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Preface

Writing a bachelor thesis is one of the hardest things that | have ever had to do, but it is however, one
of the greatest learning experiences that | have been through. It has taken me from thinking like a
student, to a professional within my field. Writing a thesis requires patience, structure, an open mind,
as well as the ability to fail repeatedly and yet not give up. | consider the process of writing a bachelor
thesis as an ongoing learning experience, in which you will not understand everything until after you
are done. Hard work, dedication and a lot of inner motivation is some of the key terms that comes to
mind upon finishing the thesis; these terms are also qualities that a good physical therapist should

have.

Upon being assigned the topic of children with cystic fibrosis, | met this with a lot of hesitation and
frustration. | did not have any previous experience with cystic fibrosis. | had never met a patient who
suffered from cystic fibrosis. However, as | progressed with my research, | realized that | was
presented with a great opportunity to become familiar with a new topic. | realized that | was writing a
thesis on a topic which | initially knew nothing about, so | researched and developed knowledge to

become somewhat of an expert on it, or at least the response of exercise on the pulmonary function.

The challenging thing about cystic fibrosis is that the children do not deserve this horrible disease that
they were born with. These children are dealt a bad hand from birth on, and this gave me the
motivation to improve my knowledge, so that | would hopefully discover something which could

improve the life of these children.

The first section of this project includes the abstract, which is a summary of my research. includes a
description of the problem, the steps that | took to encounter the problem, and the outcome of the
research, presented as results. In my discussion part, | am debating, and discussing the findings, as
well as the limitations within the studies which | researched, and the limitations of my own research.
Recommendations for future research and the conclusion for this research can be found at the very
end of this paper. Attached is an overview of the literature which was used to conduct the research,

assessment of the quality of the included studies.

With some help from fellow students and thesis advisor, reviewing my paper and helping me find my
way through this process. | can finally present to you my bachelor thesis; on the effect of an aerobic
training program for children and adolescents suffering from cystic fibrosis. The effect of the
intervention is measured on pulmonary function, by measurements of forced vital capacity, and forced

expiratory volume in one second.

Martine Solberg Olsen, May, 2013.

Student at Fontys University of Applied Sciences. Graduation class of 2013.



Abstract

Introduction: Cystic fibrosis is a life-limiting, inherited multi-organ disorder affecting Caucasians in the
world today. The respiratory system is most often involved, which results in a limited life-span and
decreased quality of life. Exercise is an important part of the therapy for cystic fibrosis; therefore the
aim of this research was to determine the effect of aerobic exercise therapy on pulmonary function in

children and adolescents suffering from cystic fibrosis.

Method: An electronic search was performed in Pub Med, The Cochrane Library and Physiotherapy
Evidence Database. The databases were consulted using the search terms; cystic fibrosis, aerobic
exercise program and pulmonary function with a combination and variation of the search terms.
Included in this research were studies with children and adolescents with a confirmed diagnosis of
cystic fibrosis, younger than 20 years old; participating in an aerobic exercise program, for a minimum

of 12 days. Only studies which reported outcome measures on pulmonary function were included.

Results: The electronic search resulted in 10 studies which met the set inclusion and exclusion
criteria. The majority of the included studies reported significant findings in the change of pulmonary
function. There is moderate and limited evidence to support that an aerobic exercise program is
effective for improvements in pulmonary function. All of the included studies resulted in improvements,

or delayed the progression of the disease and its negative effect on the pulmonary function.

Conclusion: An aerobic exercise program should remain an important part of the therapy program for
children suffering from cystic fibrosis, because evidence shows that an aerobic exercise program does
have a positive effect on pulmonary function for children suffering from cystic fibrosis.

Key Words: Cystic fibrosis, children, adolescents, aerobic exercise therapy, pulmonary function.
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Introduction

Cystic fibrosis (CF) is one of the most common life-limiting, inherited disorders affecting Caucasians in
the world today. In 2011 it was estimated that the incidence of CF in the world was 80 000 affected
children and adolescents." The disease is due to a defective gene, and the protein of this particular
gene.2 The defect gene causes problems in several organs. The main problems occur in the
respiratory system, with irreversible loss of lung function, often with involvement of the digestive
system.3'5 Respiratory disease has been responsible for the highest mortality rate in the younger CF

population, this is mainly due to respiratory infections.?

Since there is no curative treatment for this disorder, the early detection of the disorder is crucial for
the development of the iliness, and the proper treatment may delay or prevent irreversible damage.6
For this reason, it is important for the first line of health care workers to be familiar with the symptoms,

and the treatment of the disorder.®

In the past, children suffering from CF were not expected to live until school-age, but nowadays CF
patients can live until the age of 30-40." This increased life expectancy is due to developments which
have been made within the medical field. These developments includes the newborn screening, early
detection of the symptoms, which leads to an early diagnosis of the disorder, as well as the

improvements in the pharmacological management.7

The current treatment for CF is mainly aimed towards preventing the patients from becoming inactive,
and unable to carry out activities of daily life. This is done by actively including the patients in
supervised exercise programs, and by managing symptoms with pharmacological therapy.7‘ ® The
physical treatment is also focused on symptom management with mucociliary clearance, by passive
chest therapy and breathing therapy. Prevention of physical deformities, education and instructions

about the disease is also an important part of the management of CF.*?

Adopting a more active treatment approach for CF patients leads to; improvements of the quality of
life, decrease the use of medications, and increase participation in sports and activities.'® The active
approach also decreases the progression of the disease and results in less frequent respiratory
infections."" The active approach is better for the development, function and general wellbeing of the
children, but also a treatment option which is not very costly for society. It is also safer and less

aggressive than pharmacological therapy.1’ "

Exercise is beneficial and important for CF patients, and the results are promising when following a
supervised exercise program.12 Current exercise programs are focused on aerobic exercise, anaerobic
exercise, strength training, breathing techniques, or a combination of these, with a variety in the

supervision and intensity.13

Aerobic exercise was decided on as the focus of this study, because it is considered to be the most

beneficial, and safest exercise intervention for children and adolescents suffering from CF.4 1418



For individuals who suffer from CF, the pulmonary function decline is estimated at an annual rate of 2-
3%."° Recently it has been indicated that CF children with a high aerobic fitness, experience slower

deterioration in lung function and greater survival rates than those with lower fitness levels.> > 7 A

18
|7

study conducted by de Jong et al, ~ showed that there is in fact a comparable correlation between the

aerobic exercise capacity of individuals with CF, and the pulmonary function.

It has been suggested that a limitation in the exercise capacity is directly related to the pulmonary

function.'® %

The deterioration of the pulmonary function still remains one of the main problems of CF.
Physical fithess is affected by lung function and the severity of the disease, increasing the exercise

capacity could be a key in preventing these deteriorations.'®

This provides a good basis for further investigation into the effect of aerobic exercises on pulmonary
function. There are several objective measurements of pulmonary function; amongst these are the
forced expiration volume in 1 second (FEV,) and forced volume capacity (FVC). The measurements of
FEV, and FVC as percentage of predicted outcome for height and age are considered to be good
indicators for the pulmonary function.?’ This is measured with a standardized spirometer.22 Higher

values represent better pulmonary function.'” 2%

Research on the topic of CF is evolving due to the adaption of a more active therapy approach.
Research which establishes evidence to include exercise as an essential part of the treatment
program for children suffering from CF is much needed. This is to maximize adherence to prescribed
programs, and to reduce the pharmacological therapy.10 The effect of an aerobic exercise program on

pulmonary function for children with CF is still inconclusive.'® %

“What is the effect of aerobic exercise therapy on pulmonary function index measured in forced
expiratory volume in one second (FEV,) and forced vital capacity (FVC), in children and adolescents

suffering from cystic fibrosis”?



Method

Databases and search terms

An electronic search was performed in Pub Med, The Cochrane Library and Physiotherapy Evidence

Database (PEDro). The databases were consulted using the search term; “cystic fibrosis” with a

combination of the search terms, which can be found in (table 1).

Table 1, search terms.

And/or

And/or And/or

Cystic Fibrosis Children

Exercise therapy Pulmonary function

Adolescents

Aerobic exercise

Aerobic training

Inclusion and exclusion criteria

Only Randomized Controlled Trials (RCT) or Clinical Trials (CT) was included in this review, the

inclusion and exclusion criteria for the studies can be found in (table 2). This search was not limited by

the date of the publication.

Table 2, inclusion/exclusion criteria

Inclusion Criteria;

Exclusion Criteria;

Study population of children or adolescents
diagnosed with cystic fibrosis according to the
golden standard,?® independent of the severity of

the disorder.

Subjects with additional co-morbidities which

are not related to cystic fibrosis.

An aerobic exercise intervention, including the full

program description.

Studies which included exercise and a co-
intervention of additional medications other

than the current prescription.

Reported outcome measures on pulmonary index
function as FEV, and/or FVC.

A study population of patients older than 20

years.

Only articles in which the full text is available in

English.

Studies in which the exercise program lasted

for less than 12 days.

FEV,= Forced expiration volume in one second, FVC= Forced vital capacity.




Selection procedure

One researcher was responsible for the selection procedure, by screening all the titles which were the
result of the initial search. The articles were excluded if they did not appear to have a correlation with
the topic in question. If there were any doubts about an article based on the title, then a screen of the
abstract followed. The articles which correlate with the topic, or if there were uncertainties, the full text
was acquired, and screened. An investigation of the references was conducted, to search for other
studies which might be of interest. If then, the article met the set inclusion and exclusion criteria, the
article were included in this literature review. The selection procedure is represented in a flowchart,
with the number of studies discovered for each section of the selection procedure. The flowchart of the
selection procedure, with the identified number of studies can be found in (figure 1) of the results

section.

Data extraction

After collecting the data from all of the included studies, the data was put in a table for analysis. The
data extraction table can be found in the results section, with a description of the included studies and

the reported outcome (table 4).

Quality assessment

To assess the methodological quality of the studies and for bias, the PEDro scale, were applied to all
of the randomized controlled trials, and the clinical trials which met the set criteria. The items with a full
description can be found in (appendix I). The overview of the methodological quality of the included

studies can be found in (table 3) of the results section.

A best evidence synthesis, assessing the methodological quality of the findings was conducted to
come to an overall conclusion based on the findings of the included studies. The result of the best
evidence synthesis can be found for the outcome measure FVC in (appendix Il in table 4), and FEV,in
(appendix Il in table 5). The full description of the best evidence synthesis, with the criteria for

classification of the methodological quality can be found in the appendices (appendix IlI).



Results

The research was performed between April 5" and April 9" of 2013, by one researcher. The electronic
databases were consulted by applying a combination of search terms, as previously described in the

method section.

The initial search of the databases resulted in 148 articles. First the search was limited to trials only,
and the duplicates were removed. After a thorough screening of the title, abstract, language and the
full text, 38 articles were retrieved for manual screening. After applying the inclusion and exclusion
criteria, a total of 10 studies were included in this literature review. The majority of the excluded
studies also included a study population of subjects older than 20 years old or there were no exercise
program included. The search and selection procedure can be found in (figure 1). The search of the

references of the included studies did not lead to the inclusion of additional articles.

Electronic search of databases: (n=148)

Duplicates removed: (n=65)

Remaining after removing duplicates: (n=83)

Initial title and language screening:
excluded (n=37)

A 4

Retrieved for abstract screening: (n=46)

Excluded based on abstract: (n=8)

Retrieved for manual screening:

Excluded articles: (n=28)*

* Reason for exclusion:

Participants older than 20: (n=11)

No outcome measures on pulmonary
function: (n=1)

Not yet published: (n=1)

Full text not available: (n=1)

No exercise program: (n=13)
Strength+ Exercise intervention: (n=1)

A 4

Articles included in the review: (n=10)

Figure 1. Flowchart, selection procedure. N= Number of studies.



Methodological quality assessment

Included in this study are three randomized controlled trials with a PEDro score above five (5/10). The
scores of the clinical trials ranged from three to six (3/10-6/10). The result of the methodological quality

assessment, according to the PEDro scale of the included studies can be found in (table 3).

A description of the items of the PEDro scale criteria can be found in (appendix I).

Table 3. Results of the methodological assessment.
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Y= Yes, N=No, RCT=Randomized controlled trial, CT= Clinical trial.

Description of results

Of the 38 studies which were identified, 10 studies met the inclusion criteria; Cerny,27 Gruber et aI,28

Gulmans et aI,29 Orenstein et aI,30 Paranjape et aI,31 Selvadurai et aI,32 Stanghelle et aI,33 Walker et
aI,34 Zach et aI,35 Zach et al.*® All of the included studies assessed the effect of an aerobic exercise

program on children suffering from CF. All the included studies evaluated the effect of one or several

therapy programs.

The baseline measurements and outcome measurement on pulmonary function, of a total of 471
subjects were included in this review. The age of the participants ranged from 2-20 years old and the

duration of the studies ranged from 13 days to 36 months. The duration of the majority of the studies

was six weeks or longer.



Table 4, Study characteristics

Authors, Subjects, Intervention, Study Baseline Outcome Results reported by
year of age intensity duration | measures* measures* authors
publication range
Cerny, N=9 15-20 minutes, 2 | 13 days FVC: 68% FVC: 80% The FVC and FEV,
1989.7 Ade 10 times per day. P<0.01 improved significantly
ge 1t- for the exercise group.
20. Cycle ergometer FEV. 45% | FEV.: 54%
at 45-65% of the R i
HRR. )
Gruber et al. | N=286 45 minutes Mean of 1 | FVC: FVC: 89,6% There were significant
28 5x/week. to 1,5 87,3% SD:16,6 gains in lung function
2008. Age 6-18. Aerobic months SD:8,6 P<0.05 parameters FEV; and
exercises. FVC at the end of the
o FEV: FEV,: 82,7%. | rehabilitation course.
Intensity: NR. 85.7% SD:212,3
SD:21,1 P<0.05
Gulmans et N=14 20 minutes. 6 months | FVC:75,8% | FVC:76,6% No significant difference
al. 1999.%° 5x/week. SD:14,7 SD; 14,8 in FVC or FEV;.
Age 10- P=NS
16. Cycle ergo
meter at 70-80% FEV,: FEV,:
ol predicted 58,1% 59,2%
max. SD:15,5 SD:15,9
P=NS
Orenstein et | N=25 30 minutes 12 FVC: NR FVC: NR Decrease in the means
al. 2004.% Ade 8-18 3x/week. months of FEV, during the first
ge o-16. Stair steoping at FEV,: FEV;: 90.32% | 6 months, followed by
70?,/': gfepp'“g a 91,51% SD:17,92 an increase from 6 to
. SD:18,34 P< 0.558 12 months, but these
prdliEise . changes did not reach
significance.
Paranjape et | N=59 20-30 minutes 2 months | FVC: NR FVC: NR Changes in FEV, were
al. 2012.%" Age 616, | PX/week. not statistically
ge b-10-. Ath b FEV1:100% | FEV;:104% significant.
“ome aerobic SD:(52- SD:(41-130)
exercises of 132) P< 050
vigorous ’
intensity.
Selvadurai et | N=22 30 minutes Mean of FVC: FVC: 73,04% Significant
al. 2002.% P 5x/week. 18 days | 70,7% SD:4,62 improvements in FEV.
ge - . SD:17,2 P:NS No significant change in
15. Treadmill or FVC
cycle ergometer FEV.: FEV.: 63 34% ’
") 15 = ’ o
Ul 56,8%. SD:7,76
: SD: 17.9. P<0.05
Stanghelle et | N=6 17 minutes 2 months | FVC:89% FVC: 90,5% FVC showed significant
al, 1988.% Age 10 7x/week. SD:(74- SD:18 improvements. No
ge 1t . 106) P<0.05 significant improvement
13,5 Jumping on a in FEV,
trampoline at FEV,: FEV,: :
70% of HRmax. 83,66% 82,17%
SD: (45- SD:20
113) P:NS




Walker et al, | N=30 20 minutes min 36 FVC; FVC:92,35% Significant values were
2000 % Age 7-19 3x/week. months. 92,6% SD:2.81 discovered for FVC,
: : . . SD: 15,7. P<0.02 insignificant findings for
Optlopal aerobic FEV,
oxrcises e FEV,: FEV,:87,74%
0 0 89.2% SD:3,55
DREEEER 171G SD:19,5. | P<0.07
Zach et al, N=10 1 hour of 2 months | FVC: 88% FVC:95% Significant
1981.% Age 6-18 swimming. SD; 15 SD:15 improvements in FVC
ge o-1¢. - P<0.05 and FEV,.
Intensity: NR
FEV:: 82% | FEV:90%
SD; 24 SD:23
P<0.05
Zach et al, N=10 1 hour of 17 days. FVC: 88% FVC: 93.8% Significant
1982.% Age 2-16. | SWimming and SD:14 SD:13 P<0.05 | improvements in FVC
ge 2-10. diving once a and FEV,
day. +Jogging FEV;: FEV:: 79.2%
and hiking every 70.6% SD:22
day. Intensive SD:21 P<0.01
programme.

* = % of predicted value, FEV,= Forced expiratory volume in one second, FVC= Forced vital capacity, SD = Standard
deviation, N= Number of subjects, NR=Not reported, HRR= Peak exercise heart rate minus resting heart rate, HR jax=

Heart rate maximum, x=Times per week, peakHR= Peak heart rate.

Reported outcome on pulmonary function

All of the included studies reported outcome of FEV; % of predicted outcome for height and age on

pulmonary function, measured by a spirometer according to similar standards.?’

Two of the studies, 30,31

did not report outcome on FVC percentage. The percentage of FVC at
baseline, and measurements of the last day of exercise training can be found in (figure 2). The
baseline measurements and the measurements of the last day of exercise training, reported as
predicted percentage of FEV, can be found in found in (figure 3). The outcome measurements on
pulmonary function are presented in percentage of the predicted value for age and height.22

Significance was accepted at the P<0.05 level.

The mean baseline measurements for FVC of the included studies ranged from 68%, by Cerny et al,*’
to 92,6%, by Walker et al,** of predicted outcome. The mean change in percentage of FVC from
baseline to post intervention ranged from the lowest at -0,25%,** change to 12%,” change in
predicted FVC. Six of the included studies reported statistical significant improvements in the FVC.?"

28,333 Three studies reported statistical insignificant results on FvC.230%

The mean of the baseline measurements for FEV, of the included studies ranged from 45%,27 of
predicted outcome to 100% of predicted outcome.®' The mean in percentage from baseline to after the

intervention ranged from the lowest at -3%,”® change to 9%,%” change in FEV,, Six of the included




studies reported statistical significant improvements in the pulmonary function measured by

FEV,.272832343538 Eour studies reported statistical insignificant findings in the change of FEV, after the

exercise program.?%03"33

$ 100

Y 90 —
8 80 -
S 70 —
- 60 —
2 50 -
5 % -
o

S Cerny Gruber Gulmans Selvadurai Stanghelle Walker Zach 1981 Zack 1982

M Baseline measure 68 87.3 75.8 70.7 89 92.6 88 88
Post Intervention 80 89.6 76.6 73.04 90.5 92.35 95 93.8
Figure 2, Forced vital capacity (FVC).
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R Cerny Gruber | Gulmans | Orenstein | Paranjape | Selvadurai | Stanghelle| Walker |Zach 1981 | Zach 1982

M Baseline measure 45 85.7 58.1 91.51 100 56.8 83.67 89.2 82 70.6
Post intervention 54 82.7 59.2 90.32 104 63.34 82.17 87.74 90.05 79.2

Figure 3, Forced expiration volume in one second. (FEV;)

Exercise program description

Four of the exercise programs consisted of a choice of different aerobic exercise activities, such as

running, swimming, cycling and soccer.”® *" * Three of the exercise programs used an ergometer

bike, or treadmill, with the intensity progressed to 70-80% of predicted HRmax > 2> ** One of the studies

included an exercise program consisting of a stair stepping machine,* one study used a trampoline,33

and two studies used a swimming program as the intervention.

35, 36




Discussion

The aim of this research was to determine the effect of an aerobic exercise program on pulmonary
function, for children suffering from CF_The purpose of this research was to improve the treatment of
patients with CF; which could eventually increase the life expectancy, and prevent declinations in
pulmonary function. The results extracted from the included studies, establishes that an aerobic
exercise program does in fact influence the pulmonary function. The majority of the studies included in
this literature review, reported a positive outcome on pulmonary function after a period of an aerobic
exercise program. The outcome was however not statistical significant in all of the included studies,
but the findings present some insight into the increased survival rate, due to the measurements on
pulmonary function.”” Five of the included studies reported statistical significant findings in the change
of FVC and FEV, as percentage of predicted value for age and height, after a period of an aerobic

exercise program.?” 283436

The studies included in this review had similarities and differences in their study designs in regards to
the number of included subjects, and the inclusion criteria for the subjects. The exercise programs
also varied in intensity, duration, and choice of equipment, instructions and supervision. All of these
factors could contribute to the variety of the outcome on pulmonary function which was discovered in
this study. The similarities and differences of the included studies will be discussed, and the possible

reasons for the variety in the outcome will be accounted for.

Interpretation of the results

The intensity and supervision of the included studies varied from a rigorous routine with several
training sessions per day, which were supervised by specialized physical therapist, to in-home
exercise routine which only encouraged the subjects to exercise. One study explored the effect of a
very intense and rigid exercise program, which involved several swimming, jogging and activity
sessions per day.36 This intensive exercise routine resulted in statistical significant outcomes on

31, 34

pulmonary function. While other studies let the children decide the intensity themselves, which

could be one of the reasons for the statistical insignificant findings on pulmonary function.

Three of the studies included an exercise program with a wide variety of exercises, one of these
reported statistical significant effects on the pulmonary function.’® One resulted in statistical
insignificant results,”’ and one detected statistical significant results on FVC onIy.34 The statistical
significant findings are thought to be attributed to higher adherence to the program, motivation for
performance and perceived competence of the children, which is consistent with the literature on the

1538 The free choice of exercise was also meant

topic of adherence for children with chronic disorders.
to make the therapy more enjoyable and easier to implement into the subjects daily routine, which

could make it more feasible to commit to over a long period of time."® Four of the included studies are

10



considered relevant for clinical practice, because they assessed the effect of a home exercise program

which is easy for the patients to implement into their daily life. 28313430

According to Paranjape et al,*" a small sample size could be the reason for the lack of detection in
significant changes. However, six of the included studies with a small sample size, (less than 60
subjects) reported significant changes in one or both of the parameters of pulmonary function.**%% 3
Only three of the included studies with a small sample size reported insignificant results.*?" In this
study it is therefore not possible to state with absolute confidence that a small sample size can
account for the insignificant findings. There are however indications which can lead us to believe that a
larger sample size might detect statistical significant findings, because Gruber et al,?® included in their

study a large sample size (286 subject) which resulted in statistical significant findings.

The studies included subjects with a varying levels of impairments in the pulmonary function; Gulmans
et al,® only included subjects with an FEV, lower than 90% of predicted values for height and age,
this resulted in insignificant findings on pulmonary function. Walker et al,* included mainly subjects
with mild and moderate impairments in their pulmonary function, which only resulted in significant
findings on FVC. Paranjape et al,®" included subjects with mild impairments, (median FEV, of more
than 90% of predicted value), did not discover significant findings in pulmonary function. The variation
in the inclusion criteria could affect the outcome, because in the study by Stanghelle et al,*® the two
most affected participants in the study, showed a more marked improvement on pulmonary function,
compared to those with less severe impairments in pulmonary function. These findings indicate that
subjects with severe impairments of pulmonary function, benefits greatly from an exercise program.
There was however no direct correlation between the initial impairment in pulmonary function of the

subjects, and the effect of an aerobic exercise program.

Orenstein et al,*® excluded subjects which were already exercising on a regular basis. By only
including subjects who were not already exercising on a regular basis, it could mean that they were
not motivated to exercise, which could be an explanation for the insignificant findings. Zach et al > %
only included children with stable clinical conditions in both of their studies, this could be one reason

for the significant findings in both of the studies.

Stanghelle et al,*® included subjects which also suffered from pancreatic achylia, while Gulmans et
al,”® excluded subjects which had other co-morbidities, or CF related symptoms. Neither of these
studies resulted in significant changes on pulmonary function. This leads the author to believe that the

inclusion of subjects with or without CF related symptoms cannot account for the insignificant findings.

Several of the included studies chose for the participants to continue with the pharmacological
treatment, which also included corticosteroids. Nikolaizik et al,4° demonstrated in their study that

3034 instructed the patients to continue with

inhaled corticosteroids improved FEV,. Two of the studies
their normal therapy regimen, which consisted of corticosteroids. Neither of these studies produced
significant results on either parameter of pulmonary function. Therefore it is not possible to establish

the role of the corticosteroids on pulmonary function in this research.
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In addition to an aerobic exercise program, the study conducted by Cerny et al,?” included daily
bronchial drainage treatment, this could account for the improvements in pulmonary function. A
previous study conducted by Desmond et al,*" established that one single bronchial drainage

treatment per day, produced significant improvements on pulmonary function.

The studies included in this review included an exercise program which lasted from 13 days to 3
years. The short duration of some of the included studies, could also have been one of the reasons for
the statistical insignificant outcome. This is because it has been established that permanent changes

16. 42 However,

in pulmonary function is only seen after 12 months of intervention in children with CF.
Walker et aI,34 debated that three weeks of exercise intervention should be sufficient to produce
changes on pulmonary function. There was no direct correlation established for the duration of the
exercise program with regards to the outcome. This is also believed to be attributed to the poor
adherence to treatment which is seen in children and adolescents suffering from chronic disorders,

because of the problems and complications accompanying CF.*

Clinical relevance

The clinical relevance of the study with the intensive exercise program,36 for the purpose of this study
can be debated, because it is not feasible for children with CF, and their families to maintain such a
high level of activity on a daily basis. It is however beneficial to understand the effect of maintaining a

certain intensity and high levels of activity.

There could not be detected any direct correlation with regards to setting, exercise frequency, choice
of equipment, instructions and supervision, or the differences in the age of the subjects in the included
studies. It was however noted that the studies in which the exercise programs included a swimming
component produced significant results on pulmonary function.?® 3 % A swimming program also

promotes mucus clearance.

All of the included studies in which the training session lasted for more than 45 minutes per day,
resulted in a significant outcome on both parameters for pulmonary function.”” 2% %53 The studies, in
which the training session lasted for 30 minutes or less per day, resulted in statistical insignificant

29-31

outcome on both of the parameters for pulmonary function. However, the results of the FVC only,

did reach statistical significance for two of the included studies.®® ** One study found statistical

% Therefore it is

significant changes in FEV, after a period of an aerobic exercise program.
recommended that the training session should last for 45 minutes or longer per day, to achieve true

changes on the pulmonary function.

One limitation of an exercise program in the treatment of CF is that it is only possible to carry out when
the children are in a stable period. The outcome of this literature review seems to be most applicable
for the physical therapist working with children in an out-patient clinic, instructing, supervising and

educating the children and their families. It should however be noted that two of the included studies

12



27, 32

investigated the effect of an exercise program in a hospital setting , Which resulted in promising

findings on pulmonary function.

Comparability of the included studies

There are few contraindications for an exercise program for children with CF, when the program is
designed and supervised by professionals. The included studies in this review included supervision,
and program designs which were appropriate for children and adaptations were made when
necessary. It was not reported by any of the studies that the exercise program presented any

complications for the subjects, or their families.

In three of the included studies, there were no dropouts reported.?” ?* 32 Due to physical
deteriorations, one subject per study dropped out from the studies by; Gulmans et al,® Stanghelle et
al,*® and Zach et al.*® There were seven subject who dropped out of the study by Orenstein et al, % the
authors did not list a reason for the dropout. Six subjects dropped out from the study by Paranjape et
al,*" due to unrelated illness or injury. Four subjects dropped out from the study by Walker et al,* due
to unforeseen circumstances. Two subjects were excluded from the study by Zach et al,*® because of
insufficient cooperation because of young age. The number of dropouts in the studies, are considered

to be low, neither of the studies reported the exercise program as the reason for the dropouts.

All of the included studies diagnosed the subjects according to the same criteria,”® and a spirometer
was used to assess the pulmonary function for all the included studies.?? The spirometers were of

21

similar types, and used according to similar protocols.” This ensured that the studies were

comparable at baseline and after the exercise intervention.

Limitations of the included studies

Since there was no co-intervention assessed in this study, the results in the improvements on
pulmonary function cannot be stated with absolute confidence. The choice of an aerobic exercise
program was based on literature showing that aerobic exercises is beneficial, safe, and has several

11-13, 44

positive outcomes for children with CF. However, several studies have established statistical

significant improvements in pulmonary function with other types of training than aerobic training as the

main intervention.%* *°

The methodological quality of the majority of the included studies is considered to be moderate, while
some were of good quality and poor quality, as demonstrated in (table 2) of the results section. Neither
of the studies reported blinding of the subjects or therapist, which is recommended to decrease the
risk of bias.*® Unfortunately acquiring all of the RCT’s which have been conducted on this topic was
not possible, because the articles either had not been published,”” or the article could not be

retrieved.*®
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As demonstrated in, (appendix II) there is only moderate and limited evidence to establish the effect of
an aerobic exercise program for children with CF on pulmonary function. It is possible that by including
all of the research which is conducted on the topic of CF, the outcome of this research would have
been affected. The outcome of those studies is unknown to the researcher, so this cannot be

established.

Several of the studies also included other forms of training, compared the aerobic exercise therapy to
a control group, or another intervention group. Outcome measurements on pulmonary function were
generally not the primary outcome measurement which was researched. Six of the included studies,””
%1% did therefore not discuss the reason for the insignificant or significant changes on pulmonary

function, which is considered a limitation for the purpose of this review.

Strengths and limitations of this review

Limitations of this research are that it was conducted over a short period of time, with only one
inexperienced researcher compiling, and assessing all of the relevant studies. This is considered a
limitation because it did not meet the recommendations by van Tulder et al.*® Stating that at least two
researchers should be responsible for the application of the inclusion criteria, this is to ensure the
quality of the research. This article has been revised several times, by different researchers. This does
however not necessarily mean that the content of this article has been revised methodically, which is

another limitation of this study.

The researchers revising this article did not acquire all of the relevant information and knowledge to
provide critical feedback, which is another limitation of this study. The validity of research is a topic of
discussion for any article with research conducted by only one researcher. Another limitation of this

study was the set parameters of the language restrictions, only including studies published in English.

Even though this study was conducted by only one researcher, a strong point of this study is that when
the researcher was in doubt about a study, or the outcome, a second or third researcher was
consulted. The advantage of consulting with another researcher is that this researcher might have a
more objective or different point of view, which increases the validity of this study. Another strong point
of this study with respect to the methodological quality of the included studies, is that a second or third

assessor confirmed the PEDro score, as recommended by van Tulder et al.*®

The method used to acquire all of the relevant articles was according to recommendations.’® The
databases used for the research are considered to be some of the most comprehensive databases

within the field of physical therapy.51
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Conclusion

The results analyzed in this literature review demonstrates that an aerobic exercise program has a
positive effect on pulmonary function for children suffering from CF. The majority of the included
studies reported a statistical significant outcome in improvements on pulmonary function. In those
studies which did not show significant improvements in pulmonary function, it was established that an

aerobic exercise program reduced the rate of declination in pulmonary function.

Recommendations

An aerobic exercise program is considered to be safe, beneficial on exercise parameters, and to slow
down the disease progression on pulmonary measurements. It should be noted that exercise regimens
for children should include components of fun and involvement of the family. In addition, the program
and intensity should include variety, and be adapted to the child, and the child’s own interest, to

maximize adherence.

This research article provides evidence for including an aerobic exercise program as a part of the
therapy for children suffering from CF. It is recommended that the program is designed specifically for
the child in question. The exercise program should be easy to follow, and emphasize the importance
of maintaining a relative high intensity throughout. It should however be noted that the regular therapy
routine should be maintained, and that an exercise program should not replace other types of
treatment. It could also be beneficial to combine several aspects of exercise with the aerobic exercise

program, like strength, flexibility, breathing and chest therapy.

Further research on the topic should include several different exercise types, to figure out a suitable
combination of the different types of exercise therapy. Determining the specific intensity, type of
training, and frequency per week is important to achieve optimal results on pulmonary function,
exercise parameters and quality of life for children with CF. Studies should also be conducted with the
pharmacological treatment, to assess the effect of the medications on the pulmonary function, and the
effect of medications on the exercise capacity.

It is recommended that another literature review for children with CF should also include several
outcome measures of different parameters, to be able to get a full overview of the effect of the
exercise program. It is also recommended to only include new research, to be able to improve the

current standards of treatment for children with CF.
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Appendix I: PEDro scale *

Eligibility criteria were specified

Subjects were randomly allocated to groups (in a crossover study, subjects were
randomly allocated an order in which treaiments were received)

Allocation was concealed

The groups were similar at baseline regarding the most important prognostic indicators
There was blinding of all subjects

There was blinding of all therapists who administered the therapy

There was blinding of all assessors who measured at least one key outcome

Measurements of at least one key outcome were obtained from more than 85% of the
subjeets initially allocated to groups

G2 =1 N Lh B L2

Q. All subjects for whom outcome measurements were available received the treatment or
control condition as allocated, or where this was not the case, data for at least cne key
oufcome were analyzed by “intention to treat”

10.  The results of between-group statistical comparisons are reported for at least one key
oulocome

11.  The study provides both pont measurements and measurements of variability for at least
one key oulcome

Notes on administration of the PEDro scale:

All criteria Points are only awarded when a criterion is clearly satisfied. If on a literal reading of the trial
report it is possible that a criterion was not satisfied, a point should not be awarded for that criterion.

Criterion 1: This criterion is satisfied if the report describes the source of subjects and a list of criteria
used to determine who was eligible to participate in the study.”

Criterion 2: A study is considered to have used random allocation if the report states that allocation was
random. The precise method of randomization need not be specified. Procedures such as coin-tossing
and dice-rolling should be considered random. Quasi-randomization allocation procedures such as
allocation by hospital record number or birth date, or alternation, do not satisfy this criterion.

Criterion 3: Concealed allocation means that the person who determined if a subject was eligible for
inclusion in the trial was unaware, when this decision was made, of which group the subject would be
allocated to. A point is awarded for these criteria, even if it is not stated that allocation was concealed,
when the report states that allocation was by sealed opaque envelopes or that allocation involved
contacting the holder of the allocation schedule who was “off-site”.

Criterion 4: At a minimum, in studies of therapeutic interventions, the report must describe at least one
measure of the severity of the condition being treated and at least one (different) key outcome measure at
baseline. The rater must be satisfied that the groups’ outcomes would not be expected to differ, on the
basis of baseline differences in prognostic variables alone, by a clinically significant amount. This criterion
is satisfied even if only baseline data of study completers are presented.

Criteria 4, 7-11: Key outcomes are those outcomes which provide the primary measure of the
effectiveness (or lack of effectiveness) of the therapy. In most studies, more than one variable is used as
an outcome measure.



Criterion 5-7: Blinding means the person in question (subject, therapist or assessor) did not know which
group the subject had been allocated to. In addition, subjects and therapists are only considered to be
“pblind” if it could be expected that they would have been unable to distinguish between the treatments
applied to different groups. In trials in which key outcomes are self-reported (eg, visual analogue scale,
pain diary), the assessor is considered to be blind if the subject was blind.

Criterion 8: This criterion is only satisfied if the report explicitly states both the number of subjects initially
allocated to groups and the number of subjects from whom key outcome measures were obtained. In
trials in which outcomes are measured at several points in time, a key outcome must have been
measured in more than 85% of subjects at one of those points in time.

Criterion 9: An intention to treat analysis means that, where subjects did not receive treatment (or the
control condition) as allocated, and where measures of outcomes were available, the analysis was
performed as if subjects received the treatment (or control condition) they were allocated to. This criterion
is satisfied, even if there is no mention of analysis by intention to treat, if the report explicitly states that all
subjects received treatment or control conditions as allocated.

Criterion 10: A between-group statistical comparison involves statistical comparison of one group with
another. Depending on the design of the study, this may involve comparison of two or more treatments, or
comparison of treatment with a control condition. The analysis may be a simple comparison of outcomes
measured after the treatment was administered, or a comparison of the change in one group with the
change in another (when a factorial analysis of variance has been used to analyze the data, the latter is
often reported as a group x time interaction). The comparison may be in the form hypothesis testing
(which provides a “p” value, describing the probability that the groups differed only by chance) or in the
form of an estimate (for example, the mean or median difference, or a difference in proportions, or
number needed to treat, or a relative risk or hazard ratio) and its confidence interval.

Criterion 11: A point measure is a measure of the size of the treatment effect. The treatment effect may
be described as a difference in group outcomes, or as the outcome in (each of) all groups. Measures of
variability include standard deviations, standard errors, confidence intervals, interquartile ranges (or other
quantile ranges), and ranges. Point measures and/or measures of variability may be provided graphically
(for example, SDs may be given as error bars in a Figure) as long as it is clear what is being graphed (for
example, as long as it is clear whether error bars represent SDs or SEs). Where outcomes are
categorical, this criterion is considered to have been met if the number of subjects in each category is
given for each group.

Score is given: 0-10/10.

*Criterion 1 is not awarded points.



Appendix II: Results of the best evidence synthesis

Table 5. Change in FVC.

Author, year. Quality, method. Outcome Evidence level
Cerny, 1989% Moderate quality CT. Significant There is moderate evidence
Gruber et al, 2008% Moderate quality CT Significant to support that the FVC
significantly improves after
Stanghelle et al, 1988% Moderate quality CT Significant a period of participating in
Walker et al, 2000** Good quality RCT. Significant an exercise program, for
35 ] - children suffering from
Zach et al, 1981 Moderate quality CT Significant
cystic fibrosis.
Zach et al, 1982% Moderate quality CT Significant
Gulmans et al, 1999% Poor quality CT Insignificant
Selvadurai et al, 2002 Moderate quality RCT | Insignificant

RCT= Randomized controlled trial. CT= Clinical trial. FVC= Forced expiration volume.

Table 6. Change in FEV.

Author, year. Quality, method. Outcome Evidence level
Cerny,1989% Moderate quality CT. Significant There are indicative
Gruber et al, 2008%® | Moderate quality CT | Significant findings to support that
the changes in FEV4, is
Selvadurai et al, 2002°? | Moderate quality RCT | Significant due to an exercise
Zach et al, 1981% Moderate quality CT Significant program, for children
36 . o who suffer from cystic
Zach et al, 1982 Moderate quality CT Significant . .
fibrosis.
Gulmans et al,1999% | Poor quality CT Insignificant
Orenstein et al, 2004* | Good quality RCT Insignificant
Paranjape et al, 2012*' | Moderate quality CT Insignificant
Stanghelle et al,1988% | Moderate quality CT. Insignificant
Walker et al, 2000% Good quality RCT Insignificant

RCT= Randomized controlled trial. CT= Clinical trial. FEV ;= Forced expiration volume in one second.




Appendix Ill: Best Evidence Synthesis.*

Best Evidence Synthesis

Moderate Evidence Provided by consistent statistically significant findings in outcome measures in at

least one high quality RCT and at least one low quality RCT or high quality CCT. #

Indicative Findings  Provided by statistically significant findings in outcome and or process measures in
at least one high quality CCT or one low quality RCT # (in absence of high quality
RCT'’s. or provided by consistent

RCT’s= Randomized controlled trials: CCT’s= Controlled clinical trials

#if the portion of studies that show evidence is < 50% of the total number of studies within the same

category of methodological quality and study design (RCT’s and CCT’s) we state no evidence.



Appendix IV: Approval of the project plan
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- The woblerm descrphon raflzcts sazial ard parayedical relevancs Vas

A cocrete and rekovant research fUestinn (oF qUAasTons: fat ke

faronlabed based on the prozler definition. inclucing possible =12 quastions yas
Objective

lhe obectve 15:

- Dufficicntly chearly a1d concretedy fomma stad yas
= Relevant for a salacted target group wilhin the ipanaredical) prolessong pactive yas
- I'rachcally teasiblz yEs
- Achigvable witun (he set time was

Project product

Thie prajzul praduct;

=I5 in line widh fhe problery cefinition reseanh Juestion ami ohjestive yes
- |5 usable fo- the seiected targer Group VRS
- [& in ling with the clignl's wishes Y
- The wodoct requirements aie e aasly desenlsd Y5

Agtivitl gs/method
Sufficiant ingight iz civen inle e lepe of geliviliss and bypes of soues

warthe carformance of the regearch and the realization of tee pradore: s

Time schaduba
- The 1me schedile gives a Jloba phasing and froa investment for g oroject
a5 a whole 244 far the coming weeks an increasingly detailed schaduls g
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- important maements are recorded in the table (typograghically nolicsable)
(2.0 contact moments. handng-=n mamants) YES

- Tke time schedule gives a8 global task division of the planned activities ves

Estimated coate

Clear ingight is given in:

- The ansls o be expected concermng mensy and hours YES
- The division of thase cosis (project leader, student, programime) WEs
Llterature

- Usad and planned litergturg is spacific and mentionss e a suffciant extent wes
- Relevant and recent aterature is refersd o YES

- Litaratura referances, in tha text and in the litaratura list, are made
Aucaeling Lo b Winie"s Guicde (uboelars 2012} YELS

Comments: DEAR MARTIME. YOU HAVE A 30, BUT PLEASE CHANMGE THE COMMENTS JAAP
AND | MADE. THESE CHANGED ITEMS WONT BE GHEGKED AGAIN. WE TRUST ON YOU TO
B3O THIS, IT'S YOUR RESPONSIBILITY. WE THIMK THE COMMENTS ARE QUITE CLEAR.
CONGRATULATIONS. YOU MAY PROGEED WITH THE PROJECT. JAAF MHAS PLACED HIS
COMMENTS IN SMALL LITERATUUR. I'WILL MAKE WMINE IN CAPSLOCK LETTERS IN THE TEXT.
WELL WRITTEN INTRODUCTIQN

~THE «GC# IN YOUR PICO IS | MOT RECEVING ANY THERAPY?

- THE PICO SHOULD AF REFI.EGTED IN SEARCH STRATEGY ANDH IN-EXCLUSION CRITERLA

- IM NOT HAPPY WITH YOUR DATA EXTRACTION TABLE. PLEASE DOWNLOAD REVIEWS AND
SEE HOW THEY DID IT. YOU'LL SEE THAT THE DATA EXTRACTION TABLE HAS MAX. § -9

Bl oW rraE © LA ST

BRI OSAFLEGTT AerRl L L TAL T 1AAE T ] Tl P
I T FANYE W D TEM N 1AL R O Ol

EM VWHA
¥YOUR HEADINGS (VERTICALLY FPRESENTED EBELOW! SHOWD BE PRESEFNTELS
HORIEOHNTALLY, OME COULD CREATE & 100 COLLUMS BUT WE SHOUL S1TCK TO A MX IR
OF 89 WHAT IS REALLY INTERESTING TGO FOCUS ON?

Intreduction; Comment: The disease is propady introduced.

Prollem dedinition: The sresultss are more of 1855 presentad in the problem definizon.. tnis seems not
very tactical.

The relavant sutaoma meaaturas ars prapatly intredosad.

[Fico: The contral in the MGO probatly is <no interventione"
i 3.4 zerobiz training; The definition o @arabic trainig = Not vany clear. the ralaion wilh s reseuach
15 Nk very clear.. .

" 14 The other definitichs are clearly defined.
I

i 4.5: 1he search strategy cowd be 3 bit riore according te the PICA style?

Vi
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4.4 Incluslon criteria arc ¢earky delined. Exclusion crileria as well.

4.7 Quality aszessmant is clearly described. aithough the besl evidénce synthese is betier piaced
under Jata analysis (2nd synthesish :
5.1 Project producls e clogly descn bed.

The time table is worked out fine, and contains sufficient peer feedhack
The references do niot 3eem fully consistent.

In genergl the method section is described in sufficient details. It gives me sefisent confidence thet

e student will be able to Mmake it 2 succes. Tharafore a GO

AN poinfs under 83,1 up to and incloding 538 must be answserad with a ‘yos' i ovder b rersive a G0

for the profoct. Tho spenidsor discifssas with the stirdent uhich poasats need sdjuslinent,

GEMERAL: &0

Mame assessor! Drate + Signature

-
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