion approaches, namely self-reported surveys to gather 
ACT and physical activity data, and a field-based test to 
measure fitness. The clinicians acknowledged that more 
rigorous data would be collected using wearable activ-
ity monitors (for physical activity) and laboratory-based 
tests (for fitness), however, participants noted that these 
measures would be unfeasible for use with all CF patients 
on an annual basis. Borderline consensus (79% agree-
ment) was reached for the collection of frequency of 
ACTs.

Whilst the Delphi identified strong support from 
physiotherapists for the routine collection of these physi-
otherapy outcomes for the ACFDR, the actual burden 
and feasibility of collecting such data in a clinical context 
is unclear. In addition, it is not known whether patients 
and families will be motivated/willing to provide such 
data. Therefore, this study aimed to pilot the collection of 
ACTs, physical activity and fitness data in a hospital CF 
clinic setting. Specifically, it aimed to examine the feasi-
bility and acceptability of data collection, from the clini-
cians’, patients’ and caregivers’ perspectives, with a view 
of informing future national implementation.

Aims/objectives
To assess the feasibility and acceptability of collecting 
ACTs, physical activity and aerobic fitness data during a 
CF clinic appointment in an outpatient clinic setting. The 
objectives were to:

1. Describe the collection of ACTs, physical activity and 
aerobic fitness data in a standardised format, with a 
view to annual collection for the ACFDR.

2. Assess the acceptability of methods to assess ACTs, 
physical activity and aerobic fitness among patients, 
families and physiotherapists.

3. Evaluate patient uptake and data completeness for 
providing ACTs, physical activity levels and aerobic 
fitness data.

4. Describe clinicians’ perspectives on the feasibility 
of assessing and recording this data in an outpatient 
clinic setting.

Methods
Study design
A mixed-method approach was used, combining cross-
sectional quantitative data and qualitative data. The 
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study was undertaken in a major tertiary hospital which 
provides CF care to all paediatric patients in the state 
of South Australia. Ethical approval was obtained from 
the Women’s and Children’s Hospital Ethics Committee 
(North Adelaide, South Australia; HREC/20/WCHN/64) 
and the University of South Australia Human Research 
Ethics Committee (2020/HRE01722). Written informed 
consent was obtained from all participants’ parents/
guardians prior to enrolment, and children provided 
assent to participate.

Patients and data collection
The study involved two participant groups:

(1) Patients: Patients were eligible to participate in the 
study if they: (i) had a clinical diagnosis of CF; (ii) 
attended the Women’s and Children’s Hospital out-
patient clinic; and (iii) were aged 18 years or under.

(2) Senior CF physiotherapy staff from the Women’s 
and Children’s Hospital.

Selection of instruments
ACT self‑report survey
To our knowledge, whilst the UK CF registry data 
includes ACT type,  no other CF patient data registries 
around the world assess ACT frequency. Therefore, a 
purpose-designed survey was created, aiming to capture 
the ACTs used and the frequency of ACT sessions dur-
ing the past 7 days. The ACT item asked participants to 
select all ACTs used in the last 7  days from a multiple-
choice list, with the option to add additional techniques. 
The ACT list was based on all of the ACTs in common 
use in Australia, as reported by the specialist CF physi-
otherapists during the Delphi study [12]. The number of 
physiotherapy sessions completed in the past 7 days was 
collected using a multiple-choice item (0 to > 14 times per 
week).

Physical activity self‑report survey
An extensive literature review was undertaken, and phys-
ical activity measurement experts were consulted to iden-
tify candidate physical activity surveys with the following 
characteristics (1) proven psychometric properties, (2) 
ease of interpretation (e.g. scored in terms of duration of 
physical activity vs an arbitrary physical activity score out 
of 100), (3) preferably, brief, and (4) preferably, with items 
that are relevant to both children and adults (to allow 
continuity of data across the childhood-adulthood transi-
tion, and to prevent the need for separate child and adult 
versions on the ACFDR). The Core Indicators and Meas-
ures of Youth Health Survey [13] was identified as best 
meeting this brief. This survey comprises of seven items 

(a 6-point scale for each of the 7 previous days), asking 
participants to recall the time spent in physical activity 
each day over the past week. Categorical responses range 
from ‘none’ to ‘more than 2 h’. This tool allows the daily 
and weekly physical activity duration and compliance 
with physical activity guidelines to be easily calculated. 
The tool has moderate validity relative to accelerom-
etry (r = 0.47) and moderate reliability over time (ICC 
range = 0.41, 0.53) [13], which is comparable to other 
leading self-report physical activity instruments.

Aerobic fitness test
An extensive literature review was undertaken, and a 
leading CF physiotherapist clinician researcher was con-
sulted to identify candidate field exercise tests. It was 
determined that the test should be progressive (to avoid 
ceiling effects) and that step tests were preferable to cor-
ridor tests, for space, safety and infection control rea-
sons. The Alfred Step Test (A-STEP) [14] was selected as 
it has been developed in a leading, research-active Aus-
tralian CF hospital to address issues of floor and ceiling 
effects for the CF patient population. The A-STEP test is 
an incremental step test which requires the participant to 
step up and down on a 20 cm step in time with a stand-
ardised, pre-recorded schedule, in which the metronome 
increases in speed every minute, lasting a maximum of 
16  min. The final A-STEP level achieved by the partici-
pant (level 1–16) was recorded. In line with A-STEP rec-
ommendations, participants’ oxygen saturation levels and 
heart rate were monitored throughout the test, blood 
pressure was monitored before and after the test, and the 
participants were asked to self-report shortness of breath 
and leg fatigue every minute throughout the test and dur-
ing the 5-min recovery period.

Context
Recruitment of patients followed a pragmatic approach, 
within the context of a weekly CF outpatient clinic. 
Patients attending the CF outpatient clinic were 
approached for participation between February and June 
2021. Patients attending the clinic were approached and 
invited to participate, unless they were experiencing an 
acute health or medical condition, or if they were una-
vailable (e.g., due to multiple appointments and having 
no time to participate). The clinic runs from 8:00am-
12:30pm once per week, with up to 30 patients attend-
ing each week. Due to the risk of cross-infection, each 
patient is allocated a consultation room and all patient 
services are brought to them, with staff wearing full per-
sonal protective equipment when entering the patient’s 
room. During a typical visit, patients often have multi-
ple appointments at other areas of the hospital (e.g., for 
X-ray or blood tests) and are seen by members of the 
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multidisciplinary team, including doctors, nurses, physi-
otherapists, psychologists and lung function technicians.

Upon arriving at the clinic, potentially eligible patients 
and their family/caregivers were approached and invited 
to participate in the study. Consenting participants were 
invited to complete a self-reported questionnaire gather-
ing basic demographic information (gender and date of 
birth) and ACT information (described in further detail 
below). Patients and/or parents completed paper-based 
surveys themselves (generally, those > 10  years old com-
pleted the surveys themselves and those ≤ 10 years were 
assisted by their parents). Guided by findings from the 
Delphi study [12], participants aged 10  years and over 
were then invited to complete a physical activity ques-
tionnaire and the fitness test (the A-STEP test, described 
below). Finally, all participants were invited to complete 
an acceptability survey (described below). The CF physi-
otherapist entered the ACT, physical activity and fitness 
data into a database replicating the layout of the ACFDR. 
The physiotherapist recorded the amount of time taken 
for data entry and rated the burden experienced in col-
lecting the information as high, medium, or low.

Assessments of outcomes
Feasibility
Feasibility was evaluated based on uptake rate (the per-
centage of patients with CF who agreed to participate, 
out of the total number of patients invited), and comple-
tion rate (the percentage of participants who successfully 
completed the ACT survey, physical activity survey and 
fitness test, out of the total number who consented to 
participate). In addition, the lead CF physiotherapist at 
the Women’s and Children’s Hospital, who undertook the 
data collection, took field notes to determine their opin-
ions regarding feasibility of ongoing collection of data for 
entry onto the ACFDR.

Acceptability
Likert-scale items were used to explore patients’ perspec-
tives on the proposed assessments, including the accept-
ability of the length of time taken to complete the aerobic 
fitness test, and tolerance to test (‘strongly disagree’ to 
‘strongly agree’), and the perceived accuracy of the self-
reported ACT and physical activity data collection items. 
Participants were asked (yes/no) whether the measures 
were acceptable to them, whether they would be willing 
to complete them again next year, and if they would rec-
ommend them to other patients with CF. Optional open-
ended items were used to capture additional comments.

Sample size
This pilot study was a feasibility and acceptability study. 
Sample sizes of 12–50 participants are recommended for 

assessing the feasibility [15, 16]. Therefore, at study out-
set, we considered a sample size of 30–40 participants 
to be sufficient to evaluate the feasibility in this cohort. 
The study was conducted at the Women’s and Children’s 
Hospital CF weekly outpatient clinic over a period of 
3 months.

Statistical methods
Participants’ demographic information (age and sex) and 
results from outcome measures (ACTs, physical activ-
ity and aerobic fitness) were reported descriptively. Cat-
egorical data were reported as numbers and percentages 
(n, %), and continuous data were reported as means (SDs) 
and ranges.

Feasibility outcomes were calculated as follows:

• Uptake rate: Calculated as the percentage of patients 
with CF who agreed to participate, out of the total 
number of patients invited.

• Completion rate: Calculated as the percentage of par-
ticipants who successfully completed the ACT survey 
(all patients), physical activity survey (patients aged 
10 and over only) and aerobic fitness test (patients 
aged 10 and over only), out of the total number who 
consented to participate.

• Protocol acceptability: Perceived accuracy of self-
reported data, willingness to repeat annually, recom-
mendation for other cystic fibrosis patients.

Likert-scale acceptability data were collapsed for analy-
sis, with response categories 1 and 2 collapsed to create 
a category ‘agree’, responses 4 and 5 collapsed to create 
a category ‘disagree’. Acceptability information was also 
collected as qualitative data, in notes recorded by the 
lead physiotherapist throughout the data collection. The 
open-ended responses were compiled and analysed the-
matically in a table [17]. The qualitative data was coded 
into categories related to the lead physiotherapists’ expe-
rience of the data collection procedure. In each category, 
codes were combined to create themes that reflected 
experiences related to collecting and recording the ACT, 
physical activity and aerobic fitness data. The analysis 
was conducted by two researchers (AP, ES).

Results
Participant characteristics
A total of 40 patients agreed to participate in the 
study. The mean age of participants was 9.9 (SD = 4.1; 
range = 2–17) years old, and 21 (52.5%) were female 
(Table 1). There were equal proportions of patients aged 
under 10  years old (n = 20, 50%) and 10–18  years old 
(n = 20, 50%). Mean physical activity for participants over 
the age of 10  years old was 373.6 (SD = 216.5) minutes 
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per week (approximately 53  min per day). Mean level 
achieved on the A-STEP test for aerobic fitness was 10 
(SD = 2.35) and ranged between level 7–14.

Feasibility
The participant uptake rate was 100%; all patients and/
or families that were approached agreed to participate. 
Completion rate for the ACTs and physical activity sur-
veys was 98% (n = 39 of 40) and 100% (n = 20 of 20) 
respectively. All participants (n = 20 of 20) consented to 
completing the aerobic fitness test. However, the aerobic 
fitness test was undertaken by 55% (n = 11 of 20). Nine 
participants did not undertake the test due to time con-
straints which prevented all patients from undertaking 
the test within their appointed clinic time.

Clinician’s perspectives on feasibility of assessing and 
recording data was assessed using field notes taken by the 
lead physiotherapist. A summary of the field notes taken 
by the lead physiotherapist during the study is shown in 
Additional file 1: Table S1. When recruiting patients for 
the study, generally people were receptive and happy to 
participate, and many expressed surprise that such data 
were not already being collected on the registry. The 
notes indicated several instances where patients were not 
approached to participate due to them experiencing emo-
tional distress at the time (e.g., if they were experiencing 
health or medical conditions). The ACT and physical 
activity surveys each took less than 5  min to complete, 
whereas the A-STEP test took 30–40  min to complete. 
The physiotherapist notes indicated that it wasn’t pos-
sible to complete the A-STEP with many patients, due 
to time constraints of the multi-disciplinary outpatient 
clinic setting. The time taken to enter each patient’s data 
into a database was approximately 1.5 min per patient.

Acceptability
The acceptability questionnaire was completed by all par-
ticipants (Table 2). Most agreed that they were confident 
they could accurately provide ACT data (97.5%, n = 39 of 
40), confident they could accurately answer the number 
of ACT sessions (97.5%, n = 39 of 40), and that the time 
taken to complete the ACT survey was acceptable (95%, 

n = 38 of 40). With respect to the physical activity survey, 
most participants agreed or strongly agreed they were 
confident they could accurately complete the physical 
activity data (90%, n = 18 of 20) and that the time taken 
to complete the physical activity survey was acceptable 
(95%, n = 19 of 20). In relation to the aerobic fitness test, 
most participants who undertook the test agreed that 
they were able to tolerate the step test (90.1%, n = 10 of 
11), and that the time taken to complete the step test was 
acceptable (81.8%, n = 9 of 11).

Results of ACT survey, physical activity survey 
and aerobic fitness testing
Results of the ACT survey are shown in Table  3. The 
three most common ACTs used by patients were “PEP 
and Hypertonic saline” (n = 22, 55%), “exercise specifi-
cally for sputum clearance” (n = 14, 35%) and “pats and/
or vibration and postural drainage” (n = 13, 32.5%). 
Twenty percent of patients (n = 8, 20%) reported using 
other techniques, which included trampoline, clarinet, 
bubble PEP, swimming bike riding, while one participant 
reported their lung function has been so good there was 
no need for airway clearance. Participants reported com-
pleting airway clearance an average of 7 (SD = 4.2) times 
per week (range = 0–14 times per week).

Discussion
Summary of findings
The purpose of this pilot study was to evaluate the fea-
sibility and acceptability of collecting physiotherapy-
related data in an outpatient clinic setting, in the context 
of potentially gathering this data annually for all CF 
patients for inclusion on the ACFDR. Key findings indi-
cated strong willingness from patients with CF and their 
families to provide this information, and that collecting 
self-report ACTs and physical activity data was highly 
feasible for collection during routine CF clinic visits. 
However, testing of aerobic fitness using the A-STEP test 
appears less feasible in a busy clinic environment, due 
primarily to clinician time constraints.

Table 1 Participant characteristics

a Represents the level achieved on the test, on a scale of 1–16

Male
Mean ± SD (range), or n (%)

Female
Mean ± SD (range), or n (%)

Total
Mean ± SD (range), or n (%)

Age 9.4 ± 4.1 (2.0, 16.0) 10.4 ± 4.3 (2.8, 17.4) 9.9 ± 4.2 (2.0–17.4)

  < 10 years 8 (41.1%) 12 (57.1%) 20 (50%)

 10–18 years 11 (57.9% 9 (42.9%) 20 (50%)

Physical activity, mins/week 294.5 ± 262.9 (49–840) 440.8 ± 185.1 (180–810) 373.6 ± 216.5 (49–840)

Fitness, A-STEP  Levela 10.6 ± 2.4 (8–14) 9.7 ± 2.7 (7–14) 10.1 ± 2.35 (7–14)
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Feasibility and acceptability
The high participation rate observed in our study, and 
strong willingness to provide physiotherapy-related 
data for the ACFDR on an annual basis, is likely to 
reflect that patients and caregivers view the collection 
of data on ACTs, physical activity and fitness as rel-
evant, and important to the treatment of CF. Previous 
research has reported that families of children with CF 

consider physiotherapy treatment as an important form 
of treatment that should be prioritised [20]. Physi-
otherapists play an ongoing role in educating families 
and patients about CF and treatment techniques and 
promoting adherence to treatment [20, 21], and physi-
otherapy adherence is associated with better lung func-
tion, reduced hospitalisation, and improved quality of 
life [18, 19].

Table 2 Responses to acceptability survey

Outcome, n (%) Strongly disagree Disagree Neither 
agree nor 
disagree

Agree Strongly agree Did not answer

Airway Clearance (n = 40)

Confident to accurately complete airway clearance 
data

0 0 1 (2.5) 10 (25) 29 (72.5) 0

Confident to accurately answer the number of airway 
clearance sessions

0 0 1 (2.5) 11 (27.5) 28 (70) 0

Time taken to complete airway clearance survey was 
acceptable

0 0 1 (2.5) 13 (32.5) 25 (62.5) 1 (2.5)

Physical Activity (n = 20)

Confident to accurately complete physical activity data 0 1 (5) 2 (10) 7 (35) 10 (50) 0

Time taken to complete physical activity survey was 
acceptable

0 0 1 (5) 6 (30) 12 (60) 1 (5)

Fitness Test (n = 11)

Able to tolerate the step test 0 0 0 4 (36.4) 6 (54.5) 1 (9.1)

Time taken to complete the step test was acceptable 0 0 0 4 (36.4) 5 (45.5) 2 (18.2)

Overall testing (n = 37) Yes No Missing

Do you feel the current assessment is acceptable? 37 (100%) 0 0

Will you be willing to do the assessment again next 
year?

37 (100%) 0 0

Would you recommend the assessment to others? 36 (97%) 0 1 (3%)

Table 3 Airway clearance, physical activity and fitness data collection

PEP Positive expiratory pressure
a May/may not have included force expiratory techniques and directed coughing during nebulisation

Male (n = 19) Female (n = 21) Total (n = 40)

Airway clearance and physiotherapy muco-actives, n (%)

None 3 (15.8) 3 (14.3) 6 (15)

PEP and Hypertonic Saline 11 (57.9) 11 (52.4) 22 (55)

PEP (no hypertonic saline) 1 (5.3) 4 (19.0) 5 (12.5)

“pats” (percussion) and/or
vibrations and postural drainage

8 (42.1) 5 (23.8) 13 (32.5)

“pats” (percussions), no postural
drainage

2 (10.5) 4 (19.0) 6 (15)

Hypertonic saline nebuliser  onlya 2 (10.5) 5 (23.8) 7 (17.5)

Exercise, specifically to help with
sputum clearance

7 (36.8) 7 (33.3) 14 (35)

“active cycle of breathing” 4 (21.1) 3 (14.3) 7 (17.5)

Other 1 (5.3) 7 (33.3) 8 (20)

Frequency of airway clearance, per week, mean (SD) 
(range)

6.2 (4.7) (0–14) 7.1 (3.8) (0–14) 6.6 (4.2) (0–14)
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Excellent rates of data completeness were achieved 
for the ACT and physical activity surveys (98% com-
pletion). Further, most participants (95%) agreed that 
the time taken to complete each of these surveys was 
acceptable, and that they felt confident that they could 
accurately complete the survey questions about which 
ACTs they use, how often they perform ACT (physi-
otherapist) sessions, and how much physical activity 
they do. In contrast, the aerobic fitness test was only 
undertaken in just over half (55%) of the eligible patients 
(i.e. > 10  years of age), due to clinician time constraints. 
Though the A-STEP protocol goes for a maximum of 
16 min, feasibility results suggested that it actually took 
around 30–40  min in total to administer, factoring in 
time for setting up the test, explanation, baseline meas-
ures, undertaking the test, and post-test monitoring. 
Most (82%) patients who completed the test agreed that 
the time to complete the test was acceptable. The physi-
otherapist described feeling strong time pressures due 
to the multi-disciplinary clinic setting, and not wanting 
to “hold up” other clinic staff. Thus, results suggest that 
the fitness test was acceptable from the patients’ perspec-
tive, but not feasible from the clinician’s perspective, in 
a multi-disciplinary outpatient clinic setting. It is possi-
ble that the test may be completed more successfully in 
a separate, subsequent clinic visit, however, this would 
require additional physiotherapy time resources.

Strengths and limitations
A strength of this study was that it was driven by clini-
cians, and designed to answer a clinical question which 
has the potential to eventually improve the care and 
outcomes for CF patients across Australia. The study 
achieved a very high participation rate (< 5% of clinic 
patients were not approached due to acute medical rea-
sons, including acute emotional distress, or not having 
time to participate, and all patients that were approached 
agreed to participate), improving confidence in its find-
ings. Furthermore, the pragmatic nature of the study 
identified several barriers and other practical consid-
erations for data collection in a real-world clinic set-
ting, which ensures the findings are clinically relevant. 
An additional strength was that the peak body for CF in 
Australia and the ACFDR Steering Committee endorsed 
the study. Support from these key stakeholders will be 
an important for implementing data collection for the 
ACFDR in future.

Several study limitations should be acknowledged. 
Firstly, the study was conducted within a single CF cen-
tre. Initially, it was planned that the pilot study would be 
undertaken at the Adelaide Women’s and Children’s Hos-
pital (i.e. the current study), and then be replicated in sev-
eral other Australian CF centres. Numerous participants 

in the Delphi study [12] had offered to contribute to this. 
At completion of this feasibility study, a meeting was 
arranged with the lead CF physiotherapists from across 
Australian CF centres for feedback of the results of this 
pilot and commence planning for the replication stud-
ies. However, when the results were presented, the other 
CF physiotherapists stated that their clinical experience 
indicated that findings would be similar (i.e., that collect-
ing ACT and PA data using short self-reported surveys 
would be highly feasible in their clinical settings, whilst 
undertaking fitness tests which took 30–40 min per par-
ticipant would not). Therefore, replication was deemed 
an unnecessary use of time and resources. A further 
limitation was that a small proportion (around 5%) of 
patients were not approached to participate in the feasi-
bility study, based on the physiotherapist’s clinical judge-
ment that it was not appropriate to add additional burden 
to that patient/family on that particular day, which may 
be consider a source of selection bias. The surveys were 
handed out to CF patients by a physiotherapist who was 
known to them, which may potentially introduce social 
desirability bias. Finally, certain aspects of feasibility (e.g., 
impact on multi-disciplinary team members, and length 
of time to administer the data collection tools) were gath-
ered through the physiotherapist’s field notes. Including 
multi-disciplinary team members as an additional study 
participant group, and using a stopwatch to record data 
collection time, would have captured these data with 
greater rigour.

Future directions
Based on the study’s findings, further discussions with 
other stakeholders to progress the addition of ACT and 
PA measures to the ACFDR are now underway. Though 
the self-reported items themselves are simple, adding 
ACT and physical activity outcomes to the ACFDR will 
involve considerable coordination and planning, includ-
ing seeking approvals from the data custodians, the vari-
ous CF centre directors and relevant ethics committees. 
The most appropriate route for data collection will need 
consideration, for example, whether completion of the 
surveys should be overseen/facilitated by physiothera-
pists in each centre (either paper-based on online), versus 
administering the surveys centrally using online surveys 
sent by SMS or email. Each of these approaches will have 
advantages and disadvantages, with in-person admin-
istration likely to achieve higher rates of data complete-
ness, versus central online dissemination being lower 
in clinical burden, and allowing for additional patient 
reported outcome measures to potentially be collected.

This study, and the Delphi study preceding it, high-
lighted the challenge of balancing best-practice and 
measurement tools with practical considerations in 
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clinical settings. For example, in the UK, annual exer-
cise testing of CF patients is recommended, yet in Aus-
tralia, it is currently far from routine practice. Regular 
exercise testing offers benefits such as enhanced patient 
monitoring, and at a group level, may inform treat-
ment guidelines. However, this study (and the Delphi) 
highlighted the considerable clinical resources required 
for exercise testing, and it was deemed that it would 
be unfeasible to conduct annual testing with all CF 
patients within current clinician resources. In a similar 
vein, objective monitoring of physical activity has supe-
rior validity to self-reported physical activity tools [22, 
23]. However, objective monitoring, again, entails con-
siderable additional resources, in terms of equipment, 
and clinician time to administer the devices and inter-
pret the data  [24]. Given that adding physiotherapy 
outcomes to the ACFDR is a national-scale initiative, it 
seems that issues of feasibility and practical should be 
prioritised. However, in future, there is the potential to 
switch to objective PA measurement and add exercise 
testing, as these approaches become a more routine 
part of CF clinical practice in Australia.

Conclusion
Physiotherapy-related data, such as data on ACTs, 
physical activity and fitness are not routinely included 
in international CF data registries, despite the impor-
tance of physiotherapy in the treatment of CF. Our find-
ings indicated that patients with CF and their families 
have a strong willingness to provide this information, 
and that collecting self-report ACTs and physical activ-
ity data is highly feasibly during routine CF clinic vis-
its. However, aerobic fitness testing using the A-STEP 
test may be less feasible in clinic environments, due 
to clinician time constraints. Further discussions with 
stakeholders to progress the inclusion of physiotherapy 
measures to patient data registries (such as the ACFDR) 
are warranted.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12890- 022- 02141-5.

Additional file 1. Summary of field notes taken from the physiotherapist 
during data collection. The physiotherapist took notes related to patient 
recruitment, staff availability, time available, willingness to participate, 
completing surveys, completing fitness test, and time taken to enter 
patient data. ACT: airway clearance techniques; PA: physical activity.

Acknowledgements
Professor Timothy Olds and Verity Booth for providing advice regarding appro-
priate self-reported physical activity tools.

Author contributions
AP and CM conceived the study. AP, ES and CM undertook survey develop-
ment, data collection. AP, BS and CM undertook data analysis and drafted 
the manuscript. All authors contributed to interpretation and editing of the 
manuscript. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. CM is supported by a Medical 
Research Future Fund Investigator Grant (GNT1193862).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Women’s and Children’s Hospital, Adelaide, 
Human Research Ethics Committee (HREC/20/WCHN/64) the University of 
South Australia Human Research Ethics Committee (2020/HRE01722), and 
was given in principle support from cystic fibrosis Australia (peak body for 
cystic fibrosis in Australia) and the Monash Data Registry Centre (custodians 
of the ACFDR) and ACFDR Steering Committee. This project was conducted 
in accordance with the Declaration of Helsinki. Written informed consent 
was obtained from all participants’ parents/guardians prior to enrolment, and 
children provided assent to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Physiotherapy Department, Women’s and Children’s Hospital, SA Health, 72 
King William Rd, North Adelaide, SA 5006, Australia. 2 Allied Health and Human 
Performance, University of South Australia, GPO Box 2471, Adelaide, SA 5001, 
Australia. 3 Alliance for Research in Exercise, Nutrition and Activity (ARENA), 
University of South Australia, GPO Box 2471, Adelaide, SA 5001, Australia. 

Received: 28 June 2022   Accepted: 6 September 2022

References
 1. Nelson EC, Dixon-Woods M, Batalden PB, Homa K, Van Citters AD, Morgan 

TS, Eftimovska E, Fisher ES, Ovretveit J, Harrison W, et al. Patient focused 
registries can improve health, care, and science. BMJ. 2016;354:i3319.

 2. AHRQ Methods for Effective Health Care. In: Registries for Evaluating 
Patient Outcomes: A User’s Guide. edn. Edited by Gliklich RE, Dreyer NA, 
Leavy MB. Rockville (MD): Agency for Healthcare Research and Quality 
(US); 2014.

 3. de Groot S, van der Linden N, Franken MG, Blommestein HM, Leeneman 
B, van Rooijen E, Koos van der Hoeven JJ, Wouters MW, Westgeest HM, 
Uyl-de Groot CA. Balancing the Optimal and the Feasible: A Practical 
Guide for Setting Up Patient Registries for the Collection of Real-World 
Data for Health Care Decision Making Based on Dutch Experiences. Value 
Health J Int Soc Pharmacoeco Outcomes Res. 2017;20(4):627–636.

 4. Button BM, Wilson C, Dentice R, Cox NS, Middleton A, Tannenbaum E, 
Bishop J, Cobb R, Burton K, Wood M, et al. Physiotherapy for cystic fibrosis 
in Australia and New Zealand: a clinical practice guideline. Respirology. 
2016;21(4):656–67.

 5. Natale JE, Pfeifle J, Homnick DN. Comparison of intrapulmonary percus-
sive ventilation and chest physiotherapy. A pilot study in patients with 
cystic fibrosis. Chest. 1994;105(6):1789–93.

 6. Dwyer TJ, Elkins MR, Bye PT. The role of exercise in maintaining health in 
cystic fibrosis. Curr Opin Pulm Med. 2011;17(6):455–60.

https://doi.org/10.1186/s12890-022-02141-5
https://doi.org/10.1186/s12890-022-02141-5


Page 9 of 9Potter et al. BMC Pulmonary Medicine          (2022) 22:342  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 7. Dwyer TJ, Alison JA, McKeough ZJ, Daviskas E, Bye PT. Effects of exercise 
on respiratory flow and sputum properties in patients with cystic fibrosis. 
Chest. 2011;139(4):870–7.

 8. Radtke T, Nevitt SJ, Hebestreit H, Kriemler S. Physical exercise training for 
cystic fibrosis. Cochrane Database Syst Rev. 2017;11(11):CD002768.

 9. Schneiderman JE, Wilkes DL, Atenafu EG, Nguyen T, Wells GD, Alarie N, 
Tullis E, Lands LC, Coates AL, Corey M, et al. Longitudinal relationship 
between physical activity and lung health in patients with cystic fibrosis. 
Eur Respir J. 2014;43(3):817–23.

 10. Hebestreit H, Schmid K, Kieser S, Junge S, Ballmann M, Roth K, Hebestreit 
A, Schenk T, Schindler C, Posselt H-G, et al. Quality of life is associated 
with physical activity and fitness in cystic fibrosis. BMC Pulm Med. 
2014;14(1):26.

 11. Moorcroft AJ, Dodd ME, Webb AK. Exercise testing and prognosis in adult 
cystic fibrosis. Thorax. 1997;52(3):291–3.

 12. Potter A, Pancholi B, Smith L, Maher C. Should the physiotherapy 
outcomes airway clearance, physical activity and fitness be recorded on 
the Australian Cystic Fibrosis Data Registry? A consensus approach. BMC 
Pulm Med. 2021;21(1):298.

 13. Kroeker C, Manske S, Rynard V. Validity and Reliability of the Measures 
for Youth Respondents from the Core Indicators and Measures of Youth 
Health Tobacco Control and Physical Activity & Sedentary Behaviour 
Modules. Propel Centre for Population Health Impact, University of Water-
loo; 2012.

 14. Wilson LM, Ellis MJ, Lane RL, Wilson JW, Keating DT, Jaberzadeh S, 
Button BM. Development of the A-STEP: A new incremental maxi-
mal exercise capacity step test in cystic fibrosis. Pediatr Pulmonol. 
2021;56(12):3777–84.

 15. Julious SA. Sample size of 12 per group rule of thumb for a pilot study. 
Pharm Stat. 2005;4(4):287–91.

 16. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the 
sample size for a pilot randomised trial to minimise the overall trial 
sample size for the external pilot and main trial for a continuous outcome 
variable. Stat Methods Med Res. 2016;25(3):1057–73.

 17. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 
2006;3(2):77–101.

 18. Spinou A. Physiotherapy in cystic fibrosis A comprehensive clinical over-
view. Pneumon Quart Med J. 2018;31(1):35–43.

 19. McIlwaine M, Button B, Nevitt SJ. Positive expiratory pressure physi-
otherapy for airway clearance in people with cystic fibrosis. Cochrane 
Database System Rev. 2019;11:CD003147.

 20. Andrews K, Smith M, Cox NS. The physiotherapy consultation: A qualita-
tive study of the experience of parents of infants with cystic fibrosis in 
Australia. Physiother Theory Pract. 2022;2022:1–7.

 21. Myers LB, Horn SA. Adherence to chest physiotherapy in adults with 
cystic fibrosis. J Health Psychol. 2006;11(6):915–26.

 22. Monyeki MA, Moss SJ, Kemper HCG, Twisk JWR. Self-reported physical 
activity is not a valid method for measuring physical activity in 15-year-
old south african boys and girls. Children. 2018;5(6):71–86.

 23. Fiedler J, Eckert T, Burchartz A, Woll A, Wunsch K. Comparison of self-
reported and device-based measured physical activity using meas-
ures of stability, reliability, and validity in adults and children. Sensors. 
2021;21(8):2672–87.

 24. Bradley J, O’Neill B, Kent L, Hulzebos EHJ, Arets B, Hebestreit H, Alison 
J, Arets B, Boas S, Bradley J, et al. Physical activity assessment in cystic 
fibrosis: a position statement. J Cyst Fibros. 2015;14(6):e25–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The feasibility of collecting the physiotherapy outcomes airway clearance, physical activity and fitness for the Australian Cystic Fibrosis Data Registry
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Aimsobjectives
	Methods
	Study design
	Patients and data collection
	Selection of instruments
	ACT self-report survey
	Physical activity self-report survey
	Aerobic fitness test

	Context
	Assessments of outcomes
	Feasibility
	Acceptability

	Sample size
	Statistical methods

	Results
	Participant characteristics
	Feasibility
	Acceptability

	Results of ACT survey, physical activity survey and aerobic fitness testing
	Discussion
	Summary of findings
	Feasibility and acceptability
	Strengths and limitations
	Future directions
	Conclusion

	Acknowledgements
	References


