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SUMMARY
The goals of this thesis were to measure the habitual physical activity and the sedentary
behavior of adolescents and young adults with spastic diplegic cerebral palsy, and to
examine the effects of a progressive resistance strength training program on the
habitual physical activity and sedentary behavior of these people. To support these
goals the first study systematically reviewed the literature to provide preliminary
evidence that exercise programs can increase the habitual physical activity of people
with cerebral palsy. The second and third studies showed that an accelerometer-based
activity monitor was sufficiently valid and reliable to measure changes in habitual
physical activity and sedentary behavior in groups of adolescents and young adults with
spastic diplegic cerebral palsy. The fourth study demonstrated that the habitual
physical activity levels of young people with spastic diplegic cerebral palsy were low
and sedentary behavior was high compared to published norms. Factors that predicted
activity levels and sedentary behavior included the Gross Motor Function Measure
section E (r= -.54 to .67), leg strength (reverse leg press) (r= .32 to .33), and the results
of the six minute walk test (r= -.37 to .50).
The final and main study randomly allocated 47 adolescents and young adults with
spastic diplegic cerebral palsy (GMFCS levels II to III) to a 12-week strength training
program held twice a week or to usual care. A physiotherapist supervised the strength
training program at a community gymnasium. The program focused on strengthening
weak muscles of the lower limb that had been identified through three-dimensional gait
analysis. The intervention resulted in a significant increase in leg press strength
favouring the exercise group (mean of 21% increase from baseline measures; p< .05)
but did not result in a significant between-group difference for any measure of habitual
X

activity or sedentary behavior (p≥ .8). The thesis concludes that participation in a
relatively short muscle strengthening program alone was not effective in increasing
habitual physical activity or reducing sedentary behavior suggesting that other
strategies are needed to address the low habitual physical activity levels of young
people with spastic diplegic cerebral palsy.
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CHAPTER 1: Overview of Thesis
1.1 Summary of rationale for the studies
The overall goal of this thesis was to determine the habitual physical activity and
habitual sedentary behavior of adolescents and young adults with spastic diplegic
cerebral palsy and to examine the effects of a progressive resistance strength training
program on the habitual physical activity and sedentary behavior of this group of
people. Physical activity is important in people with cerebral palsy because low levels
of habitual physical activity combined with high levels of sedentary behavior can lead
to a number of secondary health problems such as obesity and cardiovascular disease as
well as exacerbate impairments such as muscle weakness (Andersson & Mattsson,
2001; Damiano, Martellotta, Sullivan, & Granata, 2000; Palisano et al., 1997;
Thompson, Stebbins, Seniorou, & Newham, 2011), joint stiffness (Andersson &
Mattsson, 2001; Thompson et al., 2011; Turk, Geremski, Rosenbaum, & Weber, 1997)
and pain (Jahnsen, Villien, Aamodt, & Stanghelle, 2003; Sandstrom et al., 2009;
Samuelsson & Oberg, 2009) that are commonly observed in people with cerebral palsy.
To address the overall goal of this thesis there were two primary aims and two
secondary aims. One of the primary aims was to describe the habitual physical activity
and habitual sedentary behavior of adolescents and young adults with spastic diplegic
cerebral palsy. People with cerebral palsy tend to be less physically active than their
healthy peers (Maher, Williams, Olds, & Lane, 2007; Nieuwenhuijsen et al., 2009; Van
den Berg-Emons et al., 1995), but young people with spastic diplegic cerebral palsy
who have difficulty walking are particularly prone to low activity levels (Andersson &
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Mattsson, 2001; Jahnsen, Villien, Egeland, Stanghelle, & Holm, 2004; Opheim,
Jahnsen, Olsson, & Stanghelle, 2009) and, therefore, they are at particular risk of
developing secondary health consequences. Although previous studies have
investigated the habitual physical activity levels of people with cerebral palsy, there is
little information specifically about young people with spastic diplegic cerebral palsy
and a number of outcomes that represent habitual physical activity and sedentary
behavior have not been measured in this group of people. For this reason the current
research program focused on describing the habitual physical activity levels and
habitual levels of sedentary behavior in young people with spastic diplegic cerebral
palsy as measured by an accelerometer based activity monitor.
Also, although previous studies have shown that function as measured by the Gross
Motor Function Classification System (GMFCS) levels (Palisano, Rosenbaum, Bartlett,
& Livingston, 2007) is a factor influencing the amount of habitual physical activity
people with cerebral palsy perform (Nieuwenhuijsen et al., 2009; Maher et al., 2007;
Bjornson, Belza, Kartin, Logsdon, McLaughlin, 2007), it is not clear what other factors
influence the habitual physical activity of these people. Therefore, in this thesis the
factors that could predict the level of activity or sedentary behavior were also
determined. It was hypothesized that interventions addressing identified changeable
factors may be able to increase the habitual physical activity and reduce the sedentary
behavior of these people.
The other primary aim was to find out if a 12-week progressive resistance strength
training program for the lower limbs would increase the habitual physical activity
levels and decrease the habitual sedentary behavior of adolescents and young adults
with spastic diplegic cerebral palsy who had difficulty walking. A small number of
2

studies have investigated the effectiveness of interventions designed to increase
habitual physical activity measured over at least 1 day in people with cerebral palsy
(Allen, Dodd, Taylor, McBurney, & Larkin, 2004; Crompton et al., 2007; Maher,
Williams, Olds, & Lane, 2010; McBurney, Taylor, Dodd, & Graham, 2003; Van den
Berg-Emons, Van Baak, Speth, & Saris, 1998). However, only two of these studies
have examined the effects on habitual physical activity of implementing a progressive
resistance strength training program and these have only examined the effects using
subjective qualitative methods (Allen et al., 2004; McBurney et al., 2003). There is a
need to assess habitual physical activity and sedentary behavior using an objective
quantitative method (an activity monitor).
Strength training is a promising intervention for increasing habitual physical activity in
people with cerebral palsy. This thesis examined the effects of a progressive resistance
strength training program in people with diplegic cerebral palsy. The progressive
resistance strength training program targeted muscles to improve walking and was
based on the recommendations of the American College of Sports Medicine (ACSM,
2009). The program provided a sufficient stimulus to increase the ability of a muscle to
generate force and to improve motor performance (ACSM, 2009; Faigenbaum et al.,
2009; Verschuren et al., 2011). Targeted muscles for progressive resistance training to
improve walking were chosen after instrumented gait analysis and clinical
examinations. Physical activity data were collected over 7 consecutive days at baseline
(immediately before intervention), after intervention and at a follow up session 12
weeks after the intervention stopped (Chapter 6).
The activity monitor (ActivPAL™), that was used in this thesis to assess physical
activity levels and sedentary behavior, has not been validated in people with diplegic
3

cerebral palsy. Although a single study provided some evidence of the criterion
validity of the monitor, the generalisability of the results was restricted because the
study’s sample size was very small and only children with hemiplegic cerebral palsy
were included (McAloon, 2007). Accordingly, one of the secondary aims of this thesis
was to determine the criterion validity of the activity monitor in a group of adolescents
and young adults with spastic diplegic cerebral palsy using video observation as the
criterion measure. To address this aim the time spent in standing, the number of steps
(representing activity) and the time spent in sitting and lying (representing sedentary
behavior) measured with the activity monitor were compared with visual observations
recorded by a video camera. Examining the criterion validity of a measurement
procedure is important because the results provide information whether a measurement
method measures what is supposed to measure (Portney & Watkins, 2008; Rothstein,
1985; Sim, Arnell, Campbell, Payton, & Goldsmith, 1993).
Another secondary aim of this thesis was to determine the retest reliability of the
activity monitor in a group of adolescents and young adults with spastic diplegic
cerebral palsy over a clinically relevant period, which in the case of a progressive
resistance strength training program was 12 weeks. Retest reliability of the
ActivPAL™ has not been previously investigated in people with spastic diplegic
cerebral palsy. To examine retest reliability of the activity monitor, data for time spent
in standing, number of steps, energy expenditure (representing activity) and time spent
in sitting and lying (representing sedentary behavior) were collected from the same
sample of adolescents and young adults with spastic diplegic cerebral palsy on two
different occasions separated by 12 weeks. Retest reliability is an important
measurement property because it provides information about how much change is
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required in a measure before it can be interpreted as real change over and above
measurement error (Keating & Matyas, 1998). Therefore this information is
particularly useful when monitoring the effectiveness of an intervention.

1.2 Summary of aims of the thesis
A primary aim of this thesis was to describe the habitual physical activity levels and the
habitual levels of sedentary behavior in adolescents and young adults with spastic
diplegic cerebral palsy and to determine predictors of the habitual physical activity and
habitual levels of sedentary behavior of these people. Another primary aim was to
evaluate whether a progressive resistance strength training program addressing muscles
to improve walking can increase the habitual physical activity levels and decrease the
habitual sedentary behavior of this group of people with cerebral palsy.
Therefore, the specific aims of the research program were to:
1. Systematically review the literature for the existing evidence about the effects of
interventions aiming to increase habitual physical activity in people with cerebral
palsy (Chapter 3);
2. Determine the criterion validity of the activity monitor in a group of adolescents
and young adults with spastic diplegic cerebral palsy using videorecording as the
criterion measure (Chapter 4);
3. Determine the retest reliability of the activity monitor in a group of adolescents and
young adults with spastic diplegic cerebral palsy (Chapter 5);
4. Determine the habitual physical activity and habitual sedentary behavior of
adolescents and young adults with spastic diplegic cerebral palsy and to identify
5

significant predictors of the habitual physical activity and sedentary behavior of
these people (Chapter 6); and,
5. Find out if a 12-week progressive resistance strength training program for the lower
limbs would increase the habitual physical activity levels and decrease the habitual
sedentary behavior of adolescents and young adults with spastic diplegic cerebral
palsy who have difficulty walking (Chapter 7).
Figure 1.1 provides a summary of the timeframe for the four experimental studies
completed in the current thesis.

October 2008- August 2010:
The observational study data
(chapter 6) were collected.

November 2009-December 2010:
Data collection of the monitor’s
criterion validity study (chapter 4).

October 2008-March 2011:
The data for the retest reliability
of the monitor (chapter 5) were
collected.

October 2008-March 2011:
The data for the intervention trial
were collected (baseline and postintervention) (chapter 7).
and until June 2011: Follow up data
were collected (chapter 7).

Figure 1.1. Timeframe for the four experimental studies of the thesis.
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CHAPTER 2: General Introduction
2.1 Cerebral palsy

Cerebral palsy has been defined as a group of permanent disorders of movement and
posture, causing activity limitation(s) that are attributed to non-progressive damage to
the developing foetal or infant brain (Koman, Smith, & Shilt, 2004; Rosenbaum,
Paneth, Leviton, Goldstein, & Bax, 2007; Swaiman & Wu, 2006). A review of
population registry studies from developed countries, reports that the prevalence of
cerebral palsy worldwide varies from 1.51 to 3.00 per 1,000 live-born children (Paneth,
Hong, & Korzeniewski, 2006). The causes of cerebral palsy are multifactorial, but are
usually divided into prenatal (e.g. maternal age over 35 years, Afro-American race,
chorioamnionitis, metabolic diseases, chromosomal abnormalities, congenital brain
malformations, maternal substance use), perinatal (e.g. intrauterine growth restriction
status at birth, brain arterial infarction, and hypoxic-ischaemic brain injury) and
postnatal (e.g. trauma, and tumour) factors (Shankaran, 2008; Wu, Croen, Shah,
Newman, & Najjar, 2006).
Injury to the upper motor neurons in children with cerebral palsy disturbs the normal
process of information transmission from the cortex to the periphery resulting in
reduced motor control and abnormal posture and movement (Koman et al., 2004;
Rosenbaum et al., 2007). Common clinical signs of cerebral palsy include muscle
weakness (Koman et al., 2004; Swaiman & Wu, 2006), abnormal muscle tone (Koman
et al., 2004; Rosenbaum et al., 2007; Swaiman & Wu, 2006), and muscle contractures
(Koman et al., 2004; Rosenbaum et al., 2007). In addition to these musculoskeletal
impairments, a range of other associated problems can exist such as visual and hearing
7

impairments, intellectual and cognitive impairments, behavioural problems, learning
disabilities, speech and language disorders, and epilepsy (Krigger, 2006; Rosenbaum et
al., 2007).
All of these problems, but particularly those that directly contribute to abnormal
posture and movement such as muscle weakness, can interfere with the ability of
people with cerebral palsy to participate in home, community or other activities
(Downing, Ganley, Fay & Abbas, 2009; Eck & Beckung, 2008) and, therefore, may
result in low habitual physical activity levels and high levels of sedentary behavior.

2.2 Physical activity and sedentary behavior

Physical activity has been defined as “any bodily movement produced by contraction of
skeletal muscles that results in energy expenditure” (Caspersen, Powell, & Christenson,
1985). The term physical activity is often confused with the terms exercise and
physical fitness (Caspersen et al., 1985), but exercise is a “subset of physical activity
that is planned, structured, and repetitive and aims to improve and maintain physical
fitness” and physical fitness is a “set of health or skilled related attributes that people
have or achieve” (Caspersen et al., 1985). When assessing physical activity, there is a
difference between assessing discrete physical activity (i.e. simple tasks such as the
activity of sit to stand or walking up a set of stairs) and habitual physical activity
accumulated over a period typically more than a day (Maher, 2008). When examining
the influence of physical activity to health it is habitual physical activity that is usually
of most importance (Baecke, Burema, & Frijters, 1982).
Sedentary behavior has been defined as “activities that do not increase energy
expenditure substantially above the resting level and includes activities such as
8

sleeping, sitting, lying down, and watching television, and other forms of screen
entertainment” (Pate, O'Neill, & Lobelo, 2008). Activities in which a level of 1.0-1.5
metabolic equivalents (METs) are spent are considered to be sedentary behavior (Pate
et al., 2008). Light physical activity, is often grouped with sedentary behavior but is
actually a distinct activity construct, which involves a level of 1.6-2.9 METs spent in
energy expenditure and includes activities like slow walking, cooking food and
washing dishes (Pate et al., 2008).
Sedentary behavior is not the same as having inadequate levels of habitual physical
activity. This is because a person can meet recommended habitual physical activity
levels and yet still not meet sedentary behavior guidelines. In other words, someone
could complete 30 or more minutes of moderate to high intensity physical activity each
day and so satisfy activity level recommendations, and yet be identified as having high
sedentary behavior because for most of the rest of each day the person is sitting or
doing other sedentary activities.

2.3 Recommendations for habitual physical activity and sedentary behavior

Although there is evidence that adequate levels of habitual physical activity are
important for good health, reduced levels of activity are reported worldwide (World
Health Organization, 2011). In view of reduced levels of activity, health organisations
worldwide have provided recommendations for maintaining adequate physical activity
levels. According to these recommendations school-age children should spend at least
60 minutes in moderate to vigorous physical activity per day (Department of Health &
Ageing, 2010; Strong et al., 2005; WHO, 2011). It is also recommended that children
perform their physical activity in many short sessions (DHA, 2010) as children’s
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activity usually comprises short periods of vigorous activity interspersed with periods
of moderate and low activity (Bailey et al., 1995; Baquet, Stratton, Van Praagh, &
Berthoin, 2007; Rowlands, Pilgrim, & Eston, 2008). Recommendations for adults
suggest that they should accumulate 30 minutes or more of moderate-intensity physical
activity on at least 5 days of the week (DHA, 2010; WHO, 2011), or 20 minutes of
vigorous-intensity physical activity on 3 days per week (DHA, 2010; WHO, 2011).
These daily levels of physical activity can be performed in short bouts of at least 10
minutes duration (Coleman et al., 1999; Darling, Linderman, & Laubach, 2005; Jakicic,
Wing, Butler, & Robertson, 1995; Miyashita, Burns, & Stensel, 2006; Schmidt, Biwer,
& Kalscheuer, 2001).
There is less information about recommendations of the maximum acceptable
sedentary levels for good health. However, maximum acceptable sedentary levels of
screen recreation, which for children and adolescents are up to 2 hours per day have
been reported (American Academy of Pediatrics, 2001; Department of Health &
Ageing, 2011).

2.4 Relation of physical activity and sedentary behavior to health

Adequate habitual physical activity levels have been associated with good health of the
general population, especially during the early years of life. Adequate habitual activity
is important for children and adolescents as the development of the musculoskeletal,
cardiopulmonary and neurological systems requires adequate levels of physical activity
(Straker, Maslen, Burgess-Limerick, Johnson, & Dennerlein, 2010; WHO, 2011).
Young people with adequate habitual physical activity levels also tend to have lower
levels of obesity (Allender et al., 2011; Raudsepp & Viira, 2008) and improved self-
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image and peer relationships (Iannotti, Kogan, Janssen & Boyce, 2009; Raudsepp &
Viira, 2008). On the other hand, obese young people were found to have low levels of
physical activity (De Sousa, 2008) and obese young people are at risk of chronic
diseases such as osteoarthritis, diabetes mellitus and cardiovascular diseases (Dugan,
2008). However, independent of the levels of physical activity, there is evidence that
increased sedentary behavior is associated with decreased fitness (Tremblay et al.,
2011), obesity (Allender et al., 2011; Tremblay et al., 2011), and poor self-image in
children and adolescents (Iannoti et al., 2009; Tremblay et al., 2011). In addition, there
is some evidence that it is not only participating in activities with very low levels of
energy expenditure such as sitting or lying that exacerbate health problems, but a
clustering of behaviors such as sitting and eating or drinking in front of a television or
working at computer screens that can lead to an increased risk of secondary health
problems (Chamberlain, Wang & Robinson, 2006; Nelson, Lust, Story & Ehlinger,
2009).
Adequate levels of habitual physical activity in adults (general population) have also
been associated with good health, while increased sedentary behavior has been
associated with the development of a number of health problems. Adults who exercise
regularly have been found to decrease fat and to increase muscle mass (Vainionpaa et
al., 2007) and to not develop osteoporosis to the degree that less physically active
people do (Shedd et al., 2007). On the other hand, inactivity has been reported to be
strongly associated with the risk of developing cardiovascular diseases (Mora et al.,
2003; Warburton, Charlesworth, Ivey, Nettlefold & Bredin, 2010; Yung et al., 2009),
type 2 diabetes and metabolic syndromes (Hamilton, Hamilton, & Zderic, 2007;
Warburton et al., 2010; Yung et al., 2009), depression (Strine et al., 2008) as well as
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some types of cancer (Warburton et al., 2010). Independent from levels of inactivity,
sedentary behavior also tends to increase the risk for health problems such as
cardiovascular diseases, diabetes, and obesity in adults (Hamilton et al., 2007; Slentz,
Houmard & Kraus, 2007; Wijndaele et al., 2011).
Like the rest of the population, high inactivity and sedentary levels in young people
with cerebral palsy puts them at increased risk of developing various secondary health
problems such as cardiovascular diseases, obesity, osteoporosis and depression. In
addition, some of the problems more commonly associated with cerebral palsy such as
decreased mobility (Andersson & Mattsson, 2001; Jahnsen, Villien, Egeland et al.,
2004; Svien et al., 2008), decreased muscle strength (Andersson & Mattsson, 2001;
Damiano et al., 2000; Jahnsen, Villien, Egeland et al., 2004; Palisano et al., 1997;
Thompson et al., 2011), stiffness/deformities (Andersson & Mattsson, 2001; Bottos,
Feliciangeli, Sciuto, Gericke, & Vianello, 2001; Sandstrom et al., 2009; Thompson et
al., 2011; Turk et al., 1997), as well as fatigue, and pain (Jahnsen, Villien, Aamodt et
al., 2003; Jahnsen, Villien, Aamodt, Stanghelle, & Holm, 2004; Maltais, Dumas,
Boucher, & Richards, 2010; Sandstrom et al., 2009; Svien et al., 2008) can be
exacerbated by inactivity. Health problems due to high levels of inactivity and
sedentary behavior in people with cerebral palsy can also result in increased health cost
burden (Kerr, McDowell & McDonough, 2007; Wang et al., 2008). For these reasons,
maintaining optimal habitual physical activity levels is very important for people with
cerebral palsy.
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2.5 Declining habitual physical activity has been reported for people with
spastic diplegic cerebral palsy during the transition from adolescence to
adulthood

People with cerebral palsy are reported to have low habitual physical activity levels
(Bjornson et al., 2007; Maher et al., 2007; Pirpiris & Graham, 2004; Van den BergEmons et al., 1995). However, a relatively high proportion of people with spastic
diplegic cerebral palsy (40-70%) have demonstrated a reduction in their walking
ability as they get older (Andersson & Mattsson, 2001; Jahnsen, Villien, Egeland et al.,
2004). Therefore, walking ability tends to deteriorate or to be lost in a higher
proportion in people with spastic diplegia than in other types of cerebral palsy
(Andersson & Mattsson, 2001; Jahnsen, Villien, Egeland et al., 2004). Main reasons
reported for this decline/loss include increased spasticity, reduced balance, reduced
muscle strength, pain and contractures (Andersson & Mattsson, 2001; Jahnsen, Villien,
Egeland et al., 2004). Furthermore, most of the deterioration in the walking ability of
people with cerebral palsy takes place during adolescence and early adulthood
(Andersson & Mattsson, 2001; Bottos et al., 2001; Day, Wu, Strauss, Shavelle,
Reynolds, 2007; Hanna et al., 2009; Jahnsen, Villien, Egeland et al., 2004; Kerr,
McDowell, Parkes, Stevenson, Cosgrove, 2011; Pirpiris & Graham, 2004). This may
be because adolescents and young adults with cerebral palsy find it tiring to maintain
balance and upright posture during walking due to increases in their height and weight
(Andersson & Mattson, 2001; Jahnsen, Villien, Egeland et al., 2004; Bottos et al.,
2001). Their educational/social environment also becomes more demanding and so
these young people may prefer easier ways than walking to mobilize in the community
(Bottos et al., 2001; Kerr et al., 2011). As walking has been reported to strongly
correlate with habitual physical activity in people with cerebral palsy (r= .48-.73)
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(Johnson, Hildreth, Contompasis & Goran, 1997; Maltais, Pierrynowski, Galea,
Matsuzaka, & Bar-Or, 2005; Nieuwenhuijsen et al., 2009), it is evident that young
people with spastic diplegia are at risk of reducing their habitual physical activity
levels as they make the transition from adolescence to adulthood. Reduced habitual
physical activity and increased sedentary behavior often results in secondary health
problems (Hamilton et al., 2007; Strine et al., 2008; Yung et al., 2009). Therefore
measuring habitual physical activity and sedentary behavior is very important for this
group.

Habitual physical activity is important for people with cerebral palsy who walk with
difficulty as these people are at risk of deterioration of walking ability as they make the
transition to adulthood. People with cerebral palsy able to walk during early
adolescence but requiring some assistance in stair climbing or using a wheelchair for
long distances and uneven surfaces have more chance of gait deterioration compared to
those with minimally impaired walking ability (Day et al., 2007; Jahnsen, Villien,
Egeland et al., 2004; Opheim et al., 2009). People with cerebral palsy who can walk
but do so with difficulty are primarily those of Gross Motor Function Classification
System (GMFCS) levels II and III (Palisano et al., 2007). Therefore, being able to
monitor physical activity and walking ability is very important for young people with
cerebral palsy of the spastic diplegic type, particularly if they have some difficulty
with their walking (GMFCS levels II and III).

On the other hand, people with cerebral palsy of the GMFCS levels IV (they may
walk short distances with an aid but have difficulty turning or maintaining balance in
uneven surfaces) and V (they have no independent mobility) (Palisano et al., 2007) do
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not usually rely on walking as habitual physical activity to move around. Therefore,
assessing walking as an indicator of habitual physical activity may not be as relevant to
these people with cerebral palsy.
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CHAPTER 3: Habitual physical activity can be
increased in people with cerebral palsy: A systematic
review

A systematic review was carriet out to examine whether habitual physical activity
could be increased in people with cerebral palsy after implementation of therapy
interventions. This review has been published in the journal Clinical Rehabilitation.
The reference for the published paper is: Bania T, Dodd KJ, Taylor N. 2011. Habitual
physical activity can be increased in people with cerebral palsy: A systematic review.
Clinical Rehabilitation 25:303-315. The text of the published paper follows, but its
format has been changed to match this thesis format.

3.1 Introduction
People with cerebral palsy are known to be less physically active than their peers
without impairments (Bjornson et al., 2007; Maher et al., 2007; Van den Berg-Emons
et al., 1995). Like the rest of the population, inactivity puts people with cerebral
palsy at greater risk of developing secondary health problems such as cardiovascular
disease (Kenchaiah, Sesso, & Gaziano, 2009), osteoporosis (Sheth, 2004), obesity
(Shields & Tremblay, 2008) and type II diabetes (Krishnan, Rosenberg & Palmer,
2009). Inactivity can also contribute to social isolation and depression (Harbour,
Behrens, Kim, & Kitchens, 2008). For these reasons, maintaining optimal physical
activity levels is very important for people with cerebral palsy. This has led to an
increasing interest in the development and implementation of interventions that aim
to increase the physical activity of people with cerebral palsy.
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Physical activity has been defined as “any bodily movement produced by
contraction of skeletal muscles that results in energy expenditure” (Caspersen et al.,
1985). To adequately measure the construct of physical activity, however, it is
important to measure its frequency, intensity and duration. When assessing
duration of physical activity, there is a difference between assessing discrete
physical activity and assessing habitual (in free living conditions) physical activity
(Maher, 2008). In investigating the relationship between health and physical
activity it is necessary to consider habitual physical activity (Baecke et al., 1982).
For the purposes of this review physical activity will be defined as habitual bodily
movement produced over at least one full day.
Physiotherapists and occupational therapists play a key role in supporting
people with cerebral palsy to participate in society by becoming more
physically active. Therapeutic interventions to increase habitual physical
activity can address demographic, physiological, movement skill,
psychological, social and environmental factors (Trost, 2005). Therapy
interventions addressing demographic factors can focus on a particular age or
gender group, while interventions addressing physiological factors or
movement skills are often exercise programs. Interventions directed at
psychological factors usually are behavioural programs, and interventions
addressing social factors normally aim at structuring people’s social
environment (Kahn et al., 2002). Lastly, modifications can take place to the
physical environment (e. g. more walkable neighbourhoods) as an intervention
to increase physical activity (Giles-Corti, Timperio, Bull & Pikora, 2005).
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Although there are a number of possible ways to address decreased habitual physical
activity levels in people with cerebral palsy, a comprehensive synthesis of the effects
of various interventions on habitual physical activity of this population is not available.
A literature search located two systematic reviews examining habitual physical activity
after therapy in people with cerebral palsy (Rogers, Furler, Brinks, & Darrah, 2008;
Verschuren, Ketelaar, Takken, Helders, & Gorter, 2008), but each review included
only one study (McBurney et al., 2003 and Van den Berg-Emons et al., 1998
respectively). Systematic reviews were also located that investigated the effects of a
number of interventions, including therapies, on activities of people with cerebral
palsy. These reviews, however, examined only discrete physical activities (Anttila,
Autti-Ramo, Suoranta, Makela, & Malmivaara, 2008; Butler & Darrah, 2001; Darrah,
Watkins, Chen, & Bonin, 2004; Dodd, Taylor, & Damiano, 2002; Mutlu, Krosschell,
& Spita, 2009; Paul, Lohmann Siegel, Malley, & Jaeger, 2007; Scianni, Butler, Ada, &
Teixeira-Salmela, 2009) and not habitual physical activity observed in free living
conditions.
Systematic reviews provide information for physiotherapists and occupational
therapists about the effectiveness of their interventions. Accordingly, the primary
objective of this systematic review was to evaluate the effects on habitual physical
activity of therapy interventions implemented in people with cerebral palsy. The
secondary objectives were to determine if:
a. more intense interventions were more effective in changing habitual physical
activity than less intense interventions (i.e. greater total time of session,
frequency of sessions or duration of the program)
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b. specific components of therapy interventions were associated with increases in
habitual physical activity (home-based versus facility-based programs,
individual programs versus group programs with social interaction)
c. any immediate post-intervention changes in habitual physical activity were
maintained at follow-up
d. therapies were more successful with particular demographic groups (e.g.
children, males)

3.2 Methods
To identify relevant studies the following electronic databases were searched: Medline
(1950-February 2010), Amed (1985-February 2010), Embase (1988-February 2010),
Pubmed (1950-February 2010), CINAHL (1982-February 2010), Cochrane Library
(1993-February 2010), Sports Discus (1975-February 2010), Current contents (1993February 2010), AUSPORTS (1970-February 2010), AMI (1968-February 2010),
PsychInfo (1806-February 2010), PEDro (1929-February 2010), Dare (1994-Feb
2010), Index to Theses(1970-February 2010), Australian Digital Theses (ADT) (1998February 2010), Proquest Dissertations (1637-Feb 2010), and ERIC (1966-February
2010). Searching was performed using the following keywords: cerebral palsy in
combination with physical activity, physical performance, physical fitness, physical
endurance, motor activity, energy expenditure, energy consumption, energy cost and
oxygen consumption. More details for the searching strategy are given for a database
(Medline) in Appendix 1.
Furthermore, article titles were scanned in journals of the Hellenic Society of Physical
Therapy (1997-December 2007) and Hellenic Association of Orthopedics, Surgery and
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Traumatology (2001-September 2009) for potential studies in Greek. The reference
lists of included articles were also scanned for further potentially relevant studies.
Citation tracking of included studies using Google scholar was used to augment the
electronic database search. All references found using the search strategy were
imported into an Endnote library (Endnote X1, Thomson Reuters), where duplicates
were deleted.
The title and abstract of articles identified by the search strategy were assessed against
the following inclusion criteria: 1) at least 80% of the participants were people with
cerebral palsy, or data from participants with cerebral palsy were analysed and
reported separately; 2) habitual physical activity was examined after implementation of
a therapy intervention that could be administered by a physiotherapist or an
occupational therapist; 3) the study evaluated habitual physical activity over at least 1
day to collect data from a variety of activities for each participant and 4) all types of
quantitative and qualitative designs were eligible for inclusion except for case reports.
Articles were excluded if only an abstract was available because it was not possible to
adequately assess methodological quality from abstracts. Studies were also excluded if
they measured physical activity but not after implementation of an intervention, for
example correlational studies. In addition, articles not published in English or Greek
were excluded. Once articles clearly not relevant were deleted based on examination
of the titles and abstracts, full text copies of the remaining articles were obtained and
read independently for further consideration by two reviewers (TB and KD). Where
the reviewers were uncertain if an article should be included the paper was discussed
until consensus was achieved.
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Two reviewers independently assessed the methodological quality of the studies (TB
and KD) and any discrepancies were settled by consensus. Quantitative studies were
assessed with the PEDro scale (PEDro, 1999), which was developed to assess quality
of randomised controlled trials. The PEDro scale has demonstrated evidence of
validity in measuring the methodological quality of clinical trials (De Morton, 2009),
and the inter-rater reliability of the cumulative PEDro score was found to be high
(ICC= .91; 95% CI [ .84, .95]) for studies of non-pharmacological interventions
(Foley, Bhogal, Teasell, Bureau, & Speechley, 2006). The PEDro scale has 11 criteria,
however, only criteria 2 to 11 are scored and a total score of 0 to 10 is given. The
scale is presented in Appendix 2. We deemed the quantitative studies to be of high
methodological quality if they received a total PEDro score of 8 to 10, moderate
methodological quality if they received a total PEDro score of 5 to 7 and low
methodological quality if they received a score of 4 or less.

The quality of the qualitative studies was assessed with the Critical Appraisal
Checklist for Qualitative Research Studies (CACQRS) (Treloar, Champness, Simpson,
& Higginbotham, 2000). This checklist was chosen because guidelines for its use have
been published and this rendered the CACQRS potentially more reliable than other
qualitative checklists that have not been tested for reliability and that do not have
clearly defined criteria available to help reviewers evaluate whether criteria are
satisfied or not. The CACQRS consists of 10 questions with each question having
sub-questions. A yes or no answer was given to each sub-question and then a rating
scale comprising four scoring levels (adapted from Cesario et al (2002) checklist
scoring system) was used to assign a score to each study. The CACQRS, and the
scoring system used are presented in Appendix 3. Studies were regarded as of high
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methodological quality if more than 75% of the total CACQRS criteria were met,
moderate quality if 50-74% of the total criteria were met, and low quality if less than
50% of the total CACQRS criteria were met (Cesario, Morin, & Santa-Donato, 2002).

Relevant information from the included studies was extracted by one reviewer (T.B.).
A second reviewer (K.D.) checked the extracted data. Any discrepancies were
resolved by discussion with reference to the full text copy of the included study. The
following data were extracted: study objective(s), study design, participant inclusionexclusion criteria, recruitment procedures used, participant details (subject number,
sex, age, experimental and control group characteristics), description of the
intervention(s) (type, frequency, duration of session, duration of the program),
description of any co-intervention(s), habitual physical activity outcome measures used
(quantitative-qualitative, primary-secondary), where/when outcomes were measured,
reliability and validity of physical activity measurement tools, results on habitual
physical activity, and any study limitations.
For data analysis of quantitative studies, effect sizes and their confidence intervals (CI)
were calculated. Effect sizes were calculated as standardised mean differences (d
Hedges unbiased estimator), defined as the difference in post intervention means
divided by the pooled standard deviation. Data were pooled with a random effect
model using a web based meta-analysis program (Schwarzer, 1989). Statistical
homogeneity was tested using the I squared test, to find out whether the summed effect
sizes differed from the population effect size because of sampling error or due to
variability of the underlying population parameters (Higgins, Thompson, Deeks, &
Altman, 2003). For clinical significance average improvement of the intervention
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group participants over controls was calculated using Cohen’s U3 improvement index
(Durlak, 2009). An average improvement of the intervention group by at least 25%
over the control group was considered clinically significant with a broad range of
outcome measures (Long, 2009). For qualitative studies, results relevant to physical
activity were recorded for each study in the form of themes.
For the purpose of the primary objective of the review we grouped the studies
according to the type of therapy. We grouped therapies into the following categories:
structured, unstructured, and mixed. A program was considered as structured when
participants followed pre-determined rules regarding type and volume of exercises or
activities, and unstructured when participants did not follow pre-determined rules
about the type and volume of exercises or activities and they performed
exercises/activities they wanted or liked. Mixed programs combined structured and
unstructured programs. We also took into account the nature of the intervention,
which was determined by the factor they influenced. Therefore, we grouped programs
into exercise programs if they predominantly addressed physiological or motor skill
factors, behavioural programs if they predominantly addressed psychological factors,
social programs if they predominantly focused on social factors, and environmental if
they focused on environmental factors.

3.3 Results
After duplicates were deleted, a total of 6,716 articles remained in the Endnote library.
After screening for titles and abstracts, a total of 24 articles remained. From these, 18
studies were excluded after full text review because they did not measure habitual
physical activity as an outcome. Another study was excluded because it did not
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analyse data for people with cerebral palsy separately (Blinde & McClung, 1997) and
another one because it measured physical activity for less than a day (Reddihough,
Bach, Burgess, Oke, & Hudson, 1991). Citation tracking of included articles yielded
no new studies. One unpublished thesis was located (Maher et al., 2010) because its
author was a key author of articles about habitual physical activity in people with
cerebral palsy.
This left a total of five studies for review (Allen et al., 2004; Crompton et al., 2007;
Maher et al., 2010; McBurney et al., 2003; Van den Berg-Emons et al., 1998). One
study however implemented a project using two different designs. A randomised
controlled trial that implemented a 9-month training four times per week, and then a
single group pre-post design that implemented a 9-month similar training two times
per week (Van den Berg-Emons et al., 1998). Therefore, these data were analysed
separately. Figure 3.1 summarises the study selection procedure.

3.3.1 Included studies

Table 3.1 presents the participants’ characteristics, study designs, and details about the
interventions implemented in each study. Three of the included studies used a
quantitative research design (Crompton et al., 2007; Maher et al., 2010; Van den BergEmons et al., 1998) while the remaining two used a qualitative research design (Allen
et al., 2004; McBurney et al., 2003). All quantitative research designs were
randomised controlled trials. In one study, however, a single group pre-post
intervention design followed the randomised controlled trial (Van den Berg-Emons et
al., 1998).
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6,716 studies after
duplicated deleted

6,692 studies deleted on title

18 = did not measure

& abstract

physical activity as an
outcome

24 Hard copies were retrieved

20 studies were
excluded

1 = cerebral palsy data
not analysed separately

1 = measured physical
activity for less than 1
day

0 studies from
references lists

4
1 unpublished thesis
5 studies included in the review

Figure 3.1. Flowchart of the studies selection process.

Studies contained small sample sizes ranging from 10 to 41 participants and most
studies recruited children except for a single study that focused on adults (Allen et al.,
2004). Most participants had spastic diplegia, with a mix of ambulatory and nonambulatory participants. The cognitive level of participants was not reported in four of
the studies. The remaining one study, reported that participants’ cognitive levels
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ranged from normal intelligence to mild mental retardation (Van den Berg-Emons et
al., 1998).
Four of the five therapy interventions were structured exercise programs (Allen et al.,
2004; Crompton et al., 2007; McBurney et al., 2003; Van den Berg-Emons et al.,
1998) and one was a mixed structured and unstructured behavioral program (Maher et
al., 2010) (Table 3.1). Two structured exercise programs comprised progressive
resistance exercise training (Allen et al., 2004; McBurney et al., 2003), one comprised
aerobic exercises (Van den Berg-Emons et al., 1998), and one comprised closedkinetic-chain exercises such as calf-raises in a circuit (Crompton et al., 2007). The
behavioral program delivered on-line tailored feedback about participants’ physical
activity, and provided information about positive role modelling, and information that
directed and assisted participants to develop physical activity goals (Maher et al.,
2010).
All programs were supervised by exercise trainers or physiotherapists. Three
programs were facility-based (Allen et al., 2004; Crompton et al., 2007; Van den BergEmons et al., 1998) and two were home-based (Maher et al., 2010; McBurney et al.,
2003). Two programs were run as a group (Allen et al., 2004; Crompton et al., 2007),
one was an individual program (McBurney et al., 2003), and one was an individual
program with on-line group interaction (Maher et al., 2010). Programs were typically
conducted 2 to 3 sessions a week, with each session lasting around 45 minutes. Most
of the programs were of a relatively short duration of between 6 and 12 weeks.
The control group attended an upper limb training program in one randomised
controlled trial (Crompton et al., 2007), and continued with usual care in the other two
randomised controlled trials (Maher et al., 2010; Van den Berg-Emons et al., 1998).
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Table 3.1
Details of studies included in the systematic review
Study

Participants

Maher
(2008)

Exp: 20

RCT

Con: 21

a.r.= 11-16 yrs
m.a.= 13.5 yrs
26 males, 15 females
16 hemi, 18 diplegia,
1 tetra, 1 ataxic,
5 unspecified
GMFCS level I, II or
III

Type of intervention

Total time
of session

Exp: Interactive online
program to promote physical
activity, improve exercise
knowledge, attitudes, selfefficacy and intention and
reduce sedentary activity. The
program was based on Social
Cognitive Theory, which
emphasises enhancement of
participants’ self-efficacy,
positive role modelling and
goal-setting

21.2 min

Con: usual care
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Program
duration
(frequency)
8 weeks
(1/wk)

PA
influential
factors
psychological

Structured/unstructured
Supervised/unsupervised
Group/individual
Home/facility based

social

supervised

mixed structured
and unstructured

individual with online group
interaction
home-based

Study

Participants

Type of intervention

Total time
of session

Crompton
et al (2007)

Exp: 8

Exp: Circuit of 7 closedkinetic-chain exercise stations:
treadmill, stationary bicycle,
step-ups, calf-raises, a bridge
of stairs, sit-to-stand from
adult chair, squats leaning
against wall, moving around
course of cones, lateral stepover two bars and kicking a
ball hanging by a string

1 hour

RCT

Con: 7

a.r.= 6-14yrs
m.a.= 10.6 yrs
6 males, 9 females
All spastic diplegia
GMFCS I, II, III

Con: upper limb training
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Program
duration
(frequency)
6 weeks
(2/wk)

PA
influential
factors
physiological

Structured/unstructured
Supervised/unsupervised
Group/individual
Home/facility based

motor skills

supervised

social

group

structured

facility-based

Study

Participants

Van den
BergEmons et al
(1998)

Exp: 10

RCT

11 males, 9 females

Con: 10

a.r.= 7-13 yrs
m.a.= 9.2 yrs

Type of intervention

Total time
of session

Exp: extra training activitiesaerobic exercises, such as
cycling, wheelchair driving,
running, swimming, training
on a flying saucer, and mat
exercises.

45 min

Program
duration
(frequency)
9-months
(4/wk)

PA
influential
factors
physiological

Structured/unstructured
Supervised/unsupervised
Group/individual
Home/facility based

structured
supervised
not clear
facility-based

16 diplegia (14
spastic, 2 mixed
spastic-ataxic)
4 spastic tetraplegia

Con: usual care (therapy based
on personal needs & gymnastic
lessons)

Half ambulant, half
wheelchair-bound
Normal intelligence &
mild mental
retardation
Van den
BergEmons et al
(1998)
Single group
design

Exp group: 17
a.r.= children
Ambulatory level: not
clear

Usual care + extra training
activities: aerobic exercises,
such as cycling, wheelchair
driving, running, training on a
flying saucer, and mat
exercises

45 min

9-months
(2/wk)

physiological

structured
supervised
not clear
facility-based
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Study

Participants

Type of intervention

Total time
of session

Allen et al
(2004)

10: 5 spastic diplegia
4 athetoid
quadriplegia
1 spastic hemiplegia

Muscle strengthening using
60-80% RM

60-90 min

Qualitative
study

a.r.= 40-56 yrs
m.a.= 45.8 yrs
6 males, 4 females
3 ambulant
7 non-ambulant

Program
duration
(frequency)
10 weeks
(2/wk)

PA
influential
factors
physiological

Structured/unstructured
Supervised/unsupervised
Group/individual
Home/facility based

social

supervised

1. Leg press,
2. Knee extension,
3. Lat pull down,
4. Chest press,
5. Seated row,
6. Abdominals

structured

group
facility-based

McBurney
et al (2003)

11 spastic diplegic
CP

Muscle strengthening using
60-80% RM

20-45 min

Qualitative
study

a.r.= 8-18 yrs
m.a.= 12.75 yrs

Bilateral heel raises on a step
(height 20cm);
bilateral half squats using a
large inflatable ball to guide
exercise;
and step-ups onto/off a
standard aerobic step

6 weeks
(3/wk)

physiological

Structured
unsupervised

4 males, 7 females
GMCS levels: 7 III
2 II, 2 I

individual
home-based

Note. GMFCS=gross motor function classification system, CP=cerebral palsy, exp=experimental, con=control, RM=repetition maximum,
hemi=hemiplegia, tetra=tetraplegia, PA=physical activity, a.r.=age range, m.a.=mean age, yrs=years, wks=weeks, min=minutes, cm=centimetres
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3.3.2 Quality assessment

The methodological quality of the three randomised controlled trials (Crompton et al.,
2007; Maher et al., 2010; Van den Berg-Emons et al., 1998) ranged from moderate to
high, while the methodological quality of the pre-post single group design was low
(Van den Berg-Emons et al., 1998) (Table 3.2). The methodological quality of the two
qualitative studies ranged from moderate to high (Allen et al., 2004; McBurney et al.,
2003).
The “blinding of participants and of therapists” criterion was not met by any trial, and
only one trial met the “allocation was concealed” criterion (Maher et al., 2010). With
regard to the qualitative studies, a single study satisfied the criterion concerning
whether an appropriate rationale was provided for using a qualitative approach (Allen
et al., 2004). Additionally, none of the qualitative studies had carried out audit trail
and ground interpretation, or had made appropriate generalisation or had kept a record
of progressive subjectivity for the criterion “Does the researcher address the threats to
reliability and validity in data collection, analysis and interpretation?”

3.3.3 Outcomes

There was preliminary evidence that structured exercise programs can increase
habitual physical activity levels in people with cerebral palsy. Two randomised
controlled trials (Crompton et al., 2007; Van den Berg-Emons et al., 1998), one single
group design study (Van den Berg-Emons et al., 1998) and two qualitative studies
(Allen et al., 2004; McBurney et al., 2003) implemented structured exercise programs.
One of the randomised controlled trials reported statistically significant changes in
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energy expenditure between experimental and usual care control group immediately
after intervention (d= 1.1; 95%CI [0.12, 1.99]) (Van den Berg-Emons et al., 1998),
whereas the other randomised controlled trial did not find significant differences in
uptime between intervention and upper limb training control groups (d= 0.93; 95%CI
[-0.14, 2.0]) (Crompton et al., 2007) (Table 3.2). On average, participants of the Van
den Berg-Emons experimental group increased energy expenditure by 36% (Van den
Berg-Emons et al., 1998) and participants of the Crompton experimental group
increased uptime by 32% over the control group (Crompton et al., 2007). When data
from these two trials were pooled in a meta-analysis a significant difference in favour
of exercise was found between groups (δ= 1.0; 95%CI [0.28, 1.72], I2 = 0%) (Figure
3.2). Results from the pre-post single group design study reported no significant
difference in habitual physical activity post-training in comparison with baseline (d=
0.54; 95%CI [-0.15, 1.22]) (Van den Berg-Emons et al., 1998) (Table 3.2).
Both qualitative studies reported examples of increased habitual physical activity in the
community in that participants could walk longer distances after completing the
exercise program (Table 3.2). For example, the parent of one participant said “now
she can walk one to two kilometres, and likes walking”. Another participant who went
to Japan with school for three weeks said “that was heaps and heaps of walking. I
loved it” (McBurney et al., 2003). A further participant said his walking was better
and that he could “walk longer distances” (Allen et al., 2004).
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Table 3.2
Results of studies included in the systematic review
Study

Design

Quality of
Methods

Outcome measures

Physical activity results

Maher
(2008)

RCT

8

Pedometer for 7 days (wkly
step counts, wkly distance,
wkly MVPA minutes)

No difference between groups for self-reported daily
PAL post-intervention (d= -0.14; 95%CI[-0.75,
0.47]) and follow up (d= -0.06; 95%CI[-0.68, 0.55])
as well as daily MVPA post-intervention (d= 0.05;
95%CI[-0.56, 0.66]) and follow up (d= -0.13;
95%CI[-0.74, 0.49])

MARCA (average daily PA,
average daily MVPA)

At post-intervention difference between groups was
not significant for wkly distance-pedometer (d= 0.57;
95%CI[-0.5, 1.20]), but was significant for wkly step
counts (d= 0.62; 95%CI[0.0, 1.25]) and for wkly
MVPA minutes (d= 0.81, 95%CI[0.17, 1.45]). This
had reduced at follow-up for wkly distance (d= 0.39;
95%CI[-0.23, 1.01]), for wkly step counts (d= 0.39;
95%CI[-0.23, 1.01]) and for wkly MVPA min (d=
0.36; 95%CI[-0.26, 0.98]).
Crompton
et al (2007)

RCT

6

Uptimer for 4 days
(2 weekdays-2 weekend days)
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Non-significant changes between the two groups
after 6 weeks (d= 0.93; 95%CI[-0.14, 2.00]) and at
follow-up (d= 0.30; 95%CI[-0.79, 1.40]).

Study

Design

Quality of
Methods

Outcome measures

Physical activity results

Van den
BergEmons et al
(1998)

RCT

5

TEE/SMR or TEE/RMR

Significant changes between experimental and
control groups in daily PA (d= 1.1; 95%CI[0.12,
1.99])

TEE Heart rate (for a day)
SMR (Respiration chamber/
indirect calorimeter-overnight)
RMR ventilated hood (20 min)

Van den
BergEmons et al
(1998)

Single
group prepost design

4

Allen et al
(2004)

Qualitative
study

23 (QI)

McBurney
et al (2003)

Qualitative
study

21 (QII)

TEE/RMR
TEE Heart rate (for a day)

PA levels were not increased posttraining in relation
to pretraining 9% (d= 0.54; 95%CI[-0.15,1.22])

RMR ventilated hood (20 min)
Semi-structured interviews

7 participants walked longer distances

(participants)
Semi-structured interviews

Some children were able to walk longer distances

(participants having received
intervention and their parents)

Note. RCT=randomised controlled trial, MARCA=Multimedia Activity Recall for children & Adolescents, PAL=physical activity level,
MVPA=moderate to vigorous physical activity, TEE=total energy expenditure, SMR=sleeping metabolic rate, RMR=resting metabolic rate, d=effect
size, CI=confidence interval, QI=total score of 22.5-30 indicates that 75% to 100% of the total CACQRS criteria were met, QII= total score of 15-22.4
indicates that 50% to 74% of the total CACQRS criteria were met, CACQRS=Critical Appraisal Checklist for Qualitative Research Studies
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Crompton d= 0.93 [-0.14, 2.00]

Van Berg-Emons d= 1.1 [0.12, 1.99]

δ= 1.0 [0.28, 1.72]

1

- .5
Favours control

0

.5

1

1.5

Favours experimental

Figure 3.2. Meta-analysis results.
Effect sizes (g) of individual RCT’s are presented as squares, each horizontal line
represents their 95% confidence interval around the mean. Delta effect size of the
meta-analysis is presented as diamond, where the left and right apices represent the
95% confidence interval limits. Squares/diamonds to the right of the vertical axis
represent an effect favouring the intervention condition, whereas those to the left
favour the control. Sizes of shapes are representative to sample sizes.

There was preliminary evidence that a mixed structured and unstructured behavioral
program can increase habitual physical activity in people with cerebral palsy (Maher et
al., 2010). A single study implemented a mixed structured-unstructured behavioral
program. A significant difference was found in favour of the experimental group
compared with the control group immediately after intervention for weekly minutes of
moderate to vigorous physical activity (d= 0.81; 95%CI [0.17, 1.45]), and for weekly
step counts (d= 0.62; 95%CI [0.0, 1.25]) assessed by a pedometer. On average the
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intervention group increased weekly minutes of moderate to vigorous physical activity
by 29%, and weekly steps by 23% over controls. No significant effects were observed
immediately after intervention for increased distance walked each week assessed by a
pedometer (d= 0.57; 95%CI [-0.05, 1.20]), self-reported energy cost of daily physical
activities (d= -0.14; 95%CI [-0.75, 0.47]), or self-reported daily minutes of moderate
to vigorous physical activity (d= 0.05; 95%CI [-0.56, 0.66]) (Table 3.2).
No study specifically examined whether more intense interventions were more
effective in changing habitual physical activity than less intense interventions.
However, all the structured exercise programs had a greater total session time and a
greater frequency of sessions than the behavioral program.

More studies supported the effectiveness of facility-based programs (Allen et al., 2004;
Crompton et al., 2007; Van den Berg-Emons et al., 1998) compared with home-based
programs (Maher et al., 2010; McBurney et al., 2003), but the studies were not
designed to examine whether facility-based interventions were more effective than
home-based interventions. Although some studies included a social component by
including group interaction as part of their program no study evaluated social factors
by manipulating this factor as an experimental variable.

Immediate post-intervention changes in habitual physical activity were not maintained
at follow-up. Two of the six studies carried out follow-up assessments, and their
follow-up periods were 6 weeks (Crompton et al., 2007) and 10 weeks (Maher et al.,
2010). Most of the effect sizes had decreased at follow-up.
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There was inconclusive evidence about whether interventions were more successful
with particular participant groups. However, Maher (2008) investigated the
relationship of age, gender, baseline habitual physical activity level, and type of school
attended to weekly step counts immediately post-intervention and reported no evidence
of a relationship between these characteristics and weekly step counts.

3.4 Discussion
The results of this review provide preliminary evidence that structured exercise
programs can increase habitual physical activity in people with cerebral palsy. When
data from two randomised controlled trials were pooled in a meta-analysis, a
statistically significant difference between groups and a large effect size was found.
This evidence is reinforced by the results of qualitative studies that also reported
increases in habitual physical activity. The effect in favour of structured exercise
programs was clinically significant for uptime and energy expenditure, with average
improvement of the intervention group by at least 25% over the control group. Our
findings that structured exercise programs can improve habitual physical activity in
people with cerebral palsy add to the available evidence that exercise is beneficial for
people with other long-term neurological conditions (Moseley, Stark, Cameron, &
Pollock, 2009; Rietberg, Brooks, Uitdehaag, Kwakkel, 2009; Saunders, Greig, Young,
& Mead, 2009).

Finding clinically significant increases in uptime and energy expenditure as a result of
increased habitual physical activity levels is encouraging for people with cerebral
palsy, since they tire more easily during activities (Jahnsen, Villien, Stanghelle, &
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Holm, 2003) and are less active (Bjornson et al., 2007; Maher et al., 2007; Van den
Berg-Emons et al., 1995) than their peers without impairment. As inactivity has often
been related to increased risk for developing various health problems (Harbour et al.,
2008; Kenchaiah et al., 2009; Sheth, 2004; Shields & Tremblay, 2008), structured
exercise programs can be useful for people with cerebral palsy because they can
increase habitual activity.

Furthermore, programs that did not directly aim to increase daily physical activity such
as muscle strengthening brought about increases in habitual walking activity. Finding
evidence that programs that did not directly target physical activity can increase the
habitual physical activity of people with cerebral palsy is important (Allen et al., 2004;
McBurney et al., 2003) because it means that people with cerebral palsy can use
different ways to deal with decreased habitual physical activity levels and the risk of
developing secondary health problems.

The results of this review also provide preliminary evidence from a single trial that a
mixed structured and unstructured behavioral program, which provided tailored
physical activity feedback, exercise suggestions, positive role modelling, and goalsetting guidance to participants in an on-line computer format, can increase the
habitual physical activity of adolescents with cerebral palsy. The behavioral program
brought about statistically significant and clinically significant increases in weekly
moderate to vigorous physical activity levels. This finding is important because
people with cerebral palsy often engage in less vigorous activities compared to peers
without impairment (Maher et al., 2007; Van der Slot et al., 2007) and increased
moderate to vigorous physical activity has been reported to decrease the risk of
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developing health problems (Harbour et al., 2008; Kenchaiah et al., 2009; Krishnan et
al., 2009).
Effect sizes had decreased at follow-up for both structured exercise and mixed
structured-unstructured behavioral programs. For clinical practice this suggests that
any benefits from the interventions tended to reduce over time after training stopped
suggesting the need to possibly provide programs of longer duration or ongoing
maintenance programs if effects are to be maintained in the longer term.
Reviews exploring the effectiveness of interventions on habitual physical activity of
people with cerebral palsy or of comparable neurological conditions were not located.
Therefore, the findings of the present review were compared with findings of reviews
on people without impairment. In one systematic review, the reviewers examined the
effectiveness of health behavior change programs adapted to the individual’s needs and
interests and they reported strong evidence of the effectiveness of these programs
(Kahn et al., 2002). This finding is consistent with the present review finding of
preliminary evidence of effectiveness of the behavioral program on habitual physical
activity of people with cerebral palsy.
There was inconclusive evidence about the effectiveness of more intensive
interventions in comparison with less intensive interventions and home-based
interventions compared with facility-based interventions. There was also inconclusive
evidence about whether interventions were more successful with certain participant
groups as no relationship was found between age or gender and the effects of therapy
in habitual physical activity assessed as step counts. Participants of included studies
were primarily children or adolescents. There is limited information on the habitual
physical activity of adults with cerebral palsy after implementation of therapy,
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although habitual physical activity is important to these people for the prevention of
secondary health problems (Wong, Wong, Pang, Azizah, & Dass, 2003). The number
of included studies was small. It remains unclear, therefore, what the optimal
intensities of programs, and the optimal specific components of programs are, how
long effects last and whether interventions are more effective with certain participants.
This is the first systematic review to evaluate the effectiveness of interventions to
improve the habitual physical activity of people with cerebral palsy. However, a
limitation of the present review is the fact that we extracted data and assessed the
methodological quality of included studies without being blinded to authorship, title
and other study information. In addition, only studies published in English and Greek
were included and potential studies published in other languages may have been
missed. Also, this review only provides preliminary evidence as there are few
published studies available investigating the effects of interventions aimed at
increasing the everyday physical activity of people with cerebral palsy. Also, most of
the participants included in the currently available studies were children with diplegia
and results therefore cannot be generalised to all people with cerebral palsy, and most
intervention programs have been of relatively short duration.
In conclusion, the results of this systematic review provide preliminary evidence that
structured exercise programs and online behavioral support programs can be effective
in increasing the habitual physical activity of people with cerebral palsy. However, the
positive effects of these programs do not appear to be maintained when they are
stopped.
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CHAPTER 4 : Criterion validity of the ActivPAL™
monitor

4.1 Introduction
The main aim of the study reported in this chapter was to examine the criterion validity
of the ActivPAL™ monitor to measure physical activity in young people with diplegic
cerebral palsy. Criterion validity is important because it informs whether a
measurement method sufficiently measures the same attribute with a method already
established as valid.

4.1.1 The ActivPAL™ monitor
The ActivPAL™ is an activity monitor that combines a pedometer with a uni-axial
accelerometer. The monitor is portable, wireless, lightweight (weight: 15 grams,
height: 53 mm, width: 35 mm, thickness: 7 mm) (figure 4.1) and can be comfortably
worn on the front of the thigh. The device was designed to measure intensity, duration
and frequency of habitual physical activity and can record data for up to 8 consecutive
days. This recording period is considered reasonable to measure habitual physical
activity, because measuring physical activity over 7 to 8 days takes into account
potentially important differences in activity patterns on weekdays as well as weekends
(Esliger & Tremblay, 2007; Trost, Pate, Freedson, Sallis, & Taylor, 2000).
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Figure 4.1. The ActivPAL™ monitor.

The ActivPAL™ records activity from the position of the thigh, which is assumed to be
horizontal in sitting, vertical in standing, and moving between horizontal to vertical in
walking. It also estimates energy expenditure (intensity) using default values of
energy expenditure for sitting, standing and walking (FAO/WHO/UNU, 1985; James
& Schofield, 1990).

Data recorded by the monitor can be downloaded in a personal computer via a USB
docking cable and can also be printed. The monitor uses sensor technology and
software algorithms to summarise activity over 1 hour, 1 day or 1 week periods in
graphical and numeric formats. An example of the monitor’s summary by day and by
week is presented in Appendix 4. The summarised monitor data are presented in 15
second epochs (epochs=periods). In the 15 second summaries the time spent in each
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activity (sedentary, quiet standing and stepping) is recorded to the nearest one tenth of
a second. From this information the amount of time spent in sitting and lying, standing
and stepping can be calculated. In addition, the number of steps (including cadence),
the number of transfers between sitting and standing, and the energy expenditure over
the test period can be calculated (ActivPAL™ operating guide, 2006).

When assessing physical activity, parameters commonly used as representative of
physical activity are time spent in standing, time spent in stepping, number of steps,
cadence, and energy expenditure (Esliger & Tremblay, 2007; Fernhall & Unnithan,
2002; Sirard & Pate, 2001; Trost, 2001; Welk, Corbin & Dale, 2000).
Time spent in sitting and lying is considered to be representative of sedentary
behaviour (Esliger & Tremblay, 2007).

4.1.2 Criterion validity

Validity provides information about the relationship between the measurement method
and the attribute it is supposed to measure (Sim et al., 1993; Streiner & Norman,
2008). In other words, validity provides information about what inferences can be
made about the attributes of the subjects from the measurements obtained from the
measurement method (Rothstein, 1985; Sim et al., 1993; Streiner & Norman, 2008).
Validity presumes reliability because an instrument that cannot give consistent
measurements cannot provide meaningful measurements (Sim et al., 1993; Streiner &
Norman, 2008).
Criterion validity is a type of validity that has to do with the degree to which a
measurement method measures the same attribute with a measurement method already
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established as being valid, often referred to as the gold standard or criterion measure
(Sim et al., 1993; Streiner & Norman, 2008). Both the measurement method of
interest and the criterion measure are administered to the same group of subjects to
examine how well their scores are correlated or how closely they agree (Streiner &
Norman, 2008).

4.1.3 Video observation

In this study, video observation was used as the standard for comparison (i.e. the
criterion measure). Systematic observation is a direct assessment method of behavior,
and, therefore, requires little deduction or interpretation. For this reason, it has often
been used as the criterion measure for validating other measurement methods of
physical activity, such as self-report and electronic monitoring (Bjornson, 2005;
Corder, Ekelund, Steele, Wareham, Brage, 2008; McKenzie, 1991; Sirard & Pate,
2001; Welk et al., 2000).

The main advantages when using direct observation as the criterion measure are that a
videorecording can be watched as many times as the observer wishes and it can be
slowed down to enhance accurate data collection (Bisantz & Drury, 2005; Krebs,
Edelstein, & Fishman, 1985). The disadvantages of using videorecording observation
are that selecting, saving, and extracting video data can be time consuming, and data
extraction is limited to events recorded by the camera (Bisantz & Drury, 2005;
McKenzie, 1991). Videorecorded observation is generally limited to relatively short
periods of physical activity; it may not be feasible or practical to directly observe
habitual physical activity over hours and days. Also, it may be difficult to accurately
quantify some details of activities such as their intensity with direct observation (e.g.
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speed of movement during sit to stand, or the force generated through the feet while
sitting to stand).

4.1.4 Criterion validity of the ActivPAL™ compared with direct
observation for measuring time spent in activities

Validity of the ActivPAL™ for assessing time spent in lying and sitting, standing, and
stepping under controlled conditions has previously been evaluated against video
observation in healthy adults (Grant, Ryan, Tigbe, & Granat, 2006) and in adults with
chronic low back pain (Ryan, Grant, Gray, Newton, & Granat, 2008 ). In both of these
studies, each participant completed a series of activities comprising sitting (2-9
minutes), standing (2-9 minutes) and walking at a self-selected speed (at least 5
minutes) to examine whether the ActivPAL™ could detect the activities accurately.
Also, each participant completed a series of activities of daily living comprising six
activities randomly chosen from a predefined list of activities (e.g. clean mirror, wash
and dry dishes, prepare and eat a sandwich/biscuit). Some of these activities had a
definite finishing point (e.g. post a letter), whereas others were more open-ended and
their duration was predetermined from 2 to 9 minutes (e.g. lie on your back, make a
telephone call).

The results from both studies showed very high percentages of agreement for
measuring time spent in sitting, standing and walking when these activities were
assessed as separate activities (≥ 98.5%) and as part of daily living activities (≥
93.6%). Limits of agreement showed good agreement for time spent in sitting and
lying (-2.2% to 1.6 %), and time spent upright (-3.3% to 2.4%). Good agreement was
also reported for time spent in standing (-2.8% to 3.8%), and time spent in stepping (-
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4.1% to 4.4%) when standing and stepping were performed as separate activities.
However, agreement was not as good for measuring time spent in standing (-20.5% to
25.9%), and time spent in stepping (-59.8% to 52.6%) when these activities were
incorporated in daily living activities (Grant et al., 2006; Ryan et al., 2008 ). The
authors suggest that this occurred because there were a lot of short bouts of stepping
intermingled with short bouts (1 to 2 seconds) of standing and the activity monitor may
have counted some of these periods as long walking periods, while the observers
classified them as separate walking and standing periods.

A number of other studies have also provided evidence supporting the validity of the
ActivPAL™ for measuring time spent in sitting, standing and stepping under controlled
conditions and not when these activities were incorporated in daily living activities
(Abraham, McClain, Kelley, & Tudor-Locke, 2007; Hart, McClain, & Tudor-Locke,
2011; Moorhead et al., 2007; Tsavourelou, Rowe, Babatsikou, & Koutis, 2009). These
studies also investigated time spent in stepping during different walking speeds
(Abraham et al., 2007; Hart et al., 2011; Moorhead et al., 2007; Tsavourelou et al.,
2009). No differences were reported for time spent in sitting, lying and walking
between the activity monitor and video observation by Moorhead et al (2007) in 24
healthy young adults during sitting, lying, walking at slow (0.9 m/s and 1.3 m/s) and
normal speeds, jogging (2.2 m/s), cycling at 45, 60, 75 rpm, and stair walking (2
minutes each activity). No differences were also found for time spent in sitting, lying,
standing and walking in slow speeds (0.67 m/s and 1.12 m/s) in 29 healthy adults in
another study (Hart et al., 2011). Tsavourelou et al (2009) also found that the
ActivPAL™ gave almost identical measures with criterion values (mean%= 100.1-101)
in a healthy person when activity monitor data were compared with predefined time
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spent in sitting, standing and stepping (600 seconds each activity). In a separate study,
no differences were observed between ActivPAL™ and direct observation for time
spent in sitting, standing and slow speed walking (0.7 m/s and 1.1 m/s) (Abraham et
al., 2007). In that study, monitor and direct observation data were compared in 10
unimpaired adults during 5 minute bouts of each activity (Abraham et al., 2007).

4.1.5 Criterion validity of the ActivPAL™ compared with direct
observation for measuring number of steps

The validity of the ActivPAL™ activity monitor for measuring the number of steps
taken by healthy adults has also been investigated. Three studies have compared
ActivPAL™ with videorecording measures of the number of steps taken by healthy
adults during 25 minutes of treadmill walking at five different speeds (slow to fast)
(Grant, Dall, & Mitchell, 2008; Maddocks, Petrou, Skipper, & Wilcock, 2010; Ryan,
Grant, Tigbe, & Granat, 2006). Two of these studies also compared the number of
steps taken during three different walking speeds (slow, normal and fast) over a 1,500
metre outdoor course (Grant et al., 2008; Ryan et al., 2006), and one of these studies
also measured if steps were recorded by the monitor during a 15 minute car journey
(Maddocks et al., 2010).

These studies showed the monitor could accurately measure the number of steps taken
at a range of different walking speeds (slow to fast) during treadmill (mean absolute
percentage error ≤ 2%) and outdoor walking (≤ 1.1%). Furthermore, during vehicle
travel when no steps should have been recorded, the monitor correctly recorded that no
steps had been taken (Maddocks et al., 2010). The monitor was also found to be
adequately valid for measuring the number of steps taken during treadmill walking in
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another study. In this study, 31 healthy women walked at five different treadmill
speeds (2 minutes each speed: 0.88 m/s, 1.3 m/s, 1.5 m/s, 1.7 m/s, and 1.9 m/s). There
were no significant differences between the monitor and video observation for all
speeds (slow to fast) (p< .05) and overall limits of agreement were relatively narrow (3.0% to 3.5%) (Harrington, Welk, & Donnelly, 2011).

The ActivPAL™ has also been found valid to measure the number of steps taken by 16
healthy adults during a 100-metre walk at five different treadmill speeds (0.67 m/s, 0.9
m/s, 1.12 m/s, 1.33 m/s, 1.6 m/s) (Feito, Bassett, & Thompson, 2011). The monitor
accurately detected the number of steps at all speeds (slow to moderate) (mean%: ≥
97%) (Feito et al., 2011). Similar findings were reported by another study when the
monitor’s validity was tested against predefined actual steps (2,100 steps) taken by a
healthy adult person at 0.3 m/s, 0.7 m/s, 1.0 m/s, and 1.5 m/s speeds (Tsavourelou et
al., 2009). Results showed that the activity monitor gave almost identical measures
with true values for all speeds (slow to moderate) (mean%= 98.1 (Tsavourelou et al.,
2009).

In contrast, validity of the ActivPAL™ for measuring step counts against video
observation has been found to be relatively low during jogging in healthy adults (Baer
& O'Loughlin, 2007; Moorhead et al., 2007). In these studies, the number of steps
taken during a treadmill walk at very slow speed (0.7-0.9 m/s), slow speed (1.3m/s),
moderate speed (1.4 m/s) and during jogging (2.1-2.2 m/s) was measured (Baer &
O'Loughlin, 2007; Moorhead et al., 2007). In one of these studies the number of steps
taken was also measured during stair walking as well as during walking at self-selected
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speed on flat ground (Moorhead et al., 2007). During jogging, Baer and O’Loughlin
(2007) found that the monitor detected more steps than direct observation (mean
percentage error: +18%), and Moorhead et al (2007) reported a significant difference
between the monitor and video observation (p≤ .001). The number of steps taken
during walking at the other speeds was more accurate (mean percentage error ≤ 0.42%) (Baer & O'Loughlin, 2007; Moorhead et al., 2007), except for walking at a
slow speed (1.3 m/s) (p≤ .01) (Moorhead et al., 2007). One possible explanation for
why the activity monitor was less accurate in measuring the number of steps taken
during jogging could be because the increased ground reaction forces associated with
jogging caused increased movement of soft tissues on the thigh where the monitor was
secured, which could have resulted in the device misinterpreting some of these soft
tissue movements as steps.

Another study investigating the validity of the ActivPAL™ for measuring the number
of steps taken during walking also found that the monitor tended to underestimate the
number of steps taken at very slow walking speeds (Kanoun, 2009). In that study,
validity of the activity monitor was evaluated against direct observation for
measurement of number of steps in 42 healthy adults, where each participant walked at
four different treadmill speeds (5 minutes at each speed). Limits of agreement were
narrow between the activity monitor and observed number of steps for slow to
moderate speeds (0.7-1.3 m/s) (-1.5% to 0.8%), but were much wider for the very slow
walking speed (0.45 m/s) (-18.0% to 10.6%). In the same study, the maximum
absolute percentage error was small (up to 2.6%) for slow to moderate speeds, whereas
at the very slow speed it was increased to 29.7%. It is possible that the activity
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monitor underestimated the number of steps taken during slow walking speeds because
the device has a cut-off point for not detecting walking at a cadence of less than 20
steps per minute (slow walking speed) (ActivPAL™ operating guide, 2006).

In summary, it appears there is evidence that the ActivPAL™ is accurate at slow,
moderate and fast walking speeds but less accurate in determining the number of steps
taken during jogging, and very slow walking.

4.1.6 Criterion validity of the ActivPAL™ compared with direct
observation in people with cerebral palsy

Only one study has been located that investigated the criterion validity of the
ActivPAL™ compared with video observation to measure time spent in sitting,
standing and stepping as well as for measuring the number of steps taken during
walking in people with cerebral palsy (McAloon, 2007). In this study, five children
with hemiplegic cerebral palsy were asked to sit and stand for 30 second periods and to
walk distances of up to 10 metres. Children walked at their self-selected walking
cadence, which was relatively slow (45.5-58.5 steps/min).

High correlation coefficients were reported for all outcomes (r> .89), except for time
spent in standing, where a moderate coefficient was found (r= .54). Also, no
differences between the monitor and observation data were found for time spent in
sitting [t(9)= 0.4, p= .7]; time spent in standing [t(4)= -0.4, p= .7] and time spent in
walking [t(4)= -0.7, p= .5]. However, a trend toward a small but statistically nonsignificant systematic difference for number of steps taken was observed between
activity monitor and video observation [t(14)= -1.8, p< .09] (McAloon, 2007), where
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the monitor underestimated the number of steps with a mean difference of 0.8 steps
between the two methods. Despite some evidence of the criterion validity of the
activity monitor in people with cerebral palsy, the study’s sample size was very small
and only children with hemiplegic cerebral palsy were included thus restricting the
generalisability of the results.

4.1.7 Studies of validity of other activity monitors in children with cerebral
palsy

Studies have also evaluated the validity of other activity monitors for measuring
physical activity in children with cerebral palsy compared with direct observation
(Capio, Sit, & Abernethy, 2010; Kuo, Culhane, Thomason, Tirosh, & Baker, 2009;
Pirpiris & Graham, 2004).

Kuo et al (2009) reported conflicting findings when two activity monitors (Dynaport
Minipod and AMP 331) were evaluated compared with direct observation for
measuring number of steps in 20 children with diplegic cerebral palsy. Validity of the
two monitors were evaluated while completing continuous walking (along a straight
45-metre walkway and around a 100-metre oval circuit), while completing a structured
lap of walking between four separate points with 2- to 6-metre distance between them,
and while stair climbing. Participants walked at their preferred speed in all trials.
The limits of agreement were reported to be narrow for Minipod (-3.2% to 2.6%), but
wider for AMP (-13.5% to 8%) for measuring the number of steps taken during
continuous walking along the 45-metre walkway. As children increased the walked
distance to 100 metres, both devices showed greater underestimation of the number of
steps. For measuring steps during structured lap walking, both monitors showed wide
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limits of agreement (Minipod: -73% to 8.6%, AMP: -33% to 14.7%), whereas during
stair climbing the Minipod appeared to be valid (-6.3% to 0%), but the AMP not (-61%
to -1.8%) (Kuo et al., 2009). In summary, the Minipod was found to provide more
evidence of criterion validity than the AMP, which tended to underestimate step
counts, and the devices were more accurate during continuous walking than during
structured lap walking or stair climbing.
Another accelerometer, the MTI, was found to be moderately valid compared to direct
observation in 31 children with cerebral palsy (Capio et al., 2010). Validity of the
monitor was evaluated during a structured activity session where each participant
performed six 2-minute activities (sitting, standing, standing with intermittent ball
dribbling, walking with intermittent ball dribbling in standing, walking continuously,
and jogging continuously) and during a 10-minute unstructured free play session
(Capio et al., 2010). Results showed a positive relationship between protocol activity
and MTI (r= .78, r²= .60, p< .001). MTI data predicted 56% (structured activity) and
45% (free play) of the variance of the observed data (p< .001). Limits of agreement
showed low agreement between observed time spent and MTI predicted time spent in
moderate to vigorous physical activity for both structured activity (-1.08 to 1.14
minutes over an average of 1.35 minutes) and free play (-7.60 to 2.20 minutes over an
average of about 5.50 minutes) (Capio et al., 2010).
Finally, validity of an uptimer for measurement of time spent in standing and stepping
during 1 hour compared with visual observation in 50 children with cerebral palsy was
reported as excellent. A high correlation coefficient was found (r= .98) and the limits
of agreement were narrow between uptimer and observed time (<1.6%) (Pirpiris &
Graham, 2004).
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In summary, the evidence supporting the validity of other activity monitors to measure
physical activity in people with cerebral palsy is moderate or conflicting (Capio et al.,
2010; Kuo et al., 2009), except for the uptimer (Pirpiris & Graham, 2004), which
appears to be able to measure time spent in standing and stepping with high accuracy.
While it is useful to know that uptimers can measure upright activities accurately, their
ability to comprehensively measure all of the parameters that comprise physical
activity such as number of steps is limited. Uptimers also cannot measure time spent
in sitting or lying. Measuring parameters of sedentary behavior such as these is
important because there is evidence to suggest that people who habitually engage in
long sedentary periods are at risk of developing secondary health consequences, even
if they do regularly engage in isolated bouts of physical activity (Hamilton et al., 2007;
Iannoti et al., 2009; Tremblay et al., 2011; Wijndaele et al., 2011). Other limitations of
studies of other activity monitors in children with cerebral palsy are that they have not
evaluated the validity of the monitors to measure time spent in standing separately
from time spent in stepping (Capio et al., 2010; Pirpiris & Graham, 2004), they have
not distinguished between measuring physical activity and sedentary behavior (Capio
et al., 2010), and they have only measured number of steps up to a relatively short
distance of 100 metres (Kuo et al., 2009).

4.1.8 There is a need to evaluate the criterion validity of the ActivPAL™ in
young people with diplegic cerebral palsy

Although evidence of criterion validity of the ActivPAL™ has been demonstrated in
people without impairment, validity that has been established on subjects from one
population cannot be attributed to other populations (Portney & Watkins, 2008; Wood,
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2000). Additionally, although a single study has provided some evidence of the
criterion validity of the ActivPAL™ in people with cerebral palsy (McAloon, 2007),
that study included a small sample of children and young adolescents with hemiplegic
cerebral palsy that restricts generalisability of the results. Also, no evidence of the
criterion validity of any other activity monitor is available for measuring parameters
such as time spent in standing independently from time spent in stepping, number of
steps or time spent in sitting in people with cerebral palsy.

Evidence also suggests that the altered gait kinematics of people with neurological
disabilities may affect the validity of activity monitors such as the ActivPAL™. In
particular, very slow walking speed has been found to adversely affect validity of
pedometers and accelerometers in healthy subjects (Henriksen, Lund, Moe-Nilssen,
Bliddal, & Danneskiod-Samsøe, 2004; Kanoun, 2009; Le Masurier & Tudor-Locke,
2003; Moorhead et al., 2007; Ryan et al., 2006; Saremi et al., 2006; Saris & Binkhorst,
1977), and hemiparetic subjects (Haeuber, Shaughnessy, Forrester, & Coleman, 2004;
Saremi et al., 2006). The reduced validity at slow walking speeds may be explained
because pedometers and accelerometers usually have cut off points for slow cadences
(and therefore speeds). For example, the ActivPAL™ will not classify a cadence of
less than 20 steps per minute as walking (ActivPAL™ operating guide). As people
with cerebral palsy often walk more slowly than people without impairment (Abel &
Damiano, 1996; Eek, Tranberg, Beckung, 2011; Li, Zhou, Huang, Ding, & Jiang,
2007; Mackey, Stott, & Walt, 2008; O'Malley, Abel, Damiano, & Vaughan, 1997;
Vaughan & O'Malley, 2005; White, Agouris, & Fletcher, 2005), accelerometers and
pedometers may not be able to detect very slow speeds as walking.
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In addition, impaired balance during walking is commonly observed in people with
cerebral palsy (Chen & Woollacott, 2007; Hsue, Miller, & Su, 2009; Katz-Leurer,
Rotem, Keren, & Meyer, 2009; Kurz, Stuberg & DeJong, 2010; Massaad, Dierick, Van
den Hecke & Detrembleur, 2004). This lack of balance along with the poorly coordinated movements that can occur in people with cerebral palsy may lead to them
walking less smoothly than people without impairment and this may in turn increase
movement of their soft tissues. It is possible that the ActivPAL™ may count this
increased soft tissue movement where the device is placed as steps, an issue that also
arose during jogging in healthy subjects (Baer & O'Loughlin, 2007; Moorhead et al.,
2007).
In summary, there is no evidence available about the criterion validity of an activity
monitor for measuring all physical activity and sedentary behavior parameters in
adolescents and young adults with diplegic cerebral palsy. The ActivPAL™ has
demonstrated evidence of criterion validity in healthy people. However, the gait
characteristics of people with cerebral palsy may adversely affect the validity of the
monitor. Therefore, it was important to examine the criterion validity of the
ActivPAL™ for measuring physical activity and sedentary behavior in adolescents and
young adults with diplegic cerebral palsy.

4.2 Aim
Considering these findings the aim of this study was to determine the criterion validity
of the ActivPAL™ in a group of adolescents and young adults with spastic diplegic
cerebral palsy for measuring time spent in standing, the number of steps (physical
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activity) and time spent in sitting and lying (sedentary behavior) during a 12-minute
period using video observation as the criterion measure.
The specific hypotheses to be tested were as follows:
a. At least 90% of the variability in the ActivPAL™ measurements will be
explained by variability in the video recording measurements (i.e., r²≥ .90).
b. There will be no systematic difference between the ActivPAL™ and video
observation measurements.
c. There will be good agreement between ActivPAL™ and video observation. For
the purposes of this study, an agreement between the monitor and video
observation was considered good, if the upper and lower confidence intervals
of the difference between the two methods were within 10% of the mean of the
criterion measure.

4.3 Methods
4.3.1 Participants

Adolescents and young adults living in Victoria and Tasmania who were receiving or
had received services through the Victorian Royal Children’s Hospital, or who could
be accessed through the Cerebral Palsy Register of Victoria were recruited to this
study. A sub-set of 10 participants were selected from the larger sample of participants
that took part in the intervention trial reported in chapter 7. Therefore, inclusion
criteria for the participants of this study fulfilled the requirements of the intervention
trial (Chapter 7) and were as follows:
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People with cerebral palsy were included in the study if they had spastic diplegic
cerebral palsy and were between 14 and 22 years of age. Participants were also
required to have a Gross Motor Function Classification System (GMFCS)
classification of level II or III (Palisano et al., 2007).

4.3.2 Recruitment

All people registered in the Cerebral Palsy Register who potentially fulfilled inclusion
criteria were sent a written invitation to participate in the study. If interested, potential
participants then contacted one of the investigators by telephone for further
information. During the telephone conversation participants were screened for
inclusion/exclusion criteria and received further information about the requirements for
participating, such as attending assessment sessions. If inclusion criteria were
fulfilled, participants were then referred to the project officer who organised a time at
which written informed consent was obtained and baseline testing completed.
Participant information statement and consent form are displayed in Appendix 5.

4.3.3 Research design

The study was a validation study and was approved by the La Trobe University Human
Ethics Committee (08-012), and the Royal Children’s Hospital Research Ethics
Committee (28006C). Copies of the letters of approval are provided in Appendices 6
and 7 respectively.

4.3.4 Data collection
4.3.4.1 Recording time
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The entire recording for each individual lasted 12 minutes. The 12-minute recording
consisted of two 3-minute periods, during which each participant was asked to stand
up and sit down twice, and complete a six minute walk. Each participant maintained
standing up to 2 minutes in total and sitting up to 4 minutes in total.
4.3.4.2 Equipment

A hand-hold digital camera (Sony, DCR-DVD-610E) and a standard chair without
arms, which allowed the participants to sit-to-stand and stand-to-sit with ease, were
used for the study.
4.3.4.3 Pilot practice sessions

The researcher carried out two practice sessions where the predefined activities were
videorecorded in two people without impairment. Then, the video recordings were
examined to ensure that subjects were clearly visible and from this a decision was
made about where the videorecorder should be positioned during the trials. In
addition, data were extracted from these video recordings to check potential difficulties
with the data extraction procedure.
4.3.4.4 Main procedure

Data collection took place at the Hugh Williamson Gait Laboratory (Royal Children’s
Hospital, Victoria, Australia). Data collection was conducted by a single researcher
(candidate) who was a physiotherapist with 14 years experience working with people
with cerebral palsy. Initially, the researcher explained to each participant that during
two 3-minute periods they would be asked to sit-to-stand and stand-to-sit. The
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researcher also explained that the participant would be asked to walk for 6 minutes on
an oval 20-metre circuit (six minute walk).

The participant was then asked to sit on the chair, which was positioned in the middle
of the oval circuit. Then, the researcher programmed an ActivPAL™ to start recording
and attached it on the midline of the front aspect of the thigh, approximately one third
the distance between the hip and knee (figure 4.2). The monitor was held in place
using PALstickies, which are a dual layer hydrogel adhesive allowing skin adhesion on
one side and device adhesion on the other. After that the researcher started videorecording.

Figure 4.2. The ActivPAL™ monitor placed mid-thigh on the front aspect of the thigh.
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For the initial and final 3-minute recording periods the researcher stood facing the
participant at a distance of approximately 2.5 metres. The camera was kept still and
not panned during recording of these 3-minute periods. For the recording of the six
minute walk the researcher stood approximately 1 metre from one of the ends of the
oval circuit. The researcher panned the camera to ensure the participant’s steps were
recorded while they walked around the circuit.

During the first 3-minute recording period, the researcher asked the participant to stand
up and sit down twice (see instructions below). The researcher counted the predefined
time for each activity from the time line on the digital recording. The time and
sequence of the positions were 30 seconds in sitting, 30 seconds in standing, 60
seconds in sitting, 30 seconds in standing, and 30 seconds in sitting.

After the first 3-minute recording a research assistant administered the six minute walk
test according to the test protocol (Αlison et al., 2009), while the researcher continued
recording with the camera.
After the six minute walk, another 3 minutes of recording followed where the
researcher asked the participant to stand up and sit down twice again. The same
instructions were used as those for the previous 3-minute recording period (see
instructions below). The participants had to maintain each position for the same period
as in the previous 3-minute recording period, but the sequence of the positions was
different this time (60 seconds in sitting, 30 seconds in standing, 30 seconds in sitting,
30 seconds in standing, 30 seconds in sitting).
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Immediately at the end of the recording session the monitor was removed from the
participant’s thigh and monitor data were downloaded.
4.3.4.5 Instructions to the participants

Standardised instructions were given to each participant. For the 3-minute recording
period, instructions for standing up were “stand up” and while the participant was
standing the researcher continued by saying “keep staying up”. Instructions for sitting
down “please sit down now”. Participants could use their usual gait assistive device (if
required) to assist in the transitions from sit to stand.
The instructions for the six minute walk were provided by an independent research
assistant and were standardised according to recommendations (Alison et al., 2009).

4.3.5 Treatment of collected data

Recorded video data were saved from the digital camera to DVD discs. When data
from all participants were collected, the observer watched the 10 videos. The observer
was the same person collecting the video recording data. The time line on the digital
recording allowed for time calculation from the videos and the observer watched the
videos as many times as needed to collect the necessary information. The observer
was blind to the ActivPAL™ results during collection of information from the video
recordings, as measurements from the videorecordings were taken first and only when
data were extracted from the video recording these data were compared with data from
the monitor.
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The time needed to attach the monitor on the participant’s thigh, and the time needed
to remove it from the participant’s thigh and put it back to the docking station was
estimated from a number of trials imitating this procedure. This time was subtracted
from the total time spent in sitting and total time spent in standing recorded by the
monitor since the researcher was holding the device either in a horizontal or in a
vertical position during this period. Subtracting this time was necessary because the
monitor records data from the moment it is programmed until data are downloaded in
the computer. Since it was not clear exactly how much time the device was held in an
horizontal and how much time the device was held in a vertical position during this
period, half of this time was subtracted from the total time spent in sitting (25.7
seconds) and half from the total time spent in standing (25.7 seconds).

4.3.6 Stability of the criterion measure

To confirm the stability of the criterion measure, retest reliability of the video data was
evaluated. The 10 video recordings were assessed by the same observer on two
occasions 1 month apart. This minimised the risk that the observer would remember
the results of the first assessment during the second assessment. The Intraclass
correlation coefficient (ICC) model (3,1) was used to estimate retest reliability of the
video observations. Intraclass correlation coefficients were all greater than .94.
Limits of agreement were also calculated (Bland & Altman, 1999). Limits of
agreement were narrow for all outcomes measured, that is time spent in standing (0.09% to 0.04%), number of steps (0.009% to 0.01%) and time spent in sitting and
lying (-0.02% to 0.02%).
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4.3.7 Outcomes

The following outcomes, representing habitual physical activity, were measured: time
spent in standing, and number of steps. Time spent in stepping was not included as an
outcome as number of steps provides similar information and there were also more
studies available measuring number of steps rather than time spent in stepping to make
comparisons. Energy expenditure was also not included as an outcome because energy
expenditure cannot be assessed from video observation to make comparisons. Time
spent in sitting and lying representing sedentary behavior was also measured.

4.3.8 Data analysis
The sample size was calculated for Pearson test with a significance level of α = .05, a
power of .80 and expected correlation coefficient of .95 (Howell, 1992). A high
correlation coefficient was expected as high levels of mean agreement were found in
previous studies of validation of the ActivPAL™ in people with cerebral palsy
(McAloon, 2007) and in healthy adults (Feito et al., 2011; Grant et al., 2006; Ryan et
al., 2008 ) using videorecording as the criterion reference. Sample size calculation
demonstrated that the study would have adequate power to detect significant
associations between the monitor and video observation measurements if 10
participants were included. The sample included the first 10 eligible for inclusion in
the larger study (randomised controlled trial).
Regression analysis was used to explore the relationship between the activity monitor
and the criterion measures obtained from the video observations. The line of best fit,
the regression line, was derived for every variable to graphically demonstrate the
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degree the monitor and the criterion measures were linearly related (Portney &
Watkins, 2008). As the Pearson’s correlation coefficient (r) only demonstrates the
strength of the association and not the amount of variability in the criterion that can be
accounted for by variability in the predictor variable, the coefficient of determination
(r²) was also calculated (Portney & Watkins, 2008). An r² of .90 or above was
considered as very high, an r² = .80-.89 as high, an r²= .60-.79 as moderate and an r²
of .59 or below as low.
Paired samples t-tests were also performed to find out whether a significant systematic
difference existed between activity monitor and video observation measurements. The
level of statistical significance was set at a p value less than .05.
The 95% limits of agreement were plotted against the mean score for each participant
(Bland & Altman, 1999). Depending on the purpose of measurement researchers or
clinicians may want to know whether their measurements are valid measurements of
physical activity in a group of people or in an individual. In this study, the group
limits of agreement were represented by the 95% t-test confidence intervals, while
limits of agreement for an individual by the Bland and Altman 95% limits of
agreement. The upper and lower band of the confidence limit was compared with the
mean of the criterion measure with a 10% difference designated as being acceptable
for the purposes of the study. Data analyses were carried out with SPSS version 17.0.

4.4 Results
Four females and six males with spastic diplegic cerebral palsy were included in this
study. The mean age was 18.6 years (range= 14-21.5, SD= 2.7). Five of the
participants had a gross motor function classification system (GMFCS) level of II
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(walk independently, but had difficulty walking on uneven surfaces, and confined
spaces) and the other five participants had a GMFCS level of III (walk with an aid, and
used a wheelchair for long distances or uneven surfaces) (Palisano et al., 2007). There
were no data lost due to participant drop-out, equipment malfunction or missing data.

Table 4.1 presents means and standard deviations (SDs) of the videorecording and
activity monitor measurements, Pearson correlation coefficients (r), coefficients of
determination (r²), mean difference between the ActivPAL™ and video observations
and SD of the difference, group 95% confidence intervals and 95% limits of agreement
for all outcomes. A negative mean difference value (ActivPAL™ minus video)
indicates that the participant had a lower value on the monitor data compared to the
videorecording data.
As Table 4.1 shows, the correlation coefficients for time spent in standing, number of
steps and time spent in sitting and lying were very high (r> .98; p< .01), suggesting a
strong positive association between the monitor and video observation measurements.
Coefficients of determination were also very high for time spent in standing, number
of steps and time spent in sitting and lying (r²≥ .96; p≤ .01), suggesting that a very
large amount of variability in the video observation measurements can be explained by
the variability in the monitor measurements for these outcomes.
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Table 4.1
Results of the criterion validity of the monitor
Outcomes

Time spent
standing
(minutes)
N of steps

Time spent
sitting-lying
(minutes)

Mean
video
score
(SD)
2.3

Mean
ActivPAL™
score
(SD)
2.2

(0.3)

(0.5)

671

658

(134)

(141)

4.5

4.9

(1.2)

(1.7)

R

r²

Mean
difference
(SD)

.98

.97

-0.06

95% CI’s of
group mean
difference
(t-test)
-0.2 to 0.06

95% limits of
group
agreement (%)

Limits
of
agreement
(individual) (%)

-8.6% to 2.6%

95%
CI’s
(limits
of
agreementindividual)
-0.4 to 0.3

-22.3 to -5.3

3.3% to 0.8%

-36.9 to 9.4

-5.5% to 1.4%

0.06 to 0.9

1.3% to 20%

-0.6 to 1.5

-13.3% to 33.3%

-17.3% to 13%

(0.2)

.99

.99

-13.8
(11.8)

.98

.96

0.5
(0.5)

Note. SD=standard deviation, r= correlation coefficient, r²= coefficient of determination, CI=confidence intervals, N=number
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This was also evident from the scatter plots (figures 4.3-4.5) that demonstrate a strong
linear relationship between the monitor and video observation measurements for these
outcomes.

Figure 4.3. The relationship between ActivPAL™ and video data for time spent in
standing.
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Figure 4.4. The relationship between ActivPAL™ and video data for number of steps.

As Table 4.1 also shows, there was a systematic difference between activity monitor
and video observation for time spent in sitting and lying and number of steps as
indicated by the t-test 95% confidence intervals not crossing zero. A systematic
difference was not observed for time spent in standing. Limits of group agreement (ttest) were narrow for time spent in standing, and number of steps (< 10%), but wider
for time spent in sitting and lying (> 10%) (Table 4.1).
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Figure 4.5. The relationship between ActivPAL™ and video data for time spent in
sitting and lying.

Limits of agreement for an individual were narrow for the number of steps (< 10%),
but wider for time spent in standing and time spent in sitting and lying (> 10%) (Table
4.1).
From the Bland and Altman plots (Figures 4.6-4.8), it can be seen that there was one
outlier for each of the following outcomes: time spent in standing, number of steps,
and time spent in sitting and lying. Outliers for time spent in standing and number of
steps were from the same participant who used a walker and had a shuffling gait.
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Figure 4.6. ActivPAL™ and video data difference against mean for time spent in
standing.

Calculation of the limits of agreement (for an individual) excluding the outlier from the
analysis gave narrower limits of agreement for time spent in standing (-4.8% to
18.4%), and time spent in sitting and lying (-12.6% to 3.9%), but still wider than the
predetermined threshold of 10%.
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Figure 4.7. ActivPAL™ and video data difference against mean for number of steps.
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Figure 4.8. ActivPAL™ and video data difference against mean for time spent in
sitting and lying.

4.5 Discussion
The results of the current study suggest that the criterion validity of the ActivPAL™ is
relatively high for measuring physical activity and moderate for measuring sedentary
behavior in groups of young people with spastic diplegic cerebral palsy who have mild
to moderate walking disabilities. In practice this means that researchers or clinicians
can be confident enough that the monitor can be used to measure physical activity in
groups of young people with spastic diplegic cerebral palsy. They may also be
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relatively confident that they can use the monitor to measure sedentary behavior of
groups of young people with spastic diplegic cerebral palsy.
The results of the current study also suggest that the criterion validity of the
ActivPAL™ is high for measuring number of steps, moderate for measuring time spent
in standing and relatively low for measuring sedentary behavior in individual young
people with spastic diplegic cerebral palsy. This means that researchers and clinicians
can be confident that the monitor can measure number of steps and moderately
confident that the monitor can measure time spent in standing in young individuals
with spastic diplegic cerebral palsy. However, based on the results of this experiment
they would have less confidence that the monitor provides a valid measure of
sedentary behavior in young individuals with diplegic cerebral palsy.
The monitor can be used to assess number of steps in both groups of young people and
young individuals with spastic diplegic cerebral palsy who can walk but with
difficulty. The monitor accurately predicted observed number of steps with very high
levels of association between the two measures. Although a systematic difference was
found between the monitor and video observation, that difference was very small. The
monitor measured an average of 14 less steps than the video observation of 671 steps
(a 2.1% difference). As gait characteristics such as very slow walking speed have been
reported to result in activity monitors underestimating number of steps (Kanoun,
2009), slow walking speed may have been the reason for finding that small systematic
difference for the number of steps in the current study. Further, good agreement was
found between the monitor and video observation for measuring number of steps in
both groups and individuals with spastic diplegic cerebral palsy. Good agreement has
also been reported between another activity monitor, the Minipod, and video
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observation for measuring number of steps in individual children with spastic diplegic
cerebral palsy during continuous walking (2.6% to 3.2%) in a previous study (Kuo et
al., 2009).

The ActivPAL™ can be used to measure time spent in standing in groups of young
people with spastic diplegic cerebral palsy and it may also be used to measure time
spent in standing in individual young people with diplegic cerebral palsy. The monitor
accurately predicted observed time spent in standing, but the difference between
predicted time and observed time spent in standing (the outer band of the limit of
agreement) was relatively large for individuals (up to 17.3%). Lesser limits of
agreement were reported for other activity monitors when time spent in standing was
measured during a short period (5 minutes) in people with cerebral palsy (Capio et al.,
2010), while good agreement was reported when time spent in standing was measured
together with time spent in stepping for a longer period (1 hour) in people with
cerebral palsy (Pirpiris & Graham, 2004). The experimental protocol in the current
study may have contributed to the moderate agreement between the monitor and video
observation for measuring time spent in standing in young individuals with diplegic
cerebral palsy. The researcher may have overestimated how much of the time spent in
attaching and removing the monitor from the participants’ thigh was time spent in
standing. When investigators are trying to measure short periods of activity in
standing this variance takes up a relatively large proportion of the total time making it
difficult to adequately measure time spent in standing when relatively short periods of
time are spent in standing. This issue of accounting for the time to attach/remove the
monitor on/from the thigh and connect to the computer may be not so much of a
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problem when the ActivPAL™ is used, as intended, to measure physical activity over a
number of days.

The monitor may be valid enough to be used to measure time spent in sitting and lying
in groups of young people with diplegic cerebral palsy but it is uncertain whether it can
be used in young individuals with spastic diplegic cerebral palsy. The activity monitor
highly predicted observed time spent in sitting and lying. However, the difference
between the two methods (the outer band of the limit of agreement) was relatively
large for groups (up to 20%) and large for individuals (up to 33%) with diplegic
cerebral palsy. Nevertheless, the mean difference between the monitor and video
observation was small (1%). In contrast with the present study, good agreement was
found between the monitor and direct observation for measuring time spent in sitting
and lying in individual healthy people (Grant et al., 2006; Ryan et al., 2008). It is
possible that the difference found in the current study between the monitor and video
observation for measuring time spent in sitting and lying in individuals with diplegic
cerebral palsy to have occurred because the observer underestimated how much time
of the time spent in attaching/removing the monitor on/from the participants’ thigh was
time spent in sitting and lying. Therefore, when relatively short periods of time spent
in sitting and lying are measured time spent in attaching and removing the monitor
should be accurately measured.

A strength of this study is that is the first study that has evaluated the criterion validity
of the ActivPAL™ for measuring physical activity and sedentary behavior in
adolescents and young adults with diplegic cerebral palsy. This is important as the
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monitor can be a more convenient method of measuring habitual physical activity and
sedentary behavior compared to other tools such as video observation that is time
consuming. Another strength of this study is that the criterion validity of the monitor
to measure each activity was examined separately. Also, the validity of the monitor
was evaluated rigorously examining not only the amount of variability in the video
observation measurements that could be explained by the variability in the monitor
measurements, but also the extent the two measurements agreed. Validity was also
expressed in terms of units of measurement and as percentage differences, which
allowed the interpretation of the likely clinical usefulness of the monitor in measuring
physical activity and sedentary behavior in young people with diplegic cerebral palsy.
A limitation of this experiment is that the structured protocol aimed at evaluating
predefined and timed activities and may not reflect habitual physical activity and
habitual sedentary behavior observed in free living conditions. Another limitation was
the relatively small sample size, although the sample was sufficient to obtain the
hypothesised association between the criterion measure and the ActivPAL™. This
sample size has affected the limits of agreement and similar results with a larger
sample size would have resulted in finding smaller differences between the monitor
and the criterion measure.

4.6 Conclusion
The results of this study provide evidence supporting the criterion validity of the
ActivPAL™ monitor to measure physical activity and sedentary behavior in groups of
young people with spastic diplegic cerebral palsy with mild to moderate walking
disabilities. The criterion validity of the monitor may also be sufficient for measuring
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number of steps and time spent in standing but it is considerably less for measuring
sedentary behaviour in young individuals with spastic diplegic cerebral palsy.
Observed differences between the activity monitor and video observation may be
partly explained by limitations in the experimental protocol from collecting physical
activity data over a relatively short time period.
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CHAPTER 5: Retest reliability of the ActivPAL™
monitor

5.1 Introduction
After evaluating the criterion validity of the ActivPAL™ and finding it to be
adequately valid for measuring physical activity and sedentary behavior in groups of
young people with diplegic cerebral palsy, it was important to determine whether the
monitor could also provide reliable measurements over time. Therefore, the aim of
this study was to examine the retest reliability of the activity monitor for measuring
habitual physical activity and sedentary behavior of young people with diplegic
cerebral palsy. This is important because it will enable quantification of measurement
error in evaluating change when using the monitor.

5.1.1 Retest reliability

Retest reliability evaluates whether measures can be repeated when using the same
measurement tool in the same subjects on different occasions (Sim et al., 1993;
Streiner & Norman, 2008). Therefore, retest reliability has to do with the consistency
between repeated measurements. The consistency of repeated measurements is of
interest because it allows the interpretation of change over time. This is important to
clinicians because it allows them to evaluate if any observed change is greater than
measurement error, and so can be attributed to true change.
Any measurement yields an observed score that is made up of the true value and
measurement error. The observed score will differ from the hypothetically true value
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by the amount of the measurement error. Therefore, a measurement is considered
more reliable if a smaller proportion of the total observed value is represented by the
measurement error (Portney & Watkins, 2008; Streiner & Norman, 2008).
Measurement error can be systematic or random. Systematic errors occur when a
retest score is systematically higher or lower than a test score. For example, this could
occur if a participant had received some intervention and improved between test and
retest, or if participant’s performance improved due to familiarity with test procedures.
Random errors are unpredictable and can occur because of inconsistency in collecting,
handling or presenting the data, or due to inconsistency in subject performance over
time (Baranowski, Masse, Ragan, & Welk, 2008; Portney & Watkins, 2008; Sim et al.,
1993).
The reliability of a measurement method can be expressed as a correlation coefficient,
which can range from 0 to 1 (or -1 in the case of an inverse association). Correlation
coefficients, however, do not indicate the magnitude of differences of repeated
measures in the units of measurement, but rather a ratio of retest reliability relative to
the differences between subjects (Keating & Matyas, 1998). Clinicians and
researchers need to know not only the magnitude of error in relation to between subject
differences, but also the magnitude of the error in relation to the magnitude of the
changes that the measurement method will assess. This information allows clinicians
to decide whether the observed change represents true change or measurement
variability (Keating & Matyas, 1998). For this reason, it has been recommended that
reliability be expressed in the units of measurement as well as in the form of a
coefficient ratio (Keating & Matyas, 1998).
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Depending on the purpose of measurement clinicians may want to know the magnitude
of error in a group of people or in an individual. For example, they may want to assess
outcomes over time when they run a group program, or they may want to assess
outcomes of a program in an individual. If a change is larger than the limits of the
confidence interval of the reliability in the units of measurement it can be considered
to be a true change. If the change falls within the limits of confidence interval
clinicians cannot be sure that any observed changes are anything more than error of
measurement (Portney & Watkins, 2008).

5.1.2 Intervals between test-retest measurements

Periods between test and retest measurements must be considered carefully (Rothstein,
1985; Streiner & Norman, 2008). Intervals should be chosen to be short enough to
avoid real changes in the measured attribute when no intervention is implemented
(Streiner & Norman, 2008) and long enough to prevent fatigue and memory effects
(Rothstein, 1985). Most measurement methods, however, are used to evaluate change
as a result of interventions. Therefore, it is important that researchers implement
clinically relevant test to retest periods. A clinically relevant period is usually a period
over which clinicians might expect that an intervention could yield a true change (or a
clinically relevant change). Therefore, when a clinically relevant period is used, the
test to retest interval is similar to intervals that have been used in intervention trials
assessing the variable of interest.

5.1.3 Reliability studies of the ActivPAL™ monitor in people without
impairment
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There is some evidence that ActivPAL™ monitors can provide reliable data in adults
without impairment. Within-session reliability has been examined in a group of 20
people without impairments (Busse, Van Deursen, Wiles, 2009). In that study the
monitor was used to measure the mean number of steps over three circuits (1,100
metres) within a single test session. Reliability was found to be high (ICC= .95). In
another study, predefined time spent in sitting, standing, and stepping (600 seconds in
each activity) was recorded from one unimpaired person on 15 trials within a single
test session (Tsavourelou et al., 2009). A predefined number of steps (2,100 steps)
were also completed by the same subject on 15 trials within a single test session.
Percentage difference across the 15 recordings tended to be small for the number of
steps (1.2%-5%), but somewhat larger for time spent in sitting (6%-9%), time spent in
standing (2.5%-11%), and time spent in stepping (8.5%-17%) (Tsavourelou et al.,
2009).

Retest reliability of the ActivPAL™ monitors has also been examined over separate
test occasions. In one study, 24 healthy adults completed the same set of predefined
and timed (2 minutes each) activities on two occasions, held 1 week apart. The
activities were: sitting at a computer; lying on a treatment bench; walking/jogging on a
treadmill at 3.2, 4.5 (with and without incline), 2.2 m/s; cycling on an exercise bike at
45, 60, 75 rpm; walking at normal pace and controlled speed on flat ground; and stair
walking. Data were analysed using the limits of agreement. The monitor recorded the
same time for activities on the two separate sessions within the range of −5.19 to 5.05
minutes, with a confidence of 95% (Moorhead et al., 2007), suggesting that the
monitor’s measurement error may be large relative to the time spent doing the tasks.
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In another study, steps taken by 18 healthy adults were measured during the same set
of predefined and timed (2 minutes each) activities on two occasions, held 1 week
apart. These activities were: walking/jogging on a treadmill at 0.9, 1.3 (with and
without incline), 2.2 m/s; cycling on an exercise bike at 45, 60, 75 rpm; walking at
self-selected pace on flat floor; and stair walking at self-selected speed (Dahlgren,
Carlsson, Moorhead, Hager-Ross, & McDonough, 2010). Intraclass correlation
coefficients were very high for treadmill walking at 1.3 m/s without an incline (ICC=
.94) and with incline (ICC= .95) and high for treadmill walking at 0.9 m/s, treadmill
jogging (2.2 m/s) and stair walking (ICC= .88, .81 and .70, respectively). Intraclass
correlation coefficients were moderate for self-selected flat floor walking and bike
cycling at 75 rpm (ICC= .69 and .55, respectively), while they were very low for bike
cycling at 45 rpm and 60 rpm (ICC= .27 and .12, respectively). Standard errors of
measurement suggested that treadmill walking and cycling at 75 rpm were the most
reliable measures (SEM 4-6 steps), while jogging, and cycling at 45 rpm and 60 rpm
were the least reliable measures (SEM 22-88 steps) (Dahlgren et al., 2010).

In summary, although some studies provide evidence that the ActivPAL™ has
adequate reliability to measure physical activity and sedentary behavior in people
without impairment, the evidence from all available studies is conflicting.

5.1.4 Reliability studies of activity monitors in people with cerebral palsy

Within session reliability of the ActivPAL™ for measuring time spent in sitting,
standing, and stepping, as well as the number of steps was very high (r= .97 to 1.00) in
a single subject study (McAloon, 2007). In this study, one individual with hemiplegic
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cerebral palsy performed the same set of activities (30 seconds spent in sitting four
times, 30 seconds spent in standing once, and walking a distance around 10 metres
three times) on two trials within a single test session. Also, no significant systematic
differences were found between the two trials (p= .42) (McAloon, 2007).

Moderate to high retest reliability (r= .53 to .90) using another activity monitor (the
intelligent device for energy expenditure and activity monitor) has been reported in a
group of people with cerebral palsy (Mackey et al., 2008). To measure walking
velocity, stride length, step length, and cadence in 25 people with cerebral palsy, each
person with cerebral palsy completed two identical data collection sessions, held 1
week apart. Participants completed a 10-minute walk 6 times at their self-selected
speed. The lowest correlations were found for walking velocity and stride length (r=
.53 and .62 respectively) (Mackey et al., 2008).
Reliability of an uptimer to measure time spent in upright positions has been reported
as high between single days (ICC≥ .77), and even higher between aggregated days (2
days versus 2 days) (ICC≥ .82) (Pirpiris & Graham, 2004). In this study, data were
collected in 300 children with cerebral palsy where each child wore the uptimer for
four 24-hour periods on weekdays and for two consecutive 24-hour periods on
weekend days.
In summary, there is limited evidence of reliability for the ActivPAL™ and moderate
to high evidence of reliability for other activity monitors for measuring physical
activity in people with cerebral palsy.
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5.1.5 There is a need to evaluate retest reliability of the ActivPAL™ in
people with cerebral palsy

Although some studies provided evidence that the ActivPAL™ is reliable in measuring
physical activity and sedentary behavior in unimpaired people (Busse et al., 2009;
Dahlgren et al., 2010; Tsavourelou et al., 2009), this evidence can only be applied to
the population in which reliability has been evaluated (Portney & Watkins, 2008;
Wood, 2000). Evidence of reliability for measuring physical activity in people with
cerebral palsy was limited for the ActivPAL™ and moderate to high for another
monitor (Mackey et al., 2008; McAloon, 2007). These studies, however, only
collected data for up to 10 minutes and did not assess habitual physical activity over a
number of days. A study that collected data from an uptimer over 6 days found high
evidence of its retest reliability (Pirpiris & Graham, 2004), but uptimers do not
measure sedentary behavior or important components of habitual physical activity such
as number of steps. Uptimers also do not distinguish between different activities such
as time spent in standing from time spent in stepping. Considering the above, there is
no adequate evidence of retest reliability of a monitor such as the ActivPAL™ for
measuring habitual physical activity and sedentary behavior in people with cerebral
palsy.

The previous study of the current thesis provided evidence that the ActivPAL™
monitor may be adequately valid to measure physical activity and sedentary behavior
in groups of adolescents and young adults with diplegic cerebral palsy (Chapter 4). In
the final empirical study of the current thesis, a muscle strengthening program is
implemented with the aim to increase the habitual physical activity and reduce the
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sedentary behavior of young people with diplegic cerebral palsy who walk with
difficulty. Therefore, it was important to measure changes in physical activity and
sedentary behavior over time (from baseline to post-intervention or to follow up) with
a reliable outcome measure. The ActivPAL™ can measure important aspects of
habitual activity and sedentary behavior such as number of steps or time spent in
sitting and lying. For this reason, it was necessary to examine whether the ActivPAL™
could provide a reliable outcome measure of physical activity and sedentary behavior
in young people with diplegic cerebral palsy.

5.2 Aim
Given these considerations the primary aim of this study was to determine the retest
reliability of the ActivPAL™ to measure time spent in standing, the number of steps
taken, and energy expenditure (physical activity) as well as to measure time spent in
sitting and lying (sedentary behavior) in a group of adolescents and young adults with
spastic diplegic cerebral palsy over a clinically relevant period of 12 weeks.
The specific hypotheses to be tested were as follows:
a. The ActivPAL™ will demonstrate adequate retest reliability in measuring habitual
physical activity levels and habitual sedentary behavior in a group of people with
spastic diplegic cerebral palsy over a clinically relevant period
b. The ActivPAL™ will demonstrate adequate retest reliability in measuring habitual
physical activity levels and habitual sedentary behavior in individuals with spastic
diplegic cerebral palsy over a clinically relevant period.
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For the purposes of this study, reliability was determined to be adequate if the
monitor’s measurement error expressed in the units of measurement would be smaller
than changes usually observed in response to physical exercise program interventions
in previous published trials of people with cerebral palsy.

5.3 Methods
5.3.1 Participants

The recruitment procedure and the inclusion criteria for the participants recruited to
this study are outlined in sections recruitment and participants in Chapter 4. In this
(reliability) study, however, only the participants allocated to the control group in the
larger intervention study were included.

5.3.2 Research design

The study was a retest reliability study and was approved by the La Trobe University
Human Ethics Committee (08-012), and the Royal Children’s Hospital Research
Ethics Committee (28006C). Copies of the letters of approval are provided in
Appendices 6 and 7.

5.3.3 Data collection

Activity and sedentary behavior data were collected on two different occasions with a
12-week period between the test and retest measurements. This 12-week test to retest
interval was considered clinically relevant as there is evidence that muscle
strengthening programs can result in significant improvements after 6 to 12 weeks in
young people with cerebral palsy (Damiano & Abel, 1998; Dodd, Taylor & Graham,

86

2003; Engsberg, Ross & Collins, 2006; MacPhail & Kramer, 1995; McCubbin &
Shasby, 1985) . Participants were asked to continue with their usual activities during
the test and retest period.
Participants were instructed to wear the monitor for 7 days at both test and retest
measurements. A monitor was programmed to start recording and was attached on
participant’s thigh at the gait laboratory at the Royal Children’s Hospital for both test
and retest assessments. The device was attached to the midline of the front aspect of
the thigh, approximately one third the distance between the hip and knee (figure 4.2).
The ActivPAL™ was first wrapped in plastic, placed on gauze and then attached to the
participant’s thigh with a Tegaderm™ dressing to protect it from moisture during the 7day period of recording.
Participants were shown how to attach the activity monitors by themselves (correct
placement and orientation of the activity monitors on their thigh), and were advised to
wear them at all times except during bathing, and swimming. Information sheets with
instructions for the monitor were provided to each participant (Appendices 8 and 9).
Participants were encouraged to do their normal activities during the 7-day recording
period. They were also given Tegaderm™ dressings to reattach the monitor if they
needed to take it off.
A daily log was also given to participants in which to note their activities during the 7day period (Appendix 10). Finally, participants were given a plastic protective
wrapping for the monitor and an envelope, and were asked to post the monitor and
activity log back after the 7-day recording period. After the monitor was returned, an
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independent researcher processed and saved the monitor data onto a personal
computer.

5.3.4 Outcomes

The following outcomes, representing habitual physical activity, were measured: time
spent in standing, number of steps, and energy expenditure. Time spent in sitting and
lying (representing habitual sedentary behavior) was also measured. Time spent in
stepping was not included as an outcome as similar information is provided by the
number of steps. Energy expenditure was measured as Metabolic Equivalent of task
per hours (MET.h). The data presentation that provides a summary for each day of the
week was used for data analysis of this study. In this summary the total time spent in
each activity is listed alongside the number of steps taken that day.

5.3.5 Data analysis

The sample size was estimated according to sample size calculation for reliability
studies (Walter, Eliasziw and Donner, 1998), with a significance level of .05, and a
power of .80. It was assumed that the minimal expected level for reliability was .70
and the highest at .90 (Mackey et al., 2008; Pirpiris & Graham, 2004). It was
estimated that a sample of 26 participants would be required.
Participants’ data were included for analysis if at least 2 full days of data for both test
and retest measurements were available. Periods as short as two days of monitoring
have been used successfully to describe habitual physical activity in other populations
(Baert, Feys, Daly, Troosters & Vanlandewijck , 2012; Pitta et al., 2005). For each
participant, the average energy expenditure per day, time spent in standing per day and
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number of steps per day (representing physical activity), and time spent in sitting and
lying per day (representing sedentary behavior) were calculated.
As participants may have been engaged in various activities during different days, to
adequately assess habitual physical activity it was necessary to measure activity over
multiple days (Baranowski et al., 2008). A sensitivity analysis, therefore, was also
performed including only participants with at least 6 full days of recorded data. At
least 6 full days of recording was chosen because this period was close to the longest
recording period of the study (7 days) and a considerable number of participants had 6
full days of data (n=17).

An Intraclass Correlation Coefficient (ICC) was calculated to determine the proportion
of variability between the test and retest results. The ICC model (2, 1) was used to
generalize the results to the device used in this study as well as to other ActivPAL™
monitors (Portney & Watkins, 2008; Shrout & Fleiss, 1979). Data analysis was carried
out with SPSS 17.0 version. Coefficients were considered of high reliability if they
were .75 or above, of moderate reliability if they were between .75 and .50 and of low
reliability if they were below .50 (Portney & Watkins, 2008).

Retest reliability of the monitor was also calculated in terms of units of measurement.
A 95% confidence interval (CI) for the group mean score was derived from the
difference between means of paired scores (Altman, 1990):

where Md is the mean difference of retest minus test scores and SDdiff is the standard
deviation of the difference between retest and test scores. For the interpretation of
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individual scores, otherwise known as the limits of agreement, N=1 was substituted
into the above equation (Bland & Altman, 1999).

5.4 Results
A total of 24 participants were recruited, 13 females and 11 males. The mean age of
the sample was 18.7 years (range= 14-23, SD=2.9). Fifteen participants had a Gross
Motor Function Classification System (GMFCS) level of II (walk independently, but
have difficulty walking on uneven surfaces, and confined spaces) and 9 had a GMFCS
level of III (walk with an aid, and use a wheelchair for long distances or uneven
surfaces) (Palisano et al., 2007). Not all participants completed all 7 days of data
recording. Activity monitor test data were not available for one participant due to less
than a day of recording (the participant took it off because of skin irritation), and retest
data were missing for another two participants because the monitor was lost in the mail
for one participant and the other participant failed to return the monitor. Therefore,
data analysis was completed on 21 participants.
Table 5.1 presents the mean test and retest session scores and their standard deviations
(SDs), intraclass correlation coefficients (ICC (2,1)), mean retest minus test difference
and SD of the difference, and retest reliability in the units of measurement (group mean
and individual) for each of the complete cases analysis outcomes. A negative retest
minus test difference indicates that the participant scored higher on the first test session
compared to the second test session.
The results of the table show that average daily time spent in the sedentary behavior of
sitting and lying was approximately 20 hours. The average daily time spent in
standing was less than 3 hours, energy expenditure was less than 32.3 METs per day,
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and the average daily number of steps was less than 4,600 steps. Differences between
test and retest measurements were relatively small.
Table 5.1 also shows that retest reliability was high for energy expenditure and number
of steps (ICC(2, 1)≥ .85). For time spent in sitting and lying, and time spent in
standing, retest reliability was moderate (ICC(2, 1)= .60 - .66). Reliability expressed
in terms of the units of measurement shows that all mean group and individual 95%
confidence intervals crossed zero, indicating that there were no systematic changes
between test and retest for any of the outcome measures.
To be 95% confident that true change had occurred across the group, energy
expenditure would have to increase by more than 0.2%, time spent in standing by more
than 6.6%, and number of steps by more than 182 steps (3.9%) each day. A group
with cerebral palsy would also need to reduce time spent in sitting and lying by more
than 12.6 minutes (1%) each day to be 95% confident that a real change had occurred.
An individual with spastic diplegic cerebral palsy would have to increase energy
expenditure by more than 3.3%, time spent in standing by more than 68%, and the
number of steps by more than 2,303 steps (50%) each day to be 95% confident that
true change beyond the limits of error had occurred. Also, for an individual with
diplegic cerebral palsy, daily time spent in sitting and lying would have to decrease by
more than 11% each day to be 95% confident that real change had occurred.
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Table 5.1
Results of retest reliability of the monitor for complete cases analysis (n=21 participants)
Mean test
score
(SD)

Mean retest
score
(SD)

ICC₍₂̦,₁₎

Energy
expenditure
(METs/day)

32.24

32.04

(1.2)

(1.03)

Time spent
standing
(hours/day)

2.9

2.64

(1.2)

(1.31)

N of steps
(steps/day)

4,589

4,178

(2,851)

(2,401)

Time spent
sitting and
lying
(hours/day)

20.08

20.46

(1.56)

(1.59)

Outcomes

Mean
difference
(retest-test)

SD
difference

95% CI

95% CI individual

(group)

limits of
agreement

.85

-0.20

0.61

-0.48 to 0.08

-1.47 to 1.07

.60

-0.31

1.10

-0.81 to 0.19

-2.6 to 1.98

.87

-411

1,301

-1,004 to 182

-3,125 to 2,303

1.28

-0.21 to 0.95

-2.30 to 3.04

.66

0.37

Note. METs=metabolic equivalents, ICC=intraclass correlation coefficient, SD= standard deviation, CI= confidence interval, N=number
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Table 5.2 presents the sensitivity analysis of the 17 participants who completed at least
6 full days of data collection. From the table, it can be seen that the sensitivity
analysis results were similar with those of the complete case analysis. Average daily
time spent in sitting and lying was also approximately 20 hours, and energy
expenditure also less than 32.3 METs per day, while the other measures were slightly
higher with average daily time spent in standing being less than 3 hours, and number
of steps less than 4,700. Mean differences between test and retest measurements were
small.
For the sensitivity analysis retest reliability was high for energy expenditure and
number of steps (ICC(2,1)≥ .86), and moderate for time spent in sitting and lying and
time spent in standing (ICC(2,1)= .56- .63) (Table 5.2). All mean group and individual
95% confidence intervals crossed zero, suggesting there was no systematic change
between test and retest for any of the outcomes.
Sensitivity analysis units of measurement (table 5.2) were also similar to complete
cases analysis units of measurement. These units of measurement suggest that energy
expenditure would have to increase by more than 0.2%, time spent in standing by more
than 7.3%, and the number of steps by more than 2.9% each day to be 95% confident
that real change had occurred across the group. Daily time spent in sitting and lying
had to decrease by more than 12.6 minutes (1.1%) to interpret the change across group
with 95% confidence as true change.
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Table 5.2
Results of the retest reliability of the monitor for sensitivity analysis (n=17 participants)
Mean test
score
(SD)

Mean retest
score
(SD)

ICC₍₂̦,₁₎

Energy
expenditure
(METs/day)

32.3

32.0

(1.3)

(1.07)

Time spent
standing
(hours/day)

3.0

2.7

(1.2)

(1.4)

N of steps
(steps/day)

4,674

4,159

(3,013)

(2,525)

Time spent
sitting and
lying
(hours/day)

19.9

20.4

(1.5)

(1.7)

Outcomes

Mean
difference
(retest-test)

SD
difference

95% CI

95% CI individual

(group)

limits of
agreement

.86

-0.25

0.59

-0.55 to 0.05

-1.50 to 1.0

.56

-0.40

1.20

-1.0 to 0.22

-2.9 to 2.1

.89

-516

1,262

-1,165 to 133

-3,191 to 2,159

1.35

-0.21 to 1.2

-2.4 to 3.3

.63

0.48

Note. ΜΕΤs= metabolic equivalents, ICC=intraclass correlation coefficient, SD= standard deviation, CI= confidence interval, N=number
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For an individual with spastic diplegic cerebral palsy, energy expenditure would have
to increase by more than 3.1%, time spent in standing by more than 70%, and the
number of steps by more than 2,159 steps (46%) each day to be 95% confident that
real change had occurred. Also, daily time spent in sitting and lying had to decrease
by at least 12% to be 95% confident that real change had occurred.

5.5 Discussion
The results suggest that the ActivPAL™ monitor is likely to be adequately reliable for
measuring change in habitual physical activity levels or levels of sedentary behavior in
groups of young people with spastic diplegic cerebral palsy but not in young
individuals with spastic diplegic cerebral palsy. This means that a clinician can use the
monitor to measure changes after intervention in groups of young people with spastic
diplegic cerebral palsy but it is less certain whether a clinician can use the monitor to
measure changes after intervention in individual young people with diplegic cerebral
palsy. The habitual physical activity levels of young people with spastic diplegic
cerebral palsy who walk with difficulty tend to decline as they move from adolescence
to adulthood, which places them at risk of developing secondary health consequences.
Measuring the effects of interventions that aim to increase habitual activity and
decrease sedentary behavior is important to these people. The ability of the
ActivPAL™ to be able to reliably monitor changes in physical activity in groups of
people with spastic diplegic cerebral palsy is important, as it means the activity
monitor can be used to evaluate intervention programs in this population.
In the current study, intraclass correlation coefficients for energy expenditure and
number of steps ranged from .85 to .87 suggesting high reliability, while those for time
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spent in sitting and lying and time spent in standing suggested moderate reliability.
Retest reliability of another activity monitor (the intelligent device for energy
expenditure and activity) for measuring cadence in people with cerebral palsy was also
found high (ICC= .90) (Mackey et al., 2008). Reliability is also reported to be high
(between single days: ICC≥ .77; 2 days versus 2 days: ICC≥ .82) for an uptimer
measuring time spent in standing and stepping in children with cerebral palsy (Pirpiris
& Graham, 2004). However, the current reliability study results are not directly
comparable with these previous studies results as those earlier studies either did not
measure number of steps but rather measured cadence (Mackey et al., 2008) or did not
measure time spent in standing as a separate activity from time spent in stepping
(Pirpiris & Graham, 2004).
As shown in table 5.1, group daily average energy expenditure increases of more than
0.2% METs per day and individual energy expenditure of more than 3.3% METs per
day can be attributed to true change with 95% confidence. An increase of 36% has
been found for daily energy expenditure due to increased habitual physical activity in a
group of 10 children with cerebral palsy following an aerobics exercise program
compared with a group of 10 children with cerebral palsy who received a usual care
program (Van den Berg-Emons et al., 1998). Therefore, the ActivPAL™ may be
sufficiently reliable to detect differences in energy expenditure in a group of young
people or in young individuals with spastic diplegic cerebral palsy with mild to
moderate walking disabilities if they exist. This means that the monitor can be used to
measure changes in energy expenditure after interventions in both groups and
individuals with spastic diplegic cerebral palsy.
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The results of the current study also suggest that average group increases of time spent
in standing of 6.6% or more each day are needed to be 95% confident that a real
change had occurred. Crompton et al (2007) assessed mean daily uptime in children
with cerebral palsy and found an increase of 32% in the experimental group (8
children) after a 10 week lower limb exercise program compared to the control group
(7 children) after an upper limb exercise program. In the Crompton et al study time
spent in standing and time spent in stepping were not measured independently, but the
magnitude of change that could be attributed to measurement error in the current study
is small compared to the change found after intervention by Crompton et al.
Therefore, the ActivPAL™ is likely to have sufficient reliability to detect changes in
time spent in standing and, therefore, it can probably be used to measure changes after
an intervention in a group of young people with spastic diplegic cerebral palsy of
GMFCS levels II or III.
Daily increases of more than 68% for time spent in standing would be required before
it could be concluded with 95% confidence that true change had occurred in an
individual with diplegic cerebral palsy. These levels are higher than average levels
observed in the Crompton study. Therefore, it cannot be concluded that the
ActivPAL™ is adequately reliable to be used to measure changes in time spent in
standing in a young individual with spastic diplegic cerebral palsy and mild to
moderate disability.
It can also be concluded that for a group an increase of 3.9% or more each day in
average daily steps can be attributed to real change with 95% confidence. An increase
in number of steps of 29% was reported in a group of 10 children and adolescents with
cerebral palsy after a four-week program practising with an interactive game that
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promoted motion (Sandlund, Waterworth, & Hager, 2011). Therefore, it seems that
the ActivPAL™ has sufficient reliability to detect average changes over and above
measurement error in number of steps across a group of spastic diplegic cerebral palsy
who can walk but with difficulty.
In contrast, an individual with spastic diplegic cerebral palsy would be required to
increase the number of steps they took each day by at least by 50% on the retest
occasion for the observed change to be considered significant to a 95% level of
confidence. This level is higher than the average level of 29% increase in number of
steps reported in 10 children and adolescents with cerebral palsy after a four-week
program that promoted motion through practice of an interactive game (Sandlund et
al., 2011). No study was located that measured the habitual number of steps taken by
individuals with cerebral palsy after implementation of an intervention. Therefore, it
cannot be concluded that the ActivPAL™ can measure changes in the number of steps
that individuals with spastic diplegic cerebral palsy take over and above the
measurement error. This means that the monitor is unlikely to have sufficient
reliability to be used if a clinician wants to measure the number of steps after an
intervention in young individuals with spastic diplegic cerebral palsy but it can be used
if a clinician wants to measure the number of steps after an intervention in groups of
young people with spastic diplegic cerebral palsy.
Changes in sedentary behavior (time spent in sitting and lying) after interventions for
both group and an individual with diplegic cerebral palsy are not reported in the
literature. However, the average group decrease required in sedentary behavior was
relatively small (≤1.1%). This means that although we cannot conclude with certainty
that the monitor can measure changes after intervention in sedentary behavior in
98

groups of young people with spastic diplegic cerebral palsy, it is possible that it can. It
cannot be concluded that the monitor can measure changes after intervention in
sedentary behavior in young individuals with spastic diplegic cerebral palsy.
A reason for finding the ActivPAL™ less reliable in young individuals with spastic
diplegic cerebral palsy may be that the participants may have changed at retest
assessment because changes in their habitual physical activity may have naturally
occurred during the test to retest interval or changes may have happened in their daily
family schedules. However, there were no systematic differences between test and
retest scores suggesting that changes such as maturation were not a factor contributing
to reliability. Another possible reason may be that the sample size was a little smaller
(n=21) than the sample size initially estimated (n=26). This resulted in larger
confidence intervals around the estimates of reliability and decreased precision of our
estimates.
A strength of this experiment is the fact that reliability was expressed in terms of both
coefficients and units of measurement. This allows the interpretation of the likely
clinical utility of the device to monitor habitual physical activity and sedentary
behavior in this group of young people with spastic diplegic cerebral palsy. Also, this
is the first study to evaluate the retest reliability of the ActivPAL™ in measuring
habitual physical activity and sedentary behavior in young people with spastic diplegic
cerebral palsy over a clinically relevant period. This is important because the retest
reliability results can be used to interpret habitual physical activity and sedentary
behavior outcomes in people with spastic diplegic cerebral palsy after interventions.
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A limitation of this study is that the sample size was relatively small. Also, the results
of this study can only be generalised in young people with diplegic cerebral palsy of
Gross Motor Function Classification System levels II or III, and not to other groups of
people with cerebral palsy.

5.6 Conclusion
The results suggest that the ActivPAL™ may be adequately reliable to be used to
measure change in physical activity and sedentary behavior in groups of young people
with spastic diplegic cerebral palsy of Gross Motor Function Classification System
level II or III. The monitor’s reliability, however, is less for measuring changes in
physical activity and sedentary behavior in young individuals with spastic diplegic
cerebral palsy.
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CHAPTER 6: Habitual physical activity and sedentary
behavior levels of young people with diplegic cerebral
palsy

6.1 Introduction
Low levels of physical activity and sedentary behavior result in increased risk of
developing secondary health problems such as cardiovascular problems, diabetes and
depression in healthy people (Hamilton et al., 2007; Mora et al., 2003; Strine et al.,
2008; Yung et al., 2009). Evidence that adequate levels of physical activity can
influence health positively (Netz, Wu, Becker, Tenenbaum, 2005; Shedd et al., 2007;
Sheth, 2004) highlights the importance of determining habitual activity levels. People
with diplegic cerebral palsy often have difficulty with walking and moving around and
it is possible that they have low habitual physical activity levels. Therefore, in this
chapter the habitual physical activity levels and sedentary behavior of people with
diplegic cerebral palsy were investigated.
6.1.1 Habitual physical activity levels in people with cerebral palsy

Eight previous studies have investigated the habitual physical activity of children (Bell
& Davies, 2010; Bjornson et al., 2007; Maher et al., 2007; Pirpiris & Graham, 2004;
Stallings, Zemel, Davies, Cronk, & Charney, 1996; Stevens, Holbrook, Fuller, &
Morgan, 2010; Van den Berg-Emons et al., 1995) and adolescents with cerebral palsy
(Bandini, Schoeller, Fukagawa, Wykes, & Dietz, 1991; Maher et al., 2007; Pirpiris &
Graham, 2004; Stallings et al., 1996; Stevens et al., 2010). Another four studies have
described activity levels in adults with cerebral palsy (Johnson et al., 1997;
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Nieuwenhuijsen et al., 2009; Nieuwenhuijsen et al., 2010; Pirpiris & Graham, 2004;
Van der Slot et al., 2007).
Collectively, evidence from the eight studies suggests that the habitual physical
activity of children and adolescents with cerebral palsy is significantly lower compared
to their unimpaired peers (Bandini et al., 1991; Bell & Davies, 2010; Bjornson et al.,
2007; Maher et al., 2007; Pirpiris & Graham, 2004; Stallings et al., 1996; Stevens et
al., 2010; Van den Berg-Emons et al., 1995). It has been reported that ambulatory
young people with cerebral palsy spend an average of only around 3 hours per day in
standing and stepping activities compared with 5.6 hours per day for their unimpaired
peers (Pirpiris & Graham, 2004). They also only walk around 8,700 steps per day
compared to almost 13,460 steps per day for unimpaired young people (Bjornson et al.,
2007; Stevens et al., 2010). Also, overall physical activity as measured by the Physical
Activity Questionnaire for Adolescents is only around 2.4 units in young people with
cerebral palsy compared with 3.0 units for unimpaired peers (Maher et al., 2007).
Total energy expenditure for both ambulatory and non-ambulatory children with
cerebral palsy is also only 6.3 MJ a day compared with 8.5 MJ per day for healthy
peers (Bandini et al., 1991; Bell & Davies, 2010; Stallings et al., 1996; Van den BergEmons et al., 1995).
As well as having reduced habitual physical activity, older ambulatory children and
adolescents with cerebral palsy have higher levels of daily total time spent in both the
sedentary behaviors of lying, sitting and in the activity of standing (80.7% of daily
time) than age-matched controls (67% of daily time) (p< .002) (Stevens et al., 2010).
The levels of daily time spent in lying, sitting, and standing, however, were not found
to differ between younger children of less than 10 years (66.2% of daily time) and their
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unimpaired peers (70.1% of daily time) in the same study (Stevens et al., 2010). In
that study, Stevens et al did not measure separately time spent in standing from time
spent in sitting and lying.
There is conflicting evidence regarding physical activity levels of adults with cerebral
palsy. Adults with cerebral palsy were found to spend significantly less time in
dynamic physical activities than their unimpaired peers in two studies (p≤ .01)
(Nieuwenhuijsen et al., 2009; Nieuwenhuijsen et al., 2010), but another study did not
find any significant difference in time spent in dynamic activities, time spent in
standing or time spent in sitting and lying between adults with cerebral palsy and their
unimpaired peers (p= .66) (Van der Slot et al., 2007). Ambulatory and nonambulatory adults with cerebral palsy were reported to spend about 1.9 to 2.5 hours per
day in dynamic physical activities such as walking, running, cycling, and general
movement (e.g. moving in the kitchen during cooking), while their unimpaired peers
spend 2.7 hours per day (Nieuwenhuijsen et al., 2009; Nieuwenhuijsen et al., 2010;
Van der Slot et al., 2007). Ambulatory adults with hemiplegic cerebral palsy also
spend around 4 hours per day in standing activities and 17 hours per day in sedentary
behaviors of sitting and lying, while their healthy peers spend 3.4 hours in standing
and 17.7 hours in sitting and lying (Van der Slot et al., 2007). Adults with cerebral
palsy were also found to spend about 9.3 MJ per day in total energy expenditure as
measured by the double labelled water technique (Johnson et al., 1997), lower than
those reported in healthy people within the same sex and age range (Black, Coward,
Cole, & Prentice, 1996). A reason for these studies presenting with different findings
may be that Van der Slot et al included only ambulatory participants with a high
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degree of independence in their study, while the Niewenhuijsen et al studies and the
Johnson et al study included participants with various degrees of independence.

6.1.2 Factors related to habitual physical activity in people with cerebral
palsy

Gross motor functioning has been found to be related with habitual physical activity in
children, adolescents and adults with cerebral palsy. Nieuwenhuijsen et al (2009)
found a moderate negative association between gross motor function classification
system (GMFCS) levels and duration of habitual dynamic activities in adults with
cerebral palsy (r= -.48; p≤ .01), indicating that adults with higher levels of dysfunction
were less physically active. Maher et al (2007) also reported that children and
adolescents with high GMFCS levels were less active than children and adolescents
with low GMFCS levels (F= 8.0; p< .01) and Bjornson et al (2007) reported that
children of the GMFCS level III (walk using a hand held mobility device in most
indoor settings) were significantly less active than those of GMFCS levels I and II
(walk in most settings) (p< .001).
On the other hand, no relationship has been found between habitual physical activity
and type of motor impairment (spasticity, ataxia, or athetosis) (Johnson et al., 1997) or
severity of spasticity (Nieuwenhuijsen et al., 2009; Van der Slot et al., 2007).

Further, there seems to be a relationship between age and habitual physical activity or
sedentary behavior in young people with cerebral palsy, but not in adults with cerebral
palsy. Younger children with cerebral palsy (less than 10 years) were found to spend
more time being active when they were compared with older children and adolescents
with cerebral palsy (10-18 years old) (p≤ .002) (Stevens et al., 2010). Younger
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adolescents with cerebral palsy (≤15 years old) were also found to be more active than
older adolescents with cerebral palsy (16-17 years old) (p= .03) (Maher et al., 2007).
Pirpiris and Graham (2004) also reported significant troughs in time spent in standing
and stepping between 9 and 10 years and between 13 and 14 years in children and
adolescents with cerebral palsy (p< .01). Younger ambulatory children with cerebral
palsy were also found to spend significantly less total time in the sedentary behaviors
of lying and sitting and in the activity of standing than older children and adolescents
with cerebral palsy (p= .001) (Stevens et al., 2010). However, no relationship was
found between habitual physical activity levels and age in adults with cerebral palsy
(Johnson et al., 1997; Nieuwenhuijsen et al., 2009; Van der Slot et al., 2007). The
findings of reduced physical activity in adolescents with cerebral palsy are not
surprising as during the 10-18 years old period young people usually move from
primary school to high school which often results in changing of priorities and lack of
time that in turn may result in decreased participation in physical activities and sports
(Buffart, Westendorp, Van den Berg-Emons, Stam, & Roebroeck, 2009; Kerr et al.,
2011).
No clear relationship appears to exist between gender and habitual physical activity.
One study of 30 people with cerebral palsy found that adult males had significantly
higher levels of habitual energy expenditure than females (Johnson et al., 1997) (p<
.05). In that study, men were found to be significantly taller than women (p≤ .05) and
height was also found to be significantly positively associated with energy expenditure
in men (r= .39). Therefore, men being taller compared to women may be the reason
for finding higher levels of energy expenditure in men in the Johnson et al study.
Other studies either did not report any significant difference in habitual physical
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activity between adolescent males and females (Maher et al., 2007) or association
between gender and habitual physical activity in adults (Nieuwenhuijsen et al., 2009)
with cerebral palsy. In contrast with the Johnson et al study, these two studies did not
measure energy expenditure but duration or frequency of physical activities.
Similarly, the relationships between habitual physical activity and other demographic
factors were not consistent. Habitual physical activity appears not to be associated
with socioeconomic status in children and adolescents with cerebral palsy (Bjornson et
al., 2007; Maher et al., 2007). Also, habitual physical activity was not associated with
educational or cognitive level in adults with cerebral palsy (Van der Slot et al., 2007).
There is also conflicting evidence about the relationship between body mass and
habitual physical activity. High positive associations were found between fat-free
mass and total energy expenditure in young people with cerebral palsy (r= .74-.93, p<
.05) (Bell & Davies, 2010; Van den Berg-Emons et al., 1995). However, Bandini et al
(1991) did not find any significant relationship between the two variables perhaps
because there was no much variability in participants’ fat free mass. A significant
relationship was also found between fat-free mass and total energy expenditure in
adults with cerebral palsy (r= .41-.81, p< .05) (Johnson et al., 1997). Regarding body
fat, body fat percentage explained 11.7% of the total energy expenditure (Johnson et
al., 1997), while no association was found between body fat percentage or body mass
index and duration of dynamic activities in adults with cerebral palsy (Van der Slot et
al., 2007). A reason for the conflicting findings may be that Johnson et al included
both ambulatory and non-ambulatory subjects in their study, while Van der Slot et al
included only ambulatory subjects. Further, habitual physical activity was weakly
associated with height in men (r= .30, p< .05) (Johnson et al., 1997). None of the
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studies directly examined the relationship between weight and habitual physical
activity, even though there are studies that have investigated the relationship between
body mass index, body fat percentage or fat-free mass and habitual physical activity
(Johnson et al., 1997; Van der Slot et al., 2007).
Further, habitual physical activity was not increased with increased fitness or stamina
of people with cerebral palsy. No association was reported between habitual physical
activity and physical fitness during a maximal aerobic test on a cycle ergometer (r=
.26, p> .18) (Nieuwenhuijsen et al., 2010). No association was also reported between
habitual physical activity and fatigue as measured by a self-reported questionnaire (r<
.29, p> .34) (Nieuwenhuijsen et al., 2010). In contrast, increased habitual physical
activity levels were associated with increased frequency and duration of sport sessions
per week (r= .61, p= .01; r= .50, p= .05 respectively) (Van der Slot et al., 2007).
Similarly, habitual physical activity increases with increased economy during walking.
Walking economy measured as vertical sacral excursion and stride length during each
gait cycle of treadmill walking explained more than 50% of the variance in total
activity counts per day in young people with cerebral palsy (Maltais, Pierrynowski,
Galea, Matsuzaka et al., 2005). Also related to walking economy, habitual physical
activity was negatively correlated with net oxygen cost of walking at 60% (r= -.82)
and 75% (r= -.70) of fast walking speed (p< .05), but not at 90% (r= -.30) of fast
walking speed (Maltais, Pierrynowski, Galea, & Bar-Or, 2005).

Various relationships have been reported between habitual physical activity and
psychosocial factors. A negative moderate association was reported between duration
of daily dynamic activities and satisfaction with level of everyday physical activity for
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adults with cerebral palsy (r= -.66, p= .007) suggesting that the more they were feeling
content with their level of everyday physical activity the less they were engaged in
everyday dynamic activities (Van der Slot et al., 2007). Further, no association was
found between duration of daily dynamic activities and level of participation as
measured by two self-administered questionnaires (p> .05) (Van der Slot et al., 2007).

6.1.3 There is a need to study the habitual physical activity levels and levels
of sedentary behavior of adolescents and young adults with diplegic
cerebral palsy

In general, children and adolescents with cerebral palsy have low habitual physical
activity levels and high levels of sedentary behavior (Bandini et al., 1991; Bell &
Davies, 2010; Bjornson et al., 2007; Maher et al., 2007; Pirpiris & Graham, 2004;
Stallings et al., 1996; Stevens et al., 2010; Van den Berg-Emons et al., 1995), although
this was not true for younger children (< 10 years) in a single study (Stevens et al.,
2010). Additionally, physical activity tends to deteriorate during adolescence and
early adulthood in people with cerebral palsy (Andersson & Mattsson, 2001; Bottos et
al., 2001; Day et al., 2007; Hanna et al., 2009; Jahnsen, Villien, Egeland et al., 2004;
Kerr et al., 2011; Pirpiris & Graham, 2004), especially in people with spastic diplegic
cerebral palsy (40-70%) (Andersson & Mattsson, 2001; Jahnsen, Villien, Egeland et
al., 2004) and those who are able to walk but have difficulty in doing so (GMFCS
levels II and III) (Day et al., 2007; Jahnsen, Villien, Egeland et al., 2004; Opheim et al,
2009). This means that young people with spastic diplegia who have difficulty
walking are at risk of reducing their habitual physical activity levels as they move from
adolescence to adulthood and are at increased risk of secondary health consequences
(Hamilton et al., 2007; Strine et al., 2008; Tremplay et al., 2011; Wijndaele et al, 2011;
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Yung et al., 2009). Therefore, it is important to determine the habitual physical
activity and sedentary behavior levels of adolescents and young adults with spastic
diplegic cerebral palsy, particularly if they have some difficulty with their walking
(GMFCS levels II and III).

As habitual physical activity tends to decline with increasing age in people with spastic
diplegic cerebral palsy who can walk but have difficulty doing so, it is important to
measure standing and walking (stepping) as components of habitual physical activity
to these people. In view of increased sedentary behavior and its association with the
development of secondary health problems (Beaupre & Lew, 2006; Hamilton et al.,
2007; Mora et al., 2003), measuring time spent in sitting and lying in these people is
also important. Also, although previous studies provide useful information about the
habitual physical activity levels of people with cerebral palsy, these studies did not
measure the afore-mentioned parameters independently in young people with diplegic
cerebral palsy.

Additionally, from the available literature, GMFCS levels were found consistently to
be associated with habitual physical activity of people with cerebral palsy. However, it
is not clear what other factors influence the habitual physical activity of these people.
Therefore, there needs to be investigation of the factors that can predict habitual
physical activity and sedentary behavior in adolescents and young adults with spastic
diplegic cerebral palsy of GMFCS levels II and III. This knowledge can be useful
because interventions addressing factors that can predict physical activity and avoiding
factors that can predict sedentary behavior may have the potential to increase habitual
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physical activity and decrease habitual sedentary behavior of young people with
cerebral palsy who walk but with some difficulty.

6.2 Aims
Given these considerations, the aims of this study were:
a. To describe the habitual physical activity levels and the habitual sedentary
levels of adolescents and young adults with spastic diplegic cerebral palsy
of gross motor function classification system (GMFCS) level II or III, and,
b. To determine what factors could predict habitual physical activity and

habitual sedentary behavior of this group of people with diplegic cerebral
palsy

6.3 Methods
6.3.1 Participants

Participants were people with spastic diplegic cerebral palsy aged 14-22 years and of
gross motor function classification system levels II and III. The recruitment procedure
is presented in the recruitment section in Chapter 4. Data were collected as part of
baseline data collection of a randomised controlled trial (see Chapter 7).

6.3.2 Research design

This was an observational study and was approved by the La Trobe University Human
Ethics Committee (08-012), and the Royal Children’s Hospital Research Ethics
Committee (28006C). Copies of the letters of approval are provided in Appendix 6
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and 7.

6.3.3 Dependent variables

Dependent variables of habitual physical activity were energy expenditure, time spent
in standing, and number of steps, as measured by the ActivPAL™ monitor. Time spent
in sitting and lying, considered to be representative of sedentary behavior (Esliger &
Tremblay, 2007), was also included as a dependent variable. Data collection
procedures by the ActivPAL™ are described in Chapter 5. Physical activity data from
the participants were included for analysis if at least 2 full days of data were available.
Chapter 5 showed that data collected over 2 full days or more were as reliable as data
collected over 6-7 full days. Also, periods as short as 2 full days have been used to
describe habitual physical activity in other populations (Baert, Feys, Daly, Troosters &
Vanlandewijck , 2012; Pitta et al., 2005). For each participant, the daily average for
energy expenditure, time spent in standing, number of steps and time spent in sitting
and lying was calculated from the available data.

6.3.4 Independent variables

Age, gender, height, weight, gross motor function, bilateral leg press strength, bilateral
reverse leg press strength and six minute walk were considered as independent
variables. Participants’ gross motor function was classified using the revised and
expanded Gross Motor Function Classification System (GMFCS) (Palisano et al.,
2007). The revised and expanded GMFCS has adequate content validity (Palisano,
Rosenbaum, Bartlett, & Livingston, 2008), and there is also evidence that the original
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GMFCS is highly reliable (Morris, Gallupi, & Rosenbaum, 2004; Palisano et al.,
1997).
Gross motor function was measured using the Gross Motor Function Measure
dimensions D (GMFM-D) and E (GMFM-E) (Russell, Rosenbaum, Avery, & Lane,
2002). The scores with aids/orthoses that reflected the participants’ usual performance
were used for data analysis. Participants who usually needed an aid in their everyday
life were scored with an aid/orthosis. The GMFM has demonstrated high validity,
reliability and responsiveness in measuring gross motor function in people with
cerebral palsy (Bjornson, Graubert, Burford, & McLaughlin, 1998; Russell et al.,
2000).
Muscle strength was measured as one repetition maximum (RM) of both the leg press
(combined hip and knee extension and ankle plantarflexion) and reverse leg press
(combined hip and knee flexion and ankle dorsiflexion). One RM leg press test has
demonstrated evidence of validity (Verdijk, van Loon, Meijer, & Savelberg, 2009),
and retest reliability (Levinger et al., 2009) in healthy adults. Functional capacity was
measured using the six minute walk test, which has evidence of high retest reliability
(ICC> .97) in people with cerebral palsy (Andersson, Asztalos, & Mattsson, 2006;
Maher, Williams, & Olds, 2008).
The procedure for the six minute walk data collection was standardised according to
recommendations (Alison et al., 2009). Instructions for collection of the leg press and
reverse leg press data are presented in Appendix 11. Height, weight, GMFM, leg press
and reverse leg press data were collected by an independent research assistant using
equipment and facilities at the gait laboratory at the Royal Children’s Hospital.
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6.3.5 Data analysis

To address the first aim of this study, the habitual physical activity levels and the
habitual sedentary levels of the participants with diplegic cerebral palsy were
described. Next, the relationships between the independent and the potential
dependent variables and the relationships between the potential independent variables
themselves were examined by Pearson product moment correlations. Thereafter, a
hierarchical multiple regression was performed. A sample size of at least 5 times as
many cases than the independent variables is required for hierarchical analyses
(Coakes & Steed, 2010). As nine possible independent variables were to be studied, a
sample of at least 45 participants was required. Independent variables were included
in the multiple regression analysis if there was an underlying theoretical construct that
suggested a possible relationship existed between the dependent and independent
variables or if there was evidence in literature of an association between the dependent
and independent variables with p< .05. The independent variables included in the
multiple regression analysis were a mix of both continuous and nominal data.
Nominal variables were coded to create dichotomous variables and ordinal variables
were treated as linear (Tabachnick & Fidell, 2007). The level of significance was set
at p≤ .05.

6.4 Results
Forty five participants were included in this study. Table 6.1 presents summary
statistics for all dependent variables and table 6.2 for all independent variables. As
table 6.1 shows participants had a mean age of 18.5 years (SD= 2.4) and there was an
equal number of males and females of mild to moderate disability. Overall,
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Table 6.1
Summary statistics of dependent variables
Energy
expenditure
(METs/day)

Time spent
in standing
(hours/day)

N of steps
(steps/day)

Time spent in
sitting & lying
(hours/day)

Mean

32.4

2.9

4,968

20.0

(SD)

(1.4)

(1.1)

(3,390)

(1.6)

Note. SD=standard deviation, METs=metabolic equivalents, N=number
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Table 6.2
Summary statistics of all potential independent variables
Age
(years)

Height
(cm)

Weight
(kg)

GMFM-D
Aided

GMFM-E
Aided

Six
minute
walk (m)

Bilateral
leg press
(pounds)

Bilateral
reverse leg
press (pounds)

Gender
N (%)

GMFCS
levels
N (%)

Mean

18.5

162.9

59.1

80%

69.2%

376

182

32.9

Males:

Level II:

(SD)

(2.4)

(10.3)

(14.4)

(12.3%)

(22.4%)

(117)

(72.7)

(22.9)

23 (51 %)

27 (60 %)

Females:

Level III:

22 (49 %)

18 (40 %)

Note. SD=standard deviation, cm=centimetres, Kg=kilograms, m=metres
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participants demonstrated an average daily energy expenditure of about 32 METs, an
average daily time spent in sitting and lying of about 20 hours and an average daily
time spent in standing of less than 3 hours. They also took about 5,000 steps per day.

Table 6.3 presents the associations between physical activity and sedentary behavior
variables and demographic factors, gross motor functioning, fitness and strength
(independent variables). Results show significant associations between most physical
activity and sedentary behavior variables and GMFCS levels, GMFM-D, GMFM-E,
six minute walk and bilateral reverse leg press strength. Age, gender, height, weight,
and bilateral leg press strength were not significantly correlated with any of the
physical activity or sedentary behavior variables.
From significant correlations between the potential independent variables, a path
model was developed (figure 6.1), where significantly correlated variables were
connected with an arrow and the corresponding coefficient placed next to it. For those
correlations that were significant at a .01 alpha level the coefficient is presented in
bold; the other correlations were significant at .05 alpha level.
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Table 6.3
Pearson correlations between dependent and independent variables
Independent
variables

Energy
expenditure

Time spent
in standing

Number of
steps

Time spent in
sitting and lying

Age

-.19

-.11

-.20

.16

Gender

.12

.23

.54

-.19

Height

.12

.01

.13

-.07

Weight

-.19

-.02

-.19

.07

GMFCS level

-.56**

-.37*

-.56**

.48**

GMFM-D

.52**

.25

.53**

-.37*

GMFM-E

.67**

.39**

.67**

-.54**

Six minute
walk
Bilateral leg
press

.48**

.26

.50**

-.37**

.16

.13

.17

-.17

Bilateral
reverse leg
press

.32*

.19

.33*

-.25

Note. *=significant at .05 level, **= significant at .01 level, GMFM-D=gross motor function
measure dimension D, GMFM-E= gross motor function measure dimension E, GMFCS= gross
motor function classification system
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Gender

Age

.43

GMFCS
levels

-.64

-.32

GMFM-D
-.81

Height
.45

-.67

-.42

-.41

.42

.86

.34
.40

GMFM-E

Weight

.43

.33

.70

.36

six minute
walk

.75

.35

Bilateral Leg
press

.50
.43

.54

.36

Bilateral
Reverse leg
press

Figure 6.1. Path model between potential independent variables.

Independent variables included in the multiple regression analysis were age, gender,
weight, and GMFCS levels, as these variables were found to be related to habitual
physical activity of people with cerebral palsy in previous studies. Whether muscle
strength is a significant predictor of habitual physical activity was of interest and,
therefore, bilateral leg press (combined hip extension, knee extension and ankle plantar
flexion) and reverse leg press (combined hip flexion, knee flexion and ankle
dorsiflexion) were also included in the regression analysis. The six minute walk
requires a considerable amount of physical activity and is a possible significant
predictor of habitual physical activity. It was also found to be significantly correlated
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to physical activity variables, and, therefore, it was also included in the multiple
regression analysis. GMFM-D and GMFM-E were included in the analysis as they
were associated with habitual physical activity in the univariate analysis. Height was
not included because there was only limited evidence that it can be a significant
predictor of habitual physical activity in people with cerebral palsy.
GMFCS levels, GMFM-D, GMFM-E, six minute walk, bilateral leg press, and reverse
leg press demonstrated evidence of collinearity with each other and, therefore, were
entered as a block at the first step of the analysis (Keith, 2006). Age was entered at the
second step and weight and gender were entered as a block at the third step of the
analysis. Data were missing for bilateral leg press and bilateral reverse leg press in
two participants and for GMFM-E in one participant. Therefore, multiple regression
was completed on 42 participants.
The results of the hierarchical multiple regression are presented in table 6.4. The first
six variables (GMFM-D, GMFM-E, GMFCS levels, bilateral leg press, bilateral
reverse leg press, and six minute walk) resulted in a statistically significant increase in
explained variability of daily energy expenditure (∆r²= .55, p< .001), of daily number
of steps (∆r²= .56, p≤ .001) and of daily time spent in sitting and lying (∆r²= .38, p=
.008), but not of daily time spent in standing (∆r²= .23, p= .15). Age that was entered
at the second step and gender and weight that were entered as a block at the third step,
did not explain any statistically significant increase in the variance of habitual energy
expenditure (p≥ .2), time spent in standing (p≥ .3), number of steps (p≥ .1) or time
spent in sitting and lying (p≥ .3).
Table 6.5 presents coefficients for the independent variables included in the multiple
regression analysis at the final step of the analysis. From this table, it can be seen that
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Table 6.4
Hierarchical multiple regression analysis results
Outcomes

Energy
expenditure

Model

r square change

F change

Significance F change

1

.551

7.169

.000

2

.014

1.078

.306

3

.047

1.919

.163

1.733

.142

1

.229

Time spent in
2

.001

0.026

.873

3

.060

1.356

.272

1

.556

7.312

.000

2

.016

1.237

.274

3

.050

2.130

.135

1

.377

3.525

.008

2

.005

0.261

.612

3

.052

1.461

.247

Standing

Number of
Steps

Time spent in
sitting and lying

Note. model 1 = GMFCS level, GMFM-D, GMFM-E, six minute walk, bilateral leg press
and bilateral reverse leg press, model 2= age, model 3=weight, gender

120

Table 6.5
Coefficients from the hierarchical regression analysis (final step)
Model

Unstandardized
Coefficients

Energy
Expenditure

Standardized
Coefficients

Significance

(Constant)

30.408

2.778

GMFM-D

0.007

0.079

.023

.931

GMFM-E

0.070

0.026

.847

.011

-0.003

0.003

-.179

.306

Bilateral reverse
leg press

0.008

0.008

.140

.338

GMFCS levels

0.321

0.571

.120

.578

7.439E-5

0.002

.007

.969

Age

-0.033

0.072

-.061

.644

Weight

-0.021

0.013

-.229

.119

Gender

-0.290

0.325

-.111

.379

(Constant)

1.653

3.105

GMFM-D

-0.057

0.088

-.231

.521

GMFM-E

0.057

0.029

.836

.059

Bilateral leg
press

0.002

0.003

.124

.598

-0.001

0.009

-.013

.947

GMFCS levels

0.297

0.639

.134

.645

Six minute walk

-0.001

0.002

-.148

.528

0.027

0.080

.060

.739

Weight

-0.021

0.015

-.280

.159

Gender

0.360

0.363

.167

.328

Bilateral leg
press

Six minute walk

Time spent
in standing

Standard
error

Bilateral reverse
leg press

Age
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.000

.598

Note. GMFM-D=gross motor function measure dimension D, GMFM-E= gross motor function
Μodel
Standard
Standardized
Unstandardized
Coefficients

Number of
steps

Coefficients

Significance

(Constant)

369.045

6475.347

GMFM-D

14.208

183.726

.020

.939

GMFM-E

161.018

60.807

.824

.012

Bilateral leg
press

-7.561

7.178

-.178

.300

Bilateral reverse
leg press

19.133

19.178

.142

.326

792.740

1331.879

.125

.556

1.511

4.446

.057

.736

Age

-94.665

167.189

-.073

.575

Weight

-47.067

30.640

-.217

.134

Gender

-868.504

757.459

-.140

.260

(Constant)

21.922

3.855

GMFM-D

0.068

.0109

.197

.540

GMFM-E

-0.091

0.036

-.953

.018

Bilateral leg
press

-0.001

0.004

-.062

.766

Bilateral reverse
leg press

-0.002

0.011

-.026

.883

GMFCS levels

-0.463

0.793

-.150

.563

Six minute walk

0.001

0.003

.098

.639

-0.009

0.100

-.014

.931

Weight

0.031

0.018

.295

.099

Gender

-0.183

0.451

-.061

.688

GMFCS levels
Six minute walk

Time spent
in sitting
and lying

error

Age

measure dimension E, GMFCS=gross motor function classification system

122

.955

.000

the GMFM-E scores was the only variable in the model explaining increases in the
variance of energy expenditure (p= .01), of the number of steps (p= .01) and of time
spent in sitting and lying (p= .02). There was also a trend for GMFM-E to explain
increases in the variance of time spent in standing (p= .06), and of weight to explain
increases in the variance of time spent in sitting and lying (p= .10).

6.5 Discussion
The results suggest that adolescents and young adults with spastic diplegic cerebral
palsy with mild to moderate difficulty walking have reduced levels of activity and
increased levels of sedentary behavior. Also, the results demonstrated that gross motor
functioning was the most significant predictor of habitual physical activity in
adolescents and young adults with spastic diplegic cerebral palsy.

Adolescents and young adults with diplegic cerebral palsy spent around 32.4 METs
each day, which is lower than the daily average of at least 79.8 METs reported to be
spent by healthy adolescents (Al-Nuaim et al., 2012) or 37.0 METs reported to be
spent by healthy adults (Dong, Block, & Mandel, 2004; Gregory, Ramirez-Zea,
Martorell, & Stein, 2007). The participants of the current study also spent 2.9 hours
per day in standing and took 4,960 steps per day. These levels are lower than the 3.5
hours spent in standing by unimpaired adults (Van der Slot et al., 2007) and the 13,460
steps per day taken by unimpaired young people (Bjornson et al., 2007; Stevens et al.,
2010). No studies were located with unimpaired people within the same age range
measuring time spent in standing as an independent activity. Lower activity levels in
young people with cerebral palsy compared with their unimpaired peers are also
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reported by others for daily energy expenditure (Bandini et al., 1991; Bell & Davies,
2010; Stallings et al., 1996; Van den Berg-Emons et al., 1995), and steps per day
(Bjornson et al., 2007; Stevens et al., 2010). A reason for finding low physical activity
levels in adolescents and young adults with spastic diplegic cerebral palsy may be their
difficulty with walking, especially their limited ability to walk long distances, on
uneven surfaces or in crowds (Palisano et al., 2007) that may prevent them from
performing independent and energy expending activities in the community such as
outdoor stair climbing, sports and other types of active recreation (Brown & Gordon,
1987; Palisano et al., 2009).

Adolescents and young adults with spastic diplegic cerebral palsy in the current study
also had high levels of sedentary behavior, spending 20 hours per day in sitting and
lying. This is higher than the 17.7 hours reported to be spent in sitting and lying per
day by healthy adults (Van der Slot et al., 2007). High levels of time spent in lying,
sitting and standing compared with unimpaired peers were also found for ambulatory
older children and adolescents with cerebral palsy by Stevens et al (2010). In that
study, however, time spent in lying and sitting was not measured separately from time
spent in standing. Assuming an average of 8 hours is spent in sleeping by adolescents,
approximately 12.9 hours were spent in sitting, lying and standing in the Stevens et al
study, which is lower than 14.9 hours spent in sitting, lying and standing during
waking hours in the current study. Stevens et al, however, included people with
GMFCS levels I and II in their study, while in the current study participants were of
GMFCS levels II and III. The participants of Stevens et al study were also younger
than the participants of the current study.
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The GMFM-E was the most significant predictor (at least 82% derived from the
coefficients table 6.5) of habitual physical activity and sedentary behavior in this study.
This suggests that the higher the GMFM-E scores the higher the physical activity levels
and the lower the levels of sedentary behaviour. This was expected as GMFM-E
assesses the ability to perform physical activities such as walking, jumping, running, or
stair climbing. No previous studies were located in which the relationship between
habitual physical activity and the GMFM-E scores was examined in people with
cerebral palsy. However, the relationship between habitual physical activity and the
GMFCS levels, which also reflect gross motor functioning, has been investigated. The
GMFCS levels have been moderately associated with levels of everyday physical
activity in adults with cerebral palsy (r= -.48, p< .05) (Nieuwenhuijsen et al., 2009).
The above finding means that whether people are at risk of low habitual physical
activity levels or not can be predicted by their GMFM-E scores. The GMFM-E was
also the only significant predictor of the sedentary behavior of time spent in sitting and
lying suggesting that inactivity increases with higher disability levels. This means that
those of decreased ability to complete activities such as walking in different directions,
jumping or stair climbing are more at risk of having increased sedentary behavior that
can result in secondary health consequences, and, therefore, are most at need for
interventions aiming to increase physical activity.

Bilateral leg press strength (lower limb extensors strength) and bilateral reverse leg
press strength (lower limb flexors strength) were not found to be significant predictors
of habitual physical activity of young people with spastic diplegic cerebral palsy.
However, bilateral reverse leg press was found to be moderately significantly
associated with energy expenditure (r= .32) and number of steps (r= .33) in the
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univariate analysis. This is not surprising, as lower limb flexor strength is important as
their weakness may lead to insufficient lower limb flexion during the swing phase of
walking (Ballaz, Plamondon, & Lemay, 2010; Fox & Delp, 2010; Kerrigan, Roth, &
Riley, 1998; Piazza & Delp, 1996) that often results in insufficient toe clearance,
tripping and inefficient gait (Sutherland & Davis, 1993; Van der Krogt et al., 2010).
Lower limb flexors are also used as a compensation strategy for propulsion in people
with insufficient push-off from plantar flexors (Olney, MacPhail, Hedden, & Boyce,
1990).
Age, gender, and weight did not significantly predict the habitual physical activity of
adolescents and young adults with spastic diplegic cerebral palsy. However, there was
a trend for weight to be a significant predictor of sedentary behavior (p= .10). A
reason for not finding age a significant predictor of physical activity may be the
relatively small sample size (n=42) compared to a study that have found significant
differences in physical activity levels between younger (≤ 15 years old) and older (1617 years old) adolescents with cerebral palsy (n=111) (Maher et al., 2007). The same
reason may account for not finding gender or weight significant predictors of the
habitual physical activity levels of people with spastic diplegic cerebral palsy. Six
minute walk distance also did not significantly predict habitual physical activity of
adolescents and young adults with diplegic cerebral palsy, although it was found to be
a significant associated factor in the univariate analysis. This is surprising because six
minute walk involves a considerable amount of walking physical activity.

While understanding that correlation does not imply causation, interventions
addressing the potentially modifiable factors that were found to be associated with
habitual physical activity in the current study such as the GMFM-E scores and reverse
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leg press may have the potential to increase habitual physical activity in youth with
diplegic cerebral palsy. These factors were also correlated with each other. It is,
therefore, reasonable to investigate these factors either independently or in
combination when aiming to increase habitual physical activity levels in people with
diplegic cerebral palsy who usually can walk but do so with difficulty.

A strength of this study was that it investigated both habitual physical activity and
sedentary behavior of adolescents and young adults with diplegic cerebral palsy using
objective measure of physical activity from an activity monitor with evidence of
reliability and validity. In this study additional physical measures such as muscle
strength, six minute walk, and GMFM were considered as potential predictors of
habitual physical activity of people with cerebral palsy that previous studies did not
consider. Also, a hierarchical multiple regression was performed that allowed for
estimation of both the direct and indirect effects of the independent variables on
habitual physical activity (Keith, 2006).

A limitation of this study is that the number of independent variables included for
analysis was restricted by the sample size and it is likely other variables not measured
in this study could account for some of the variability observed in the habitual physical
activity and sedentary behavior of people with spastic diplegic cerebral palsy. The
monitor’s measurement error could be a factor that may obscure any true associations
between dependent and independent variables. However, for groups (as physical
activity and sedentary behaviour were measured in this chapter) the monitor
demonstrated moderate to high validity and reliability. Another limitation of this study
is that swimming was not recorded by the ActivPAL™ as the device could not be
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protected from getting damaged by water in a swimming pool. Swimming has been
reported as one of the most frequent leisure physical activities of people with cerebral
palsy (Gaskin & Morris, 2008; Jahnsen, Villien, Aamodt et al., 2003; Maher et al.,
2007; Van Eck et al., 2008; Zwier et al., 2010) and, therefore, the activities monitored
in this study may not represent the full range of activities of people with diplegic
cerebral palsy. The results of this study can also only be generalized in young people
with spastic diplegic cerebral palsy of GMFCS levels II and III.

6.6 Conclusion
This study provides objectively measured habitual physical activity levels and
sedentary behavior of adolescents and young adults with spastic diplegic cerebral
palsy. The results confirm previous reports that young people with spastic diplegic
cerebral palsy with mild to moderate walking disabilities have reduced levels of
habitual activity. The results also revealed that the GMFM-E was the most significant
predictor of the habitual physical activity and of the sedentary behavior of these young
people. However, other independent variables were also important associated factors
of habitual physical activity such as bilateral reverse leg press strength and six minute
walk distance.
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CHAPTER 7: The effects of a strength training program on
the habitual physical activity and sedentary behavior of
young people with diplegic cerebral palsy

7.1 Introduction
In the previous chapter, results confirmed previous reports suggesting that people with
cerebral palsy have low habitual physical activity levels. There has been increasing
interest in identifying interventions that are effective in increasing the habitual activity
levels of people with cerebral palsy. The aim of this chapter was to investigate
whether a progressive resistance strength training program aiming to improve walking
could increase habitual physical activity and reduce sedentary behavior in adolescents
and young adults with cerebral palsy. Another aim was to investigate whether
progressive resistance strength training had any longer term effects on the habitual
physical activity levels of people with cerebral palsy after the program stops.

7.1.1 Habitual physical activity may be increased by addressing muscle
weakness in people with cerebral palsy

There is some evidence supporting the idea that habitual physical activity can be
increased in people with cerebral palsy. In a systematic review (Chapter 3), pooled
data in a meta-analysis from two randomised controlled trials (Crompton et al., 2007;
Van den Berg-Emons et al., 1998) suggested that participating in aerobic exercises or
in repeated practice of closed-kinetic-chain exercises of the lower limbs can increase
habitual physical activity of people with cerebral palsy. In the same review, two
qualitative studies were identified that reported increases in habitual physical activity
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after progressive resistance strength training programs (Allen et al., 2004; McBurney
et al., 2003). For example, participants perceived that they could walk longer distances
(Allen et al., 2004; McBurney et al., 2003). There is also evidence showing that when
adults with cerebral palsy do more organised sport each week, other habitual activities
such as walking, cycling, or moving in the house while doing household chores are
concurrently increased (r≥ .50, p≤ .05) (Van der Slot et al., 2007).

In the previous chapter (Chapter 6), a moderately strong positive relationship was
found between lower limb muscle strength and the habitual physical activity of young
people with diplegic cerebral palsy. In particular, bilateral reverse leg press strength
(combined hip flexion, knee flexion and ankle dorsiflexion) was moderately positively
associated with daily energy expenditure (r= .32) and the mean number of steps over a
day (r= .33) in the univariate analysis. Bilateral leg press strength, also proved to be
moderately positively associated with the ability to do functional activities associated
with walking, running, and jumping as measured by the Gross Motor Function
Measure (GMFM-E) (r= .37), and the GMFM-E scores in turn could explain around
82% of the habitual physical activity of the people with diplegic cerebral palsy. These
findings suggest that increased lower limb muscle strength may be related to an
increased ability to perform activities independently, which may lead to increases in
habitual physical activity. These findings are supported by previous studies that have
also shown that lower limb muscle strength is moderately to highly positively
associated with GMFM-E scores (r= .54-.84) in people with cerebral palsy (Eek &
Beckung, 2008; Engsberg et al., 2006; Goh, Thompson, Huang, & Schafer, 2006; Ross
& Engsberg, 2007; Verschuren, Ketelaar, Gorter, Helders & Takken, 2009). Previous
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studies investigating the relationship between the GMFM-E scores and the habitual
physical activity of people with cerebral palsy were not located.

Considering the above, it appears plausible that strengthening weakened muscles to
make movement easier might potentially be a useful intervention for addressing the
problem of low habitual physical activity levels and increased sedentary behavior that
are commonly observed in young people with cerebral palsy.

7.1.2 There is a need to evaluate the effects of strength training on habitual
physical activity of young people with diplegic cerebral palsy

Young people with diplegic cerebral palsy of Gross Motor Function Classification
System (GMFCS) levels II and III tend to experience a relatively high decline or loss
in their walking ability during the transition from adolescence to adulthood (Andersson
& Mattsson, 2001; Day et al., 2007; Jahnsen, Villien, Aamodt et al., 2003; Jahnsen,
Villien, Egeland et al., 2004; Opheim et al., 2009). Therefore, it is particularly
important to address the low habitual activity of these people with interventions that
aim to increase habitual activity.

Two previous qualitative studies have provided some preliminary evidence about
habitual physical activity after implementation of progressive resistance muscle
strengthening in people with cerebral palsy (Allen et al., 2004; McBurney et al., 2003).
Participants in these studies exercised with a load of 60-80% repetition maximum, 2-3
times per week for a total of 6-10 weeks according to the principles developed by the
American College of Sports Medicine (ACSM) for progressive strength training
(ACSM, 2009). After completing these programs, increases in habitual physical
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activity were reported. Participants said they were walking longer distances. These
two qualitative studies, however, only evaluated the effects of muscle strengthening on
habitual physical activity using semi-structured interviews. While the opinions of
participants who complete a program gives valuable and important information, to
provide a more complete evaluation of the effects of muscle strengthening on habitual
physical activity levels there is a need to also measure the effects with more objective
outcome measures. Currently, there are no studies measuring the effects of
progressive resistance muscle strength training on the habitual physical activity or
sedentary behavior of people with cerebral palsy using objective outcome measures.
Considering the above, it is important to assess whether objectively measured habitual
physical activity can be increased and sedentary behavior can be reduced in young
people with diplegic cerebral palsy after a progressive resistance strength training
program.

7.2 Aim
The aim of this experiment was to find out whether a 12-week progressive resistance
strength training program for the lower limbs increased the habitual physical activity
levels and decreased the habitual sedentary levels of adolescents and young adults with
spastic diplegic cerebral palsy who had difficulty walking. A further aim was to find
out whether there were any differences in habitual activity or sedentary levels between
the intervention and the control group a further 12 weeks after the intervention was
stopped (at week 24).
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The specific hypotheses to be tested were:
a. The habitual physical activity levels of a group of adolescents and young adults
with spastic diplegic cerebral palsy will be increased and sedentary behavior
decreased after a 12-week lower limb progressive resistance strength training
program.
b. The habitual activity levels of adolescents and young adults with spastic
diplegic cerebral palsy will be increased and sedentary behavior decreased in
the intervention group compared to the control group at 24 weeks.

7.3 Methods
7.3.1 Participants

Details of the recruitment procedure are presented in section recruitment of Chapter 4.
Inclusion and exclusion criteria were as follows:
People with cerebral palsy were included in the study if they had spastic diplegic
cerebral palsy and were between 14 and 22 years of age. Participants were also
required to have a Gross Motor Function Classification System (GMFCS)
classification of level II or III (Palisano et al., 2007).
Participants were excluded from the study if they had undergone single or multi-level
orthopaedic surgery within the previous 2 years because changes to soft or bony
structures following surgery might carry on within this period (Rodda et al., 2006) and
these changes could affect the results. For the same reason, participants were excluded
if they had participated in a progressive resistance strength training program within 6
months prior to the start of the trial. Participants were also excluded if they had
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contractures of more than 20º at the hip and knee because contractures greater than this
would make it difficult for those allocated to the experimental group to complete the
exercise program.

7.3.2 Research design

This study was approved by the La Trobe University Human Ethics Committee (08012), and the Royal Children’s Hospital Research Ethics Committee (28006C)
(Appendices 6 and 7).
The effect of the 12-week muscle strengthening program for the lower limbs on
activity levels was assessed in a single blinded randomised controlled trial.
Participants were randomly allocated to the intervention and control groups using a
concealed method. The groups were stratified according to their Gross Motor Function
Classification System level. The sample was separated into two strata (GMFCS level II
and III) in permuted blocks of eight. For each stratum, the block allocation sequence
was generated by drawing pieces of paper marked with the words “experimental” or
“control” from an opaque container and assignments were sealed in sequentially
numbered opaque envelopes. In this way the two groups were not expected to have
baseline differences in their mobility-ambulatory level. A researcher who did not take
part in the recruitment, treatment or assessment of the participants generated the block
allocation system and was responsible for assigning participants after enrolment.
Another researcher who was also not involved in the recruitment of participants,
training or outcomes assessment informed participants about their group allocation
after completing their baseline assessments.

This procedure is consistent with

CONSORT guidelines for randomising participants in trials (Moher et al., 2010).
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7.3.3 Intervention group

Participants allocated to the experimental group completed a 12-week progressive
resistance strength training program in a community gymnasium. A gymnasium was
used because this provides ready access to weight machines and, therefore, makes the
implementation of a weight training program easier. Also, progressive resistance
strength training programs for people with cerebral palsy have been shown to be
carried out successfully in a gymnasium (Taylor, Dodd, & Larkin, 2004 ). Training
took place with weight machines, which are safer for novice trainers than free weights
such as dumb bells because with weight machines there is less chance of a weight
being dropped on a body part. The program was implemented twice a week for 12
weeks.

Each participant completed the program individually except for four

participants who completed training in pairs because they were living in the same area
and were recruited to the project around the same period. Participants trained under
the supervision of a physiotherapist. Supervision by a physiotherapist was required to
ensure safe completion of the program. Further, supervision by a physiotherapist has
been identified as an important factor to optimise adherence in strength training
programs for young people with cerebral palsy (Taylor, Dodd, McBurney, & Graham,
2004; Redmond & Parrish, 2008).

The program was based on the recommendations of the American College of Sports
Medicine (ACSM, 2009) for progressive resistance strength training of healthy novice
adult trainers. The principles recommend a load of 8-12 repetition maximum (RM) for
2-3 sets of exercises, with at least 2-3 minutes rest between sets, and at a frequency of
2-3 times per week (ACSM, 2009). Accordingly, participants of the current study
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completed 2 to 3 sets of 10 to 12 repetitions of each prescribed exercise, with a 2minute rest break between each set. Whether participants completed 2 or 3 sets of
each exercise was left to the discretion of the physiotherapist trainer, and was
influenced by factors such as how many exercises the participant was completing and
the ease or difficulty the participant had in transferring to and from different pieces of
equipment. The amount of load used was the weight that participants could lift for 10
to 12 repetitions before they reached muscle fatigue.

This intensity of training,

commonly reported as 10-12 repetition maximum, is approximately equal to an
intensity of 60-80% of one repetition maximum, which is considered adequate to
increase muscle strength (ACSM, 2009).

Participants exercised twice per week.

When participants could complete 3 sets of 12 repetitions of an exercise without
reaching muscle fatigue, the amount of weight lifted was increased at the next session.
In general, a 2-10% increase in load is recommended when the trainee can complete
one to two repetitions over the desired number of the current workload (ACSM, 2009).
At the end of each exercise session, participants and their physiotherapist trainers filled
in a log book describing each exercise they had completed, the weight lifted, the
number of repetitions and the number of sets (Appendix 12). Log books are common
in fitness programs and they have been found to assist the adherence of people with
cerebral palsy in progressive resistance strength training programs (Taylor, Dodd,
McBurney et al., 2004). The log book also had a section where the physiotherapytrainer recorded any adverse events such as pain or discomfort due to training.
Participants were also asked to complete a rating of perceived exertion at the end of
each session to ensure that they were training at sufficient intensity during the program
(Foster et al., 2001). They aimed to work ‘hard’ (at least 5 on the CR-10 rating of
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perceived exertion scale) at the end of each training session (Appendix 13). All
physiotherapy-trainers received a training package and had discussions with
representatives of the research team at the start of the program to ensure the program
they supervised followed the required protocols. Then fortnightly they were contacted
by one member of the research team to monitor progress and help solve any problems
that may have arisen.

The program of exercises prescribed to participants was determined in a gait analysis
session at a gait laboratory. The gait analysis session comprised an instrumented 3-D
kinematic and kinetic gait analysis and a clinical assessment that focused on lower
limb joint range of motion using a Universal goniometer. A decision was made to
identify weak muscles from moment data generated from an instrumented 3-D gait
analysis because it was believed that these data provide a more valid measure of the
isokinetic muscle strength required for everyday physical activities such as walking
than data from isometric muscle strength measurements (Dallmeijer, Baker, Dodd, &
Taylor, 2011; Desloovere et al., 2006; Fosang & Baker, 2006). All assessments were
completed by research assistants blinded to group allocation and experienced in gait
analysis and clinical assessment of young people with cerebral palsy.
To identify weak muscles, kinetic data in the sagittal plane at the hip, knee and ankle
and in the coronal plane at the hip from a video of walking and data from the muscle
power profile of the 3-D gait analysis were examined by a panel of three clinicians
who were experienced in interpreting gait data. The panel identified moments that
deviated from normal and then made a decision about which muscle groups were most
likely to be weak for these moments to occur. Kinetic data were supplemented by
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analysing joint kinematic data and from observation from a video of the participant
walking, and static range of motion testing.

This supplementary data provided

information about shortened muscles and restricted joint movements that possibly
interfered with walking. Based on all these assessments, the panel made a decision
about which muscle(s) should be targeted for strengthening and then they prescribed
four to six strengthening exercises for each participant.

In this way the training

program was individualised to the needs of each person with cerebral palsy.

A median of 5 (range 4-6) exercises were prescribed for each participant and a median
of 4 (range 2-5) muscle groups were targeted during the program. Common exercises
prescribed were bilateral leg press (n=13), seated knee extension (n=12), calf
strengthening-predominantly heel raises in standing (n=18), hip abduction in standing
(n=11) and hip extension in standing (n=14) (more details are provided in Appendix
14). A description of common exercises prescribed is provided in table 7.1.

Participants of the intervention group were advised to stop training after the 12-week
training period.

Participants were advised to stop training so that it could be

determined if any positive effects of training would be maintained even if the
participant stopped exercising.

7.3.4 Control group

Participants assigned to the control group continued their usual care during the 12week period between baseline and the 12-week testing session. In that time they could
continue with their usual recreation and physiotherapy provided that these did not
include progressive resistance strength training.
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Also, they were asked after the

Table 7.1
Description of an example of progressive resistance strength training program
Exercise name

Exercise description

1. Leg press

Sitting, hips and knees at an angle of at least 90 degrees, slowly push
both feet against resistance plate to fully extend the knees

2. Seated knee
extension

Sitting, knees flexed 90 degrees, resistance bar positioned over distal
anterior shin, extend both knees against resistance to full extension

3. Calf raise in
standing

Standing with feet over edge of support with the ankle in plantigrade.
Shoulders placed under resistance bar. Maintaining knees close to
extension, slowly rise onto the balls of the feet.

4. Hip abduction
in standing

Standing, resistance bar at outer side of the distal thigh, abduct thigh
about 20 to 30 degrees against resistance, maintaining neutral posture of
the stance leg.

5. Hip extension
in standing

Standing, with strap attached to ankle from pulley. Slowly flex nonstance hip about 20 to 30 degrees, with the stance leg using extensor
muscles to maintain posture.
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week 12 session to continue doing what they usually did. However, to improve
recruitment and to maximize retention, the control group were offered the muscle
strengthening program after the follow up assessments were completed at 24 weeks.

7.3.5 Data collection

The effect of progressive resistance strength training on habitual physical activity
levels was measured with the ActivPAL™ activity monitor. Data were collected at
baseline (week 0), after the intervention (after week 12), and then again after a further
12 weeks (at week 24). Participants were instructed to wear the activity monitor for 7
consecutive days at each data collection period. All participants had an activity
monitor attached on their thigh at the gait laboratory at all three assessments. Plastic
(Tegaderm™) was used to wrap and cover the monitor before attaching it on the
participant’s thigh to protect the device from water damage. A gauze dressing was
also used between the participant’s skin and the plastic wrap to avoid development of
skin rash. Participants were advised to keep the monitor on all the time except during
bathing, and swimming and were asked to continue with their usual activities during
the 7-day recording period. Participants were also provided with written instructions
about how to protect the monitor from being damaged by water, what position they
should placed it on the thigh if they did need to take it off at any time in the 7-day
period and how to attach it back by themselves (Appendices 8 and 9). They were also
given a daily logbook in which to record their activities during this 7-day period and to
record when the monitor put on and taken off (Appendix 10). This helped confirm the
exact recording period by the monitor.
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7.3.6 Outcomes

Data about habitual physical activity comprised time spent in standing, number of
steps taken, and the energy expenditure (Esliger & Tremblay, 2007; Fernhall &
Unnithan, 2002; Sirard & Pate, 2001; Trost, 2001; Welk et al., 2000). Time spent in
sitting and lying was also analysed because this measure provides information about
habitual sedentary behavior (Esliger & Tremblay, 2007).
The psychometric properties of the ActivPAL™ were investigated in chapters 4 and 5.
Results of the criterion validity study reported in chapter 4 suggested that the monitor
was valid enough to measure time spent in standing and the number of steps taken by
groups of young people with spastic diplegic cerebral palsy. Also, there was
preliminary evidence that the monitor had sufficient validity to be applied to the
measurement of time spent in sitting and lying (the measure of sedentary behavior) in
groups of young people with spastic diplegic cerebral palsy. There is also evidence
from the reliability study (chapter 5) that the monitor can reliably detect differences in
energy expenditure, time spent in standing and in the number of steps in a group of
young people with spastic diplegic cerebral palsy. As reported in chapter 5, the
monitor may also have adequate reliability to measure changes in time spent in sitting
and lying (sedentary behavior) in groups of young people with diplegic cerebral palsy.
In brief, it appears that the monitor is valid and reliable enough to be used to measure
physical activity and sedentary behavior after implementation of interventions to
evaluate between-group differences in young people with spastic diplegic cerebral
palsy.
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To evaluate if the progressive resistance strength training program was effective in
increasing the ability of the lower limb muscles to generate force, one repetition
maximum (1RM) of a leg press was measured as a composite measure of lower limb
strength. The leg press is a combined multi-joint movement that uses the major
antigravity support muscles of hip extensors, knee extensors and plantar flexors and
was commonly prescribed during the program. One repetition maximum can be
measured with high levels of association (r= .89) and responsiveness in people with
cerebral palsy (Taylor, Dodd & Larkin, 2004 ).

7.3.7 Data analysis

Based on an estimated effect size of d= 1.05 taken from the results of a previous
randomised controlled trial investigating the effects of an exercise program on
increasing habitual physical activity in young people with cerebral palsy (Van den
Berg-Emons et al., 1998) it was determined that a sample size of 15 participants would
be required in each group.

Calculation of sample size was performed with a

significance level of .05, and a power of .80 (Howell, 1992).
Participant physical activity data were included for analysis if at least 2 full days of
data were available. For each participant, the daily average for energy expenditure,
time spent in standing, number of steps and time spent in sitting and lying was
calculated.
Baseline values of the experimental and control group are commonly compared for
factors that may affect the dependent variable and if these external factors are equally
distributed in the two groups is checked (Portney & Watkins, 2008). Therefore,
initially data were analysed to find out if there were any significant baseline

142

differences in age, gender, height, weight, and GMFCS levels between the
experimental and control groups.

Chi-square tests for nominal variables, and

independent t-tests for continuous variables were used for these analyses. If significant
differences between the two groups were found for a variable and the assumptions for
analysis of covariance were fulfilled, that variable was included as a covariate in the
main analysis.
The assumption for normal distribution of the age, height, weight, and leg press data
was tested for each group based on the difference between mean and median, the
coefficient of skewness, the Shapiro-Wilk test, and the pattern of histograms. These
data fulfilled the assumption of normality.
To determine whether the progressive resistance strength training group increased their
habitual activity levels and reduced their sedentary behavior significantly more than
the control group, two-way analysis of variance was conducted for analysis of the
activity levels. Two-way analysis of variance was also performed to test whether the
strength training group increased their 1 RM leg press strength significantly more than
the control group. The independent variable was group (with 2 levels, training or not
training), the repeated factor was time, and the dependent variables were 1 RM leg
press, energy expenditure, total time spent in standing, total number of steps and total
time spent in sitting and lying. The interaction effect of the two-way analysis was used
to compare the groups for change from baseline to 12 weeks.

Normality of

distribution of baseline and 12 week physical activity data was tested for each group
using the mean-median difference, the coefficient of skewness, the Shapiro-Wilk test,
and the pattern of histograms.

Data for the number of steps did not fulfil the

assumption of normality, and, therefore, a decision was made to transform these data
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with natural log transformation. Data analysis for the number of steps was initially
performed with raw data and then with log transformed data to check whether there
was any difference between these two analyses results. To investigate whether the
strength training group changed significantly more than the control group, an intention
to treat analysis was planned (Hollis & Campbell, 1999).
Separate two-way ANOVAs were conducted between baseline and 24 weeks to
address the second research question about whether there was any difference between
the groups 12 weeks after stopping training for each physical activity outcome measure
and the 1 RM leg press. The assumption of normal distribution of the 24 week
assessment data for each group was tested in the same way that was tested for the
previous assessments and data fulfilled the assumption of normality. All results were
considered significant at an alpha level of p≤ .05.

7.4 Results
7.4.1 Study participants

A total of 47 young people with spastic diplegic cerebral palsy were recruited to this
study, 23 were randomly allocated to the intervention group and 24 to the control
group. All participants allocated to the intervention group completed the intervention
program except one who withdrew from the study after randomisation but before
starting the progressive resistance strength training program because she was
scheduled for surgery.
Participants’ flow through the study is summarised in figure 7.1. Baseline activity data
were missing from one participant in the control group. At week 12, activity data from
10 participants were missing (8 participants from the intervention group and 2 from the
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57 recruited
Excluded (n=10)
Confirmed as GMFCS level I (n=7)
Unable to complete testing (n=1)
Declined to enter study (n=2)

47 randomised

Allocated to
intervention
(n=23)

Control group
(n=24)

Invalid baseline
ActivPAL™ data
(n=1)

1 dropped out
before start of
intervention

Follow up

Follow up

12 weeks (n=15)

12 weeks (n=22)

24 weeks (n=13)

24 weeks (n=20)

Analysed

Analysed

12 weeks (n=15)

12 weeks (n=21)

24 weeks (n=13)

24 weeks (n=19)

Figure 7.1. Participants’ flow through the stages of the randomised controlled trial.
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control group), and at week 24 activity data from 14 participants were missing (10
from the intervention group, 4 from the control group).
Reasons for missing data at the 12 week intervention group assessment were that the
participant could not tolerate the ActivPAL™ due to itching (n=1), a participant
travelled overseas during the data collection period (n=1), the monitor was water
damaged (n=2), the monitor failed to collect data (n=2), and a participant dropped out
of the study due to surgery (n=1). Another participant also dropped out of the study
but the reason was unknown.
Reasons for missing data in the control group at baseline assessment were that the
participant kept the monitor on for less than 2 days because she developed a skin rash
(n=1). Reasons for missing data at 12 week assessment were that the participant could
not be contacted (n=1), and the monitor was lost in the mail (n=1).
On average participants attended 22 of the scheduled 24 exercise sessions (SD= 2.4;
range= 17-24) (more details are provided in Appendix 15). Common reasons for
missing sessions were illness (n=8), being interstate or overseas on holiday (n=12) and
difficulty scheduling due to other commitments such as a doctor’s appointment (n=7).
During the training period, considerable progression was observed in the 10-12 RM
weight lifted. Because during the first two training sessions the participants were
getting used to the equipment and program, the mean increase in 10-12 RM from the
third to the last session was used to represent the total increase in weight lifted during
the training period. This increase was 93% for leg press, 368% for calves, 203% for
hip extensors, 280% for hip abductors, and 93% for knee extensors.
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7.4.2 Baseline

Demographics at baseline for complete cases and cases with missing physical activity
data are presented in table 7.2. No significant differences were found between
participants with complete data and participants with missing data as assessed by ChiSquare and independent t-tests (p≥ .10).
Initially an intention to treat analysis was planned for the main analysis of the physical
activity outcomes. However, because more than 10% of the physical activity data
were missing in the intervention group at both the 12 week and the 24 week
assessments and complete cases were not different from cases with missing data
regarding baseline demographic characteristics, analysis was carried out using
complete cases (Allison, 2001).
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Table 7.2
Demographics of complete cases and of cases with missing data (baseline)
Demographics

Complete cases

Cases with missing

Difference at

(n=36)

data (n=11)

baseline

18.7

17.4

p= .10

(2.3)

(2.8)

Males

18

5

Females

18

6

II

23

5

III

13

6

Height

162.9

164.1

(10.2)

(10.3)

60.2

54.7

(14.6)

(13.2)

Age

Gender
p= .80

GMFCS level

Weight

p= .30

p= .70

p= .30

Note. GMFCS= gross motor function classification system, n=group size, p=p value

Participants’ details at baseline for complete cases are shown in table 7.3. No
significant differences were observed between the experimental and control group for
gender, GMFCS level or any other demographic factor or physical measure, except for
weight where the control group was found to be, on average, 9.9 kg (18%) heavier than
the intervention group (p= .04). However, no significant association was found
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between weight and the habitual physical activity outcomes (see Chapter 5), and,
therefore, weight was not included as a covariate in the analysis.

Table 7.3
Participant demographics and physical measures at baseline (complete cases)
Demographics &

Intervention group

Control group

Difference at

physical measures

(n=15)

(n=21)

baseline

Age

18.2

18.9

p= .32

(1.7)

(2.7)

8

10

7

11

10

13

5

8

163.0

162.9

(12.2)

(8.9)

54.4

64.3

(12.9)

(14.6)

203.5

186.3

(80.1)

(68.2)

70%

66%

(22%)

(27%)

Gender
Males

p= .70

Females
GMFCS levels
II

p= .80

III
Height

Weight

Leg press

GMFM-E

p= .96

p= .04

p= .50

p= .62

Note. GMFCS=gross motor function classification system, GMFM-E=gross motor function
measure dimension E, n= group size, p= p value
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Baseline values of the 1 RM leg press strength and of the physical activity outcomes
(means and standard deviations) are presented in table 7.4. No significant differences
between groups were detected at baseline for any of the physical activity and sedentary
behavior outcomes (p≥ .18).

7.4.3 Effect of intervention (0 to 12 weeks)

Post-intervention means and standard deviations, and within-group and between-group
differences for 1 RM leg press strength and for the physical activity outcomes are
presented in table 7.4. As the table shows, from baseline to 12 weeks a significant
mean difference of 26.7 kg (95%CI[7.9, 45.5]) in favour of the intervention was found
between the two groups for 1 RM leg press strength (F(1,42)=11.647, p=.001).
As table 7.4 also shows, there was no difference between the experimental and control
groups for any measure of habitual physical activity or sedentary behavior. No
significant interaction effect was detected for energy expenditure (mean difference:0.06; 95%CI[-1.3 ,1.1]) (F(1,34)= 1.672, p= .21), time spent in standing (mean
difference: -0.03; 95%CI[-1.7, 1.7]) (F(1,34)= 2.253, p= .14), number of steps (mean
difference: -198; 95%CI[-3044, 2648]) (F(1, 34)= 1.457, p= .24) and time spent in
sitting and lying (mean difference: 0.12; 95%CI[-1.8, 2.0]) (F(1,34)= 2.389, p= .13).
Data analysis for number of steps with log transformed data also did not find any
significant interaction effect (p= .20)
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Table 7.4
Results at post-intervention (12 weeks)

Baseline

12 weeks

Difference within groups

Difference between groups

mean (SD)

mean (SD)

(12 weeks minus baseline)

(Experimental minus control)

Experimental

Control

Experimental

Control

Experimental

Control

(n=15)

(n=21)

(n=15)

(n=21)

1 RM leg

84.7

78.4

99.5

79.1

14.8

0.7

press strength

(34.9)

(31.7)

(37.4)

(31.2)

(20.6)

(14.6)

(7.9 to 45.5)

Energy

32.8

32.2

32.6

32.0

-0.18

-0.20

-0.06

Expenditure

(1.5)

(1.2)

(1.5)

(1.0)

(1.2)

(0.61)

(-1.3 to 1.1)

Time spent in

3.4

2.9

3.2

2.6

-0.20

-0.31

-0.03

standing

(0.8)

(1.2)

(1.1)

(1.3)

(1.1)

(1.1)

Number of

5,808

4,589

5,368

4,178

-440

-411

steps

(3,627)

(2,851)

(3,735)

(2,401)

(2,625)

(1,301)

Outcomes

26.7

(Kg)

(MET.h)

(-1.7 to 1.7)

(hours)
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-198
(-3,044 to 2,648)

Outcomes

Baseline

12 weeks

Difference within groups

Difference between groups

mean (SD)

mean (SD)

(12 weeks minus baseline)

(Experimental minus control)

Experimental

Control

Experimental

Control

(n=15)

(n=21)

(n=15)

(n=21)

Time spent in

19.4

20.1

19.7

20.5

0.31

0.37

0.12

sitting and

(1.3)

(1.6)

(1.5)

(1.6)

(1.4)

(1.3)

(-1.8 to 2.0)

lying (hours)

Note. Kg= kilograms, MET.h= metabolic equivalents per hours, n= group size
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Experimental

Control

Sensitivity analysis was performed excluding two participants from the analysis who
completed less than 80% of the 24 scheduled sessions during the 12-week intervention
period. Results of the sensitivity analysis were not different from the complete
analysis results. These results also did not show any significant interaction for energy
expenditure (mean difference: 0.76; 95%CI[-0.9, 2.5]) (F(1,32)= 1.394, p= .25), time
spent in standing (mean difference: 0.83; 95%CI[-0.8, 2.4]) (F(1,32)= 1.343, p= .26),
number of steps (mean difference: 1622; 95%CI[-2399, 5643]) (F(1,32)= 1.308, p=
.26) and time spent in sitting and lying (mean difference: -1.09; 95%CI[-3.2, 1.04])
(F(1,32)= 1.523, p= .23).
There were few adverse events related to the strength training program. One
participant experienced a minor muscle strain to her calf requiring decreased range of
plantar flexion exercises for four sessions, and knee pain requiring decreased
resistance for that exercise for four sessions, but both problems completely resolved
during the training program. Another participant initially experienced minor
discomfort/irritation to her plantar fascia during plantar flexion exercise. This was
resolved by the third week of the program. No sessions were missed due to injury
related to the training.

7.4.4 Follow up (0 to 24 weeks)

Table 7.5 presents means and standard deviations, and within group and between
group differences of the 24 week 1 RM and physical activity measurements. Although
the observed increase in 1 RM leg press strength at 24 weeks appeared larger in the
experimental group compared to the control group, this observed difference was not
significant, 10.0 kg (95%CI[-3.6, 23.6) (F(1,40)=3.335, p=.08).
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Table 7.5
Results at follow-up (24 weeks)
Baseline

24 weeks

Difference within groups

Difference between groups

mean (SD)

mean (SD)

(24 weeks minus baseline)

(Experimental minus control)

Experimental

Control

Experimental

Control

Experimental

Control

(n=13)

(n=19)

(n=13)

(n=19)

84.7

78.4

97.7

83.0

13.1

4.2

(34.9)

(31.7)

(41.1)

(29.7)

(28.0)

(16.6)

Energy

32.9

32.2

32.4

32.2

-0.51

-0.02

Expenditure

(1.6)

(1.3)

(1.2)

(1.3)

(0.70)

(0.67)

Time spent in

3.6

2.9

3.0

2.4

-0.52

-0.45

standing

(0.9)

(1.2)

(0.8)

(1.1)

(0.72)

(0.63)

6,071

4,551

5,119

4,693

-952

141

(3,906)

(2,979)

(2,772)

(3,205)

(1,692)

(1,644)

Outcomes

1 RM leg
press strength

10.0
(-3.6 to 23.6)

(Kg)
0.27
(-1.2 to 1.8)

(MET.h)
0.78
(-0.7 to 2.3)

(hours)
Number of
steps
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521
(-2,700 to 3,742)

Outcomes

Baseline

24 weeks

Difference within groups

Difference between groups

mean (SD)

mean (SD)

(24 weeks minus baseline)

(Experimental minus control)

Experimental

Control

Experimental

Control

(n=13)

(n=19)

(n=13)

(n=19)

Time spent in

19.3

20.2

20.0

20.6

0.69

0.44

sitting and

(1.4)

(1.6)

(1.1)

(1.4)

(0.96)

(0.79)

lying (hours)
Note. Kg=kilograms, MET.h= metabolic equivalents per hours, n= group size
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Experimental

Control

-0.89
(-2.8 to 1.0)

Results at follow up demonstrate there were no significant differences between the
experimental and control groups for measures of habitual physical activity and habitual
sedentary behaviour (p≥ 0.12). However, a non-significant trend for reduced time
spent in standing (mean difference: 0.78; 95% CI[-0.7, 2.3]) in the experimental group
compared with the control group was observed (F(1,30)= 3.100, p= .88).

7.5 Discussion

The results of this randomised controlled trial suggest that participating in a 12-week
progressive resistance strength training program held in a community gymnasium can
increase muscle strength but does not increase the habitual physical activity or
decrease the habitual sedentary behavior of adolescents and young adults with diplegic
cerebral palsy with mild to moderate walking disabilities.
Given that this is the first quantitative study to examine whether a progressive
resistance strength training program can increase habitual physical activity of people
with cerebral palsy the results of the current study cannot be directly compared with
previous findings. Nevertheless, in contrast with the current study, significant
increases in the habitual physical activity of people with cerebral palsy after
progressive resistance strength training have been reported in two previous qualitative
studies (Allen et al., 2004; McBurney et al., 2003). There are a number of possible
reasons why the results of the current study are contrary to the previous qualitative
reports. First, it is possible that the qualitative results reflect expectation bias where
participants believed their habitual physical activity had improved because they
expected that doing such a strenuous program should improve this aspect of their
performance. Second, it is possible that when participants in the previous qualitative
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study reported better habitual physical activity they might have been commenting on
aspects of habitual physical activity that were not measured in the current study. For
example although their amount or intensity of habitual physical activity had not
changed, they may have been highlighting that they felt more confident to perform
physical activities. For example, a participant said “I could just walk easier, it was
more flowing ... I think everything was easier” (McBurney et al., 2003).
Significant increases in the habitual physical activity of young people with cerebral
palsy have also been reported in two previous quantitative studies that did not
implement progressive resistance strength training as an intervention. The systematic
review (see Chapter 3) that investigated the effects of therapy interventions on the
habitual physical activity of people with cerebral palsy reported a significant increase
in daily energy expenditure in a group of 10 children with cerebral palsy after a 9month aerobics exercise program compared with a control group of 10 children with
cerebral palsy who attended their usual care (d=1.1; 95%CI[0.12, 1.99]) (Van den
Berg-Emons et al., 1998). In the same review, significant increases were also reported
in an intervention group of 20 adolescents with cerebral palsy after an on-line
behavioural program compared with a control group of 21 adolescents with cerebral
palsy who followed their usual program for weekly step counts (d=0.62; 95%CI[0.0,
1.25]) and for weekly minutes spent in moderate to vigorous physical activity (d=0.81;
95%CI[0.17, 1.45]) (Maher et al., 2010). A possible reason for finding a significant
increase in habitual energy expenditure in that review maybe that the aerobics exercise
program was quite long (9 months) compared to the program investigated in the
current study which was much shorter (12 weeks). Also, a reason for finding
significant increases in weekly number of steps and weekly minutes of moderate to
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vigorous physical activity maybe the type of the intervention that was implemented. It
is possible that a behavioural program providing tailored activity feedback and specific
activity goals may be more effective in increasing habitual physical activity as
measured by number of steps and total amount of moderate to vigorous physical
activity over a week than a progressive resistance strength training program. Although
the strength training program increased muscle strength in the current trial, increased
lower limb muscle strength alone may not have been enough to bring about significant
increases in habitual physical activity.
Habitual physical activity is a complex behavior and it has been found to be
significantly related to psychological, social or environmental factors in healthy
adolescents and adults (Anderson-Bill, Winett, & Wojcik, 2011; Giles-Corti &
Donovan, 2002; Hovell et al., 1991; Sallis, Patterson, Buono, Atkins, & Nader, 1988;
Sallis, Prochaska, & Taylor, 2000). This complexity may suggest that implementation
of strengthening alone as a means to change habitual physical activity may not be
enough and that interventions that change people’s behavior as well as change their
social or physical environment may also be needed to obtain significant increases in
habitual physical activity. In fact, previous studies of people with cerebral palsy or
people with childhood-onset disabilities have reported that psychological factors,
social support and physical environment are important facilitators of physical activity
(Buffart, et al., 2009; Jahnsen, Villien, Aamodt et al., 2003). As the personal activity
preferences of people with cerebral palsy are important for them getting engaged in
physical activities (Imms, Reilly, Carlin, & Dodd, 2009; Kang et al., 2010; Law et al.,
2006; Shikako-Thomas, Majnemer, Law, & Lach, 2008), it may be also important to
identify which activities individuals with diplegic cerebral palsy would like to
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participate in to significantly increase habitual activity. These programs may also
incorporate changes in social or physical environments. For example, support from
parents or peers or taking into account access to facilities may be useful components of
an intervention that aims to increase habitual physical activity of people with cerebral
palsy.
Another reason for not finding significant habitual activity increases in the intervention
group may be the phenomenon of resting after a bout of exercise. It is possible that
participants in the exercise group may have felt they had worked hard during the 12week intervention training period and that once this was completed they ‘deserved’ or
needed a rest. Hence, the reduction observed in overall habitual physical activity
immediately after finishing the 12-week training program. The phenomenon of
“novelty” may also have occurred in this trial. At baseline assessment the monitor was
new to the participants and, therefore, since they knew their physical activity level was
being measured they may have artificially increased their activity for a short period.
At the 12 week assessment, however, they had already experienced the device and they
may not have given the same attention to what the device was measuring. Although
this may explain why both groups trended downwards over time, the phenomenon of
“novelty” alone does not explain why the progressive muscle strengthening program
did not increase habitual activity of the intervention group, because both groups were
exposed to the same novelty effect.
At follow up (24 weeks), a trend for an interaction effect was observed for time spent
in standing in which the experimental group demonstrated a larger decrease in time
spent in standing than the control group (mean difference: 0.78; 95% CI [-0.7, 2.3]). A
reason for this trend may be again the phenomenon of resting after a bout of exercise
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in which the participants of the intervention group may have felt they had worked hard
during the muscle strengthening period and after that they felt they deserved to rest.
However, as the sample size of the follow up data analysis was smaller than the size
initially estimated for the study, these results should be interpreted cautiously.
A strength of this study is that it is the first study that has examined whether a
progressive resistance strength training program can increase objectively measured
habitual physical activity in adolescents and young adults with spastic diplegic cerebral
palsy. Also, when the study was assessed for quality or risk of bias using the PEDro
scale (PEDro, 1999) it fulfilled 7 items. These items were: participants were randomly
allocated to the experimental and control group, allocation was concealed, groups did
not differ at baseline regarding most important prognostic factors, there was blinding
of all assessors who measured at least one key outcome, all participants for whom
outcomes were available received the treatment or control condition as allocation,
results of between-group statistical comparisons were reported for at least one key
outcome and both point estimates and measures of variability were reported for at least
one key outcome. It has been reported that a trial scoring 7 on the PEDro scale can be
considered of moderate to high quality (Foley et al., 2006), suggesting that the current
trial was likely to have a relatively low risk of bias.
A limitation of this study is that its sample size estimation was based on a large effect
size reported by a previous trial (Van den Berg-Emons et al., 1998). That trial which
was based on a different intervention may not have been closely relevant to the
intervention of progressive resistance strength training evaluated in the current trial.
However, the sample in the current trial was sufficient to detect a larger effect size if it
existed. Also, a relatively large amount of physical activity data was missing at 12
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weeks. The high rate of missing data raises issues about the practicality of the activity
monitor used. However, the baseline characteristics of participants with missing data
were not different to the baseline characteristics of participants with habitual activity
data. Therefore, the missing data are unlikely to have biased the conclusion that there
was no difference in habitual physical activity between the groups after 12 weeks.

7.6 Conclusion
This clinical trial found significant increases in muscle strength immediately after a
progressive resistance strength training program but was unable to provide evidence
that the program can increase habitual physical activity in adolescents and young
adults with spastic diplegic cerebral palsy.
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CHAPTER 8: General Discussion

8.1 Summary

This thesis investigated habitual physical activity and sedentary behavior in young
people with spastic diplegic cerebral palsy. The overall aims of the thesis were: 1) to
determine the habitual physical activity levels and the levels of habitual sedentary
behavior of adolescents and young adults with spastic diplegic cerebral palsy who
have mild to moderate walking disability, and, 2) to evaluate the effectiveness of a
progressive resistance strength training program on the habitual physical activity and
habitual sedentary behavior of adolescents and young adults with spastic diplegic
cerebral palsy with mild to moderate walking disability. To support the overall aims of
the thesis, the secondary aim of the thesis was to establish the measurement properties
of using an activity monitor to measure habitual physical activity and sedentary
behavior in young people with spastic diplegic cerebral palsy.
Habitual physical activity of adolescents and young adults with diplegic cerebral palsy
was measured with an activity monitor, the ActivPAL™. A literature review revealed
that the criterion validity of the ActivPAL™ monitor for measuring physical activity
and sedentary behavior in people with cerebral palsy had not been assessed in previous
studies. Therefore, in the first empirical study of this thesis the criterion validity of the
monitor was assessed against video observation for measuring activity and sedentary
behavior of adolescents and young adults with spastic diplegic cerebral palsy (Chapter
4). In that study, high coefficients of determination were observed for all measures of
physical activity and sedentary behavior (r²≥ .96). Also, no systematic difference
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between observed physical activity and expected physical activity was noted for time
spent in standing. However, a small systematic difference for the number of steps and
a relatively larger difference for time spent in sitting and lying was noted. Limits of
agreement were narrow for the number of steps, relatively wide for time spent in
standing and wide for time spent in sitting and lying. These results suggest that
researchers or clinicians can be relatively confident that the monitor can measure
physical activity and sedentary behavior in groups of young people with spastic
diplegic cerebral palsy. However, they are less confident that the monitor can measure
physical activity or sedentary behavior in individual young people with spastic diplegic
cerebral palsy.
No previous study had examined the retest reliability of the ActivPAL™ for use in
young people with diplegic cerebral palsy. Therefore, the aim of the second empirical
study of this thesis was to examine the retest reliability of the activity monitor to
measure habitual activity and sedentary behavior of adolescents and young adults with
spastic diplegic cerebral palsy (Chapter 5). The results of this study suggested that the
monitor may be sufficiently reliable to measure changes in habitual physical activity
and sedentary behavior in groups of adolescents and young adults with spastic diplegic
cerebral palsy. Intraclass correlation coefficients for energy expenditure and number
of steps ranged from .85 to .87 suggesting high levels of reliability, while correlation
coefficients for time spent in sitting and lying and for time spent in standing were
lower (.60 - .66) suggesting moderate reliability. Reliability expressed in terms of
units of measurement suggested that the monitor was likely to be sufficiently reliable
for measuring changes in habitual physical activity in groups of young people with
diplegic cerebral palsy, but perhaps less useful in measuring change in young
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individuals with diplegic cerebral palsy. Measuring retest reliability in terms of both
correlation coefficients and units of measurement allows the interpretation of the likely
clinical utility of the monitor to measure changes in habitual activity and sedentary
behavior after implementation of interventions.
There is evidence from a number of studies that older children and adolescents with
cerebral palsy have decreased levels of habitual physical activity (Bandini et al., 1991;
Bell & Davies, 2010; Bjornson et al., 2007; Maher et al., 2007; Pirpiris & Graham,
2004; Stallings et al., 1996; Stevens et al., 2010; Van den Berg-Emons et al., 1995). It
also appears that adolescents and young adults with diplegic cerebral palsy who have
difficulty walking are particularly prone to decreased activity levels (Andersson &
Mattsson, 2001; Jahnsen, Villien, Egeland et al., 2004; Opheim et al., 2009). Habitual
activity and sedentary behavior have not been described independently for people with
spastic diplegic cerebral palsy in previous studies. Therefore, the aim of the third
study of this thesis was to describe the habitual physical activity and sedentary levels
of adolescents and young adults with spastic diplegic cerebral palsy of Gross Motor
Function Classification System levels II and III (Chapter 6). Another aim was to
determine the factors that predict habitual activity and sedentary behavior of this group
of people with diplegic cerebral palsy. The results of this study confirmed that
adolescents and young adults with spastic diplegic cerebral palsy who have difficulty
walking have low habitual physical activity levels and high habitual sedentary levels
compared with healthy people. Also, that the Gross Motor Function Measure
dimension E (GMFM-E) scores was the most significant predictor of the habitual
physical activity of young people with diplegic cerebral palsy in the multivariate
analysis, although bilateral reverse leg press strength (combined hip flexion, knee
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flexion, and ankle dorsiflexion) and six minute walk distance were also significant
associated factors in the univariate analysis.
The low habitual activity levels and the high levels of sedentary behavior of young
people with diplegic cerebral palsy puts them at risk of developing secondary health
consequences due to lack of activity. There is some evidence, however, that habitual
physical activity can be increased in people with cerebral palsy. A systematic
literature review (Chapter 3) provided preliminary evidence that structured exercise
and online behavioural programs can increase everyday activity such as energy
expenditure per day or weekly number of steps in people with cerebral palsy (Bania,
Dodd & Taylor, 2011). Also, in two qualitative studies of the same review participants
perceived that a progressive resistance strength training program successfully
increased their everyday activity. However, the number of studies (five studies) that
have examined the effects of interventions aimed at increasing habitual physical
activity in people with cerebral palsy is relatively small. Therefore, the optimal
specific components of the programs and the optimal intensities of the programs are
still unclear.
Considering the above, the aim of the fourth study of this thesis was to examine
whether the habitual physical activity of young people with spastic diplegic cerebral
palsy of mild to moderate walking disability could be increased by participation in a
12-week progressive resistance strength training program (Chapter 7). In this study,
47 participants were randomly assigned to either a progressive resistance muscle
strengthening program (n=23) or a control condition (usual recreation and
physiotherapy provided that these did not include progressive resistance strength
training) (n=24). The results of this trial suggested that the progressive resistance
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strength training program did not significantly increase the habitual physical activity
levels or reduce habitual sedentary behavior of adolescents and young adults with
spastic diplegic cerebral palsy. The strengthening program resulted in significant
increase in muscle strength, but the increased muscle strength did not carry over into
significant increases in habitual physical activity or reduced sedentary behavior.

8.2 Conclusions and Implications

The findings from the studies of this thesis have contributed to our understanding
about habitual physical activity and sedentary behavior of adolescents and young
adults with spastic diplegic cerebral palsy who have difficulty walking and about
progressive resistance strength training as a way to increase the habitual physical
activity of these people.
Measurements were performed with an activity monitor that was found sufficiently
valid to measure physical activity and moderately valid to measure sedentary behavior
to evaluate between-group differences in young people with spastic diplegic cerebral
palsy. The monitor was also reliable enough to measure changes in habitual activity
and probably reliable enough to measure changes in sedentary behavior in groups of
young people with spastic diplegic cerebral palsy. Therefore, the evidence supporting
the measurement properties of the activity monitor for monitoring group changes gives
us confidence that the lack of any observed effect of the training program on habitual
physical activity and sedentary behavior was not due to any true differences between
the groups being obscured by measurement error. In addition, the monitor was easy to
use and it only needed some attention from the participant to avoid getting the monitor
damaged by water or being dropped during the recording period. Despite this there
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was quite a large amount of missing data from the activity monitor due to a variety of
reasons including monitors being lost in the mail and getting wet. Therefore, despite
providing evidence of reliability and criterion validity in this population which assisted
in interpretation of the results of the randomised controlled trial, there were problems
with the feasibility of using the activity monitor.
Adolescents and young adults with spastic diplegic cerebral palsy were found to have
decreased habitual physical activity levels compared to their typically developing
peers. The World Health Organisation (WHO) recommends that whenever possible,
people with disabilities should meet recommendations suggested for unimpaired
people. They should, however, work with their health care providers to understand the
appropriate types and amounts of physical activity for them considering their disability
(WHO, 2011). The WHO recommended levels as presented are not directly
comparable with the physical activity levels of the young people with diplegic cerebral
palsy included in the studies reported in this thesis. Whereas the WHO guidelines
recommend minutes of moderate to vigorous intensity physical activity daily our
activity monitor recorded physical activity as number of steps, time spent in standing
and energy expenditure. Researchers have translated the WHO recommended levels
into an estimation of number of steps and these are at least 10, 000 steps per day for
unimpaired adolescents and adults (Adams, Caparosa, Thompson, & Norman, 2009;
Le Masurier, Sidman, & Corbin, 2003; Tudor-Locke, Ainsworth, Thompson, &
Matthews, 2002; Tudor-Locke et al., 2011). The average number of steps taken by
young people with spastic diplegic cerebral palsy, which was 4,960 steps per day
(Chapter 6), was less than half these recommended levels. It was possible to use other
methods of comparing the physical activity data of young people with diplegic cerebral
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palsy of this thesis. For example, Bjorson et al (2007) report a classification of the
intensity of walking for children and adolescents with cerebral palsy. However, this
classification was based on experiential evidence of adult subjects with chronic
conditions such as peripheral neuropathy, stroke, heart failure and lower limb
amputation. Despite difficulties in translating our results to the WHO guidelines, it
appears that participants in the current trial demonstrated reduced levels of physical
activity and that these decreased activity levels of young people with spastic diplegic
cerebral palsy puts them at greater risk of developing secondary health problems.
Therefore, monitoring habitual physical activity levels is important if clinicians are
interested in implementing interventions to try and increase activity levels.

Adolescents and young adults with spastic diplegic cerebral palsy were also found to
have higher habitual sedentary levels compared with people without impairments.
Recommendations about the maximum habitual acceptable sedentary levels for good
health are not yet available. Only maximum acceptable habitual sedentary levels of
screen recreation, which for children and adolescents are up to 2 hours per day are
reported (American Academy of Pediatrics, 2001; Department of Health & Ageing,
2011). The maximum acceptable habitual sedentary levels of screen recreation,
however, are not directly comparable to the sedentary levels (time spent in sitting and
lying) of young people with diplegic cerebral palsy as measured by the activity
monitor.

Another finding of this thesis is that the variance in the GMFM-E scores explained the
variance in the habitual physical activity of young people with spastic diplegic cerebral
palsy to a greater extent than the GMFCS levels. GMFCS levels have been related to
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habitual activity of people with cerebral palsy in previous studies (Nieuwenhuijsen et
al., 2009). Also, people with cerebral palsy with higher GMFCS levels were less
habitually active than people with cerebral palsy with lower GMFCS levels (Bjornson
et al., 2007; Maher et al., 2007). This is potentially important because the GMFM-E
includes 24 items of specific tasks such as jumping, hopping, or kicking a ball that
have the potential to be specifically addressed with therapy and so may be modifiable
and, therefore, could be a factor that an intervention may address with the aim of
increasing habitual physical activity. In contrast, the GMFCS levels have been found
to be relatively unchanging in people with cerebral palsy (Beckung, Carlsson,
Carlsdotter, & Uvebrant, 2007; Day et al., 2007; Palisano, Cameron, Rosenbaum,
Walter, & Russell, 2006; Palisano, Hanna, Rosenbaum, & Tieman, 2010). Other
factors that were significantly associated with physical activity in univariate analyses
were reverse leg press strength and six minute walk distance. These positive
associations can lead to hypotheses that interventions addressing these variables may
have the potential to increase habitual activity of young people with spastic diplegic
cerebral palsy. For example, implementing muscle strengthening programs may bring
about increases in the habitual activity levels of young people with spastic diplegic
cerebral palsy. Improving the performance of specific GMFM-E activities such as
jumping, hopping, or stair climbing or practising walking at fast speeds may also
increase habitual physical activity of these people. However, caution is required in this
interpretation since the existence of a correlation does not imply that one variable
causes the other variable. Other variables not included in the current thesis (e.g.
damage to the brain at or around the time of birth or muscle tone) may also be
independently significantly associated with habitual physical activity and its aforementioned predictors or associated factors. This means that an intervention that
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increased muscle strength, improved performance of the GMFM-E activities or
increased ability to walk fast may not necessarily increase habitual physical activity.
The progressive resistance strength training program addressed weak muscles of the
lower limbs, targeting those muscles thought to be important for walking. In this
thesis, lower limb muscle strength was found to be moderately positively associated
with daily energy expenditure (r= .32) and mean number of steps per day (r= .33).
However, despite the observed association and the rationale for the intervention the
results of the randomised trial did not provide evidence that increased muscle strength
led to increases in habitual activity. An explanation for this may be that muscle
strength and habitual physical activity were independently associated with some other
variables. That is the existence of an association does not imply causation. For
example, both variables were independently associated with the GMFM-E scores and
that may have weakened the association between muscle strength and habitual physical
activity.

However, other studies have reported increases in habitual physical activity after an
exercise intervention suggesting that it is possible to increase habitual physical activity
by increasing physical performance through exercise (Bania et al., 2011, Chapter 3).
One exercise program that resulted in significant increases in habitual physical activity
was much longer (9 months) than the program of the current trial (Van den BergEmons et al., 1998). The long duration program of that study might mean that exercise
habits had more chance to become ingrained in participants’ everyday life and to
become habitual. That program also was an aerobic exercise program and such a
program may be directly predictable of physical activity and how we measure physical
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activity. On the other hand, a muscle strengthening program may not result directly in
much increase in physical activity as measured by an activity monitor. Increased
habitual activity was also reported in people with cerebral palsy after another program
that had a significant behavioral component (Maher et al., 2010). That program
provided online tailored feedback about participants’ physical activity, information
about positive role modelling, and information that guided participants to develop their
activity goals. That program also included online interaction between the participants.
A behavioral component was not specifically built in the current trial program.
However, participants trained with physiotherapists who apart from providing exercise
instructions, provided feedback advice and motivation. It is, therefore, possible that
because the online program aimed at bringing about changes in people’s physical
activity behavior it resulted in changes in activity behavior and, therefore, in increases
in habitual activity. On the other hand, the muscle strengthening program of the
current thesis did not specifically include a behavior intervention and did not result in
increases of habitual activity levels.

The current trial fulfilled 7 of 10 items when measured with a quality assessment scale
(PEDro), while the other two studies fulfilled 8 of 10 items (Maher et al., 2010) and 5
of 10 items (Van den Berg-Emons et al., 1998), respectively. Therefore it is unlikely
that any differences in outcome between the current trial and the Maher et al trial is
explained because that previous trial was more subject to bias and therefore may have
over-estimated its treatment effect. However, the Van der Berg-Emons et al trial may
have over-estimated its effect compared to the current trial.
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8.3 Strengths of this thesis

One of the strengths of this thesis is that the effects of the progressive resistance
strength training program were examined using a randomised controlled research
method, which is the highest quality experimental methodology. This trial also had
adequate sample size to detect significant differences between the experimental and
control groups if they existed. Also, although blinding was not possible for the
physiotherapy-trainers and participants, outcomes were assessed using an objective
measure with evidence of reliability and validity administered by assessors who were
blind to group allocation. Measuring habitual activity with an objective measure is
important because it reduces the risk of introducing bias, such as expectation bias, into
the measurements. This randomised controlled trial also fulfilled 7 of 10 items when
measured with a quality assessment scale (PEDro) suggesting that the trial had a
relatively low risk of bias (Foley et al., 2006).
Another strength of this thesis is that there was a series of studies that led to the
evaluation of an intervention. The measurement properties of the activity monitor,
which was used to measure activity and sedentary behavior, were examined and
established in young people with spastic diplegic cerebral palsy (Chapter 4 and 5) and
evidence was provided of an association between muscle strength and habitual
physical activity (Chapter 6) that supported the rationale for the intervention
established in Chapter 7.
In addition to habitual physical activity, the amount of habitual sedentary behavior of
adolescents and young adults with spastic diplegic cerebral palsy was also measured.
In the literature, the term sedentary behavior often means there are low levels of
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activity. While often this may be a reasonable assumption, recent evidence suggests
that people can meet recommended activity levels, but still have high levels of
sedentary behavior. Therefore, it is important to also consider and measure separately
time spent in sedentary behavior as studies also show that high levels of sedentary
behavior independently contribute to the development of secondary health problems
(Hamilton et al., 2007; Tremblay et al., 2011; Wijndaele et al., 2011).
Finally, physical measures such as muscle strength, six minute walk distance and
GMFM-D and GMFM-E scores were considered as potential predictors of habitual
physical activity in people with cerebral palsy that previous studies did not consider.
This is important because physical measures are potentially modifiable and, therefore,
are factors that an intervention can address with the aim of increasing habitual activity.

8.4 Limitations of this thesis

One of the limitations of this thesis was that the sample size of the observational study
that investigated baseline activity levels and sedentary behavior in young people with
spastic diplegic cerebral palsy was relatively small and generalisations may not be
possible to the population of young people with spastic diplegic cerebral palsy. The
sample size of the observational study also restricted the number of independent
variables that were included in the multiple regression analysis. It is possible that
other variables not measured in the observational study may be significant predictors
of habitual activity of young people with diplegic cerebral palsy.
The criterion validity of the monitor was examined for measuring timed and predetermined activities and not for measuring habitual physical activity observed in free
living conditions. However, examining the criterion validity of an activity monitor for
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measuring habitual activity is very difficult in practice because using a criterion
measure that can identify type, frequency and duration of activities such as direct
observation over a number of days, is very time consuming. Despite this, the monitor
accurately predicted short bouts of activities in groups of young people with diplegic
cerebral palsy. Short bouts of activities are often observed in everyday life of people
with cerebral palsy and, therefore, the monitor can be considered a useful measure of
physical activity in young people with diplegic cerebral palsy. Another limitation is
that the monitor’s algorithms for energy expenditure are derived from algorithms from
healthy people. However, the results of this thesis suggest that energy expenditure
calculated using these algorithms could be measured reliably and correlated well with
other measures of habitual physical activity.
There was a high rate of missing data in the intervention group of the randomised
controlled trial after intervention and at follow up. A reason for missing data was that
two monitors were damaged by water despite the waterproof coverings used, and
another reason was that two monitors were lost in the mail and so were not returned.
Although returning monitors by surface mail is a time saving method, it has the
disadvantage that they can be lost. The high rate of missing data did not allow for
intention-to-treat data analysis. Imputation that is normally used to fill in for missing
data is based on values of complete data. However, because a high rate of data was
missing there was increased possibility that imputed data might not be representative
of what the data could have been if data had been obtained for all participants included
in the study. Also, participants with missing data did not significantly differ from
participants with complete data in baseline demographic characteristics and level of
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activity limitation. Therefore, it was decided not to impute missing data to perform an
intention-to-treat analysis but to perform analysis only on complete data.
The results of this thesis can only be generalised to the population of young people
with spastic diplegic cerebral palsy classified at GMFCS levels II and III. Therefore,
the effects of the progressive resistance strength training program on other groups of
people with diplegic cerebral palsy or groups of people with other types of cerebral
palsy is still unclear. Whether the significantly associated factors of habitual physical
activity found in this thesis are also important factors to other groups of people with
cerebral palsy is also not known. For example, young people with diplegic cerebral
palsy of GMFCS levels IV (they may walk short distances with an aid but have
difficulty turning or maintaining balance in uneven surfaces) (Palisano et al., 2007) are
also at risk of low habitual physical activity levels and high levels of sedentary
behavior. These people, however, do not usually depend on walking as habitual
physical activity to move around. Therefore, the progressive resistance muscle
training program of this thesis would probably not be more applicable to people with
cerebral palsy of GMFCS level IV than it was for people with diplegic cerebral palsy
of GMFCS levels II and III.

8.5 Further research

Young people with diplegic cerebral palsy of GMFCS levels II and III have lower
physical activity levels and higher sedentary levels than their unimpaired peers and,
therefore, are at risk of developing secondary health consequences. Also, participating
in a relatively short progressive resistance muscle strengthening program did not result
in significant increases in habitual activity or reduced sedentary behavior of young
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people with spastic diplegic cerebral palsy. Therefore, future research should focus on
implementing interventions with components that were found optimal for increasing
habitual physical activity of people with cerebral palsy in previous studies (Maher et
al., 2010; Van den Berg-Emons et al., 1998). In addition, studies that have questioned
people with cerebral palsy or in general people with childhood-onset disabilities report
psychological factors, social support and physical environment as important facilitators
of physical activity (Buffart, et al., 2009; Jahnsen, Villien, Aamodt et al., 2003).
Accordingly, future studies may implement cardiovascular fitness programs or
programs practising both formal and informal activities. These programs should also
be of a longer duration than the 12-week program implemented in the current thesis.
Formal activities can be sports such as swimming or riding a bike. Informal activities
could be activities that the participants prefer. Ways to promote changes in physical
activity behaviour or ways to enforce social support may also be important
components of an intervention aiming to increase habitual physical activity. Access to
facilities should be also taken into account when an intervention aims to increase
habitual physical activity of people with cerebral palsy.

In addition, habitual physical activity and sedentary behavior are complex phenomena.
In people without impairment they have been related to factors such as demographic
characteristics (i.e. age, gender, obesity), physical measures (i.e. measures of fitness),
behavior (i.e. motivation, beliefs), social environment (i.e. family or peers support),
physical environment (i.e. weather, access to facilities) and the physical activity itself
(i.e. type, frequency or duration of activities) (Anderson-Bill et al., 2011; Butt,
Weinberg, Breckon & Claytor, 2011; Dishman, Sallis, & Orenstein, 1985; Dunn, 1996;
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Giles-Corti & Donovan, 2002; Hovell et al., 1991; Sallis et al., 2000; Seefeldt, Malina,
& Michael, 2002). In the current thesis, only certain demographic factors and physical
measures were considered as potential predictors of habitual activity of young people
with spastic diplegic cerebral palsy. Therefore, further longitudinal studies should
investigate whether some significant associated factors of habitual activity and
sedentary behavior in unimpaired people such as social factors and physical
environment or parameters of the physical activity itself are also important associated
factors of the habitual physical activity or sedentary behavior of young people with
diplegic cerebral palsy.

8.6 Conclusion

This thesis examined the habitual physical activity and habitual sedentary behavior of
adolescents and young adults with spastic diplegic cerebral palsy with mild to
moderate walking disability. The levels of habitual activity of these young people
were found to be low and the levels of sedentary behavior were found to be high. Both
habitual activity and sedentary levels of these young people were primarily predicted
by their GMFM-E scores. Further, a 12-week progressive resistance strength training
program held in a community gymnasium increased muscle strength but did not
increase the habitual physical activity or reduce sedentary behavior of adolescents and
young adults with spastic diplegic cerebral palsy. There is a need to address the low
habitual activity levels of young people with spastic diplegic cerebral palsy and to
investigate the most effective components of interventions aiming to increase physical
activity of these people.
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APPENDICES

Appendix 1: Medline database search for systematic review
Searching took place as follows:

1. cerebral palsy.mp. or exp Cerebral Palsy/
2. physical activ$.mp. or *Exercise Tolerance/
3. *Physical Exertion/ or *Exercise Tolerance/ or physical perform$.mp.
4. *Exercise/ or *"Physical Education and Training"/ or *Physical Fitness/
or physical fit$.mp. or *Motor Activity/
5. physical endur$.mp. or *Exercise Tolerance/ or *Exercise Therapy/
6. motor activ$.mp.
7. *Sports/ or *Exercise/ or *Energy Metabolism/ or *Oxygen Consumption/ or
energy expend$.mp. or *Physical Exertion/
8. energy consum$.mp. or *Energy Metabolism/
9. *Heart Rate/ or *Oxygen Consumption/ or *Energy Metabolism/ or energy
cost.mp. or *Physical Exertion/
10. *Energy Metabolism/ or oxygen consum$.mp.
11. 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10
12. 1 and 11
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Appendix 2: PEDro scale

1. eligibility criteria were specified

no □ yes □ where:

2. subjects were randomly allocated to groups (in a crossover study,
subjects were randomly allocated an order in which treatments were
received)
3. allocation was concealed

no □ yes □ where:

4. the groups were similar at baseline regarding the most important
prognostic indicators

no □ yes □ where:

5. there was blinding of all subjects

no □ yes □ where:

6. there was blinding of all therapists who administered the therapy

no □ yes □ where:

7. there was blinding of all assessors who measured at least one key
outcome
8. measures of at least one key outcome were obtained from more than
85% of the subjects initially allocated to groups

no □ yes □ where:

9. all subjects for whom outcome measures were available received the
treatment or control condition as allocated or, where this was not the
case, data for at least one key outcome was analysed by "intention to
treat"

no □ yes □ where:

no □ yes □ where:

no □ yes □ where:

10 the results of between-group statistical comparisons are reported for at least □ yes □ where:
one key outcome no
11 the study provides both point measures and measures of variability for
at least one key outcome

no □ yes □ where:

The PEDro scale is based on the Delphi list developed by Verhagen and colleagues at the Department
of Epidemiology, University of Maastricht (Verhagen AP et al (1998). The Delphi list: a criteria list for
quality assessment of randomised clinical trials for conducting systematic reviews developed by Delphi
consensus. Journal of Clinical Epidemiology, 51(12):1235-41). The list is based on "expert consensus"
not, for the most part, on empirical data. Two additional items not on the Delphi list (PEDro scale items
8 and 10) have been included in the PEDro scale. As more empirical data comes to hand it may become
possible to "weight" scale items so that the PEDro score reflects the importance of individual scale
items.
The purpose of the PEDro scale is to help the users of the PEDro database rapidly identify which of the
known or suspected randomised clinical trials (ie RCTs or CCTs) archived on the PEDro database are
likely to be internally valid (criteria 2-9), and could have sufficient statistical information to make their
results interpretable (criteria 10-11). An additional criterion (criterion 1) that relates to the external
validity (or "generalisability" or "applicability" of the trial) has been retained so that the Delphi list is
complete, but this criterion will not be used to calculate the PEDro score reported on the PEDro web
site.
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Appendix 3: Key issues of Critical Appraisal Checklist for
Qualitative Research Studies

Key issues

1.

Is the purpose of the study
clearly stated?

Factors to consider

Rationale for study explained
Research question clearly presented
Context in which results will be interpreted

2.

3.

4.

Is an appropriate rationale
provided for using a
qualitative approach?

Do the researchers clearly
outline the conceptual
framework (if any) within
which they are working?

Do the researchers
demonstrate an
understanding of the ethical
implications of their study?

Maximise strengths of study design to address
study purpose
Researcher’s expertise demonstrated
Use of theory described (i.e. descriptive level only;
imposed on or generated from data)
Researchers “alive” to data outside of the
theory/framework
Appropriate informed consent
Opportunity to withdraw
Opportunity to retain data
Participants given feedback about the study results
Appropriate support (i.e. debriefing and referral)
available to participants
Results anonymous/confidential
Approval of institutional ethics committee and
disclosure of funding source

5.

Is the sampling strategy
appropriate and will the
sample represent the target
group?

Sampling strategy explained and related to
purpose of study
Relationship between researchers and subjects
explained
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Yes
/No

%
Scores

Scores

Sample size
Sample specifically defined

6.

Does the research provide
information about data
collection procedures and
how they were derived?

Relationship of method to research question
Description of development of data collection tool
(including revisions, changes in structure)
Theme/concept list for interviews/group
discussions
Observation schedule for observations

7.

Do the researchers describe
the procedures for keeping
data organised and
retrievable?

Recording of data described (e.g. audio tape,
written notes)
Transcriptions checked for accuracy
Use of a software program described
Field notes and memos kept and included in data
analysis

8.

What methods of data
analysis are used and are
they appropriate to address
the study purpose?

“Blueprint” for replication
Coding systems and interpretation processes
clearly described
More than one researcher involved

9.

Does the researcher
address the threats to
reliability and validity in
data collection, analysis and
interpretation?

Prolonged engagement and immersion
Peer debriefing and consultation
Record of ‘progressive subjectivity”
Search for negative cases or disconfirming
evidence
Member checks and iteration
Triangulation
Audit trail and grounded interpretation
Appropriate generalisation
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10.

Is there a clear progression
from research question to
conclusions drawn from
data?

Clear analytic logic

Total score should be written in right column of this row

Final Quality of Evidence should be written in right column of this row

Scoring Scale for critical appraisal checklist for qualitative studies
(Use this scoring scale to assign a percentage score for each question)

3=Good= 75%-100% criteria met
2=Fair=50%-74% criteria met
1=Poor=25%-49% criteria met
0=No evidence that criteria met= <25% criteria met

Final Quality of Evidence Rating
The quality of evidence rating should be based on the total scores for each of the
questions. A quality of evidence rating for each qualitative study should be assigned
using the legend below:

QI: Total score of 22.5-30 indicates that 75% to 100% of the total criteria were met
QII: Total score of 15-22.4 indicates that 50% to 74% of the total criteria were met
QIII: Total score of less than 15 indicates that less than 50% of the total criteria were
met
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Appendix 4: Summary activity of the activity monitor
(ActivPAL™) by day and by week
(please see files Appendix 4 and Appendix 4+)
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Appendix 5: Participant information statement and consent form

Flemington Road,
Parkville
Victoria, Australia, 3052

Telephone (03) 9345 5522
ISD (+613) 9345 5522
Facsimile (03) 9345 5789
Web www.rch.org.au
La Trobe University
Victoria 3086, Australia
Tel : +61 3 9479 5766
Fax : +61 3 9479 5768

ABN 64 804 735 113

PARTICIPANT INFORMATION STATEMENT
AND CONSENT FORM

HREC Project Number:
Research Project Title:

Strength training to improve the walking ability of adolescents and
young adults with cerebral palsy

Thank you for taking the time to read this Information Statement. This Information Statement
and Consent Form is 6 pages long. Please make sure you have all the pages.
For people who speak languages other than English: If you would also like information about
the research and Consent Form in your language, please ask the person explaining this project
to you.
You are invited to participate in a research project that is explained below.
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What is an Information Statement?
These pages tell you about the research project. It explains to you clearly and openly all the
steps and procedures of the project. The information is to help you to decide whether or not
you would like to take part in the research.
Please read this Information Statement carefully. You can ask us questions about anything in
it. You may want to talk about the project with your family, friends or health care worker.
Participation in this research project is voluntary. If you don’t want to take part, you don’t have
to. You can withdraw from the project at any time without explanation and this will not affect
your access to the best available treatment options and care from The Royal Children’s
Hospital.
Once you have understood what the project is about, if you would like to take part please sign
the consent form at the end of this information statement. You will be given a copy of this
information and consent form to keep.

1. What is the research project about?
We know that strength training can improve muscle strength in young people with cerebral
palsy. However, we do not know if increasing muscle strength makes a difference to daily
activities like walking. There is also some suggestion that strength training might be most
useful for adolescents and young adults with cerebral palsy after they have finished other
treatments that can help them.
This project will find out if strength training in adolescents and young adults with cerebral palsy
can improve their walking ability. We hope 66 adolescents and young adults with cerebral palsy
will take part in the project. Half of the participants will do a strength-training program, while
the other half will continue with their usual activities. Both groups will then be compared at the
end of the study.
2. Who are the researchers?
• Professor Nicholas Taylor is a physiotherapist from the School of Physiotherapy at
La Trobe University
•

Professor Kerr Graham is a children’s doctor and is the Director of the Hugh
Williamson Gait Laboratory and Professor of Orthopaedic Surgery at the Royal
Children’s Hospital

•

Professor Karen Dodd is a physiotherapist and Associate Dean of Allied Health at
La Trobe University

•

Associate Professor Richard Baker is an expert in understanding how people walk
and is the Gait Analysis Services Manager & Director of Research of the Hugh
Williamson Gait Laboratory at the Royal Children’s Hospital

•

Ms Pam Thomason is a physiotherapist and is the Senior Research
Physiotherapist at the Hugh Williamson Gait Laboratory at the Royal Children’s
Hospital

•

Ms Theofani Bania is a physiotherapist and PhD student from the School of
Physiotherapy at La Trobe University

•

Ms Kate Dyball is a physiotherapy student from the School of Physiotherapy at La
Trobe University

3. Who is funding this research project?
The National Health and Medical Research Council (project grant 487321) are funding this
project for an amount of $256,050.
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4. Why am I being asked to be in this research project?
We are asking you to take part in this project because you
•

have cerebral palsy of the spastic diplegic type (your legs are affected more than
your arms)

•

can walk by yourself or with the help of sticks, crutches or frame but can have
difficulty going over uneven surfaces or going up or down stairs or over longer
distances

•

are aged from 14 to 22 years.

To be suitable to take part you also need to be able to understand and follow simple
instructions, have not done a strength-training program in the last 6 months, and to have not
had major surgery on your legs in the last 2 years.
5. What do I need to do to be in this research project?
Taking part in the project will involve going to the Gait Laboratory at the Royal Children’s
Hospital for testing on three occasions, once at the start of the project, after 12 weeks, and a
final time after 24 weeks.
Testing session
At each testing we will
•

give you a check-up to see how strong and flexible your legs are, and to see if you
have any tone or spasticity that affects how your legs move.

•

ask you to do a standard test with a number of tasks involving walking and balance
(for example, seeing if you can you walk backwards for 10 steps, and if you can
walk up and down 4 steps taking alternate steps). This test will tell us how your
cerebral palsy affects your overall ability to move around.

•

place reflective markers on your legs and trunk, and ask you to walk up and down
a walkway at your usual speed. A computer tracks and records the movements of
the markers. This will help us to understand how you walk and to see if weakness
of any muscles contributes to the way you walk.

•

see how far you can walk in 6 minutes at your usual speed by yourself or with the
help of sticks, crutches or frame if you usually use them. Each testing session at
the Gait Laboratory will take about 3 hours. At the end of the testing session we will
give you a small lightweight activity monitor to take home with you. The activity
monitor needs to be attached to your thigh each morning, and taken off at night
before you go to bed. It should also be taken off if you are going to get wet, such
as when having a shower or going swimming. You need to wear the activity
monitor at home for 7 days and then you will mail it back to us in a reply-paid
envelope. The activity monitor can tell us how active you have been over the 7
days, and will tell us how many steps have been taken as well as the amount of
time you spend standing or walking.

Randomisation
After the first testing session, we will place you into one of two groups
1. Strength-training group
2. Comparison group
This will be done by chance, similar to tossing a coin, so you will have an equal chance of
being in either group.
Strength-training group
You will complete a strength-training program of about 4 or 5 exercises designed to strengthen
the muscles that are most important for your walking. You will do the strength-training program
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at a gymnasium that is local to you. You will train twice a week for 12 weeks.

At each training session, a physiotherapist will supervise your program. You should feel as
though you have worked ‘hard’ at the end of each session. When you are able to complete 3
sets of 12 repetitions of an exercise, the amount of weight will be increased at the next session.
Depending if other participants live near your gymnasium you will either train by yourself, or
with one or two other adolescents and young adults with cerebral palsy.
Each strength-training session will take about 45 minutes.
With the physiotherapist, you will keep a logbook that will describe what exercises were done,
how much weight was lifted for each exercise, and how many times each exercise was
completed. The logbook will also give you and your physiotherapist a chance to say if you
have had any problems with training.

After the 12 weeks of training, we will ask you to take a break from strength-training, but to
continue with all your usual activities until your final testing session at 24 weeks.
We would also like to interview you (and your parent/guardian if you are under 18 years) to find
out what you thought about the strength-training program at the end of the program (12 weeks),
and after your have had a break from training (24 weeks). You will be asked to comment on 4
main issues about the program you were involved in:
•

What you found good about doing the program

•

What you found bad about doing the program

•

What the main things were that made you able to do the program

•

What things made it difficult for you to do the program

A member of the research team will interview you. Nobody except the researcher doing the
interview and yourself will be present during the interview. The interview will be audiotaped
and then later we will write down exactly what you said. The interview will take about 45
minutes to complete. The interview will take place at a location and at a time that is convenient
to you and your family, either at the Royal Children’s Hospital when you come in for testing, or
at your home if that suits you better. The written version of the interview will be mailed to you
so you can check its accuracy and, at this time, you will be given a chance to make any other
comments.
Comparison group
We will ask you to continue with your usual care and activities during the 24 weeks between
the first and third testing sessions. In that time, you can continue with your usual recreation
and physiotherapy provided these do not include strength-training exercises.
You will have the opportunity to do the strength-training program after the follow-up
assessment at 24 weeks. If you decide to do the strength-training program, it will be at a local
gymnasium, twice a week for 12 weeks, supervised by a physiotherapist, and focusing on
strengthening the muscles that are most important for your walking.

6. What are my alternatives to taking part in this project?
You do not have to take part if you do not want to. If you decide to take part and later change
your mind, you are free to withdraw from the project at any stage.
If you choose not to take part and you are still attending the Royal Children’s Hospital, you will
still receive the standard care and treatment at the Royal Children’s Hospital. If you no longer
attend the Royal Children’s Hospital, not taking part in this project will not affect treatment
provided by your own doctor or physiotherapist.
If you withdraw from the project, we plan to keep and use information already collected.
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7. What are the possible benefits for me?
By doing the strength-training program (either in the first 12 weeks if in the strength-training
group, or after 24 weeks if in the control group) you should get stronger in your legs. It is also
possible that as a result of getting stronger you will find it easier to do other everyday tasks
such as walking.
You will have the benefit of doing a strength-training program in a community gymnasium
supervised by a physiotherapist at no cost to you or your family.
If you are in the strength-training group you might be glad to have the opportunity to discuss
how you felt about how the program went.
8. What are the benefits to other people in the future?
Participation will help doctors and physiotherapists work out if a strength-training program is a
valuable treatment for other people with cerebral palsy.

9. What are the possible risks, side-effects and/or discomforts?
When you start doing a strength-training program, it is usual to get some short-term muscle
soreness. This muscle soreness usually lasts for a few days and usually only happens in the
first few sessions.
Doing a strength-training program and testing muscle strength involves working your muscles
hard, which takes effort.
Because you will be training in a gymnasium, there is a very small risk of dropping a weight on
a body part, especially if you try and lift a weight that is too heavy for you. However, your
physiotherapist trainer will supervise you and make sure that you only lift a weight you can
control.
There may also be additional, unforseen or unknown risks. If new information about risks or
side effects becomes known during the project, you will be informed of this.
Adverse and unforeseen events are unlikely; however, the physiotherapy trainer and the
physiotherapy tester will be given instructions to immediately contact the most appropriate
emergency service and the senior investigator in the event of an emergency.
In the unlikely event that you suffer an injury as a result of participating in this project, hospital
care and treatment will be provided by the health service at no cost to you.
10. What are the possible inconveniences?
The main inconvenience of taking part in this project is the time taken to attend the testing
sessions at the Royal Children’s Hospital, and the time taken to complete the twice a week
strength-training program at a community gymnasium.
To assist with parking and travel expenses you will receive $15 for each exercise and testing
session.
11. What will be done to make sure my information is confidential?
Any information we collect from you will remain confidential. We will use your information only
for this research project. Only the researchers involved in the project, The Royal Children’s
Hospital Ethics Committee and the La Trobe University Human Ethics Committee can have
access to this information. We can disclose the information only with your permission except
as required by law.
You have the right to access, and request correction of your information in accordance with the
Freedom of Information Act 1982 (Vic).
The information will be re-identifiable. This means that we will remove your name and give the
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information a special code number. Only the research team can match your name to your code
number, if it is necessary to do so.
During the project, data will be stored in a filing cabinet and in electronic format on a password
protected computer file in a locked office in School of Physiotherapy at La Trobe University.
Although the researchers will know who you are during the project only your code number will
be included on the computer records.
Information will be kept until the youngest participant turns 25 years old. After this time, all
computer files will be deleted and hard copies of information destroyed.
The results of this project will appear in journal publications and in presentations at
conferences, and in the PhD thesis of Theofani Bania, and the Honors thesis of Kate Dyball but
you will not be able to be identified in any of these reports.
12. Will I be informed of the results when the research project is finished?
At the end of the project we will send you a written report summarizing the results of the study.

If you would like more information about the project or if you need to speak to a member of the
research team in an emergency please contact:
Name:

Nicholas Taylor

Contact telephone:

(03) 9479 5860 or (03) 9881 2464

If you have any concerns about the project or the way it is being conducted, and would like to speak to
someone independent of the project, please contact:

Head of Department
Ethics and Research Department
Human Research Ethics Committee
The Royal Children’s Hospital
Telephone: (03) 9345 5044

Or
Secretary
La Trobe University Human Ethics Committee
Telephone (03) 9479 1443

190

Flemington
Road, Parkville
Victoria, Australia, 3052

Telephone

(03)

9345 5522
ISD

(+613) 9345 5522

Facsimile

(03) 9345 5789

Web

www.rch.org.au

CONSENT FORM FOR PARTICIPANT TO GIVE INFORMED CONSENT
TO TAKE PART IN A RESEARCH PROJECT

HREC Project
Number:
Research Project
Title:
Researcher(s):

Strength training to improve the walking ability of adolescents and
young adults with cerebral palsy
Nicholas Taylor, Kerr Graham, Karen Dodd, Richard Baker, Pam
Thomason, Theofani Bania, Kate Dyball

I (Participant name)

voluntarily consent to take part in the above research project explained to me by

Mr/Ms/Dr/Professor

•

I believe I understand the purpose, extent and possible effects of my involvement in this project.

•

I have been asked if I would like to have a family member or friend with me while the project was
explained.

•

I have had an opportunity to ask questions and I am satisfied with the answers I have received.

•

I understand that the researcher has agreed not to reveal results of any information involving me
or my medical history, subject to legal requirements.

•

If information about this project is published or presented in any public form, I understand that the
researcher will not reveal my identity.

•

It has been explained that my involvement in this project may not be of any benefit to me.

191

•

I understand that if I refuse to consent, or if I withdraw from the project at any time without
explanation, this will not affect my access to the best available treatment options and care from
The Royal Children's Hospital.

•

I understand that this project follows the guidelines of the National Statement on Ethical Conduct
in Human Research (2007).

•

I understand that this project has been approved by The Royal Children’s Hospital Ethics in Human
Research Committee.

I understand I will receive a copy of this consent form and Participant Information Statement.
Signature
Date
•

Name of witness to participant’s signature (printed)
_________________________________________
Witness signature

Date

I have explained the project to the participant who has signed above, and believe that they understand
the purpose, extent and possible effects of their involvement in this project.
Researcher’s
Signature

Date

Note: All parties signing the Consent Form must date their own signature.
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Appendix 6: La Trobe University Human Ethics Committee
(please see file Appendux 6)
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Appendix 7: Royal Children’s Hospital research ethics committee
approval
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Appendix 8: General instructions for activity monitor

The ActivPAL is an accelerometer-based activity monitor without leads that monitors step counts
and the time spent in lying, sitting/standing, and stepping.
•

The monitor is fixed to the front of the thigh using stickies.

•

The ActivPAL is easy to take off and put back on and can be taken off
and put back on multiple times.

•

Keep this monitor on your thigh for the next week. The only time we want you to take it off
is if you are having a bath or are going swimming. Just place it on a flat surface while you
are having a bath, and then place back on the thigh after.

•

When you are having a shower, place glad wrap around your thigh to make sure that it does
not get wet.

•

DO NOT LET YOUR MONITOR GET WET (IT IS NOT WATERPROOF)

•

Please complete the daily log book where you can make a note about activities during the
week.

•

After 7 days, we want you to make a note on your log about when you stopped wearing the
monitor and mail it back to us in the reply paid envelope

•

We want to find out how active you normally are, so do not change your normal activity
patterns just because you are wearing the monitor

•

NOTE: PLEASE LOOK AFTER YOUR MONITOR, THEY ARE VERY EXPENSIVE TO
REPLACE

Any problems: Phone Kate Willoughby on 9936 6509
Note: Please return your monitor enclosed inside the zip-lock bag to protect it from
the weather while in the post. Please include and unused pieces of
‘Tegaderm’ dressing when you return the monitor.
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Appendix 9: Activity monitor applying instructions
It is essential that the monitor is applied to your thigh according to the following
instructions. The monitor is not waterproof and if any water, moisture or even
dampness/sweat surrounds the monitor, it will malfunction and we will be unable
to retrieve any information from it or use it again.
To fit the monitor:

1. We have placed the monitor inside a zip-lock bag - this has been taped up to reduce
the risk of water entering the bag.

2. Remove the piece of gauze from its packaging and fold it in half
3. Place the monitor (inside its bag) onto the gauze with the orange side facing up
• The gauze will sit between the monitor and your skin to protect it and to
help reduce sweating.

4. Place the monitor against the front of your right thigh - the figure printed on the
orange side should be standing up correctly e.g. feet pointing toward your feet.
Make sure he is not standing on his head!

5. Ask a family member/friend to assist you to secure the monitor to your thigh
with the 'Tegaderm' dressing. To apply the dressing, remove the printed paper
side first, apply dressing to skin and then peel of the remaining paper cover.

•

Place one piece of dressing centrally over the monitor. Try to ensure
that the dressing is stuck down to your skin around the edges of the
monitor.

•

Place a second piece of dressing over the top half of the monitor
ensuring that there is a wide border of dressing covering your skin.
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• Place a third piece of dressing over the bottom half of the monitor - this should over lap the
first piece in the middle of the monitor.
6. On your logbook, please write the date and time that you applied the monitor to your
thigh - we need to know when it started recording your activity.

Remember: Keep this monitor on your thigh for the next week. The only time we want you
to take it off is if you are having a bath or are going swimming. Just place it on a flat surface
while you are having a bath, and then apply to your thigh again afterwards.
•

When you are having a shower, place glad wrap around your thigh to make sure
that it does not get wet.

•

PLEASE DO NOT LET YOUR MONITOR GET WET (IT IS NOT WATERPROOF!)
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Appendix 10: Activity log book

ACTIVITY LOG BOOK

NAME: ______________________________
ASSESSMENT: (circle)

Baseline

12 weeks

24 weeks

Time/date on: _____________________ Time/date off: ____________________
DAY

LIST MAIN ACTIVITIES
COMPLETED & APPROXIMATE
TIME SPENT

PROBLEMS

For example: sitting in class (90 mins),
watched television (1 hour),
played sport (30 mins)
1
Day:
(e.g. Saturday)

2
Day:

3
Day:
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(include any time the
accelerometer was taken off
and why?)

4
Day:

5
Day:

6
Day:

7
Day:
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Appendix 11: Instructions of data collection for leg press and
reverse leg press

1RM Strength leg press (hip extensors, knee extensors, ankle plantar flexors)
Participant sitting in the bilateral leg-press weight machine. Seat positioned so that knees
are at an angle of 90 degrees. Find the weight that with which the participant can fully
extend and then flex their knee through full range just once, keeping good form. To record
a true maximum before muscle fatigue sets in try and capture a 1RM score within 3-5
attempts. Give a 45 second rest between successive attempts.
1RM leg press: ___________(kg) Note position (e.g. 3 holes showing): __________

1RM Strength Reverse leg press (hip flexors, knee flexors, ankle dorsiflexors)
Participant sitting on mat on floor, with hip and knee extended. Place 3-ring sling around
dorsum of foot and ankle. Participant lifts foot up against resistance to full hip and knee
flexion and then lowers with control. To record a true maximum before muscle fatigue sets
in try and capture a 1RM score within 3-5 attempts. Give a 45 second rest between
successive attempts.
1RM reverse leg press L: _____(kg) 1RM reverse leg press R: _____(kg)
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Appendix 12: Training Logbook for first two weeks

Training Record

Name: ______________________

Week 1

Exercises

Session 1

Session 2

Date:

Date:

Weight

Reps

Sets

Weight

Reps

Sets

1.
2.
3.
4.
5.
6.
7.
8.
Comments:
Session
1:___________________________________________________________________________________
____________________________________________________________________________________
_____________________
Session 2:
____________________________________________________________________________________
____________________________________________________________________________________
______________________
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Week 2

Exercises

Session 1

Session 2

Date:

Date:

Weight

Reps

Sets

Weight

Reps

Sets

1.
2.
3.
4.
5.
6.
7.
8.
Comments:
Session
1:___________________________________________________________________________________
___
____________________________________________________________________________________
___________
Session 2:
____________________________________________________________________________________
____________________________________________________________________________________
______________________
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Appendix 13: Rating of perceived exertion

How was your workout?

0

Rest

1

Very, Very Easy

2

Easy

3

Moderate

4

Somewhat Hard

5

Hard

6

*

7

Very Hard

8

*

9

*

10

Maximal
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Appendix 14: Prescribed exercises during strength training

Exercises prescribed during the progressive resistance strength training program
Bilateral
Leg press

Unilateral
leg press

Weighted
squat

Seated
knee ext

Subject 1
Subject 2

1

Subject 3

1

Subject 4

1

Subject 5

1

Calf
1

1

1

1

1

1

1

1
1

Subject 6
1

1

1

Subject 8

1

1

1

Subject 9

Subject 11

1

1
1

1
204

1

1

Reverse
leg press

1
1

Abs

hip
flex

DF

1

1

1

1
1
1

1

1

1

1

Standing
hip ext

1

1

Subject 7

Subject 10

Standing Standing
knee ext hip abd

1
1

1

Bilateral
Leg press

Unilateral
leg press

Weighted
squat

Seated
knee ext

Calf

Subject 12

1

1

1

Subject 13

1

1

1

1

1

Subject 14

1

Standing Standing
knee ext hip abd

1

1

Subject 16

1

1

1

Subject 17

1

1

1

1

Subject 18

1

1

1

Subject 20

1
1

1

1

Subject 22
Subject 23

1

1

2

12
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18

DF

1
1

1

1

1

1

1

1
1

5

Hip
flex

1

1

1

13

Abs

1

1

(no logbook)

TOTAL

Reverse
leg press

1

1

1

Subject 21

1

1

Subject 15

Subject 19

Standing
hip ext

3

11

1
14

3

3

4

1

Appendix 15: Missing sessions during training

Missed
sessions (#)

Attended

Subject 1

0

24

Subject 2

0

24

Subject 3

3

21

Subject 4

0

24

Subject 5

0

24

Subject 6

4

20

Subject 7

2

22

Subject 8

6

18

Subject 9

0

24

Subject 10

5

19

Subject 11

4

20

Overseas trip (4)

Subject 12

1

23

Extreme heat/exhaustion (1)

Name
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Reasons

illness in family (1), other commitments (2)

Forgot (1), trainer unavailable - couldn't rescedule (3)
overseas trip (6)

Subject 13

3

21

Subject 14

0

24

Subject 15

0

24

Subject 16

2

22

Subject 17

3

21

Subject 18

0

24

Subject 19

7

17

Subject 20

6

18

Subject 21

0

24

Subject 22

0

24

Subject 23

Interstate holiday (2), illness (1)

unable to attend scheduled session (1)

sick (1), forgot (2), flooding (2), car trouble (1), unable to
attend (1)
public holiday - couldn't reschedule (1), illness(3), mother
sick (2)

24
Mean #

22

SD

2.35487888

Range

17-24

COMMON REASONS
illness = 8
Interstate or overseas holiday = 12
difficulty scheduling around other commitments = 7
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Appendix 16: Publication

(please see file Appendix 16)
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