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Abstract 

 

Physical activity is considered to be an effective strategy to improve children’s health and 

reduce the risk of developing chronic diseases; osteoporosis and obesity being two examples 

with particularly high morbidity and increased mortality.  An exercise program to improve 

both bone and reduce fat would be ideal.  Problematically, bone is known to respond 

primarily to brief bouts of high-impact activity, while the traditional exercise 

recommendation to reduce fat is longer duration, low to moderate intensity aerobic activity.  

The overall aim of the current work was to develop a novel exercise program for pre and 

peripubertal children to improve bone and minimise the accumulation of fat.   

The thesis describes four studies, presented as two published manuscripts, one in press and 

another under review.  In the first study, we conducted a comprehensive systematic review, to 

determine the effects of previous bone-targeted exercise interventions on bone, muscle and 

fat in school-age children.  Meta-analyses were conducted to quantify the findings of the 

sixteen studies included in the review.  We concluded that improvements in fat have 

previously been observed as secondary benefits of bone-targeted in-school exercise 

programs.   

The subsequent study, described in papers two and three, examined the CAPO Kids exercise 

program, which was specifically designed to improve indices of musculoskeletal, 

cardiovascular and metabolic health, and physical performance of pre and peripubertal boys 

and girls.  The program was a nine-month, cluster randomised controlled exercise 

intervention, incorporated into the school schedule of Year 5 and 6 students three times per 

week, for ten minutes per session.  Activities comprised high-intensity jumping and capoeira, 
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a Brazilian sport that combines martial arts with dance.  A range of health outcomes were 

examined before and after the 9-month program.  We found that the CAPO Kids program 

improved parameters of bone and metabolic health including heel bone quality, waist 

circumference, estimated maximal oxygen consumption and resting heart rate.    

The final study was an observational examination of the metabolic and mechanical loads 

associated with the CAPO Kids activities.  We determined energy expenditure during the 10-

minute CAPO Kids session, and ground reaction forces of eleven CAPO Kids manoeuvres, in 

a sub-group of participants.  We confirmed that the CAPO Kids program generates metabolic 

and mechanical loads of a magnitude that are typically recommended to promote healthy 

adaptations in fat and bone. 

Overall, the current thesis demonstrates the potential for simultaneous benefits of the CAPO 

Kids program to both musculoskeletal and metabolic systems of pre and peripubertal 

children.  Furthermore, CAPO Kids was a simple, appealing and feasible program, able to be 

implemented during school time, without disrupting the normal academic schedule.  Based on 

those findings, we conclude that future translation of brief high intensity impact exercise 

programs into the broader school system holds promise for paediatric health and chronic 

disease prevention. 
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THESIS ORGANISATION 

  

 Chapter 1 presents a general introduction of the complete work and a brief overview of 

its background and aims. 

 

 Chapter 2 presents a review of the scientific literature pertinent to the premises, 

methodology and execution of the project.  It begins with chronic diseases and introduces 

childhood overweight and obesity as well as osteoporosis and its significance as a global 

health issue.  It elaborates on the bone response to mechanical loads, in particular, the 

effect of physical activity.  Measurement devices are addressed. 

 

 Chapter 3 details the methods of each study.  First, it summarises the systematic review 

and meta-analyses processes.  Then, the process of recruitment and procedures employed 

to implement the CAPO Kids intervention are described.  Finally, data collection and 

analysis procedures adopted to characterise energy expenditure and ground reaction 

forces associated with CAPO Kids activities are presented.  Descriptions of the statistical 

analyses of each study are included. 

 

  Chapters 4, 5, 6 and 7 comprise the individual scientific papers published or submitted 

to peer-reviewed journals.  Each paper is a self-contained paper own introduction, 

methods, results and discussion sections.  However, all references are presented together 

at the end of the thesis. 

 

 Chapter 8 provides a discussion of the overall findings of the work as a whole, 

summarising and synthesising the results and their significance.  Recommendations for 

future research directions are also included. 

 

 The Appendices contain copies of all supporting documents utilised in the project 

including the informed consent package, questionnaires and the case report form.  
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CHAPTER 1 – GENERAL INTRODUCTION 

 

1.1 OVERVIEW  

Physical inactivity is strongly related to numerous chronic diseases and conditions.  It is often 

assumed that children are healthy by virtue of a natural exuberance that translates to a very 

active lifestyle.  In reality, in the 21
st
 century, many children are highly sedentary (Riddoch, 

Andersen et al. 2004).  As a consequence, rates of childhood obesity and metabolic disease 

have escalated, including premature development of chronic diseases that were previously the 

domain of the adult population (Perrin, Bloom et al. 2007).  Insufficient musculoskeletal 

loading during childhood is particularly deleterious to long term bone health, as bone growth 

ceases in early adulthood, after which time the benefits of exercise loading are markedly 

reduced.  That is, if adequate physical activity is not performed in youth, a window of 

opportunity to reduce osteoporotic fractures in later life will be missed (Heaney, Abrams et 

al. 2000; MacKelvie, Khan et al. 2002; Forwood, Baxter-Jones et al. 2006; Weeks, Young et 

al. 2008).  

It is well recognised that physical activity is an effective method to reduce overweight and 

optimise metabolic health.  However, the translation of this knowledge into practical 

strategies to increase physical activity engagement of children who need it most has proven 

very challenging.  Fundamentally, exercises that strengthen bone do not typically coincide 

with those that best enhance the health of the cardiovascular or endocrine systems.  In 

addition to the challenge of developing a comprehensive exercise program addressing the 

major chronic diseases that begin in childhood, there are also issues related to acceptability, 

feasibility and safety.  
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The greatest opportunity to access the pediatric population en masse is during school hours.  

The requirement to deliver academic and non-physical extracurricular activities however 

(particularly in the Australian context, where the National Curriculum has been introduced), 

can limit the willingness and/or ability of teaching staff to accommodate what is sometimes 

considered unimportant ‘recreational’ activity.  Furthermore, while many children embrace 

opportunities to escape the classroom and be physically active, it is not a universal sentiment.  

Indeed, some beneficial physical activities are distinctly unappealing to some children. 

 

1.2 GENERAL AIMS  

The overarching goal of the present work was to develop a novel exercise program for pre 

and peripubertal children to minimize risk of chronic disease, particularly osteoporosis and 

obesity.  We developed the CAPO Kids program, an intervention designed to 1. be appealing 

to children, 2. load the musculoskeletal, cardiovascular and endocrine systems, and 3. be 

incorporated into the course of a primary school day with minimal disruption to existing 

activities.  More specifically then, our objective was to determine if the CAPO Kids exercise 

program could improve indices of cardiovascular and metabolic health, body composition 

(bone, muscle and fat), and physical performance in Year 5 and 6 Australian school children. 
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1.3 SPECIFIC AIMS  

The specific aims of the thesis include: 

1. to determine, from existing evidence, if bone-targeted exercise can also reduce 

fat in children;  

2. to determine if one school year of CAPO Kids intervention could improve 

indices of musculoskeletal, cardiovascular and metabolic health, and physical 

performance of Yr 5 and 6 school boys; 

3. to determine if one school year of CAPO Kids intervention could improve 

indices of musculoskeletal, cardiovascular and metabolic health, and physical 

performance of Yr 5 and 6 school girls; 

4. to determine energy expenditure associated with a bout of CAPO Kids 

intervention and the mechanical loads associated with the most common 

manoeuvres. 

 

1.4 APPROACH 

To address the first aim, a systematic review and meta-analysis of the relevant literature was 

conducted.  To address aims two and three, we conducted a year long, school-based, 

randomised, controlled, exercise intervention with outcome measures taken at the beginning 

(T0) and end of the school year (T9).  Two local independent Catholic primary schools were 

recruited and allocated to either intervention or control.  All attending Yr 5 and 6 students 

were enrolled in the trial, unless screened out by exclusion criteria, or consent was declined 
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by the child or a parent.  The intervention comprised high-intensity jumping plus capoeira – a 

Brazilian sport that combines martial art movements with dance.  Comparisons of outcome 

measures between participants in the treatment group with those in the ‘regular physical 

education’ control group allowed for changes related to growth to be accounted for.  To 

address the fourth aim, we assessed energy expenditure during CAPO Kids classes and 

mechanical loads of a selection of maneouvres after a minimum of five months training. The 

following work includes a comprehensive literature review, a description of all methods 

utilised to address each of the four study aims, the four manuscripts generated from the work 

and a discussion and conclusion synthesising the findings of all aspects of the project.  
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CHAPTER 2 – LITERATURE REVIEW 

 

2.1. INTRODUCTION 

Chronic non-communicable diseases (NCD) are the primary cause of mortality in the world, 

accounting for 63% of all deaths, representing 36 million people annually (WHO 2011).  

Chronic health conditions, including obesity, heart disease, osteoporosis, cancer, diabetes, 

respiratory disease, metabolic disease, and orthopaedic, dermatological, and psychosocial 

problems, are the major causes of death in almost all countries around the world (Cole, 

Bellizzi et al. 2000; Friedman 2003; Johnson, Kroon et al. 2009).  The burden of chronic 

conditions is projected to increase most rapidly in developing countries (Daar, Singer et al. 

2007).

The number of obese people in the world continues to grow, independent of age, sex, race 

and income.  The trend is closely related to an increased death rate in some countries (WHO 

2000).  Strong relationships are evident between obesity and chronic diseases (Cole, Bellizzi 

et al. 2000; National Health and Medical Research Council 2013), with nearly three million 

deaths each year as a consequence of obesity and about 7.5 million deaths as a result of 

hypertension.  Of particular concern is the rising prevalence of such conditions in children 

(Nadeau, Maahs et al. 2011; Ho, Garnett et al. 2013).  Over the last two decades, the 

prevalence of paediatric chronic disease has increased markedly; a likely consequence of 

sedentary habits and poor quality nutrition (Armstrong and Welsman 2006; Olds, Tomkinson 

et al. 2009).  The burden on the healthcare system is worsening commensurately, owing to 

the increased use of health resources to manage overweight children (Fleming-Dutra, Mao et 
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al. 2013).  There is, therefore, an urgent need for early intervention measures on a broad scale 

to reverse the trend. 

Some diseases begin to develop in childhood, primarily as a result of excessive weight gain.  

More than 10% of the world’s school-aged children are overweight (Lobstein, Baur et al. 

2004; Tucker 2008; Davis and Cooper 2011); a figure that rises to 30% in China, the United 

Kingdom, the United States, and Australia  (Popkin 2010; Ogden, Carroll et al. 2012).  Of 

those countries, Australia has the most rapidly increasing prevalence of overweight children 

(Popkin 2010) (Figure 1), with one in every four children considered to be overweight (Gill, 

Baur et al. 2010).  As approximately 60% of obese children tend to become overweight or 

obese adults, early intervention is vital (Guo, Wu et al. 2002).  

 

Figure 1: Annual absolute change in prevalence of overweight in some countries   

1985/1995 to 1995/2004 (Popkin 2010). 

 

Osteoporosis is a condition that affects mainly post-menopausal women, caused by loss of 

bone density and strength resulting in an increased risk of fracture.  Osteoporosis is currently 

estimated to affect 200 million women and causes more than 8.9 million fractures worldwide 

per year (Kanis 2007).  The most common osteoporotic fracture sites are the hip, vertebrae, 
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and distal forearm.  Hip fractures are associated with the greatest disability and excess 

mortality (Cummings and Melton 2002) and approximately 1.6 million occur worldwide each 

year.  In 2008, there were around 10 million cases of osteoporosis in the US (about 8 million 

of whom were women) (Watts, Lewiecki et al. 2009).  In Australia, approximately 1 million 

adults (4.4% of the total population) were diagnosed with osteoporosis, and the prevalence 

increases sharply from 23% of women aged 50 years, to 43% in those aged over 70 years; 

and from 6% of men aged 50 years, to 13% in those aged over 70 years (Watts, Abimanyi-

Ochom et al. 2013).  Clearly, osteoporosis is a serious public health concern. 

Cardiovascular disease (CVD) represents some of the major causes of mortality in developing 

and developed countries.  According to the World Health Organisation (WHO) (WHO 2011), 

nearly 50% of global mortality is caused by CVD.  In Australia, CVD remains the leading 

cause of death, reaching 32% in 2010 (Australian Institute of Health and Welfare 2014).  In 

addition, CVD is considered the most expensive NCD, with a cost of more than 12% of the 

total allocated health care expenditure in 2008 - 2009 (Australian Institute of Health and 

Welfare 2014).  The effect is evident not only in developed countries, but also in developing 

countries (e.g. Brazil, where 33% of deaths are accounted for by CVD).   Mortality attributed 

to CVD is reaching alarming levels in other countries, such as Serbia (58%), Russia (62%), 

and Ukraine (66%) (WHO 2011).      

Physical activity is an effective method of reducing overweight and improving 

cardiovascular, musculoskeletal and metabolic health (Tobias, Steer et al. 2006; Mountjoy, 

Andersen et al. 2011).  The National Health Survey (NHS) recommends children and young 

people aged five to eighteen years obtain at least 60 minutes of physical activity per day, 

including moderate and vigorous intensity aerobic activity, plus three days a week of muscle 

and bone-strengthening activities.  In the western world, there is widespread failure to meet 

the NHS target due to an increasingly sedentary childhood lifestyle focused around electronic 
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and screen-related activities.  Large-scale community level implementation is yet to occur.  

Schools appear to be unwilling to fully accommodate the NHS recommendations owing to 

competing demands to deliver the academic curriculum. 

The following literature review examines the evidence relating to the effect of exercise on the 

musculoskeletal, cardiovascular, and endocrine systems in childhood to provide a rationale 

for the design of the CAPO Kids exercise program.  A summary of the tissues and systems 

involved is provided, along with a description of methods used to measure them.   

 

2.2. BONE, MUSCLE AND FAT  

2.2.1 Bone  

2.2.1.1 Bone material 

Bone is a highly specialised type of connective tissue, acting as the primary internal support 

for the body.  Its unique structure gives it strength and rigidity, as well as elasticity and 

resistance to breaking under bending loads (Ng, Romas et al. 1997).  Bone is approximately 

20% organic matrix called osteoid, which affords flexibility or deformation that allows bone 

to absorb energy from impact, 70% inorganic components, which are deposited as mineral 

within the matrix and are responsible for the strength and stiffness of bone, and 10% water 

(Buckwalter, Glimcher et al. 1995).   
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2.2.1.2 Bone structure 

On the basis of shape, bones are classified as long, short, flat, irregular or sesamoid.  Long 

bones found in the extremities are composed of a diaphysis (shaft), expanded metaphyses, 

and epiphyses at both ends.  The dimensions of all other types of bones are usually similar in 

all directions, but they have a vast diversity of shapes that reflect their varied functions.    

Bone tissue is arranged in two distinct morphologies;  dense cortical / compact bone and 

trabecular / spongy / cancellous bone (Sommerfeldt and Rubin 2001).  Although both cortical 

and trabecular bone have the same basic matrix composition and structure, cortical bone has 

only about 10% porosity, compared to 50 to 90% porosity of trabecular bone, due to different 

amounts of mass (Buckwalter, Glimcher et al. 1995). 

Eighty percent of the human skeleton is composed of cortical bone, forming the outer layer of 

all bones and the shafts of long bones (Ng, Romas et al. 1997).  Cortical bone material is 

comprised of many osteons (Haversian systems) that are formed by multiple thin layers or 

lamellae of bone around longitudinal central canals.  Osteons are the basic structural unit of 

cortical bone and typically run parallel to the bone surface.  Volkmann’s canals, a second 

system of canals within cortical bone, connect the Haversian canals perpendicularly to its 

surface, creating a network of interosseous canals (Buckwalter, Glimcher et al. 1995). 

Trabecular bone makes up the remainder of the skeleton.  Most trabecular bone can be found 

in the metaphyses, epiphyses, short and irregular bones.  While it has the same material 

composition as cortical bone, the tissue arrangement and mechanical properties differ.  

Trabecular bone is arranged in a network of struts and plates organised to best withstand 

stresses and strains caused by habitual loading while minimising mass (Bouxsein and Radloff 
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1997; Sommerfeldt and Rubin 2001).  Trabecular microarchitecture such as thickness and 

connectivity contributes to bone strength. 

2.2.1.3 Bone cells 

Osteoblasts, osteocytes, bone lining cells and osteoclasts are the four main bone cells.  All 

cells are typically localised to the bone surface, with the exception of osteocytes, which lie 

within the mineralised bone matrix.  The bone cells originate from two different lineages, the 

mesenchymal stem cells (MSCs) and hematopoietic stem cells (HSCs).  The MSCs are 

osteoprogenitor cells of the bone building lineage such as osteoblasts, bone lining cells and 

osteocytes, and are found in the periosteum, endosteum and marrow and between the bony 

lamellae.  The HSCs are from a cell line located in the red bone marrow and are responsible 

for bone resorption, differentiating to monocytes, preosteoclasts and multinucleated 

osteoclasts (Buckwalter, Glimcher et al. 1995).   

Osteoblasts are MSCs specialised in forming new bone.  They are located on the bone 

surface, where are responsible for the secretion of organic matrix (osteoid), as well as the 

regulation of bone mineralisation (Raggatt and Partridge 2010).  Active osteoblasts can 

follow three courses.  They may remain on the bone surface, assuming a flat form and 

becoming a bone lining cell; surround themselves with the matrix, becoming osteocytes; or 

they may disappear from the bone formation site entirely (Recker and Barger-Lux 1992).   

Osteocytes are derived from osteoblasts, and are the most numerous cells in bone 

(approximately 90%) (Buckwalter, Glimcher et al. 1995).  They are mature osteoblasts that 

have ceased forming bone and have become entrapped within the bone matrix they have 

formed, lying within small pits called lacunae, and communicating with each other through 

small channels known as canaliculi.  Osteocytes appear to be involved in the movements of 
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ions in and out the matrix and in coordinating bone remodelling (Buckwalter, Glimcher et al. 

1995).   

Bone lining cells are found on inactive (non-remodelling) bone surfaces.  They are flat 

osteoblast-type cells that lie dormant and are thought to control the access of osteoclasts to 

the bone surface for the initiation of bone resorption.  When exposed to certain hormones, 

they contract and secrete enzymes that remove the thin layer of osteoid that covers the bone 

matrix.  Osteoclasts are then attracted to the specific exposed sites and stimulate bone 

resorption (Buckwalter, Glimcher et al. 1995). 

Osteoclasts are large multinucleated myeloid cells derived from the HSC lineage, which 

attach to the surface of bone for the purposes of resorption.  They are uniquely adapted to 

remove mineralised bone matrix by attaching tightly to the bone surface, forming a resorption 

bay underneath the cell, secreting lytic enzymes and digesting the bone to create resorption 

pits, or Howship’s lacunae (Buckwalter, Glimcher et al. 1995; Raggatt and Partridge 2010; 

Boyce, Rosenberg et al. 2012).   

2.2.1.4 Bone function 

Bones are subjected to various types of loads, or stresses, and those stresses result in strain.  

Bone strength is the ability of bone to resist fracture when exposed to a load-bearing excess 

(Bouxsein 2005).  Strain is defined as bone deformation (compression, tension, bending or 

shear) (Cullen, Smith et al. 2001) caused by an externally applied load, which can be a result 

of muscle forces, body weight and/or accelerations of the body (Frost 1983).  Bone mass, 

size, structure (microarchitecture) and material properties (porosity, matrix mineralisation 

and micro damage) are the main physical determinants of bone strength (Nikander, Sievanen 

et al. 2010).  As the resistance of bone to compression is highly dependent on its mass or 
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amount of bone material, bone mass is strongly negatively related to risk of fracture (Hui, 

Slemenda et al. 1988; Ross, Davis et al. 1991).  In addition, bone strength is dependent on 

morphology such as bone diameter and cortical thickness.  For example, the resistance of a 

long bone to bending depends strongly on the distribution of bone material in relation to its 

axis of bending (Russo 2009).  The greater the distance that mass is positioned from the 

neutral axis, the more resistant to bending the bone will be; in other words, the stronger it will 

be.  

2.2.1.5 Bone adaptation 

Although genetics are largely responsible for overall skeletal shape and size, the mechanical 

environment of a bone will influence its mass and morphology.  That is, chronically increased 

mechanical loading provides an anabolic stimulus for bone, with a potential to modify density 

and structure  (O'Connor, Lanyon et al. 1982).  Adaptation occurs as a continuous process 

throughout life through modelling and remodelling.  Modelling involves processes of either 

bone resorption or formation in response to decreased or increased loading (respectively) as a 

means to prepare a bone for future loads of the same nature by modifying its size and shape 

(Lanyon, Goodship et al. 1982).  Bone modelling generally occurs during developmental 

growth, or conditions of chronic loading (e.g. increased exercise training) or unloading (e.g. 

bed rest).  Periosteal and endosteal diameter and cortical thickness can be modified via this 

process. 

The highly coordinated process of bone resorption by osteoclasts followed by new bone 

formation by osteoblasts, known as remodelling, is the process by which old bone tissue is 

replaced with new in response to hormonal and mechanical challenges, as well as the need to 

replace bone tissue microdamage  (Frost 1987).  Total resorption activity lasts approximately 

40 days.  Osteoblasts then move to the area, where they secrete osteoid onto the bone surface 



  Literature Review 

24 

 

that ultimately mineralises and forms replacement bone tissue (Figure 2) (Raggatt and 

Partridge 2010).  The formation stage lasts approximately 130 days.  A complete remodelling 

cycle takes between four and six months. 

 

 

Figure 2: Schematic representation of the bone remodelling process (Raggatt and 

Partridge 2010). 

 

2.2.1.6 Preferential loading stimuli for bone adaptation 

To understand the influence of the strain stimulus on bone, numerous animal studies have 

been conducted.  Strain type, rate, frequency and duration, as well as rest between loading 
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cycles are critical determinants of the bone response (O'Connor, Lanyon et al. 1982; Rubin 

and Lanyon 1985; Turner 1998).  For example, it is well known that large magnitude loads 

result in greater osteogenic response than small (Rubin and Lanyon 1985).  Strain frequency 

and rate of loading is also critically important to the bone response (O'Connor, Lanyon et al. 

1982; Rubin and McLeod 1994; Turner, Forwood et al. 1994); higher rates and frequencies of 

loading being most osteogenic.  It is also known that static stimuli are detrimental, whereas 

dynamic loading provides a positive stimulus for bone (Lanyon and Rubin 1984; Robling, 

Duijvelaar et al. 2001).  The number of loading cycles is likely to be a less important load 

characteristic as the bone response appears to saturate after less than 40 cycles (Rubin and 

Lanyon 1984).  Finally, a rest period between cycles may enhance an osteogenic response 

compared with continuous loading, and a longer interval (e.g. 30 seconds) is more effective 

than a shorter one (e.g. 3 seconds) (Umemura, Sogo et al. 2002). 

In summary, high magnitudes, frequencies and rates of loading are most osteogenic (Rubin 

and Lanyon 1984; Rubin, Turner et al. 2002).  The development of physical activities to 

enhance bone mass should be based on those simple loading principles. 

2.2.1.7 Age-related changes in bone 

Changes in bone mass over a lifespan follow a typical trend.  During the growing years, more 

bone is formed than is resorbed, resulting in net bone formation.  In addition to increased 

mass, bone geometry makes an important contribution to bone strength during growth, as 

long bones experience increases in width (Macdonald, Kontulainen et al. 2005).  After peak 

bone mass is attained around the end of the second decade, there is a transition in remodelling 

activity.  During early to mid-adulthood the processes of bone formation and resorption 

become more closely coupled, which results in maintenance of bone mass.  In later years, and 

most markedly at menopause for women, the bone balance becomes negative and bone mass 
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begins to decline in both men and women.  With aging or disuse, osteoclasts remove more 

bone than is subsequently replaced by osteoblasts, resulting in net bone loss.  As a 

consequence, resorption rather than formation throughout lifespan is compensated by loss in 

bone strength (Beck and Snow 2003; Seeman 2003). 

Women in general experience an accelerated period of bone loss compared to men, usually 

during menopause, which places them at greater risk of osteoporosis than men (Wald and 

Willett 2004; WHO 2011).  Oestrogen strongly inhibits osteoclast activity via cytokine 

regulation.  A reduction in levels of circulating oestrogen at the time of menopause 

disinhibits osteoclastic resorption and results in a period of rapid bone loss (Rachner, Khosla 

et al. 2011; Boyce, Rosenberg et al. 2012).  Age-related bone loss is complex and, for both 

men and women, involves three processes: 1) trabecular bone loss, caused by thinning of the 

trabeculae; 2) cortical bone loss, caused by an increase in resorption cavities, resulting in an 

increase in porosity; and 3) continuous net resorption at the endocortical surface (Stauber and 

Müller 2006; Chen, Zhou et al. 2013).  Combined, those processes account for the 

development of bone fragility and increased risk of fractures in the elderly. 

2.2.1.8 Osteoporosis 

“Osteoporosis is defined as a skeletal disorder characterised by compromised bone strength 

predisposing to an increased risk of fracture”  (NIH Consensus Development Panel on 

Osteoporosis Prevention and Therapy 2001).  Osteoporosis is sometimes considered a ‘silent 

disease’ as it can go undetected for many years and diagnosis is often made only once a 

fracture has occurred.  Fractures have severe consequences including pain, bone deformity 

and loss of mobility.  It requires a change in lifestyle to adapt after a fracture and to avoid 

further osteoporotic fractures, and as a consequence, it has a considerable impact on quality 

of life.   
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While the whole skeleton can be affected by osteoporosis, fractures are more likely to occur 

at sites exposed to sudden loading, such as the spine, hip (proximal femur), and wrist (Van 

Staa, Dennison et al. 2001; Kanis, Johnell et al. 2004; Morin, Lix et al. 2014).  While 

vertebral fractures are most common, hip fractures are the most problematic, with a 

substantial rate of institutionalisation and mortality following the fracture (Center, Nguyen et 

al. 1999). 

Currently, the diagnosis of osteoporosis and the assessment of an individual’s level of 

fracture risk are based on the measurement of areal bone mineral density (aBMD) by dual-

energy x-ray absorptiometry (DXA).  Osteoporosis is defined by a T-score of more than 2.5 

SD below the average of a young adult (Rachner, Khosla et al. 2011).  The relative risk for 

fracture is increased approximately 1.5-fold for every standard deviation (SD) decrease in 

aBMD (Baim, Binkley et al. 2008).   

2.2.1.9 Measuring bone 

A wide range of techniques can be used to assess bone mass and morphology including dual-

energy x-ray absorptiometry (DXA), computed tomography (CT), peripheral quantitative 

computed tomography (pQCT), magnetic resonance imaging (MRI), and quantitative 

ultrasound (QUS).   

DXA is considered to be the clinical gold standard of bone mass estimation and is commonly 

used to diagnose osteoporosis and estimate fracture risk owing to its low radiation dose and 

rapid scan time (Kanis 2002).  The parameters assessed by DXA include areal bone mineral 

density (BMD, g/cm
2
), bone mineral content (BMC, g), bone area (BA, cm

2
), fat mass (kg) 

and lean mass (kg).  DXA has the ability to measure clinically relevant skeletal sites such as 

the proximal femur (femoral neck, trochanter and total hip), lumbar spine and forearm.  DXA 
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produces a two-dimensional image from the differentiation of the absorption of x-rays 

between soft tissue and bone while passing through the body in a transverse image plane.  

Results are calculated by the scanner software, and BMD can be reported in terms of a 

standard deviation from a reference dataset in the form of T and Z scores.  The T score 

compares a BMD value with the mean value for young adults of the same sex and race.  Bone 

status can then be classified as normal (T score ≥ -0.99), osteopenic (T score = -1 to -2.49) 

and osteoporotic (T score ≤ -2.5) (Kiebzak, Hamdy et al. 2005).   The Z score compares a 

BMD value with the reference mean of the same age, sex and race. 

DXA, as any other body imaging technique, has some limitations.  Firstly, it measures a 

three-dimensional object in two dimensions, which means it will typically underestimate 

BMD of small individuals and overestimate BMD of larger people (Ahmad, Ramamurthi et 

al. 2010).  Secondly, DXA cannot directly assess bone geometry and microarchitecture 

which, as previously discussed, are important determinants of bone strength.  Finally, DXA 

cannot distinguish trabecular and cortical bone.  Nevertheless, DXA is considered a valid and 

reliable method for assessing body composition based on a three compartment model that 

includes bone, fat-free and fat tissues.  Furthermore, those body composition results are 

presented in both whole body as well as regional sites. 

Quantitative ultrasound (QUS) evaluates a bone region of interest via the attenuation of 

ultrasound waves that are sensitive to changes in tissue density.  Available devices are limited 

to peripheral sites (e.g. calcaneus, phalanges), but have the ability to predict fracture as 

accurately as DXA, despite having poorer precision (Frost, Blake et al. 2001).  Broadband 

ultrasound attenuation (BUA, dB/MHz), speed of sound (SOS, m/s) and stiffness index (%) 

can be determined from calcaneal QUS which are derived from the velocity and attenuation 

of the ultrasound waves through the bone tissue (Njeh, Fuerst et al. 2001; Binkley, Berry et 

al. 2008; Alwis, Rosengren et al. 2010).  QUS involves no radiation exposure, and is 
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inexpensive, safe and portable, therefore highly appealing for paediatric trials (Baroncelli 

2008; Binkley, Berry et al. 2008).   

MRI and CT are accurate techniques to determine anatomical geometry.  MRI has the ability 

to assess the signals from water and lipid protons in the tissues to quantify bone porosity, and 

to provide high resolution images created using principles of magnetism (Hong, Hipp et al. 

2000).  Although it involves no radiation exposure, and therefore appealing for research use, 

it is prohibitively expensive for unfunded research.  CT measures bone structure in a three-

dimensional image, thereby deriving volumetric BMD (vBMD, g/cm
3
), and discriminating 

trabecular and cortical regions, at any skeletal site.  It allows the examination of parameters 

of bone geometry, such as cortical thickness and cortical cross sectional area.  CT is limited, 

however, by the high doses of radiation involved in a single scan, in addition to scanner 

inaccessibility and cost.   

Peripheral QCT (pQCT) is a type of computed tomography that was developed to measure 

volumetric BMD and bone geometric parameters in the peripheral skeleton (e.g. forearm and 

leg) with lower radiation doses.  Trabecular and cortical density can be differentiated by 

pQCT measurements.  Volumetric trabecular density, total cross-sectional bone area, cortical 

bone area, periosteal and endosteal circumferences and cortical thickness (Binkley, Berry et 

al. 2008), as well as muscle density and cross-sectional area can be obtained from pQCT 

(Wong, Hummel et al. 2014).   
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 2.2.2 Muscle 

2.2.2.1 Muscle composition and function 

Skeletal muscle tissue is comprised of a highly-organised structure of protein filaments.  Such 

filaments are arranged in repeating functional units called sarcomeres.  In a process known as 

cross-bridge cycling, the protein filaments slide over one another to facilitate whole muscle 

contraction, to generate limb movement about joints.  Skeletal muscles are activated 

voluntarily to produce or control intended movements.  The energy for muscle contraction is 

mainly supplied by ATP (adenosine triphosphate) during brief activity, or glycogen from the 

oxidation of carbohydrates and fat, during more prolonged activity (Hall and Guyton 2006).  

Skeletal muscle responds to exercise training by improving strength through adaptations in 

fibre number, size and type, enzymatic profile, capillarisation, and neuromuscular 

mechanisms (Holloszy and Coyle 1984).  The contractile and kinematic forces generated by 

muscles provide an adaptive stimulus for bone due to the skeletal strains they evoke 

(Schoenau and Frost 2002; Robling 2009).  It is therefore possible, that an increase in muscle 

strength may be associated with corresponding increases in bone mass and strength (Frost 

1983; Hamrick, McNeil et al. 2010).  

2.2.2.2 Muscle, aging and chronic conditions 

Skeletal muscle is an efficient organ, regulated by complex genetic factors.  During 

childhood and adolescence, muscle may increase in diameter and length up to 20-fold 

(Serratrice 2009).  Such growth is related to a number of factors, including genetics, nutrition 

and sex-specific hormones.  Although there are no clear gender differences in muscle mass 

during early childhood, hormonal changes during puberty appear to influence boys and girls 

in a sex-specific manner (Garnett, Högler et al. 2004).  During adolescence, important 
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circulating hormones such as growth hormone and insulin-like growth factor (IGF-1) increase 

rapidly, while sex-steroids such as oestrogen and testosterone increase in different amounts 

for boys and girls.  For example, the increase in testosterone combined with IGF-1 in boys 

results in substantial muscle mass and strength gains during this stage (Lang 2011), while 

oestrogen is more strongly related to changes in muscle area (Clark and Rogol 1996).  Under 

the influence of testosterone, muscle strength increases linearly with age in boys, and the 

young adult amount of fat free muscle (FFM) is attained at 19 to 20 years old.  Girls, on the 

other hand, accrue FFM over a shorter duration than boys, with the young adult amount being 

attained at 15 to 16 years old.  Maximal muscle strength in both sexes is achieved between 20 

and 30 years old (Rogol, Roemmich et al. 2002; Serratrice 2009).  

As a consequence of ageing, levels of testosterone in men and oestrogen in women reduce 

considerably, and are associated with progressive declines in muscle mass and strength (Lang 

2011).  Loss of muscle mass and strength is known as sarcopenia, a condition commonly 

associated with ageing and results in a reduction in the number of viable sarcomeres available 

for contraction.  There is evidence to suggest that sarcopenia is independently associated with 

a number of chronic diseases including osteoporosis (Scott, Blizzard et al. 2011; Cooper, 

Dere et al. 2012).  The process of muscle atrophy, which is simply a reduction in muscle size, 

is generally the result of degeneration in the central and peripheral nervous systems, caused 

by ageing combined with sedentary lifestyle (Pette and Staron 2000).  Neurological, cellular, 

metabolic and biochemical factors may also influence muscle strength loss during ageing.   

2.2.2.3 Measuring muscle 

Skeletal muscle is the largest component of fat-free soft tissue mass (FFST), and represents 

approximately 50% of the total lean mass of the body (Clarys, Martin et al. 1984).  

Measurement of muscle characteristics such as mass, strength, area and density can be 
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accomplished with various techniques (Janssen, Heymsfield et al. 2000).  Simple quantitative 

methods such as skinfold tests can be used to calculate FFM indirectly, by applying specific 

algorithms (Heymsfield, McManus et al. 1982).  However, more accurate methods, such as 

dual-energy x-ray absorptiometry (DXA) and peripheral quantitative computed tomography 

(pQCT), which were primarily developed to assess bone, can also measure muscle.  DXA 

provides a precise estimate of total body and regional lean-free mass (Kim, Wang et al. 

2002), while pQCT can assess muscle density and muscle cross-sectional area, in addition to 

intramuscular fat area.  Yet, since DXA can estimate muscle tissue per body regions in a low 

radiation environment, it is considered a practical analysis procedure to quantify body 

composition in adults and children (Heymsfield, Adamek et al. 2014). 

2.2.3 Fat 

2.2.3.1 Fat tissue and function 

In the past, fat was considered a metabolically inert tissue. However, its importance to 

metabolism via adipocyte activity is now well known (Nemet, Wang et al. 2003; Shuster, 

Patlas et al. 2012; Kimber, Cameron-Smith et al. 2013).  Fat functions as a store and source 

of energy.  Some adipose acids are essential nutrients for the body, not only to protect vital 

organs, but also to metabolize adipokines such as leptin, adiponectin and TNF-α, which have 

crucial roles in metabolism (i.e. anti-inflammatory and immunity properties) (Berg and 

Scherer 2005; Ikeoka, Mader et al. 2010).  While it is important to have a certain amount of 

adipose tissue, an excess will result in a number of harmful consequences.  In simple terms, 

overweight occurs as a corollary of a chronic positive energy balance (i.e. energy intake 

greater than energy expenditure).  Excessive calories are stored as fat (abdominal and 

peripheral fat), which results in overweight, and in the long term, obesity.  Excess adipose 



  Literature Review 

33 

 

tissue increases the risk of metabolic disease through its deleterious effects on blood 

cholesterol and lipids, blood pressure, and glucose metabolism (Ford, Giles et al. 2002).  

Osteoblasts and adipocytes originate from the same progenitor, the mesenchymal stem cell 

(MSC).  At birth, adipocytes are rarely found in the bone marrow, but their presence 

increases in number and size with age  (Berendsen and Olsen 2014).  There is a growing body 

of evidence suggesting that exercise might lead to preferential differentiation to osteoblasts, 

and augmented stimulation of osteogenesis with a corresponding reduction in adipogenesis 

(Rubin, Capilla et al. 2007; Sen, Xie et al. 2008).  The observation suggests that exercise may 

be important for biasing cell differentiation away from fat and toward bone. 

2.2.3.2 Overweight and non-communicable disease 

Excessive body fat is classified as either overweight or obesity, depending on the degree of 

excess.  Obesity is a serious and growing epidemic, strongly related to other non-

communicable diseases (NCD) with high morbidity and mortality (Blair and Church 2004).  

The most common NCDs include diabetes, cardiovascular disease and metabolic syndrome, 

which account for approximately 60% of all deaths globally (WHO 2011).  Excess of 

adiposity is associated with hypertension, dyslipidaemia, chronic inflammation and 

hyperinsulinemia, as well as type II diabetes and certain types of cancer (Lloyd, Langley-

Evans et al. 2012).   

Metabolic syndrome is highly prevalent in the adult population worldwide, with a growing 

prevalence in children (Lloyd, Langley-Evans et al. 2012).  In fact, obese children can have 

obesity-related complications such as hypertension, dyslipidaemia and hyperinsulinemia, 

diseases once recognised only in adults (Ebbeling, Pawlak et al. 2002; Franks, Hanson et al. 

2010; Flynn 2013).  Other major complications such as neurological, psychosocial, 
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pulmonary and musculoskeletal diseases are also associated with childhood obesity (Figure 

4).  Furthermore, many studies have demonstrated positive associations between childhood 

obesity and adult metabolic risk (Johnson, Kroon et al. 2009; Godfrey, Gluckman et al. 2010; 

Lloyd, Langley-Evans et al. 2012).   

  

Figure 3: Health problems associated with childhood obesity (Garver, Newman et al. 

2013).   

 

2.2.3.3 Obesity in children 

Genetics exert a powerful influence on one’s propensity to becoming obese.  Family and twin 

studies demonstrate that the heritability of obesity is between 40 and 70% (Barsh, Farooqi et 

al. 2000); however, genetics is not the only cause. When combined with environmental and 

behavioural factors, a ‘gene-environment interaction’ response may be at play (Speakman 

2007; Garver, Newman et al. 2013).  However, there is evidence to suggest that lifestyle 

modification that includes more physical activity can reduce the risk of obesity by up to 40% 
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(Li, Zhao et al. 2010).  Thus, environmental factors also play a strong role in the development 

of obesity.  

2.2.3.4 Measuring fat mass 

There are many methods to assess body composition in both adult and paediatric populations.  

The most common method of classifying overweight and obesity is via the calculation of 

body mass index (BMI); derived from weight and height – weight (kg) / height
2
 (m).  The 

World Health Organisation (2000) designates an adult BMI of 18.5 to 24.9 kg/m
2 

 as normal , 

≥ 25 as overweight, 25 to 29.9 pre-obese, 30 to 34.9 as obese class I, 35 to 39.9 as obese class 

II, and ≥ 40 for obese class III.  Although BMI has notable limitations as an index of fatness, 

it remains a widely used method in population health research (Romero-Corral, Somers et al. 

2008).  However, there is consensus that BMI is not a valid method to estimate fatness in 

children, since the original reference values were developed for adults (WHO 2008; Hong 

2010; Ogden, Carroll et al. 2012).  Nevertheless, standardized percentile curves are available 

to monitor BMI longitudinally for comparison with children of the same age and sex 

(Hammer, Kraemer et al. 1991; Rosner, Prineas et al. 1998; Cole, Bellizzi et al. 2000).   

Validated techniques to evaluate body composition include underwater weighing, air 

displacement plethysmography, bioelectrical impedance analysis (BIA), skinfold-thickness 

measurements and DXA.  Reliability studies, however, suggest it is not advisable to use 

methods interchangeably, since DXA measures tend to be slightly higher than the other two 

methods (Gutin, Litaker et al. 1996; Sillanpää, Häkkinen et al. 2013).  DXA is considered the 

gold standard for bone mass estimation and it is also a suitable and reliable method for the 

measurement of body composition.  In addition, it produces objective and consistent data 

from adults as well as paediatric cohorts (Gutin, Litaker et al. 1996; L'Abée, Visser et al. 

2010).   
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Waist circumference is an important reference measure in adults for classifying overweight 

and establishing disease risk.  Women with waist circumferences greater than 88 centimetres 

and men with waist circumferences greater than 102 centimetres are considered to be at 

higher risk of obesity-related diseases than those measures below the cut-offs (WHO 2008). 

Although waist circumference reference values are yet to be established for children, waist 

circumference percentile charts have been developed around the world, including Cuba, Italy, 

Spain, UK, Canada, US and New Zealand (Katzmarzyk 2004; Fredriks, Van Buuren et al. 

2005).  Such references are valuable given that children with a high waist circumference 

percentile have higher risk of dyslipidemia, insulin resistance and visceral abdominal fat than 

in children with a lower waist circumference percentile. 

 

2.3. CARDIOVASCULAR SYSTEM 

2.3.1 Cardiovascular system structure 

The cardiovascular system is responsible for the transport of nutrients, hormones, gases and 

blood cells throughout the body in order to maintain homeostasis.  Transport occurs 

continually, in a wide network of tubes of different calibers known as arteries, veins and 

capillaries.  The network channels blood to and from the heart, which maintains flow through 

its rhythmic contractions.  Ageing is associated with a number of deleterious effects on the 

cardiovascular system, including lipid deposition, loss of large artery conformity and 

dysfunction in homeostatic control (Wei 1992).  Furthermore, there is a progressive decrease 

in heart rate and increase in stroke volume and systolic arterial pressure with age (Ogawa, 
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Spina et al. 1992).  Other important risk factors for CVD include sedentary lifestyle, poor 

nutrition, overweight, smoking and genetic factors (Hong 2010).  

 

2.3.2 Cardiovascular disease 

Excessive weight gain early in life tends to accelerate the onset of CVD (Goran, Ball et al. 

2003).  Signs of insulin resistance syndrome, atherosclerosis and hypercholesterolemia 

demonstrate that children and adolescents are acquiring adult diseases as a result of being 

overweight (Kavey, Daniels et al. 2003).  In addition, hypertension, dyslipidemia, 

hyperglycemia and family history also contribute to the acquisition of CVD.  Those 

conditions can be asymptomatic in childhood and thus may exist undetected over a long 

period.  If not diagnosed and treated early, more serious sequelae may develop in adulthood 

(Goran, Ball et al. 2003; Hong 2010).  Thus, early screening is necessary to identify risk and 

provide timely intervention. 

2.3.3 Cardiovascular system measurements 

Cardiovascular system capacity, or aerobic capacity, is the most common measurement of the 

cardiorespiratory system.  Aerobic capacity is mainly determined by maximum oxygen 

uptake (VO2 max), which is a recognized technique that includes direct and indirect methods.  

According to the American College of Sports Medicine (ACSM, 2013), VO2 max is 

calculated as “the product of the maximal cardiac output (L 
. 
min

-1
) and arterial-venous 

oxygen difference (mL 
. 
l)” (ACSM 2013) and reflects one’s ability to not only deliver 

oxygen to the tissues, but also the ability to extract oxygen from the tissues.  Direct methods 

(i.e. ergospirometry) are generally undertaken in specialized laboratories.  As those methods 
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require medical supervision and are not generally accessible to the regular population, 

indirect methods have been developed to estimate maximal oxygen uptake (Grant, Joseph et 

al. 1999).  Submaximal testing is highly accessible and can be performed as field tests.  They 

provide an estimate of VO2 max, generally predicted from a heart rate response to exercise 

performed at different intensities.  The ACSM has published a variety of equations to 

estimate VO2 max (ACSM 2013).  The 20-metre shuttle run is an example of a submaximal 

test that estimates VO2 max by calculating a score and applying an algorithm to categorise 

‘fitness’.  This simple method of estimating aerobic fitness has been validated in school-aged 

children (Léger, Mercier et al. 1988). 

 

2.4. PHYSICAL ACTIVITY 

2.4.1 Current recommendations 

It is well documented that regular physical activity reduces the incidence of chronic diseases 

(e.g. cardiovascular disease, obesity, osteoporosis, diabetes and hypertension), enhancing 

quality of life at all ages, including childhood (Armstrong and Welsman 2006; Nicklas and 

Hayes 2008; Macdonald, Ashe et al. 2009; Waters, de Silva-Sanigorski et al. 2011).  The 

optimal type and dose of physical activity that confers benefit to multiple systems, however, 

remains undetermined. 

Various guidelines have been developed for physical activity participation during childhood.  

According to the ACSM and the Centres for Disease Control (CDC), children who participate 

in regular physical activity will improve cardiorespiratory and muscular fitness, have stronger 
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bones and muscles, and exhibit fewer symptoms of depression and anxiety.  The appropriate 

amount of exercise has been discussed since 1988, when the ACSM created the first position 

statement for physical activity for children (ACSM 1988).  The recommendation was the 

achievement of 20 to 30 minutes of daily vigorous physical activity.  More recently, in the 

2008 Physical Activity Guidelines for Americans, the U.S. Department of Health and Human 

Services (HHS) revised by partner organizations such as CDC and ACSM, proposed 60 

minutes of daily moderate to vigorous physical activity for children (HHS 2008).  These 

activities must be inclusive of aerobic activity and muscle and bone strengthening, at least 

three times per week.  To meet these guidelines, however, children can combine exercise in 

many different ways, such as running while playing with friends, jumping rope or bicycle 

riding. 

2.4.2 Measurements 

There are several methods for the quantification of physical activity.  Validated techniques 

include physiological markers, such as the gold standard doubly-labelled water, indirect 

calorimetry, heart rate and motion sensor monitoring (pedometer and accelerometer), in 

addition to direct observation and questionnaires (Westerterp 2009).  The physiological 

markers, however, are typically costly, restricted to the laboratory setting, and/or fail to 

account for participation over extended periods of time.  More subjective methods, such as 

diaries, retrospective self-report or interviewer-administered questionnaires are simple, 

inexpensive and convenient when investigating large cohorts and are able to examine longer 

periods of physical activity (Armstrong and Welsman 2006; Swinburn, Sacks et al. 2011).   

Physical activity questionnaires (PAQs) are the most common instruments for exercise 

assessment across all ages and are particularly attractive for large-scale measurement.  The 
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International Physical Activity Questionnaire (IPAQ), for instance, is a validated and reliable 

tool that has been tested in over a dozen countries (Craig, Marshall et al. 2003).  IPAQ tracks 

physical activity levels and provides an index of metabolic intensity, by categorizing 

activities as low, moderate and vigorous intensity.  There are over sixty descriptions of 

paediatric PA instruments in the literature.  Of those instruments, the majority relate to total 

non-specific physical activity, eleven relate to moderate to vigorous physical activity, and 

only one, the BPAQ, relates specifically to bone (Chinapaw et al., 2010).  Such 

questionnaires, however, have limited value for characterising the mechanical loading 

intensity of physical activity, which is important for bone.  Furthermore, participation is 

generally only quantified over a relatively short period of time (e.g. up to one year) and thus 

does not represent lifetime exposure. 

Given the limitations of generic PAQs in examining musculoskeletal loads, several bone-

specific instruments have been developed.  Weeks and Beck (2008) developed the Bone-

specific Physical Activity Questionnaire (BPAQ), a quick and easy self-administered 

instrument, capable of predicting bone mass at clinically important sites in healthy young 

men and women.  The questionnaire has been used to study physical activity participation 

across a wide range of ages, including the very young (Weeks, Hirsch et al. 2011).  The 

BPAQ comprises a past component and a current component.  The past component records 

the type and years of physical activity participation throughout life from birth, while the 

current component records the type and frequency of participation in the previous 12 months.  

An on-line custom-designed ‘calculator’ is then used to analyse the questionnaire responses 

and calculate a current, past, and total BPAQ scores (http://www.fithdysign.com/BPAQ/).  

There are other bone relevant PAQs, such as the bone-loading history questionnaire (BLHQ) 

(Dolan, Williams et al. 2006) and the generic PAQ that estimates mechanical components of 

physical activity (MECHPA) (Kemper, Bakker et al. 2002).  Questionnaires have an inherent 

http://www.fithdysign.com/BPAQ/
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limitation of recall bias, however they remain a valid, quick method for estimating physical 

activity participation, particularly when quantification of long term exposure is required. 

Motion sensor devices such as pedometers and accelerometers have been widely used to 

estimate physical activity levels.  Pedometers are used to measure the amount of steps, while 

accelerometers are able to estimate movement intensity.  Accelerometers are small devices 

developed to collect real-time estimates of frequency, intensity and duration of physical 

activity (Ward, Evenson et al. 2005).  They can be uniaxial, which measures acceleration in a 

single plane (usually vertical) or triaxial, which measures acceleration in the vertical, 

anteroposterior, and mediolateral planes (Freedson and Miller 2000).   

The utility of accelerometers improved considerably once they were combined with other 

sensors.  A new generation of wearable monitors have led to the development of multisensor 

devices, which estimate energy expenditure in calories (kcal) and metabolic equivalents 

(METs) using incorporated algorithms.  The SenseWear Pro Armband monitor (SWA, Body 

Media, Pittsburg, USA) is an example of a multisensor device that is worn on the left arm, 

and collects data from skin temperature, galvanic skin response (electrical conductivity of 

skin) and heat flux (St-Onge, Mignault et al. 2007).  Energy expenditure is estimated from in-

built algorithms, using personal information such as weight, height, sex and age.  The 

algorithms have been validated for adults (Fruin and Rankin 2004; Jakicic, Marcus et al. 

2004) and children (Arvidsson, Slinde et al. 2007; Calabró, Welk et al. 2009). 

Ideally, measurement of bone deformation at clinically important skeletal sites will best 

characterise the effectiveness of exercise interventions for bone health.  Naturally in vivo 

measurement of bone strain is highly invasive and therefore rarely attempted (Lanyon, 

Hampson et al. 1975), however, ground reaction forces (GRFs) provide a non-invasive 

alternative.  A force platform can be used to quantify the impact caused by weight-bearing 
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activities, which provides a marker of strain to which bone is exposed during the activity.  

The force platform deforms with impact, and results in a change in the electrical charge of the 

circuit proportional to the deformation.  The GRFs are expressed in units of force (Newtons) 

and often normalised to body weight.  GRFs are routinely recorded from activities such as 

walking, running, and jumping (Fuchs, Bauer et al. 2001; Stansfield, Hillman et al. 2001; 

McKay, Tsang et al. 2005; Weeks, Young et al. 2008).   

 

2.4.3 The effects of physical activity on bone 

Physical activity has an important regulatory role for bone structure.  Exercise-related 

mechanical loading improves bone mass, bone density and strength, and reduces risk of 

fracture (Heaney, Abrams et al. 2000; Nikander, Sievanen et al. 2010).  Peak bone mass is 

largely determined by genes, but is thought to be optimised through bone-specific mechanical 

loading (e.g. high intensity exercise) and adequate nutrition (e.g. calcium and vitamin D) 

(Heaney, Abrams et al. 2000; Wald and Willett 2004).  That is, children participating in 

weight-bearing activity programs and consuming adequate dietary calcium, for example, tend 

to achieve stronger bones than non-participants (Forwood, Baxter-Jones et al. 2006; Weeks, 

Young et al. 2008; Nikander, Sievanen et al. 2010) (Figure 3).  Thus, childhood can be 

considered a critical window of opportunity to reduce the risk of osteoporosis in later life. 
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Figure 4: Bone mass of women across the lifespan (adapted from Heaney, Abrams et al. 

2000). 

 

Increasing the intensity of habitual mechanical stimuli, in line with the previous mentioned 

fundamental principles of osteogenic loading, for instance, by introducing impact weight-

bearing exercises, may enhance bone size, mass and strength.  Not surprisingly, not all 

exercises are equally effective for stimulating bone adaptation.  Low intensity loading such as 

walking as well as non-weight-bearing exercises such as swimming and cycling do not 

provide a strong bone stimulus.  Instead, jumps, hops and changing of directions are some of 

the diverse activities that may impart osteogenic loads.  Weight-bearing exercises such as 

tennis (Haapasalo, Kontulainen et al. 2000), gymnastics (Nichols, Sanborn et al. 1994) and 

weightlifting exercises (Scott, Sale et al. 2011; Gómez-Cabello, Ara et al. 2012; Behringer, 

Gruetzner et al. 2014) are examples of activities that affect bone tissue, stimulating bone 

remodelling and resulting in bone gain.  Intervention studies have supported the positive 

effects of high intensity exercise applied in school-aged children (MacKelvie, McKay et al. 

2002; Petit, McKay et al. 2002; Weeks, Young et al. 2008).  Furthermore, there is emerging 

evidence that bone benefits achieved during growth may be sustained into adulthood (Gunter, 

Baxter-Jones et al. 2008; Weeks and Beck 2012). 
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2.4.4 The effects of physical activity on muscle 

There are a wide range of benefits to be gained from stimulating muscle with physical 

activity.  Exercise improves both functional and neuromuscular outcomes, strength and 

quality of life (Drewnowski and Evans 2001).  In general, muscle strength is thought to 

prevent and reduce symptoms of numerous chronic diseases such as arthritis, diabetes, 

osteoporosis, obesity, and depression (Hamilton, Killian et al. 1995; American College of 

Sports Medicine 2009; Hurley, Hanson et al. 2011).  Increasing muscle mass improves 

metabolic rate, since muscle is an active tissue that utilizes fat as a substrate (Cauza, 

Hanusch-Enserer et al. 2005; Pedersen and Febbraio 2012).  Stronger muscles also contribute 

to the prevention of falls, and as a result, reduce the risk of fractures in older age.  

Importantly, improved muscle strength may increase bone loading and thereby potentially 

enhance bone mass.  Conversely, bone-specific exercise might have a positive influence on 

muscle strength, density and mass. 

2.4.5 The effects of physical activity on fat 

Any physical activity that requires energy expenditure has the potential to oxidize fat 

(Thompson, Karpe et al. 2012).  In general, exercise increases heart rate and metabolic 

function, but it does not necessarily reduce fat.  In fact, there is some evidence that low 

intensity exercise may improve health markers such as blood pressure and cardiorespiratory 

fitness in participants, but the influence on weight reduction is not always observed (Shaw, 

Gennat et al. 2006).   

Aerobic exercise is generally recommended as an effective method for fat reduction.  

However, recent studies have shown that the relationship between low-intensity exercise and 

fat loss is not particularly strong (Alves, Gale et al. 2009; Thorogood, Mottillo et al. 2011; 
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Yoshimura, Kumahara et al. 2014).  A systematic review of the influence of isolated aerobic 

exercise programs in overweight populations observed only a modest reduction in weight, 

blood pressure, lipid levels and waist circumference (Thorogood, Mottillo et al. 2011).  The 

study concluded that isolated aerobic exercise is not an effective method for fat reduction.  

However, aerobic exercises are still the most commonly prescribed exercises recommended 

for children.   

Other forms of exercise may have a greater impact on fat oxidation than low intensity aerobic 

exercise.  Moderate to vigorous intensity exercise, for instance, is known to promote fat mass 

reduction (Pate, Pratt et al. 1995; HHS 2008).  High intensity interval training, which 

typically includes brief ‘sprints’ interspersed with periods of lower intensity exercise or rest, 

has been recognised as an effective method to promote fat loss (Boutcher 2010; Salvadori, 

Fanari et al. 2014).  In addition to high intensity aerobic training, resistance training has also 

been observed to promote fat reduction, not only in adults (Avila, Gutierres et al. 2010; 

Willis, Slentz et al. 2012; Marsh, Shea et al. 2013), but in overweight children (Benson, 

Torode et al. 2008; Schranz, Tomkinson et al. 2013).  Although total body weight might 

remain the same, resistance training stimulates muscle mass gain, and as a consequence of 

increased metabolism, may subsequently lead to fat loss (Kraemer, Ratamess et al. 2002).  

Resistance training is also associated with improvements in both cardiorespiratory and 

muscular fitness (Braith and Stewart 2006) as well as insulin sensitivity (Lee, Bacha et al. 

2012; Kraemer and Ciccolo 2013).  It is possible that a combination of different types of 

exercise such as high intensity training as well as resistance training may be even more 

effective at reducing fat than one type alone; however more research is needed to confirm this 

proposition.  
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2.4.6 The effects of physical activity on the cardiovascular system 

Regular physical activity early in life is likely to reduce the risk of aged-associated chronic 

disease (Ogawa, Spina et al. 1992; Agarwal 2012).  Accordingly, physical activity guidelines 

to promote cardiovascular health in children (Hong 2010) recommend limiting sedentary time 

to two hours per day and engaging in 60 minutes of daily moderate to vigorous exercise.  The 

cardiovascular benefits of exercise occur relatively fast (within one week of intervention), 

with improvements to metabolic profile occurring prior to changes in body composition 

(Goran, Ball et al. 2003).  Aerobic fitness is likely to be highly related to cardiovascular risk 

reduction during childhood (Wannamethee, Shaper et al. 2000; Thorogood, Mottillo et al. 

2011).  Furthermore, even in the absence of weight loss, favourable changes to body 

composition are known to reduce disease risk (Poehlman, Toth et al. 1995; Lee, Kuk et al. 

2005).  In addition, children who participate in school physical activity programs may 

improve not only body composition, but also their academic performance (ACSM 1988; 

Rasberry, Lee et al. 2011).  Cognitive improvement and better performance at school, for 

example, was observed after an exercise intervention for overweight school-aged children 

(Davis, Tomporowski et al. 2011).  What is still unknown is if those short bouts of weight-

bearing exercises could improve other metabolic health factors in addition to body 

composition. 

 

2.5. NUTRITION 

Nutrition plays an important role in health maintenance.  In particular, childhood diet has a 

strong relationship with body composition (Smith, de Jonge et al. 2000; Rodríguez and 
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Moreno 2006; Smith, Emmett et al. 2014).  The early years are a pivotal period in human life, 

when the behavioural patterns for later years are developed.  The diet revolution caused by 

changes in environmental and socioeconomic factors has affected the whole population, with 

‘fast food’ frequently replacing a more nutrient rich diet (Savige, Ball et al. 2007).  In 

addition, the number of daily meals consumed are reducing, while the amount of food per 

meal is increasing, facilitating weight gain and nutritional disequilibrium (Rodríguez and 

Moreno 2006; Black, Victora et al. 2013).   

According to the literature, most Australian children are not meeting recommended 

nutritional standards, and as a result, overweight, obesity and other risk factors are increasing 

among them (Savige, Ball et al. 2007; Olds, Tomkinson et al. 2009).  In fact, the inadequate 

consumption of macro and micronutrients may be influencing the function and development 

of body systems, for instance the excess of saturated fat and the lack of lean protein-rich 

foods for muscle health, or the lack of calcium and vitamin D for bone health (Keast, Fulgoni 

et al. 2013).    

The gold standard for the assessment of diet is the weighed food record, but this approach is 

not feasible for large studies, particularly of children.  Therefore, the more practical method 

for estimating dietary intake is via questionnaire.  While there are many diet questionnaires 

available, very few have been validated for use in paediatric populations.  The Australian 

Child and Adolescent Eating Survey food frequency questionnaire (ACAES FFQ) was 

developed specifically for Australian children and is validated for the dietary assessment of 

9-16 year olds (Watson, Collins et al. 2009).  The questionnaire is self-administered and 

composed of 120 items and, 15 supplementary questions about nutritional behaviour.  

Analysis of the ACAES FFQ produces an estimate of total energy intake, including a 

breakdown of protein, fat, carbohydrate and micronutrient intake.  Such factors, particularly 
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calcium intake, are important measures in bone research studies to account for their influence 

on body composition outcomes. 

 

6. SUMMARY 

The literature shows clear and alarming trends for increasing rates of chronic disease 

globally.  There is considerable evidence that much of this increase is due to a sedentary 

lifestyle from a young age.  Exercise may help to prevent chronic conditions by improving 

metabolic and musculoskeletal health.  The following work describes an examination of the 

potential to reduce a number of important chronic diseases through targeted exercise 

engagement during childhood. 
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CHAPTER 3 - METHODS 

 

3.1 Introduction 

This chapter outlines the methods used to complete the studies reported in the thesis that 

include 1) a systematic review and meta-analysis of the bone, fat and lean mass outcomes 

from bone-targeted exercise intervention studies, 2) the CAPO Kids randomised controlled 

paediatric exercise intervention trial, and 3) an observational study of the metabolic and 

mechanical demands of the CAPO Kids program.  Methods and procedures including 

equipment for each study will be presented. 

 

3.2 Study 1: Systematic review and meta-analysis 

3.2.1 Systematic review methodology 

A systematic review was conducted to examine the influence of in-school bone-targeted 

exercise interventions on body composition.  A comprehensive search was conducted in 

twelve different databases, using pre-defined keywords such as paediatrics, physical activity, 

bone and obesity.  The included studies were controlled, school-based exercise interventions 

that reported outcomes for bone and fat mass at baseline and follow up.  The systematic 

review was conducted according to PRISMA guidelines (Moher, Liberati et al. 2009) and a 

quality scale was employed to classify and rank papers according to their degree of bias risk 

(Hind and Burrows 2007).   
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3.2.2 Meta-analysis methodology 

Meta-analyses were conducted on the data from the reviewed studies.  Specifically, we 

performed meta-analyses of bone parameters, which included whole body (WB), lumbar 

spine (LS) and femoral neck (FN) bone mineral content (BMC), and lean and fat mass.  The 

MetaAnalyst Beta software version 3.13 (Tufts Evidence-based Practice Center, Tufts 

Medical Center, Boston, MA, USA) (Wallace, Schmid et al. 2009) was employed to perform 

meta-analytical calculations according to a random-effects model.  We examined study 

heterogeneity using I
2 

as a measure of consistency, which represented the percentage of total 

variation in the meta-analyses.  Standardized mean differences (SMD) and 95% confidence 

intervals were presented to represent effect size.  We used the convention of Cohen (Cohen 

1988) to describe the strength of the effect size (Cohen’s d), which is: 0.20 represents a small 

effect; 0.50 represents a medium effect; and 0.80 represents a large effect (Higgins, 

Thompson et al. 2003).  The small number of studies identified in the literature search 

precluded the use of meta-regression. 

 

3.3 Study 2: CAPO Kids exercise intervention 

3.3.1 Participants 

Two local Independent primary schools of essentially similar size and demographic were 

recruited into the study (total n ≈ 340), and randomly assigned by coin toss to treatment 

(Guardian Angels Primary School, Ashmore, Gold Coast, QLD) or control (Saint Kevin’s 

Catholic School, Benowa, Gold Coast, QLD).  Both schools adopted study activities as part 
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of the Years 5 and 6 curricula for the 2012 school year, such that all students in the involved 

years participated according to school allocation.  In the treatment arm, Year 5 and 6 students 

(aged 9 – 11 years) participated in a school year-long exercise intervention involving 10 

minutes of a novel exercise three times per week, in addition to regular physical education 

classes.  Students attending the control school participated in testing, but did not engage in 

the study-related exercise activity (Figure 5).  

  

Figure 5: Diagram of participant flow in the CAPO Kids trial 



  Methods 

 

55 

 

3.3.2 Recruitment 

The schools were recruited on the basis of Independent School status, student age, Gold 

Coast location and other features that maximised their similarity to each other.  Principals of 

each school were approached for written approval.  Meetings were then arranged with 

physical education and classroom teachers to explain the project and make logistical 

arrangements.   

Some additional off-site testing in the Griffith Bone Densitometry Research Laboratory was 

also offered.  Parents were sent a letter with the consent package (Appendices A to H) 

requesting they make an appointment for on-campus testing outside of school hours.  They 

could elect to decline this aspect of the study by simply not contacting investigators. 

We offered coupons and vouchers for food and beverage treats (e.g. ice-cream) from local 

merchants, along with basketballs and water bottles as participation prizes for the students 

throughout the course of the exercise intervention.  Additionally, $20 Timezone vouchers 

were given to participants, and restaurant vouchers to parents, to compensate them for the 

additional effort of attending testing at Griffith University. 

3.3.3 Informed consent 

Ethical approval was obtained from the Griffith University Human Research Ethics 

Committee (GUHREC) to conduct the study under protocol number PES/25/11/HREC.  

Although the study activities were adopted into Year 5 and 6 curricula at each school such 

that all students were included, use of participant data was subject to both student and 

parental consent.  We believed that students aged 9-11 had the ability to understand what was 

involved in the project.  We also believe that the intervention and essential tests, being 
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similar in nature to routine school activities, carried no significant ethical issues or risks.  We 

therefore obtained ethical approval to use a decline to consent mechanism.  That is, we 

requested written consent from the students and passive consent from parents/guardians for 

exclusion of participants (Appendices A to H).   

The consenting process included presenting an overview of the project to the children at 

school assembly, including an opportunity for questions and clarification.  Students were then 

invited to participate and to sign the consent form.  Consent packages were mailed to 

parents/guardians (including a cover letter explaining the study and that the child had given 

voluntary consent to participate, the information sheet and consent form, a screening form, a 

’decline to consent‘ form, and a reply-paid envelope).  Parents/guardians were advised that 

their child had consented to participate in the trial and that no further action was required 

from them unless 1) they did not wish their child to participate, and 2) based on the screening 

questions or any other reason, their child should be excluded from the trial.  In either case, the 

decline to consent form was to be returned to investigators via the child’s classroom teacher.  

Parents were assured that they could decline to consent, thereby overriding their child’s 

decision, that they or their child could withdraw consent at any time and/or that they could 

decline to consent the use of as little or as much data as they wish.  They were assured that 

declining to consent would not jeopardise their child’s or their own relationship with the 

school.  Children and parents were encouraged to contact study investigators with questions 

or concerns relating to the study at any time.  Students and their parents were reminded of 

their right to withdraw consent before each follow-up testing session.   

3.3.4 Inclusion criteria 

Participants were included if they: 
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 were enrolled in Year 5 or 6 at Guardian Angels Primary School (GAPS) or Saint 

Kevin’s Catholic School (SKCS); 

 were of sound general health and fully ambulatory; and 

 consented to participate. 

3.3.5 Exclusion criteria 

Participants were excluded if they:   

 had a metabolic, endocrine or renal condition;  

 were taking medications known to affect bone, muscle or fat metabolism;  

 were recovering from a lower limb fracture or other immobilising injury in the past 

six months; or  

 were affected by any condition not compatible with short bouts of physical activity 

likely to considerably raise the heart rate for up to 30 minutes.   

3.3.6 Location 

Exercise intervention activities took place in the school hall at GAPS. The hall provided a 

large, flat, undercover area, free of obstacles that easily accommodated the year 5 and year 6 

cohorts in separate exercise sessions.  Baseline and follow-up testing (including quantitative 

ultrasonometry (QUS), maximal vertical jump, resting blood pressure and anthropometric 

measures) was carried out in the GAPS and SKCS school halls.  Dual-energy x-ray 

absorptiometry (DXA) and peripheral quantitative computed tomography (pQCT) testing 

were conducted in the Bone Densitometry Research Laboratory in the Clinical Sciences I 

building at Griffith University’s Gold Coast campus. 
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3.3.7 Intervention activities 

Participants allocated to the intervention group participated in instructor-led exercise bouts in 

the 10 minutes prior to (Year 5) or 10 minutes immediately subsequent to (Year 6) second 

break on Tuesdays, Wednesdays and Thursdays every teaching week of the year 

(approximately 10 months; Feb-Nov 2012), excluding days or weeks when the students were 

unavailable (e.g. camps or excursions).  The sessions were primarily composed of continuous 

high intensity movement intended to improve cardiovascular, musculoskeletal and endocrine 

health.  The exercises were specifically designed to be simple, novel and appealing yet 

aerobically challenging with skeletal loads of relatively high strain magnitude, frequency and 

rate.   

The program was largely based on capoeira, a Brazilian sport that combines dance with 

martial art, widely practised by children in Brazil. Capoeira has a variety of different moves 

that use the whole body, from feet to the head. The techniques appear like dance because of 

the constant movement and also acrobatic manoeuvres, but in fact, the sport is composed of 

kicks, ‘takedowns’ and defensive movements.  There was a different routine for each day of 

the week and the intensity and level of difficulty increased in order to challenge participants 

progressively throughout the year.  Each class was typically comprised of repetitions of the 

ginga, one style of kick, one defensive movement, and one inverted position (e.g. cartwheel 

and/or handstand).   

The program was designed so that participants could expend maximal energy during the 10-

minute sessions, but were ready to return to classroom activities directly afterwards.  The 

physical activities comprised a broad range of continuous movements of medium to high 

impact, applied at varying speeds and directions in order to increase heart rate, and load a 
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variety of muscle groups and skeletal regions.  Activities varied from session to session; 

however, each included at least some of the following: 

Bone targeted exercises 

Jumps:  two-leg take off, followed by a two-leg landing, on the spot and multidirectional. 

Hops:  single-leg take off, followed by a single-leg landing on the same side, on the spot and 

multidirectional. 

Tuck-jumps:  double-leg jump, with hips and knees flexed during flight, bringing the knees 

into close proximity to the chest, and arms momentarily holding the knees when they reach 

the chest. 

Jump-squats:  double-leg jump, where the initial and final position is with hips and knees 

flexed to approximately 90 degrees. 

Star Jumps:  with feet together, start jumping and positioning legs apart, at the same time the 

arms go up touching the hands above the head, and returning to the initial position, 

repetitively. 

Capoeira movements 

Ginga:  basic and fundamental movement for a capoeira practitioner.  Feet are initially 

positioned shoulder-width apart, and then one foot is placed behind on the ball of the foot.  

From this base position, the back foot returns to the initial position (shoulder-width apart), 

imagining that a triangle is being drawn on the floor with the feet.  The same movement is 

then performed with the other foot straight after, keeping a continuous movement.  While the 

legs are moving, the arms also move such that each time one leg goes back, the ipsilateral 

arm is moved in front of the face, elbow flexed and shoulder-high.  When the legs are 
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swapped, the other arm is moved in front of the face.  The movement is synchronised and 

continuous. 

Cartwheel: in general, a capoeira cartwheel is a bit different than a typical cartwheel, and it is 

called Aú.  It is usually performed slowly and with arms and legs slightly flexed.  It can also 

be performed in a variety of different styles, for example small cartwheels, as a very slow 

movement, or with one leg down. 

Handstand: from ginga, the hands are placed on the ground shoulder-width apart and the legs 

up, together, open or even with one leg forwards. 

Kicks:  

Martelo (hammer):  starts from the base position.  A karate-like side kick performed, with the 

ankle plantar-flexed before returning to the base position. 

Meia Lua de frente (front half moon):  from the base position, a circular kick, from the lateral 

to the medial position.  Hips are positioned forwards while the movement is being performed, 

and the foot comes back to the base position afterwards. 

Meia Lua de Compasso (compass half moon):  from ginga position, hands on the floor and 

perform a spinning kick from one side of the body to the other, coming back to the base. 

Defense:  

Esquiva básica:  from the ginga position, back knee flexed enough to be almost touching the 

floor, the hand close to the opposite foot touches the floor, and then returning back to the 

initial position. 
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Cocorinha:  from the ginga position, feet together and squatting down with the knees 

touching the chest, protecting the head with one arm, and returning to the initial position. 

An entire 10-minute session included approximately 150 jumps and at least 50 kicks, in 

addition to around 30-40 movements in an inverted position (e.g. cartwheels and handstands).  

Participants were asked to perform some jumps very high, while others had the emphasis on 

speed. The instructor (RN) described and demonstrated every jump or capoeira movement to 

be performed during the session, and also executed all of the moves throughout the class for 

participants to emulate.  Some students joined the instructor on the stage as a reward for 

particularly good technique or effort.  Each week, a different student in Year 5 and Year 6 

won a small prize for performance, effort or improvement. 

3.3.8 Control activities 

Control group participants simply continued to undertake usual school activities across the 

course of the intervention year, including regular PE classes, according to the normal school 

routine.  Neither the exercise intervention nor the purpose of the study were described to the 

control participants.  They were simply told that the testing activities were health measures 

taken to provide them (and their parents) with information about their health, and to teach 

them about scientific measures of health and fitness. 

3.3.9 Data collection 

Data collection occurred at baseline (T0) and at completion of the exercise intervention (T9).  

Testing was designed to evaluate cardiovascular, musculoskeletal and endocrine effects of the 

exercise intervention.  
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The majority of testing took place, with permission, at the study schools during physical 

education classes and were incorporated as school-based practical activities.  Bone, muscle 

and fat measures were conducted at Griffith University’s Bone Densitometry Research 

Laboratory.  The laboratory complies with the Australian Radiation Protection and Nuclear 

Safety Agency (ARPANSA) standards and has been certified by Radiation Health.  

Additionally, only qualified and certified technicians performed the densitometry scans.  

Measures are detailed in the following sections. 

3.3.9.1 Bio- and anthropometrics  

Name and date of birth were recorded.  Height and sitting height (cm) was measured with a 

portable stadiometer (HART Sport and Leisure, Australia); standing or seated on 50 cm 

wooden stool.  Weight was measured in kg using digital scales (Soehnle, Switzerland) with 

output obscured from the view of participants.  Waist circumference was measured 

circumferentially using an anthropometric tape at the mid-point between the margin of the 

last pair of ribs and the iliac crest, taken at the end of gentle expiration (WHO 1989). 

3.3.9.2 Body composition (DXA) 

Body composition was derived from whole body dual-energy x-ray absorptiometry (DXA) 

scans (XR800, Norland).  Bone mineral content (BMC) and density (BMD) of the hip, spine, 

and whole body were examined.  BMC was presented in grams and a Z-score was generated 

to represent the number of standard deviations from an average score for a same-age child 

derived from normative data.  Lean and fat tissue masses were obtained from whole body 

scans.  Before the first scan, details of ethnicity, age, height and weight were entered into the 

DXA computer terminal and participants were asked to remove any metal from their clothes 

or body.  All DXA tests were measured with the patient lying still on the scanner bed.   
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For the whole body scan, participants were positioned supine in the centre of the DXA table, 

with hands resting on the bed and the legs slightly apart (Figure 6A).  From this position, they 

were asked to remain very still.  The second step was to move the scanning arm to the 

reference points, using the laser to mark 1 cm above the top of the head and a soft tissue point 

inferior to the last left pair of ribs and lateral to the spine.  The scan was then an automated 

process from the head to the feet, and took approximately five minutes.  The scanned image 

was monitored throughout the scan to ensure correct position (Figure 6B).   

A)                B)   

          

Figure 6: A) Participant undergoing a whole body DXA (model XR800, Norland) scan; 

B) Resulting image of a whole body DXA scan 

 

Antero-posterior lumbar spine (LS, L2-L4) scan was also measured in a supine position, but 

with legs resting on a foam block to create an angle of approximately 110º in both hips and 

knees with the scanning table, putting the spine in a neutral position (Figure 7A). This 

positioning allowed for flattening of the lower back and adequate separation of the vertebrae.  
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Participants were instructed to position their arms relaxed along the body or on the chest, and 

to remain as still as possible throughout the scan.  The reference points were marked 2 cm 

below the xiphoid process and centrally 2 cm below the level of the iliac crest.  Throughout 

the scan, the image was monitored to ensure correct scan acquisition (Figure 7B).  The LS 

scans took approximately two minutes. 

A)                    B)   

              

Figure 7: A) Participant undergoing a lumbar spine DXA scan; B) Lumbar spine DXA 

scan image after analyses 

 

The hip scan (proximal femur) was measured from the dominant side, as determined by the 

preferred kicking leg (Beck and Weeks 2012).  The participant was positioned supine, and a 

positioning device was placed between the legs to secure the lower extremity to be scanned in 

an internally rotated position.  A foam block was positioned between the ankles to ensure 

adequate hip abduction (Figure 8A).  Participants were asked to place their arms in a 

comfortable position avoiding the hip region.  The scanner arm was moved and the laser 

marker was used to mark a point 2 cm medial to the greater trochanter.  A scout scan was 
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then undertaken to ensure position and leg rotation were adequate (Figure 8B) and to locate a 

marker on the computer screen in the middle of the femoral neck. The scout scan plus the 

original scan together take approximately three minutes to complete. 

A)                                                                                   B)     

 

Figure 8: A) Participant undergoing a right femoral neck DXA scan; B) FN DXA scan 

image after analyses 

 

3.3.9.3 Body composition (pQCT) 

The tibia (leg) and radius (forearm) were examined by peripheral quantitative computed 

tomography (pQCT) (XCT3000, Stratec Medizintechnik GmbH, Pforzheim, Germany).  

pQCT provides an estimate of total bone content (g), cross sectional area (cm
2
), volumetric 

BMD (grams/cm
3
), stress-strain index (SSI) (mm

3
), and trabecular and subcortical content, 

density and area.  Both scans were undertaken with the participant seated in front of the 

machine (Figure 9).  The limbs were positioned through the gantry of the pQCT, supported 

by a holder and secured with a velcro strap.  Both scans started after marking a reference 
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point, either on the medial malleolus of the tibia or the styloid process of the radius.  The 

tibial scans took approximately eight minutes, measuring four different sites: 4%, 14%, 38% 

and 66% from the distal end plate.  The forearm was scanned at two different sites, 4% and 

66% from proximal side of the distal epiphysis of the radius, and took approximately four 

minutes.   

 A)                      B) 

 

Figure 9: Participants undertaking pQCT (XCT-3000, Stratec) scans at A) forearm and 

B) tibia 

 

3.3.9.4 Body composition (QUS) 

Speed of sound (SOS) (m/s), broadband ultrasound attenuation (BUA) (dB/MHz) and 

stiffness index (SI) (%) of the calcaneus (heel bone) were obtained by quantitative 

ultrasonometry (Lunar Achilles 
TM 

Insight, GE; Figure 10A).  Participants were seated with 

hips and knees flexed to approximately 110 degrees (Figure 10B).  The device was placed 
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directly in front of the participant, ethanol (70%) was sprayed liberally onto the heel and the 

ultrasound transducer membranes, and the foot was placed in the scanning well.  After 

entering participant details into the device (i.e. name, date of birth, and sex), the scan was 

started and the transducer membranes were automatically filled with 35
o
C water to push 

against either side of the heel.  The scans then took approximately one minute to complete. 

 

A)               B) 

  

 

 

 

 

 

 

 

Figure 10: A) Achilles (Lunar Achilles 
TM 

Insight, GE) quantitative ultrasonometer 

used to measure calcaneal BUA, SOS and SI; B) Participant undergoing a calcaneal 

scan 

 

3.3.9.5 Performance measures  
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Maximum jump height was determined by a vertical jump test using a Yardstick (Swift 

Performance Equipment, Brisbane, Australia) (Figure 11).  The reference height was marked 

when the participant raised the preferred arm with elbow extended (without leaning or 

hitching the shoulder) to touch the indicator pegs on the device.  Participants were instructed 

to jump as high as they could to touch the pegs on the Yardstick, starting with the preferred 

arm raised and the other by their side before flexing at the hips and knees to perform the jump 

(i.e. in countermovement fashion).  Each participant was allowed three warm up attempts 

followed by five trials to establish the maximum jump height.  The maximum jump height 

was determined by observing the highest peg contacted by the fingers at the peak of the jump 

and subtracting the initial reference height (Young, Macdonald et al. 1997). 

 

 A)             B) 

   

 

 

Figure 11: A) Yardstick (Swift Performance Equipment) device used to measure 
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maximum jump height; B) Participant performing the vertical jump test 

 

Aerobic capacity was determined by a 20-metre shuttle run test (a.k.a. beep test).  The test 

involved participants running between two points marked 20 metres apart in the sports hall 

and counting how many laps they could perform at the standardized incremental rate.  The 

run was synchronised with a pre-recorded audible tone that sounds at progressively shorter 

intervals, such that participants were eventually unable to maintain sufficient pace to keep up.  

Once the participant was unable to match the distance over two successive tones, the number 

of laps successfully achieved was recorded (Léger, Mercier et al. 1988).  The number of laps, 

the speed of the final stage achieved, and participant age were then entered into an algorithm 

developed by Léger et al. (1988) to estimate maximal oxygen consumption (VO2 max).  VO2 

max was estimated according to the velocity associated with the level reached by the 

participant: 

 VO2 max = 31.025 + (3.238 × velocity) - (3.248 × age ) + (0.1536 × age × velocity)   

(Léger, Mercier et al. 1988) 

3.3.9.6 Cardiovascular parameters 

Resting heart rate (beats/min) was measured from the radial pulse, after the participant lay 

supine for 15 minutes following the DXA scans.  Resting blood pressure was measured 

manually using a stethoscope, sphygmomanometer and cuff.  Participants were seated with 

their left arm extended and supported by the investigator.  The cuff was placed around the 

arm and inflated.  The first and fifth Korotkoff sounds were used to determine systolic and 

diastolic blood pressure (mmHg) per usual practice (Williams and Wilkins 2007). 



  Methods 

 

70 

 

3.3.9.7 Lifestyle characteristics 

Standardised questionnaires were used to estimate physical activity participation and nutrient 

intake.  The bone-specific physical activity questionnaire (BPAQ) quantifies bone-relevant 

physical activity participation during the whole life and during the last 12 months (Appendix 

I) (Weeks and Beck 2008).  Participants were asked to record any regular physical activities 

that they had engaged in during their life and the years of participation.  The type and 

frequency of regular physical activities performed in the last 12 months was additionally 

recorded.  A total, current and past BPAQ score was then calculated from questionnaire 

responses with the BPAQ calculator (http://www.fithdysign.com/BPAQ/) using bone-

relevant algorithms with factors weighted for load intensity, frequency and years of 

participation.   

The Australian Child and Adolescent Eating Survey food frequency questionnaire (ACAES 

FFQ) is an instrument to record food intake in order to estimate nutritional intake over a 

three-day period (Watson, Collins et al. 2009) (Appendix J).  The questionnaire is composed 

of 120 items, and 15 supplementary questions about age, use of vitamin supplements and 

food and sedentary behaviour.  The questionnaire is self-administered and is validated for 

children from nine to 16 years old (Watson, Collins et al. 2009).  Each question is answered 

from ‘never’ to ‘5 or more times per day’.  The questionnaire is semi-quantitative, so the 

standard portion of food is determined by what is considered the usual serving size (e.g. slice 

of bread). 

3.3.4 List of equipment 

 Cover letters (Appendices A and E) 

http://www.fithdysign.com/BPAQ/
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 Information sheets (Appendices B, C and F) 

 Informed consent form (Appendix D) 

 Decline to consent form (Appendix H) 

 Screening form (Appendix G) 

 Case report form (Appendix K) 

 Questionnaires 

o Physical activity questionnaire (BPAQ) (Appendix I) 

o Diet questionnaire (ACAES FFQ) (Appendix J) 

 Stadiometer (HART Sport and Leisure, Brisbane, Australia) 

 50 cm flat wooden stool 

 Anthropometric tape (Lufkin, Executive Thinline, Apex, USA) 

 Stethoscope (3M Littman Select, MN, USA), sphygmomanometer and child-sized 

cuff  (Baumanometer Standby Model, NY, USA) 

 Digital scales (Soehnle, Geneva, Switzerland) 

 Yardstick (Swift Performance Equipment, Brisbane, Australia) 

 Norland XR-800 bone densitometer (Cooper Surgical Norland, Trumbull, CT, USA) 

 Calcaneal ultrasonometer (Lunar Achilles 
TM 

Insight, GE, Madison, WI, USA) 

 XCT-3000 pQCT (XCT3000, Stratec, Pforzheim, Germany) 

 SPSS version 22.0 for Windows (IBM, Chicago, IL) 

3.3.5 Data management 

All measurements were recorded on a case report form (Appendix K) and coded for identity. 

All data was entered into a Microsoft Excel spreadsheet with identification numbers and 

initials on a password protected computer.  All hard copy forms were stored in a locked filing 
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cabinet in a secure laboratory in the School of Allied Health Sciences at Griffith University.  

No participants were named in the publication of study results. After five years, all data is to 

be destroyed. 

3.3.6 Communication of results and reporting 

A summary of findings in lay terms was reported to the experimental and control schools as 

well as to individual participants and their parents/guardians at completion of data analysis.  

Debriefing meetings were offered for interested members of the Parents and Teachers 

Associations.   

 3.3.7 Statistical analyses 

Both per protocol and intention to treat (ITT, mean values imputed) analyses were conducted.  

One-way ANOVA was used to determine if differences in dependent variables (bone, fat and 

lean mass; VO2 max; maximum vertical jump; waist circumference) existed between the 

intervention and control groups at baseline, while two-way analyses of covariance 

(ANCOVA) were used to examine between group effects of the exercise intervention.  

Independent variables of weight, maturity, baseline values, physical activity and calcium 

consumption were controlled in the analysis.  Stepwise multiple regression analyses were 

performed to determine the ability of those physical and behavioural independent variables to 

predict variance in dependent variables. 

A priori sample size estimation was calculated on the bone variable that typically exhibits the 

lowest measurement precision, that is, BUA.  Based on a previously observed between-group 

effect, to observe a mean difference of 4 dB/MHz with a standard deviation of 12 dB/MHz 
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(Weeks, Young et al. 2008) based on a two-way ANOVA and an alpha level 0.05, we 

required a total of 286 participants for the trial. All statistical analyses were performed using 

SPSS version 22.0 for Windows (IBM, Chicago, IL).   

3.4 Study 4: Mechanical loads and energy demands of the for CAPO Kids 

intervention activities 

3.4.1 Participants 

A sub-group of CAPO Kids participants were recruited for examination of mechanical loads 

and energy expenditure associated with the intervention.  All participants were invited, 

however only those who had a consent form signed from parents or guardians were included.  

Participants were invited to wear a SenseWear Pro Armband (SWA, version 7.0, BodyMedia, 

Pittsburgh, PA, USA) for an entire 10-minute CAPO Kids session to assess metabolic 

intensity of the bout.  All participants who wore the SWA were also invited to attend a single 

session of testing at the Movement Laboratory at Griffith University in order to record the 

ground reaction forces (GRF) associated with the activities included in the trial.    

3.4.2 Data collection 

3.4.2.1 Anthropometrics, heart rate and blood pressure 

Height and sitting height were measured as previously using a portable stadiometer (HART, 

Sport and Leisure, Australia) and a 50 cm wooden stool, while body weight was measured 
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using a digital scale (Charder MS 3200, CE, Taichung City, Taiwan).  We determined body 

mass index (BMI) using the accepted formula (BMI = weight/height
2
, kg/m

2
). 

Resting heart rate (beats/min) and blood pressure (mmHg) were measured using standard 

procedures.  Resting heart rate was measured from the radial pulse, after the participant lay 

down and rested for 15 minutes.  Systolic and diastolic brachial blood pressures were 

measured in the left arm, with the participant seated, using a stethoscope, 

sphygmomanometer and an inflatable cuff (Williams and Wilkins 2007). 

3.4.2.2 Energy expenditure measurement 

To estimate total energy expenditure (EE), participants wore the SenseWear Pro Armband 

(SWA, version 7.0, BodyMedia, Pittsburgh, PA, USA) during an entire ten-minute CAPO 

Kids session.  The SWA is a wireless multiple-sensor device that is placed on the left arm (on 

the triceps brachii, midway between shoulder and elbow).  The device monitors skin 

temperature, galvanic skin response (electrical conductivity of skin), heat flux, three-

dimensional accelerations, and total number of steps.  Manufacturer software is used to 

combine these measures with weight, height, sex and age to estimate EE according to a 

validated child-specific algorithm (Calabró, Welk et al. 2009), and results are presented in 

metabolic equivalents (METs) and calories (kcal).  EE was calculated minute by minute, and 

the metabolic intensity of a single CAPO Kids bout was categorised as moderate (3.0 to 5.9 

METs), vigorous (6.0 to 8.9 METs) and very vigorous (> 9.0) (Nader, Bradley et al. 2008), 

based on the inbuilt child-specific algorithm (Calabró, Welk et al. 2009). 

3.4.2.3 Vertical ground reaction forces measurement 
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The mechanical loads applied during CAPO Kids intervention activities were estimated from 

vertical ground reaction forces (vGRF) using a force platform (Advanced Mechanical 

Technology Inc., MA, USA).  We selected eleven of the most common jumps and capoeira 

manoeuvres included in the CAPO Kids exercise program to estimate the associated vGRFs.  

All participants were already familiar and proficient with the moves, as they were all CAPO 

Kids practitioners for at least five months.  In a single visit, participants were instructed to 

perform all the included manoeuvres on the force platform.  Each activity was first 

demonstrated by an investigator and several practice attempts were allowed prior to recording 

performances.  Three consecutive attempts of each activity were then captured on the force 

platform.  

Vertical GRF, including magnitude and rate of force application, were collected at 1 kHz 

using two 900 mm x 600 mm strain gauge bridge force platforms (Advanced Mechanical 

Technology, Inc, MA, USA).  vGRFs were expressed in bodyweights (BW), and the average 

peak vGRF (BW) and rate of force application (BW/s) were calculated for each activity from 

three successful trials using custom-designed software in Matlab 7.8.0 (The MathWorks, 

Natick, MA). 

3.4.3 List of equipment 

 Stadiometer (HART Sport and Leisure, Australia) 

 50 cm flat wooden stool 

 Anthropometric tape (Lufkin, Executive Thinline, Apex, USA) 

 Stethoscope (3M Littman Select, MN, USA), sphygmomanometer and child-sized 

cuff  (Baumanometer Standby Model, NY, USA) 

 Digital scales (Charder MS 3200, CE, Taichung City, Taiwan) 
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 SenseWear Armband (SWA version 7.0, BodyMedia, Pittsburgh, PA, USA) 

 Multicomponent force platform (Advanced Mechanical Technology Inc., MA, USA) 

 Matlab 7.8.0 (The MathWorks, Natick, MA, USA) 

 SPSS version 22.0 for Windows (IBM, Chicago, IL, USA) 

 

 

3.4.4 Statistical analyses 

Statistical analyses included descriptive statistics, with means and standard deviations for 

participant characteristics and means, standard deviations and 95% confidence intervals for 

all dependent variables derived from SWA and GRF measurement.  Independent t tests were 

used to examine sex differences in the metabolic and mechanical dependent variables (energy 

expenditure, ground reaction forces).  Statistical significance was determined at a P ≤ 0.05.  

All analyses were performed with SPSS version 22.0 for Windows (IBM, Chicago, IL, USA).     
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based, bone-targeted exercise interventions on bone, fat and lean mass in children.  A copy of 

the paper follows. 

 

Citation: 

Nogueira RC, Weeks BK, and Beck BR (2014) Exercise to improve pediatric bone and fat: A 

systematic review and meta-analysis, Medicine and Science in Sports and Exercise, 46(3): 

610-621. 

 



  Publication One 

81 

 

4.1 Abstract 

Purpose:  To determine the effects of school-based, bone-focused exercise interventions on 

bone, fat and lean mass in children by systematically reviewing and meta-analyzing the 

literature.  Methods:  Potentially relevant papers were identified by searching electronic 

databases.  Abstracts were included if they described the effects of an in-school exercise 

intervention for children 5-17 years old compared with controls, and presented baseline and 

follow up results for bone, fat and lean measures.  Identified studies were systematically 

reviewed for methodological quality.  Meta-analyses were performed for whole body (WB), 

lumbar spine (LS) and femoral neck (FN) BMC (bone mineral content), fat and lean mass.  

Results:  Sixteen eligible trials were identified including eight RCTs, three CCTs and five 

non-randomized, non-matched studies.  The quality analysis revealed two studies had low, 

nine had medium and five had a high risk of bias.  Meta-analyses revealed a small positive 

effect of bone-targeted exercise on WB BMC (standardized mean difference [SMD] of 0.483, 

95% CI 0.132 to 0.833), FN BMC (SMD=0.292, 95% CI -0.022 to 0.607), LS BMC (SMD = 

0.384, 95% CI 0.193 to 0.575), fat mass (SMD= -0.248, 95% CI -0.406 to -0.089), and lean 

mass (SMD= 0.159, 95% CI -0.076 to 0.394).  Conclusion:  Beneficial effects of school-

based, bone-targeted exercise were observed for bone and fat, but not for lean mass. 

Excluding trials with high risk of bias strengthened that effect.  Considerable study 

heterogeneity may have obscured effects on lean mass.  The effects observed for bone and fat 

support the pursuit of brief, jumping-focused interventions to reduce fat as well as enhance 

musculoskeletal tissue in school age children. 

Key words: bone mineral density; lean mass; obesity; pediatric; physical activity. 
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4.2 Background 

A lack of physical activity and appropriate nutrition in youth is associated with the 

development of obesity and lifetime chronic disease (Andersen, Harro et al. 2006; Williams, 

Haskell et al. 2007; Pekkinen, Viljakainen et al. 2012).  It is estimated that 35% of the global 

population is overweight – a proportion that is growing, particularly among children (Petit, 

McKay et al. 2002).  Overweight and obesity during childhood are significant predictors of 

obesity in adulthood (Clarke and Lauer 1993; Magarey, Daniels et al. 2003; Telama, Yang et 

al. 2005; Venn, Thomson et al. 2007; Brinkworth, Buckley et al. 2010; Craigie, Lake et al. 

2011).  More than 10% of the world’s school-aged children are overweight, signaling a 

burgeoning public health problem (Lobstein, Baur et al. 2004; Ogden, Carroll et al. 2010).  

Both developed and developing countries have increased prevalence, with up to 30% of 

children overweight in the United States, China, United Kingdom and Australia (Flynn, 

McNeil et al. 2006; Popkin 2010).  Physical inactivity is also associated with deleterious 

effects on lean body mass elements, including bone and muscle (Rittweger and Felsenberg 

2009).  In 2000, there were 9 million osteoporotic fractures globally (Johnell and Kanis 2006) 

and the incidence continues to rise due to an aging population. While osteoporosis is a 

condition that typically occurs in the elderly, physical activity during childhood provides a 

critical stimulus to the growing musculoskeletal system that may prevent osteoporotic 

fracture in old age (Vicente-Rodríguez 2006; McKay and Smith 2008; Weeks and Beck 

2010; Scerpella, Dowthwaite et al. 2011).   

It is well known that physical activity is an effective method of reducing overweight, 

optimizing cardiovascular, musculoskeletal and metabolic health and preventing chronic 

diseases (Tobias, Steer et al. 2006; Mountjoy, Andersen et al. 2011).  It is also well 

recognized that the US National Health Survey physical activity recommendations are rarely 
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met (Andersen, Harro et al. 2006), and that physical inactivity persists into adulthood 

(Telama, Yang et al. 2005).  The challenge of reaching daily physical activity targets is 

increased by differences in the nature, intensity and duration of exercises recommended for 

different tissues or systems.  For example, non-weight-bearing aerobic exercise that may be 

effective for fat loss will not adequately stimulate the skeleton to promote gains in bone.  

Performing multiple workouts for different body systems is highly impractical and decreases 

the likelihood that exercise recommendations will be met.  In fact, it would be of great 

practical utility to determine if physical activity interventions that are known to enhance 

bone, also reduce fat.  Some physical activity interventions have provided such evidence 

(Valdimarsson, Linden et al. 2006; Weeks, Young et al. 2008) however, those data are rarely 

reported together.   

Thus, the aim of the current work is to systematically review the findings of school-based 

physical activity interventions that were designed to improve bone health, to determine if 

improvements in muscle and reductions in fat were also observed.  A finding that broader 

health benefits for body composition can be obtained from bone-focused workouts for 

school-aged children will inform recommendations for pediatric exercise interventions.   

4.3 Methods 

4.3.1 Eligibility criteria  

Comprehensive database searches were conducted in the first instance for predefined 

keywords: (1) ‘children’, ‘adolescents’, ‘kids’, ‘paediatrics’, ‘pediatrics’ (yielded 2,408,264 

studies); (2) ‘exercise’, ‘physical activity’, ‘fitness’, ‘energy expenditure’ (yielded 707,741 

studies); (3) ‘obesity’, ‘obese’, ‘overweight’, ‘body fat’, ‘body weight’ (yielded 658,708 
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studies); and (4) ‘bone’, ‘bone mass’, ‘bone density’, ‘bone strength’ (yielded  1,309,830 

studies).  As a second step, the four categories were combined to obtain studies including all 

of the search terms. Finally, all of the potential studies were manually analyzed for inclusion.  

The following search criteria were additionally applied: Humans, Male, Female, Meta-

Analysis, Randomized Controlled Trial, Review, Journal Article, English, Portuguese, and 

Child: 0-18 years.  In an attempt to acquire all relevant literature, the search was conducted in 

twelve databases: Medline (OvidSP), Pubmed (NLM), CINAHL (EBSCO), Cochrane Central 

Register of Controlled Trials (CENTRAL), Embase (OvidSP), PreMedline (OvidSP), 

ProQuest, PsycInfo (OvidSP),SPORTDiscuss (EBSCO), LILACS (Latin American and 

Caribbean Health Sciences), Web of Science and PEDro, up to August 2012.  Where 

conference abstracts or reports were found through web searches, we attempted to make 

contact with the investigators to identify studies in progress or unpublished data.  If the 

required data (e.g. mean group change or standard deviations) were not presented in reviewed 

publications, authors were contacted by email to request additional data (McKay, MacLean et 

al. 2005; Hind and Burrows 2007).  Dissertations and abstracts were not included in the 

review.  Finally, reference lists of relevant papers were hand-searched. 

4.3.2 Selection of the studies 

The studies were defined as eligible if they described controlled, but not necessarily 

randomized, school-based physical activity interventions for healthy children between 5 to 17 

years of age, inclusive.  The trials must have implemented at least one type of exercise 

intervention, included baseline and follow up testing, and reported outcomes for bone and fat 

mass.  The control group must have continued with normal physical education classes, 

according to the school curriculum.  Identified papers and abstracts were screened and 

assessed for methodological quality based on titles and abstract.  If eligibility was uncertain, 

http://bases.bvs.br/public/scripts/php/metasearch.php
http://bases.bvs.br/public/scripts/php/metasearch.php
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the full text was consulted. A PRISMA flow diagram summarizing the process of 

identification, screening and eligibility of papers is presented in Figure 12 (Foo, Teo et al. 

2013). 

 

Figure 12: PRISMA flow diagram of the process of identification, screening and 

eligibility of papers 

 

 4.3.3 Data collection, analysis and quality assessment 

A single reviewer (RN) assessed and screened all manuscripts.  In cases of uncertainty, a 

second reviewer was consulted.  After duplicate papers were removed from the search, 
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remaining abstracts of each study were re-reviewed to verify content.  Data extraction was 

performed by a single reviewer (RN).  Data extracted included population, age, baseline 

characteristics, intervention activities and outcome measures. 

Studies were ranked by quality according to degree of bias risk.  Since it is not possible to 

blind exercise intervention trials, it was not applied as a criterion of validity.  The grading 

system, based on a previously published system (Hind and Burrows 2007), is presented in 

Table 1.  The highest possible quality grade was 21.  For the purpose of the current review, a 

grade of 19-21 indicated low risk of bias; 16-18 indicated moderate risk; and a grade of 15 or 

below indicated high risk of bias. 

Table 1: Criteria used for the quality assessment of the trials in the systematic review, 

adapted from Hind et al (2007). 

Criteria Grade Description 

Randomisation 1 Groups were not randomised and the presence of  
  discrepancies in baseline characteristics 

 2 Groups were not randomised but were well-matched 

 3 Groups were randomised 

 
Compliance to the  1 Losses were greater than 30% or not reported 

study 2 Losses were between 21 and 30% 

 
 3 Losses were 20% or less 

Compliance to the  1 Less than 70% or not reported 

 

exercise intervention 2 Between 71 and 80% 

 3 81% or greater 

Exercise intervention 1 No specific intervention: general physical activities and  

  choices were given to participants and no measure of GRF 

 2 Specific intervention but no measure of GRF 

 3 Specific intervention and measurement of GRF 

 
Confounding 

variables
†
 

1 Lack of control for confounding variables (≤3 variables) 

 2 Control over some confounding variables (4-7 variables) 

 3 Control over most confounding variables (8+ variables) 

Duration of trial  1 Less than 6 months 

 2 6-12 months 

 3 Greater than 12 months 

Sample size 1 Less than 20 per group 

 2 20-40 per group 

 3 +40 per group 
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† variables include: (maturity status – peak height velocity or Tanner stage; age; height, 

weight; baseline physical activity and calcium intake; exercise history; calcium history; extra-

physical exercise and calcium intake during trial).  GRF, ground reaction force 

4.3.4 Meta-analysis 

After systematically reviewing for study quality, a meta-analysis was conducted to quantify 

outcomes of the review.  Meta-analyses were performed for whole body (WB), lumbar spine 

(LS) and femoral neck (FN) bone mineral content (BMC), lean and fat mass.  Investigators 

for one study reported data for boys and girls independently, so those data were included in 

the meta-analysis separately (Macdonald, Kontulainen et al. 2008).  Not all studies that were 

systematically reviewed were included in the meta-analysis, as some did not present means 

and/or standard deviations for cases and controls or change in outcome measures (Fuchs, 

Bauer et al. 2001; Barbeau, Johnson et al. 2007; Schneider, Dunton et al. 2007; Casazza, 

Hanks et al. 2012).  One trial only presented data graphically (Gutin, Yin et al. 2008).  Meta-

analyses were initially performed including only trials with low to medium risk of bias, in 

order to draw conclusions from the most valid data.  Data were then re-analyzed including the 

high risk of bias trials to determine if trial quality influenced outcomes.   

Meta-analyses were carried out with Meta-Analyst Beta software version 3.13 (Tufts 

Evidence-based Practice Center, US) (Wallace, Schmid et al. 2009).  A random effects model 

was adopted. Study heterogeneity was examined using I
2 

as a measure of consistency, 

representing the percentage of total variation across studies for each meta-analysis.  A value 

of 0% indicates no observed heterogeneity, and larger values show increasing heterogeneity 

(Higgins, Thompson et al. 2003).  Effect size was represented by the standardized mean 

difference (SMD) along with 95% confidence intervals, which was calculated by subtracting 

the mean of one group from the other (M1 – M2) and dividing the result by the pooled 

standard deviation (SD) of the population from which the groups were sampled.  Weighted 
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averages were calculated based on the study sample sizes and were automatically generated 

by the software.  Variances of the intervention and control groups were generally similar and 

thus, no further action was taken to weight effect sizes on this basis.  The convention of 

Cohen (Cohen 1988) was used for describing the strength of the effect size, based on Cohen’s 

d.  That is, 0.20 is a small effect, 0.50 a medium effect, and 0.80 is a large effect (Higgins, 

Thompson et al. 2003).  Meta-regressions were not undertaken owing to low study numbers 

(Haïat, Padilla et al. 2007).   

4.4 Results 

4.4.1 Search results 

A total of 1,067 papers were identified.  Of those, 832 papers were excluded based on 

screening of titles and abstracts for duplicate publications, non-intervention study designs, or 

an absence of follow up.  Further exclusions were made from the remaining 235 papers if a 

study cohort included obese children, adults, non-healthy children, elite athletes, or if results 

for both bone and fat mass were not presented (Figure 12).  Few papers reported both bone 

and fat outcome measures, thus only twenty relevant papers could ultimately be included in 

the systematic review (Morris, Naughton et al. 1997; McKay, Petit et al. 2000; Fuchs, Bauer 

et al. 2001; MacKelvie, McKay et al. 2002; MacKelvie, Khan et al. 2003; Van Langendonck, 

Claessens et al. 2003; MacKelvie, Petit et al. 2004; McKay, MacLean et al. 2005; Yin, Gutin 

et al. 2005; Yin, Moore et al. 2005; Linden, Ahlborg et al. 2006; Valdimarsson, Linden et al. 

2006; Barbeau, Johnson et al. 2007; Linden, Alwis et al. 2007; Schneider, Dunton et al. 2007; 

Gutin, Yin et al. 2008; Macdonald, Kontulainen et al. 2008; McWhannell, Henaghan et al. 

2008; Weeks, Young et al. 2008; Casazza, Hanks et al. 2012).  Notably, some authors 
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reported the same study in multiple publications; typically reporting different intervention 

intervals (Linden, Ahlborg et al. 2006; Valdimarsson, Linden et al. 2006), or study cohorts 

(MacKelvie, Khan et al. 2003; MacKelvie, Petit et al. 2004; Yin, Gutin et al. 2005; Yin, 

Moore et al. 2005; Barbeau, Johnson et al. 2007; Gutin, Yin et al. 2008).  Of the twenty 

potentially-relevant trials, four were excluded (MacKelvie, McKay et al. 2002; Yin, Gutin et 

al. 2005; Yin, Moore et al. 2005; Valdimarsson, Linden et al. 2006) because their data had 

been previously published in five other papers identified in our search (MacKelvie, Khan et 

al. 2003; MacKelvie, Petit et al. 2004; McKay, MacLean et al. 2005; Linden, Ahlborg et al. 

2006; Gutin, Yin et al. 2008).  Therefore, the current review was based on the analysis of 

sixteen trials.  Reviewed trials were conducted by American, Australian, Belgian, British, 

Canadian, Swedish and Swiss research groups. 

4.4.2 Study characteristics 

The studies were heterogeneous in terms of study design, quality, target population, and 

outcome measures.  An overview of the design, execution and outcomes of each study is 

presented in Table 2.  Of the sixteen studies, eight were randomized controlled trials (RCT) 

(McKay, Petit et al. 2000; Fuchs, Bauer et al. 2001; MacKelvie, Khan et al. 2003; 

MacKelvie, Petit et al. 2004; Linden, Alwis et al. 2007; Gutin, Yin et al. 2008; Macdonald, 

Kontulainen et al. 2008; Weeks, Young et al. 2008), three were clinical controlled trials 

(CCT) (Van Langendonck, Claessens et al. 2003; McKay, MacLean et al. 2005; Linden, 

Ahlborg et al. 2006) and the remaining five were neither randomized nor well-matched 

(Morris, Naughton et al. 1997; Barbeau, Johnson et al. 2007; Schneider, Dunton et al. 2007; 

McWhannell, Henaghan et al. 2008; Casazza, Hanks et al. 2012).  The type, duration and 

frequency of each exercise program varied widely, as did the intervention period, which 

ranged from nine weeks (McWhannell, Henaghan et al. 2008) to three years (Gutin, Yin et al. 
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2008).  The frequency of exercise bouts varied from two to five days a week, including one 

protocol that divided physical activity (PA) into three daily sessions, five days a week 

(McKay, MacLean et al. 2005).  The physical activity programs of seven studies were 

composed primarily of jumping activities (McKay, Petit et al. 2000; Fuchs, Bauer et al. 2001; 

MacKelvie, Khan et al. 2003; MacKelvie, Petit et al. 2004; McKay, MacLean et al. 2005; 

Weeks, Young et al. 2008; Casazza, Hanks et al. 2012), while others included aerobic 

exercise (Morris, Naughton et al. 1997; Van Langendonck, Claessens et al. 2003; Linden, 

Ahlborg et al. 2006; Barbeau, Johnson et al. 2007; Linden, Alwis et al. 2007; Schneider, 

Dunton et al. 2007; Gutin, Yin et al. 2008; Macdonald, Kontulainen et al. 2008; McWhannell, 

Henaghan et al. 2008), stretching (Barbeau, Johnson et al. 2007; Gutin, Yin et al. 2008), or 

strength training (Schneider, Dunton et al. 2007). 

4.4.3 Quality assessment 

Papers were grouped according to their quality ranking (Table 2).  Trial quality rankings 

ranged from 12-20, from highest to lowest risk of bias, respectively.  Most of the trials were 

considered to have a moderate or high risk of bias, based on a lack of randomization (Morris, 

Naughton et al. 1997; Van Langendonck, Claessens et al. 2003; McKay, MacLean et al. 

2005; Linden, Ahlborg et al. 2006; Linden, Alwis et al. 2007; Schneider, Dunton et al. 2007; 

McWhannell, Henaghan et al. 2008; Casazza, Hanks et al. 2012); unspecified or low study 

compliance (MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; 

MacKelvie, Petit et al. 2004; Barbeau, Johnson et al. 2007; Gutin, Yin et al. 2008; 

Macdonald, Kontulainen et al. 2008) and/or intervention compliance (McKay, Petit et al. 

2000; MacKelvie, Khan et al. 2003; McKay, MacLean et al. 2005; Barbeau, Johnson et al. 

2007; Gutin, Yin et al. 2008; Boreham and McKay 2011); lack of GRF data (Morris, 

Naughton et al. 1997; McKay, Petit et al. 2000; Van Langendonck, Claessens et al. 2003; 
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Linden, Ahlborg et al. 2006; Barbeau, Johnson et al. 2007; Linden, Alwis et al. 2007; 

Schneider, Dunton et al. 2007; Gutin, Yin et al. 2008; McWhannell, Henaghan et al. 2008; 

Weeks, Young et al. 2008; Casazza, Hanks et al. 2012) or a specific intervention program 

(Morris, Naughton et al. 1997; McKay, Petit et al. 2000; Linden, Ahlborg et al. 2006; 

Barbeau, Johnson et al. 2007; Linden, Alwis et al. 2007; Schneider, Dunton et al. 2007; 

Gutin, Yin et al. 2008; McWhannell, Henaghan et al. 2008); short intervention period 

(McWhannell, Henaghan et al. 2008; Casazza, Hanks et al. 2012); small sample size 

(McWhannell, Henaghan et al. 2008; Casazza, Hanks et al. 2012) and lack of control of 

variables, such as physical activity history and/or calcium consumption (MacKelvie, Khan et 

al. 2003; Van Langendonck, Claessens et al. 2003; MacKelvie, Petit et al. 2004; Linden, 

Ahlborg et al. 2006; Barbeau, Johnson et al. 2007; Linden, Alwis et al. 2007; Gutin, Yin et al. 

2008; Macdonald, Kontulainen et al. 2008; McWhannell, Henaghan et al. 2008; Casazza, 

Hanks et al. 2012).   

4.4.4 Outcome measures 

Results are presented as the difference in percent change between intervention and control 

groups, including the p value for between-group differences if provided by the authors.  Bone 

outcomes were primarily bone mineral content (BMC) (Morris, Naughton et al. 1997; Fuchs, 

Bauer et al. 2001; MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; 

MacKelvie, Petit et al. 2004; McKay, MacLean et al. 2005; Linden, Ahlborg et al. 2006; 

Barbeau, Johnson et al. 2007; Linden, Alwis et al. 2007; Schneider, Dunton et al. 2007; 

Macdonald, Kontulainen et al. 2008; McWhannell, Henaghan et al. 2008; Weeks, Young et 

al. 2008; Casazza, Hanks et al. 2012), bone mineral density (BMD) (Morris, Naughton et al. 

1997; McKay, Petit et al. 2000; Fuchs, Bauer et al. 2001; Van Langendonck, Claessens et al. 

2003; Linden, Ahlborg et al. 2006; Barbeau, Johnson et al. 2007; Schneider, Dunton et al. 
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2007; Gutin, Yin et al. 2008; McWhannell, Henaghan et al. 2008; Weeks, Young et al. 2008) 

and volumetric BMD (Linden, Ahlborg et al. 2006; Linden, Alwis et al. 2007).  Some trials 

also included bone area (BA) (MacKelvie, Khan et al. 2003; MacKelvie, Petit et al. 2004; 

McKay, MacLean et al. 2005; Weeks, Young et al. 2008).  Lean and fat tissue outcomes 

included absolute fat mass (FM), absolute lean mass (LM), or fat free soft tissue (FFST) 

(Morris, Naughton et al. 1997; McKay, Petit et al. 2000; MacKelvie, Khan et al. 2003; Van 

Langendonck, Claessens et al. 2003; MacKelvie, Petit et al. 2004; McKay, MacLean et al. 

2005; Linden, Ahlborg et al. 2006; Barbeau, Johnson et al. 2007; Linden, Alwis et al. 2007; 

Schneider, Dunton et al. 2007; Gutin, Yin et al. 2008; Macdonald, Kontulainen et al. 2008; 

McWhannell, Henaghan et al. 2008; Weeks, Young et al. 2008; Casazza, Hanks et al. 2012).  

Some studies also provided percent body fat (%BF) (Fuchs, Bauer et al. 2001; Barbeau, 

Johnson et al. 2007; Gutin, Yin et al. 2008; McWhannell, Henaghan et al. 2008; Casazza, 

Hanks et al. 2012; Sherk, Bemben et al. 2012).  Several papers calculated BMI so, despite the 

recognized limitations of the index (Cole, Bellizzi et al. 2000; Maynard, Wisemandle et al. 

2001), BMI was also included.   BMC, BMD, lean and fat mass were assessed using dual-

energy x-ray absorptiometry (DXA) in all studies reporting those parameters.  In addition, 

some trials evaluated percent body fat using caliper-based anthropometry (Fuchs, Bauer et al. 

2001; Van Langendonck, Claessens et al. 2003; McWhannell, Henaghan et al. 2008).  One 

study also examined indices of bone quality using quantitative ultrasound (QUS), measuring 

speed of sound (SOS), broadband ultrasound attenuation (BUA) and stiffness index (SI) 

(Weeks, Young et al. 2008).  Magnetic resonance imaging was used to analyze bone marrow 

adipose tissue volume and total body composition in two studies (Barbeau, Johnson et al. 

2007; Casazza, Hanks et al. 2012).   

The trials included in the review were designed to primarily examine the effects of high-

impact weight-bearing exercise on bone; however, some tested the effect of multiple exercise 
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modes.  Six of the sixteen trials employed jump activities only, lasting an average of ten 

minutes (McKay, Petit et al. 2000; Fuchs, Bauer et al. 2001; MacKelvie, Khan et al. 2003; 

MacKelvie, Petit et al. 2004; McKay, MacLean et al. 2005; Weeks, Young et al. 2008).  One 

trial added a 5-minute warm-up and a 5-minute cool down to a 20-minute jumping regime 

(Casazza, Hanks et al. 2012).  One 10-minute intervention was primarily composed of jumps, 

but also included two non-impact exercises (Van Langendonck, Claessens et al. 2003).  The 

remaining eight studies combined different types of exercise, such as strength training, 

aerobic training, stretching, skills development and high-impact maneuvers for 30 to 80 

minutes, two to five times per week (Morris, Naughton et al. 1997; Linden, Ahlborg et al. 

2006; Barbeau, Johnson et al. 2007; Linden, Alwis et al. 2007; Schneider, Dunton et al. 2007; 

Gutin, Yin et al. 2008; Macdonald, Kontulainen et al. 2008; McWhannell, Henaghan et al. 

2008).  Control groups were generally asked to continue usual physical education classes.  

Some protocols implemented stretching activities for those students not involved in the 

exercise intervention (Fuchs, Bauer et al. 2001; Weeks, Young et al. 2008). 

4.4.5 Sample characteristics 

Sample sizes ranged from 20 to 447.  All but two trials (Gutin, Yin et al. 2008; Casazza, 

Hanks et al. 2012), evaluated maturity using Tanner staging, age of peak height velocity 

(APHV), or bone age.  The latter two methods are less common, but considered to be more 

valid for determining biological maturity than Tanner assessment (Mahmoodi, Sharif et al. 

2000; Mirwald, Baxter-Jones et al. 2002).  According to participant age and/or Tanner 

classification, ten trials were conducted in prepubertal children (Morris, Naughton et al. 

1997; McKay, Petit et al. 2000; Fuchs, Bauer et al. 2001; Van Langendonck, Claessens et al. 

2003; MacKelvie, Petit et al. 2004; Linden, Ahlborg et al. 2006; Linden, Alwis et al. 2007; 

Gutin, Yin et al. 2008; Macdonald, Kontulainen et al. 2008; Casazza, Hanks et al. 2012) or 
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early pubertal children (Barbeau, Johnson et al. 2007), three in prepubertal and early pubertal 

children (MacKelvie, Khan et al. 2003; McKay, MacLean et al. 2005; McWhannell, 

Henaghan et al. 2008) and two in peripubertal children (Schneider, Dunton et al. 2007; 

Weeks, Young et al. 2008).  Pubertal designation was assigned according to the original 

assignation of each report.  The mean age of participants at baseline varied from six to fifteen 

years. The trials included black, white, Caucasian, and Asian boys and girls.  Of the sixteen 

studies analyzed, eight were conducted in both sexes (McKay, Petit et al. 2000; Fuchs, Bauer 

et al. 2001; McKay, MacLean et al. 2005; Gutin, Yin et al. 2008; Macdonald, Kontulainen et 

al. 2008; McWhannell, Henaghan et al. 2008; Weeks, Young et al. 2008; Casazza, Hanks et 

al. 2012), while two were conducted with boys only (MacKelvie, Petit et al. 2004; Linden, 

Alwis et al. 2007).   

4.4.6 Exercise effects on bone, fat and lean mass 

Fourteen of sixteen trials reported at least one positive effect from exercise on bone mass in 

children and adolescents.  Between-group effects varied from 1.1% (Barbeau, Johnson et al. 

2007) to 10.3% (Morris, Naughton et al. 1997; Weeks, Young et al. 2008).  The results for fat 

and lean mass were more varied.  Some trials reported gains in lean mass (Morris, Naughton 

et al. 1997; MacKelvie, Petit et al. 2004; Gutin, Yin et al. 2008), reductions in fat mass 

accumulation (Barbeau, Johnson et al. 2007), or both, in the exercise compared to control 

group (Morris, Naughton et al. 1997; McWhannell, Henaghan et al. 2008; Weeks, Young et 

al. 2008).  Nevertheless, some exercise interventions did not induce any significant difference 

in modification of body composition between groups (McKay, Petit et al. 2000; Fuchs, Bauer 

et al. 2001; MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; McKay, 

MacLean et al. 2005; Linden, Ahlborg et al. 2006; Linden, Alwis et al. 2007; Schneider, 
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Dunton et al. 2007; Macdonald, Kontulainen et al. 2008; Casazza, Hanks et al. 2012).  Trials 

will be discussed in order of quality, from least to most risk of bias. 

4.4.7 Low risk of bias trials  

The highest scoring trial, with a quality score (QS) of 20 (reflecting the lowest risk of bias) 

was conducted by Fuchs et al. (2001).  Their 7-month weight-bearing intervention was 

conducted with prepubertal children.  They observed 4.9% greater improvements in FN 

BMC, 2.3% more FN area, 3.6% more LS BMC, and 2% more aBMD in the intervention 

group than control.  No differences were observed between groups in terms of change in lean 

or fat mass.   

The second strongest trial, an 8-month jumping regime for adolescents, was conducted by 

Weeks and colleagues (2008), with a QS of 19.  Whole body, FN and TR BMC of the 

intervention group improved 3.6%, 6.0% and 10.3% more than the control group, 

respectively.  Intervention boys gained more lean mass (2.3%) and lost more fat (-3.5%) than 

controls.  

4.4.8 Moderate risk of bias trials 

MacDonald and others (2008) (QS 18), conducted an 11-month weight-bearing intervention 

for prepubertal boys and girls.  Intervention group boys increased WB BMC and LS BMC 

2.1% and 2.9% more than control, respectively.  However, there were no between groups 

differences in change in fat and lean mass for boys or girls.  MacKelvie et al. (2004) 

conducted a 20-month exercise intervention for prepubertal boys (QS 17) and girls 

(MacKelvie, Khan et al. 2003) (QS 16), but reported the findings separately.  Intervention 

group boys increased FN BMC 4.5% and lean mass 4.2% more than the control group 
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(MacKelvie, Petit et al. 2004); while intervention group girls increased LS BMC 3.7% and 

FN BMC 4.6% more than controls. Neither fat nor lean mass change was different between 

groups for girls (MacKelvie, Khan et al. 2003).     

MacKay and colleagues (QS 17) implemented a similar trial of weight-bearing exercises for 

prepubertal children over eight months (McKay, Petit et al. 2000).  Trochanteric aBMD 

(1.2%) increased more in the intervention group than control; however no other outcome 

measure reached significance, including fat and lean mass.  The study posed moderate risk of 

bias due to low study compliance and absence of supporting data (e.g. physical activity and 

calcium intake).  

In contrast to the studies employing targeted weight-bearing interventions, Linden et al. 

(2006) (QS 17) examined the effect of four additional 40-minute moderate to vigorous 

physical activity classes per week, versus one standard 60-minute PE class, for two years.  

The intervention group increased WB aBMD 1.5%; LS aBMD 1.6%; LS BMC 7%; and lean 

mass 3.8% more than controls, but also increased fat mass 9.5% more than controls.  The 

authors reported results only for girls, but conducted an identical program with boys (Linden, 

Alwis et al. 2007), presenting results after one year (QS 16). There were no differences in 

change in whole body or femoral neck bone, lean or fat mass between groups (Linden, Alwis 

et al. 2007).  

Schneider and colleagues (2007) (QS 17) examined the effect of an eight month aerobic and 

strength training protocol plus 500 mg/day of calcium for adolescents, repeated annually for 

three years. They observed a 4.9% greater increase in thoracic spine BMC in the exercise 

group than control but no difference in change in any other bone parameter, fat or lean mass.  

The latter studies (Linden, Ahlborg et al. 2006; Linden, Alwis et al. 2007; Schneider, Dunton 
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et al. 2007) had some limitations, such as lack of randomization, non-specific intervention 

activities and no GRFs reported, and were therefore considered at moderate risk of bias.  

Morris and co-workers (1997) conducted a 10-month exercise intervention for prepubertal 

girls, comprising general activities and weight-bearing training (QS 16).  The intervention 

group exhibited 5.5%, 5.5%, and 4.5% greater increases in WB, LS and FN BMC than 

controls, respectively, along with 3.4% greater gains in lean mass and 6.2% less gain in fat.  

The study was assigned a quality score of 16 due to a lack of randomization, non-specific 

intervention activities, and the absence of GRF data (Morris, Naughton et al. 1997). 

In a study of twin prepubertal girls, Van Langendonck and colleagues (2003) examined the 

effect of a nine-month, bone-specific training regime followed by some non-impact 

movements.  Greater increases were observed in femoral neck aBMD (1.6%) and proximal 

femur BMC (2.4%) and aBMD (1.4%) in the intervention group than controls.  Fat mass 

increased 3.8% and lean mass 0.7% in the intervention group more than in controls; also, 

intervention participants reduced percent fat 2.1% more than controls.  The study (Van 

Langendonck, Claessens et al. 2003) was assigned moderate risk of bias (QS 16) due to a lack 

of GRF data, maturity level (although measured, not presented) and randomization.  

4.4.9 High risk of bias trials  

McKay et al. (2005) implemented an eight month translational frequent jumping trial for pre-

pubertal children.  The intervention group increased trochanteric BMC 2.7% and area 2.0%, 

as well as proximal femur BMC 2.0% and area 1.3% more than controls.  The control group 

however increased WB BMC 1.3% more than the intervention group.  There were no 

between group differences in change in lean and fat mass. Those findings are considered to 

be at high risk of bias (QS 15) due to the lack of randomization and low compliance in the 
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intervention group.  The tendency for higher physical activity in the intervention than control 

group at baseline may also have confounded results (McKay, MacLean et al. 2005). 

Only one study did not report any positive results for BMC, BMD or bone area (Casazza, 

Hanks et al. 2012).  The aim of that pilot trial was to determine the effect of a ten-week bone-

specific exercise intervention on bone marrow adipose tissue in prepubertal children.  While 

significant changes in bone measures were not observed, a significant decrease in bone 

marrow adipose tissue was reported.  The study, however, was considered at high risk of bias 

with a QS of 14 due to short duration, very small sample size, lack of randomization and 

absence of GRF data (Casazza, Hanks et al. 2012).  

One research group incorporated general physical activities into school time for pre and early 

pubertal children and reported different group findings in two papers (both QS 13).  One of 

the studies included boys and girls (Gutin, Yin et al. 2008), and the other, only black girls 

(Barbeau, Johnson et al. 2007).  In both cases, intervention groups increased WB BMD 3.6% 

(Gutin, Yin et al. 2008) and 1.1% (Barbeau, Johnson et al. 2007) more than control groups.  

Greater fat gain was observed in the control group than the intervention group, with an 

increase in percent fat for controls only (Barbeau, Johnson et al. 2007).  Although both trials 

were randomized, there was low engagement (study compliance) and low protocol 

compliance and confounding variables were not controlled, resulting in high risk of bias 

(Barbeau, Johnson et al. 2007; Gutin, Yin et al. 2008). 

McWhannell et al. (2008) reported the effects of a 9-week high-impact vigorous activity 

intervention for pre and early pubertal children, compared with a control group and a lifestyle 

activities group.  The intervention group increased WB BMC 5.8% and BMD 1.5% more 

than controls.  No significant differences were found between the lifestyle group and either 

the control or intervention groups.  There were no between group differences in fat change.  
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The trial was graded at very high risk of bias (QS 12) due to the lack of control for 

confounding variables, inadequate intervention period, small sample size, and lack of 

randomization (McWhannell, Henaghan et al. 2008).  

4.4.10 Meta-analysis 

Forest plots illustrate the results of the random-effects meta-analyses (Figure 13-15).  

Including only the seven trials with low and medium risk of bias (Morris, Naughton et al. 

1997; MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; MacKelvie, 

Petit et al. 2004; Linden, Ahlborg et al. 2006; Linden, Alwis et al. 2007; Weeks, Young et al. 

2008), a small effect of exercise on WB BMC was observed (SMD = 0.483, 95% CI 0.132 to 

0.833, I
2
 = 0.76).  Including the two high risk of bias trials in the secondary meta-analysis 

(McKay, MacLean et al. 2005; McWhannell, Henaghan et al. 2008), the observed effect 

remained small, and standardized mean difference was lower (SMD = 0.393, 95% CI 0.043 

to 0.744, I
2
 = 0.81).  

A small effect (SMD = 0.292, 95% CI -0.022 to 0.607, I
2
 = 0.62) of exercise on FN BMC 

was revealed from meta-analysis of the low to medium risk of bias trials (Morris, Naughton 

et al. 1997; MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; 

MacKelvie, Petit et al. 2004; Linden, Ahlborg et al. 2006; Linden, Alwis et al. 2007; Weeks, 

Young et al. 2008).  Again, inclusion of the high risk of bias trials weakened the effect (SMD 

= 0.270, 95% CI 0.013 to 0.527, I
2
 = 0.59) (McKay, MacLean et al. 2005; McWhannell, 

Henaghan et al. 2008). 

A small effect of exercise on LS BMC was found from the six studies of low and medium 

risk of bias with available data (SMD = 0.384, 95% CI 0.193 to 0.575, I
2
 = 0) (Morris, 

Naughton et al. 1997; MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; 
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MacKelvie, Petit et al. 2004; Linden, Ahlborg et al. 2006; Weeks, Young et al. 2008).  A 

smaller effect was observed when studies of high risk of bias were included (SMD = 0.263, 

95% CI 0.078 to 0.447, I
2
 = 0.21) (McKay, MacLean et al. 2005; McWhannell, Henaghan et 

al. 2008). 

From the nine low and moderate risk of bias studies including lean mass data (Morris, 

Naughton et al. 1997; McKay, Petit et al. 2000; MacKelvie, Khan et al. 2003; Van 

Langendonck, Claessens et al. 2003; MacKelvie, Petit et al. 2004; Linden, Ahlborg et al. 

2006; Linden, Alwis et al. 2007; Macdonald, Kontulainen et al. 2008; Weeks, Young et al. 

2008), there was a very small effect of exercise on lean mass (SMD = 0.159, 95% CI -0.076 

to 0.394, I
2
 = 0.70).  When the other two high risk of bias studies were included, the effect 

was slightly lower (SMD = 0.127, 95% CI -0.073 to 0.328, I
2
 = 0.66) (McKay, MacLean et 

al. 2005; McWhannell, Henaghan et al. 2008).  The meta-analysis of fat mass from the eight 

low or medium risk trials with available data yielded a small effect of exercise (SMD = -

0.248, 95% CI -0.406 to -0.089, I
2
 = 0.33) (McKay, Petit et al. 2000; MacKelvie, Khan et al. 

2003; Van Langendonck, Claessens et al. 2003; MacKelvie, Petit et al. 2004; Linden, 

Ahlborg et al. 2006; Linden, Alwis et al. 2007; Macdonald, Kontulainen et al. 2008; Weeks, 

Young et al. 2008), which was not markedly different from that observed when high risk of 

bias trials were included (SMD = -0.279, 95% CI - 0.434 to - 0.124, I
2
 =0.43) (McKay, 

MacLean et al. 2005; McWhannell, Henaghan et al. 2008).  
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Figure 13: Forest plot illustrating the results of the random-effects meta-analyses of 

exercise on whole body bone mineral content 
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Figure 14: Forest plot illustrating the results of the random-effects meta-analyses of 

exercise on A) femoral neck and B) lumbar spine bone mineral content 
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Figure 15: Forest plot illustrating the results of the random-effects meta-analyses of 

exercise on A) fat mass and B) lean mass. 
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4.5 Discussion 

The goal of the current work was to investigate whether a range of school-based interventions 

designed to improve children's bone health also reduces fat.  Findings suggest that indeed the 

short bouts of high intensity weight-bearing activity that can positively affect growing bone, 

can in some cases also improve lean and fat tissue.  While our focus has been on 

interventions that may be appropriate for improving bone and reducing fat, we note that 

observations of simultaneous increases in lean mass are highly beneficial for both bone and 

fat metabolism.  That is, increased muscle loading of the skeleton can stimulate bone 

adaptation (Rubin and Lanyon 1984), and increased muscle mass raises metabolism thereby 

assisting weight loss (Harris, Kuramoto et al. 2009; Santos, Costa et al. 2013).  

Although considerable research has been dedicated to evaluating the effect of in-school 

exercise interventions on body composition, the effects on bone, muscle and fat are typically 

reported under separate cover.  Similarly, reviews of studies investigating the benefits of 

school-based physical activity typically report bone and soft tissue outcomes separately (Hind 

and Burrows 2007; Harris, Kuramoto et al. 2009). 

The trials included in the current systematic review represent a variety of predominantly 

bone-targeted exercise interventions, including jumping (Fuchs, Bauer et al. 2001; 

MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; MacKelvie, Petit et 

al. 2004; McKay, MacLean et al. 2005; Weeks, Young et al. 2008), jumping and aerobic 

exercise (Macdonald, Kontulainen et al. 2008), jumping and circuit training (Morris, 

Naughton et al. 1997; McKay, Petit et al. 2000), or general moderate to vigorous circuit 

training (Linden, Ahlborg et al. 2006; Barbeau, Johnson et al. 2007; Gutin, Yin et al. 2008; 

McWhannell, Henaghan et al. 2008; Casazza, Hanks et al. 2012).  As not all trials reported 

ground reaction forces, it is not possible to quantify all reported loading regimes.  However, it 
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is well-recognized that the prevailing high-impact loading activities utilized (such as 

jumping) are likely to be optimally osteogenic as a function of the high bone strain 

magnitudes and rates of loading they engender.  Considerable differences in frequency, 

duration, and overall program length contributed to the marked study heterogeneity observed 

in WB and lean meta-analyses (high I
2
, > 0.05). Nevertheless, the most effective 

interventions included short (10- to 12-minute) sessions of jumping exercises, executed two 

to three times per week (MacKelvie, Khan et al. 2003; MacKelvie, Petit et al. 2004; Weeks, 

Young et al. 2008). 

In general, the trials that combined jumping activities with some other moderate to vigorous 

physical activity resulted in the greatest fat and lean mass changes, while the trials that were 

limited to jumping activities were more likely to report positive results for bone mass, but not 

for other body composition parameters. Intervention-related increases in bone mass were 

found at the WB (Morris, Naughton et al. 1997; MacKelvie, Khan et al. 2003; Linden, 

Ahlborg et al. 2006; Macdonald, Kontulainen et al. 2008; McWhannell, Henaghan et al. 

2008; Weeks, Young et al. 2008), FN (Morris, Naughton et al. 1997; Fuchs, Bauer et al. 

2001; MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; MacKelvie, 

Petit et al. 2004; Linden, Alwis et al. 2007; Macdonald, Kontulainen et al. 2008; 

McWhannell, Henaghan et al. 2008; Weeks, Young et al. 2008), and LS (MacKelvie, Khan et 

al. 2003; Van Langendonck, Claessens et al. 2003; MacKelvie, Petit et al. 2004; Linden, 

Alwis et al. 2007; McWhannell, Henaghan et al. 2008; Weeks, Young et al. 2008).  The 

effect on muscle was more variable with some positive findings (Morris, Naughton et al. 

1997; MacKelvie, Petit et al. 2004; Barbeau, Johnson et al. 2007; Gutin, Yin et al. 2008; 

Weeks, Young et al. 2008), but not all reported significant benefits (MacKelvie, Khan et al. 

2003; Van Langendonck, Claessens et al. 2003; Linden, Alwis et al. 2007; Macdonald, 

Kontulainen et al. 2008; McWhannell, Henaghan et al. 2008). High study heterogeneity likely 
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accounts for the inconsistent effects for lean mass (I
2 

= 0.70, 0.66).  Most trials, however, 

observed a reduction or less gain of fat in intervention groups compared to controls (Morris, 

Naughton et al. 1997; MacKelvie, Khan et al. 2003; Van Langendonck, Claessens et al. 2003; 

MacKelvie, Petit et al. 2004; Linden, Ahlborg et al. 2006; Linden, Alwis et al. 2007; 

Macdonald, Kontulainen et al. 2008; McWhannell, Henaghan et al. 2008; Weeks, Young et 

al. 2008).  Low study heterogeneity may have enhanced the ability to detect an effect for fat 

(I
2 

= 0.33, 0.43). 

The quality scoring scheme utilized to quantify bias in the included studies (Hind and 

Burrows 2007), was an important tool to identify limitations and confounding factors in trials 

of exercise for bone.  Ultimately, the quality score performed the role of final screening for 

our meta-analyses and enhanced the validity of our findings by excluding data that are biased 

by weaknesses in methodology.  There was considerable variation in trial quality with only 

two papers considered to be at low risk of bias, nine of moderate risk, and five considered to 

have a high risk of bias.  Ultimately, excluding the trials with a high risk of bias only 

strengthened the findings of the meta-analyses suggesting that weaknesses in trial design and 

compliance may limit the ability to detect important exercise effects. 

Our findings that short bouts of bone-focused exercise can improve WB, FN and LS BMC in 

pediatric subjects corroborates those of previous bone-specific reviews (MacKelvie, Khan et 

al. 2002; Hind and Burrows 2007).  Although bone-specific programs produced a small effect 

size in relation to each measurement, the effect size was greater when the high risk of bias 

studies were excluded.  Funnel plots for WB, LS and FN BMC did not exhibit asymmetry, 

suggesting no notable publication bias (data not shown).  Notably, low study heterogeneity 

was observed for the LS, while moderate and high heterogeneity were observed for FN and 

WB, respectively.  The less consistent treatment effects on the FN and WB might reflect the 
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relatively wide variety of exercise types and doses included and the nature of site-specific 

osteogenic responses. 

Our observation that bone-targeted exercise programs may simultaneously reduce fat in 

pediatric groups is a fortuitous, if unintentional, outcome with positive implications for 

pediatric exercise prescription.  Our lean mass observations were somewhat equivocal and, 

overall, indicative of only a weak effect of bone-targeted exercise programs. The 

considerable variation in lean mass outcomes between trials is likely a function of 

intervention heterogeneity; reflected by high I
2
 values.  It is possible jump focused exercise 

programs do not contain a sufficient degree of progression to maximize muscle adaptation.  

Training progression is likely to be beneficial to both muscle and bone and should therefore 

be tested further. 

4.5.1 Limitations 

Not all reviewed trials were included in the meta-analyses owing to an absence of numerical 

data (e.g. standard deviations of the change after intervention) (Fuchs, Bauer et al. 2001; 

Macdonald, Kontulainen et al. 2005; Barbeau, Johnson et al. 2007; Schneider, Dunton et al. 

2007; Gutin, Yin et al. 2008; Casazza, Hanks et al. 2012).  While LS and fat mass meta-

analyses exhibited low study heterogeneity, FN BMC, WB BMC and lean mass meta-

analyses exhibited moderate to high study heterogeneity, limiting the generalizability of those 

findings.  Meta-regressions to control study level covariates could not be performed due to 

the small number of trials (Haïat, Padilla et al. 2007).     

It is noteworthy that most of the included trials were conducted in pre-pubertal children such 

that more mature Tanner stages were relatively under-represented.  It is possible that the pre-

pubertal years are an important time, not only for optimising bone accrual, but for minimising 
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fat accumulation.  It is unknown if our findings would have differed if more studies from 

later Tanner stages could be included. 

4.6 Conclusion 

The benefits of jumping exercise for bone are well established, to the extent that it is 

recommended for the prevention of osteoporosis.  The aim of the current systematic review 

was to determine if pediatric exercise interventions designed to improve bone also improve 

soft tissue elements of body composition that influence risk of other chronic diseases.  We 

found that indeed bone-targeted exercise programs will improve BMC and reduce fat mass 

(or at least mitigate gain).  The evidence for simultaneous lean mass enhancement is less 

convincing.  Although the optimal dose and type of exercise to improve bone, muscle and fat 

have yet to be established, our findings suggest that broader benefits are to be gained from 

what has traditionally been considered a system-specific exercise program for bone.  At a 

time when system-specific exercise guidelines are proliferating (Albright, Franz et al. 2000; 

Zavorsky and Longo 2011), our findings give rise to optimism that efficiencies can be 

achieved in exercise prescription.  
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Table 2: Trial characteristics and quality grades for the effect of exercise on bone, fat and lean mass in children  

Author Participants Design Intervention Measures Results Limitations Grade 

Fuchs, et al. 

2001 (12)  

Boys and girls 

White and Asian 
EX: 45 CO: 44 

7.6±0.2 years        

Randomised 

90% study compliance 
PA and Ca considered 

Tanner to assess 

maturity 
 

United States 

7 months 

EX: 3 times per week 
20min: 5min warm-up +10 min 

50-100 jumps off 61cm boxes 

Additional to PE 
CO: stretching instead of jumps 

GRF= up to 8.8 times body weight 

96% intervention compliance 

FN BMC 

FN BMD 
FN BA 

LS BMC 

LS BMD 
LS BA 

% BF  

 

+4.9%, p<0.001 

 NS (p value not reported) 
+2.3% p<0.001 

+3.6%, p<0.05 

+2.0%, p <0.01 
NS, p>0.05 

NS (p value not reported)                                                          

Did not present lean mass or 

fat mass from DXA testing. 
APHV not reported 

20 

Weeks, et al. 
2008 (57) 

Boys and girls 
Ethnicity not reported 

EX: 43 CON: 38 

13.8 ± 0.4 years  

Randomised 
PA and Ca considered 

82% study compliance 

Tanner and APHV  to 
assess maturity 

 

Australia 

8 months 
10 min jumping activity 

EX: 2 times per week 

(~300 jumps) 
Additional to PE 

CO: stretching instead of jumps 

80% intervention compliance 
GRF calculated but not presented 

WB BMC 
FN BMC 

FN BMD, BA 

LS BMC, BMD, BA 
TR BMC 

FM 

LM 
 

+3.6%, p =0.001                                  
+6%, p =0.03                                      

NS (p value not reported)                                                                                                 

NS (p value not reported)                         
+10.3%, p =0.001 

NS (p value not reported)                      

+2,3%,  p =0.001 

GRF not reported 19 

MacDonald, et 

al. 2008 (23) 

Boys and girls 

Caucasian and Asian 

EX: 293 CO: 117 

9-11 years  

Randomised 

42% study compliance 

Tanner and APHV  to 

assess maturity 

 

Canada 

11 months 

EX: 5 times per week 

15 min: skipping & aerobic 

activities + 30 counter movement 

jumps/day (3x10/day) 

Additional to PE 
GRF: 5 times body weight for 

jumps and 1-3 times for running 

and skipping (previous reports) 
82% intervention compliance 

WB BMC 

LS BMC 

FN BMC 

PF BMC 

FM 

LM 
 

+2.1% p =0.03 boys; NS girls 

+2.9%, p =0.05 boys; NS girls 

NS p =0.78 boys; NS p =0.16 girls 

NS for boys and girls 

NS for boys and girls 

NS for boys and girls 
 

Study compliance 

PA and Ca not reported 

18 
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Schneider, et 

al. 2007 (47) 

Girls 

Caucasian, Asian, 
African 

EX: 63 CO: 59 

15.04±0.79 years 

80% study compliance 

PA and Ca considered 
 

United States 

9 months 

EX: 40 min PA 4 times per week  
(3 aerobic & 1 strength) + 500 mg 

Ca/D 

CO: 76% enrolled in regular PE                                                                          
83% intervention compliance 

WB BMC, BMD  

LS BMC, BMD 
FN BMC, BMD 

PF BMC, BMD 

FM  
LM 

NS (p value not reported) 

NS (p value not reported) 
NS (p value not reported) 

NS (p value not reported) 

NS, p =0.5 
NS, p =0.3 

Non-randomised 

Maturity not reported 
APHV not reported 

17 

Linden, et al. 
2006 (20) 

Girls 
Ethnicity not reported 

EX: 49 CO: 50 

7.6±0.6 years  

90% study compliance 
PA considered 

Tanner to assess 

maturity 
 

Sweden 

2 years 
EX: 5 times per week 

40 min: general PE 

Additional to PE 
CO: 60 min per week general PE 

91% intervention compliance 

WB BMC 
WB aBMD 

LS BMC 

LS aBMD 
FN BMC, aBMD 

FM 

LM 
 

NS, p =0.1 
+1.5%,  p =0.006 

+7%, p =0.007 

+1.6%, p =0.02 
NS, p >0.5 

+9.5%, p <0.001 

+3.8%, p =0.01 
 

Non-randomized study.  
Calcium not reported 

APHV not reported 

GRF not reported 

17 

MacKelvie, et 

al. 2004 (28) 

Boys 

Caucasian, Asian 
EX: 31 CO: 33                          

Ex: 10.2± 0.5 years;          

CO: 10.7±0.7 years          

Schools randomised 

33% study compliance 
Tanner to assess 

maturity 

 
Canada                

20 months 

EX: 3 times per week 
10-12 min jumping activities 

 (50-100 jumps) 

Additional to PE 
CO: Regular PE 

GRF=3.5-5 times body weight 

99-100% intervention compliance 

LS BMC                                                           

WB BMC                                                                                   
FN BMC                                   

FN BA                                                        

PF BMC  
FM                                      

LM                                                                                                            

NS (p value not reported) 

NS (p value not reported)  
+4.5%, p <0.01                                  

NS, p =0.07  

NS (p value not reported) 
NS (p value not reported) 

 +4.2%, p <0.05                                                                                

Participants not randomised 

Low study compliance 
PA and Ca not reported      

APHV not reported 

17 

McKay, et al. 

2000 (34) 

Boys and girls 

White, Asian 

EX: 63 CO: 81 
6.9-10.2 years 

Schools randomised 

87% study compliance 

PA and Ca considered 
Tanner to assess 

Maturity 

 
Canada 

8 months 

EX: 3 times per week  (twice into 

PE) 
10-30 min: 10 tuck jumps + 

jumping/hopping (10min 

minimum) + circuit training 
CO: Regular PE     

FM 

LM 

WB aBMD 
PF aBMD 

FN aBMD 

TR aBMD 
 

NS (p value not reported) 

NS (p value not reported) 

NS (p value not reported) 
NS (p value not reported) 

NS (p value not reported) 

+1.2%, p <0.05 

Participants not randomised 

Intervention compliance not 

reported 
APHV not reported 

GRF not reported 

17 

MacKelvie, et 
al. 2003 (26) 

Girls 
Caucasian, Asian 

EX: 32 CO: 43 

EX: 9.9±0.6 years 
CO: 10.3±0.4 years 

Schools randomised 
42% study compliance 

Tanner to assess 

maturity 
 

Canada 

20 months 
EX: 3 times per week 

10-12 min: jumping activities 

(50-100 jumps) 
Additional to PE 

CO: Regular PE 

GRF=3.5-5 times body weight 
36% intervention compliance 

LS BMC 
WB BMC 

FN BMC 

PF BMC, BA 
TR  BMC, BA 

FM 

LM 
 

+3.7%, p <0.05 
NS (p value not reported) 

+4.6%, p <0.05 

NS (p value not reported) 
NS (p value not reported) 

NS (p value not reported) 

NS (p value not reported) 

Participants not randomised 
Low study and intervention 

compliance 

APHV not reported 
PA and Ca not reported  

16 
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Linden 2007 

(21) 

Boys 

Caucasian 
EX: 81 CO: 57 

EX: 7.8±0.6 years 

CO: 8±0.6 years 

90% study compliance          

PA considered 
Tanner to assess 

maturity 

 
Sweden 

1 year 

EX: 5 times per week 
40 min: general PE 

Additional to PE 

CO: 60 min per week general PE 
91% intervention compliance 

WB BMC 

WB aBMD 
FN BMC 

FN aBMD  

FN vBMD 
FM 

LM 

NS, p =0.6 

NS, p =0.2 
NS, p =0.2 

NS, p =0.9 

NS, p =0.6 
NS, p =0,1 

NS, p =0.4 

Non-randomised 

GRF not reported 
Calcium not reported 

APHV not reported 

16 

Van 
Langendonck, 

et al. 2003 (52) 

Twin girls 
Ethnicity not reported 

EX: 21 CO: 21 
8+7±0.7 years 

PA considered 
Bone age and Tanner 

considered 
Study compliance not 

reported  

 
Belgium 

9  months 
EX: 3 times per week 

10 min skipping, hopping, jumping 
from a box & non-impact:  moving 

in a push-up and crab position 

Additional to PE 
CO: Not reported 

 91% intervention compliance               

FN BMC 
FN aBMD 

PF BMC 
PF aBMD 

FM 

LM 
%BF  

+1.3%, p <0.01 
+1.6%, p <0.01 

+2.4%, p <0.01 
+1.4% p <0.01 

-3.8%, p <0.01 

+0.7%, p <0.01 
-2.1%, p <0.001  

Study compliance not 
reported 

GRF not reported 
Control PA not reported  

Calcium not reported 

 

16 

Morris, et al. 

1997 (38) 

Girls  

Ethnicity not reported 
EX: 38 CO: 33 

9.5±0.9 years 

Groups decided by 

teachers.  Matched by 
ethnicity (not given) 

97% study compliance 

PA and Ca considered 
Tanner to assess 

maturity 

 
Australia                          

10 months 

EX: 3 times per week 
30 min MVPA + weight-bearing 

training 

Additional to PE 
CO: not to change PA patterns 

92% intervention compliance 

WB BMC 

WB aBMD 
LS BMC 

LS aBMD 

LS BMAD 
FN BMC 

FN aBMD 

PF BMC 
PF aBMD 

FM 

LM 

+5.5%, p =0.001 

+2.3%, p =0.001 
+5.5%, p =0.05 

+3.6%, p =0.04 

+2.9%, p =0.05 
+4.5%, p =0.001 

+10.3%, p =0.01 

+8.3%, p =0.01 
+3.2%, p =0.001 

-6.2%, p =0.04 

+3.4%, p =0.01 

 Non-randomised 

GRF not reported 
APHV not reported 

 

16 

McKay, et al. 
2005 (33) 

Boys and girls 
Caucasian and Asian 

EX: 51  CO: 75 

10.2± 0.43 years 

100% study compliance        
CO from previous study                      

 PA and Ca considered 

Tanner to assess 
maturity 

 

Canada 

8 months 
EX: 5 times per week 

30 counter movement jumps (3 

times per day) + regular PE 
CO: Regular PE 

GRF=5 times body weight 

60% intervention compliance 

TR BMC 
PF BMC 

TR BA 

PF BA 
FM 

LM 

+2.7%, p =0.02 
+2.0%, p <0.02 

+2.0%, p =0.07 

+1.3%, p =0.07 
NS, p =0.9 

NS, p =0.2 

Baseline WB BMC greater 
in control than intervention 

group (p<0.05) 

EX had higher PA load than 
CO during baseline 

Non-randomised 

Low intervention 
compliance 

15 

Casazza, et al. 

2012 (6) 

Boys and girls 

European American, 

African American, 
Hispanic American  

EX: 10 CO:10 

4.8±0.2 years           
 

Pilot study 

 

United States  

10 weeks 

EX: 3 times per week 

30 min: 5 warm-up + 20 jump 
activities + 5 cool down 

Additional to PE 

CO: Not reported 
>90% intervention compliance 

WB BMC 

FM 

LM 
%BF 

NS, p =0.5  

NS, p =0.2 

NS, p =0.2    
NS, p =0.3                                             

Non-randomised 

GRF not reported 

PA and Ca not reported 
Maturity status not reported 

Low sample  size  

14 
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Gutin, et al. 

2008 (13) 

Boys and girls 

Black, White 
EX: 148  (42 reached 

40% attendance) 

CO: 168 
8.5±0.6 years 

Randomised 

44% study compliance 
 

United States  

3 years 

EX: 5 times per week 
80 min: 40 min MVPA+ 40 min 

sport skills, stretching 

After-school intervention 
29% intervention compliance 

WB BMD 

FM 
FFST 

%BF 

 

+3.6%, p <0.01                                       

NS (p value not reported) 
+5.6%, p <0.01 

-7.7%, p <0.05 

 

GRF not reported 

PA and Ca not reported 
Maturity status not reported 

Low study and intervention 

compliance 

13 

Barbeau, et al. 
2007 (4) 

Girls 
Black 

EX: n=118 CO: n=83 

8-12 years  

Randomised 
54% study compliance 

PA considered 

Tanner to assess 
maturity 

 

United States  

10 months 
 EX: 5 times per week 

80 min: 25 min skills development 

+ 35 min MVPA + 20 min 
stretching 

After-school intervention 

CO: no intervention 
54% intervention compliance  

WB BMC 
WB BMD 

FM 

FFST 
%BF 

BMI  

NS, p <0.0001 
+1.1%, p <0.0001 

-9.3%, p =0.0003 

NS, p =0.1 
-4.6%, p <0.0001 

-2.9%, p =0.008  

GRF not reported  
Ca not reported  

Low study and intervention 

compliance 
APHV not reported 

                                                           

13 

McWhannell, 

et al. 2008 (35) 

Boys and girls 

White, Black, Asian 
EX:16 Lifestyle:15 

CO:30 

11±0.3 years 

75% study compliance 

Tanner to assess 
Maturity 

 

United Kingdom  

9 weeks 

EX: 2 times per week 
1 h high-impact (+70% HRmax) 

Lifestyle: mail with tasks weekly 

After-school intervention 
CO: no intervention 

99-100% intervention compliance 

WB BMC 

WB BMD 
FM 

LM 

%BF 
BMI 

 

+5.8%, p <0.05 

+1.5%, p <0.05 
NS (p value not  reported) 

NS (p value not  reported) 

NS (p value not  reported) 
NS (p value not reported) 

Non-randomised 

GRF not reported 
PA and Ca not reported 

Low sample size 

Short intervention period 

12 

Results are presented as the percentage difference in change between intervention and control groups. 

EX, experimental group; CO, control group, PA, physical activity; Ca, calcium; D, vitamin D; PE, physical education; GRF, ground reaction 

forces; DXA, dual energy x-ray absorptiometry; BMC, bone mineral content; BMD, bone mineral density; BA, bone area; LS, lumbar spine; FN, 

femoral neck; WB, whole body; TR, trochanter; PF, proximal femur; LM, lean mass; FFST, fat free soft tissue; FM, fat mass; % BF, percent 

body fat; NS, not significant; APHV, age of peak height velocity; MVPA, moderate to vigorous physical activity; d, day; BMI, body mass index; 

HRmax, maximum heart rate. 
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CHAPTER 5 – PUBLICATION TWO 

 

Targeting bone and fat with novel exercise for 

peripubertal boys: The CAPO Kids trial  
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Précis: 

Data from the boys in the CAPO Kids trial were presented in the manuscript submitted to 

Pediatric Exercise Science in May 2014.  The manuscript was accepted in July 2014.  The 

study aimed to test the effects of a novel, school-based, bone-focused exercise intervention 

on bone, fat and lean mass in pre and peripubertal boys.  A copy of the paper follows. 
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5.1 Abstract 

Purpose:  To test the effect of a brief, novel bone- and fat-targeted exercise program on bone, 

muscle and fat in healthy pre and peripubertal boys.  Methods:  We conducted a 10-min, 

3/wk capoeira and jumping exercise intervention for 9 months for year 5 and 6 school boys.  

Anthropometrics, maturity, heart rate, blood pressure, maximal vertical jump, aerobic 

capacity and calcaneal broadband ultrasound attenuation and stiffness index (BUA and SI; 

Achilles, GE) were assessed.  Bone, lean and fat tissue (DXA; XR800, Norland), and 

parameters of bone geometry (pQCT, XCT3000, Stratec) were measured from a subsample of 

36 boys.  Results:  Of 188 boys (10.6±0.5 yr) who consented, 172 completed all testing; 104 

exercisers (EX) and 68 controls (CON).  30 EX and 6 CON participants underwent DXA and 

pQCT measures.  EX improved BUA (+4.3% vs. +2.1%, p=0.035), waist circumference 

(+2.8% vs. +6.2%, p=0.001), heart rate (-5.3% vs. +1.5%, p=0.005), maximal vertical jump 

(+12.2% vs. -0.3%, p=0.001) and estimated maximal oxygen consumption (+9.1% vs. 

+1.2%, p=0.001) compared to CON.  Conclusion: Three 10-min sessions of capoeira and 

jumping per week improved calcaneal bone and metabolic health of pre and peripubertal 

boys over the course of a school year with little disruption to the academic schedule. 

Key words:  bone; exercise; lean mass; obesity; pediatric; physical activity.
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5.2 Introduction 

It is well recognized that childhood and adolescence represent critical periods for bone 

growth (Whiting, Vatanparast et al. 2004).  It is also known that excess body fat accumulated 

in youth typically tracks into adulthood, leading to increased risk of chronic metabolic 

diseases (Perrin, Bloom et al. 2007; Gortmaker, Swinburn et al. 2011).  In light of the 

important positive influence of exercise on both bone and fat tissue (Nogueira, Weeks et al. 

2014), childhood is considered something of a “window of opportunity” to apply physical 

activity to enhance bone and prevent the accumulation of excess fat to secure lifelong health 

benefits (Khan, McKay et al. 2000; Going and Farr 2010).  Currently however, worldwide, 

most children do not meet Australia’s Physical Activity and Sedentary Behaviour Guidelines 

for healthy levels of physical activity in youth nor the American College of Sports Medicine 

Physical Activity Guidelines (ACSM 1988; Parrish, Brown et al. 2013).  The situation likely 

contributes to the increased prevalence of overweight children, and an associated increased 

risk of developing metabolic diseases and sustaining fractures in youth and later life (Clark, 

Ness et al. 2006; Wang and Lobstein 2006).  Increasing physical activity levels of children 

not currently meeting the guidelines is an obvious but challenging solution to a growing 

public health crisis.  Opportunity and inclination are the primary obstacles to widespread 

adoption of increased childhood physical activity, and important targets for encouraging 

greater engagement, thus appealing activities that are easily incorporated into the school 

routine must be identified. 

Brief, rapid, high-impact, weight-bearing exercise is the most osteogenic (Heinonen, 

Sievänen et al. 2000; Hind and Burrows 2007).  By contrast, sustained low impact aerobic 

exercise is typically recommended to reduce or prevent overweight, and resistance training 

most effectively improves lean mass.  The disparity between exercise recommendations for 
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the skeletal and metabolic systems has created challenges for holistic exercise prescription.  

But, only a small degree of creativity is required to develop activities that incorporate 

elements of each form of training, and novel programs can be particularly appealing to 

children.  To date, however, no researchers have attempted combination exercise 

interventions specifically to target bone and fat for kids. 

Although women are at greatest risk of osteoporosis (Loprinzi and Cardinal 2012), there is 

also a strong relationship between bone mineral density and risk of fracture in men.  

Moreover, men suffer a higher risk of mortality after hip fractures than women (Center, 

Nguyen et al. 1999).  Although it has not yet been fully established if fractures in old age can 

be prevented by enhancing bone in youth, there is evidence to suggest it may be the case 

(Weeks, Young et al. 2008; Jackowski, Kontulainen et al. 2013).  Thus, increasing levels of 

exercise of growing boys would be a strategy to reduce the burden of morbidity and mortality 

of male osteoporosis in the aging population (MacKelvie, Khan et al. 2002; Hind and 

Burrows 2007). 

The aim of the current study then, was to test the efficacy of a brief, novel and enjoyable 

bone- and fat-targeted exercise program on parameters of bone, muscle and fat in healthy pre 

and peripubertal boys over the course of a school year.  We hypothesized that the exercise 

group would experience greater improvements in parameters of bone, muscle and fat than 

age-matched controls.  
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5.3 Methods 

5.3.1 Participants  

One hundred and eighty-nine boys enrolled in years 5 and 6 at two local primary schools 

(Gold Coast, Queensland, Australia) were initially included in the study.  Students were 

excluded if they: were taking medications known to affect bone, muscle or metabolism; had 

limb injuries or been immobilized in the previous six months; or had any condition not 

compatible with a 10-minute bout of moderate to vigorous physical activity.   

Ethical approval was obtained from Griffith University Human Research Ethics Committee 

(PES/25/11/HREC).  As the schools chose to incorporate the CAPO Kids activities (exercises 

and/or testing) into their curriculum (irrespective of our study), all students performed the 

activities provided at each school. We requested consent from the children to include their 

data from the testing activities in our analysis and all children did so.  Parents were requested 

to decline to consent if they did not wish their child’s data to be included in the study 

analysis.  The parents of only a single student from the control school declined to consent. 

5.3.2 Experimental design 

A nine-month, cluster controlled trial was designed to address our hypotheses.  The two 

participating schools were randomly assigned to control (CON) or exercise (EX) sites by a 

coin toss.  The EX school adopted a 10-minute exercise intervention as part of its daily class 

schedule on three consecutive days each week and sessions took place every week of the 

school year with the exception of scheduled holidays.  The aim of intervention activities was 

to target multiple physiological systems to improve indices of cardiovascular and metabolic 
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health, body composition and physical performance, with minimal disruption to the daily 

class schedule.  Testing took place at baseline (T0, Feb/2012) and follow-up (T9, Dec/2012). 

5.3.3 School-based exercise intervention 

The intervention program was fundamentally based on capoeira, a Brazilian sport that 

contains mixed elements of martial arts and dance.  Capoeira movements were supplemented 

with a combination of medium to high-impact manoeuvres intended to load the upper and 

lower limbs.  Each exercise bout was led by a single instructor (RN), and comprised 10 

minutes of continuous high intensity movements.  All exercise sessions were held during 

school hours, before lunch break for Year 5 participants (n = 57) and after lunch break for 

Year 6 (n = 50).  Each session was led by the investigator (RN).  Up to three classroom 

teachers were present to provide general supervision.  Activities in each class varied from day 

to day, however each was composed of several high-impact movements, such as repetitive 

jumps and hops (i.e. with maximal effort) combined with capoeira-specific movements (i.e. 

with an emphasis on high speed execution) (Table 3).  Initially (first two months), a typical 

session was composed of learning how to perform the ginga, followed by around 60 jumps, 

20 kicks and 15 cartwheel and handstand practice.  Repetition and intensity was progressively 

increased over the course of the year, such that a typical session in the final stages would 

entail a warm up with the ginga, followed by an average of 120 jumps, 30 kicks and 20 to 30 

inverted movements such as handstands or cartwheels. Children were occasionally given 

small prizes such as sports balls and game vouchers to reward participation and performance. 
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5.3.4 Control group activities 

Control school participants took part in baseline and follow up testing under the guise of an 

educational activity to learn about measures of health.  During the year, CON boys 

participated in their usual school activities, unaware of the exercise activities carried out at 

the intervention school or the overall purpose of the study. The control school was well-

matched to the intervention school in terms of student demographics, school fees, school 

hours, teacher-student ratio, and usual physical education regime.   

5.3.5 Data collection 

Anthropometrics, physical performance measures, and measures of bone, muscle and fat were 

performed at baseline (T0) and follow up (T9).  The majority of measures were taken during 

physical education (PE) classes (i.e. anthropometrics, metabolic and physical performance 

measures, and calcaneal ultrasound measures), and a small subset of participants attended the 

Griffith University’s Bone Densitometry Research Laboratory for dual-energy x-ray 

absorptiometry (DXA) and peripheral quantitative computed tomography (pQCT) measures. 

5.3.6 Anthropometrics 

Height and sitting height were measured using a portable stadiometer (HART Sport and 

Leisure, Brisbane, Queensland, Australia) and a 50 cm flat stool, while body weight was 

measured in kg using digital scales (Soehnle, Hamburg, Switzerland). Waist circumference 

was measured using an anthropometric tape measure (Lufkin Executive Thinline, Apex, 

USA).  The tape was positioned at the mid-point between the margin of the lowest pair of ribs 

and the iliac crest, taken at the end of gentle expiration (WHO 1989). Neither weight, nor 

waist circumference were divulged to participants at the time of testing.   
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5.3.7 Maturity assessment 

Years from the age of peak height velocity (YAPHV) were estimated using the algorithm 

developed by Mirwald and colleagues (2002) to provide a marker of biological maturity.  The 

algorithm incorporates sex, age, height, sitting height and weight in order to predict the 

timing of peak height velocity based on regression data from a large pediatric longitudinal 

trial.  

5.3.8 Performance measures 

Maximal vertical jump height was used as an index of lower limb muscle power using a 

Yardstick device (Swift Performance Equipment, Brisbane, Queensland, Australia).  The 

height of a standing reach was recorded with the participant standing with feet shoulder-

width apart, shoulders level, and preferred arm raised with extended elbow, wrist and fingers.  

After a practice attempt, five jumps for maximal height were performed in countermovement 

fashion without arm swing to touch the highest possible peg on the Yardstick.  Maximal 

vertical jump height was determined as the difference between the height of a standing reach 

and the best total jump height. 

Aerobic capacity was determined using a 20-metre shuttle-run test, from which maximal 

oxygen consumption (VO2 max) was estimated using the algorithm VO2 max = 31.025 + 

(3.238 × velocity) - (3.248 × age ) + (0.1536 × age × velocity)  (Léger, Mercier et al. 

1988).  As described by Léger (1988) , participants ran between two points marked on the 

ground 20 meters apart.  A pre-recorded audible tone sounded at progressively shorter 

intervals to determine lap speed.   Once the participant was unable to meet the required speed 

on successive laps, the number of his/her level was recorded and the associated velocity was 

entered into the algorithm along with age to estimate VO2 max (ml/kg/min). 
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5.3.9 Cardiovascular measures 

Resting heart rate (beats/min) and resting blood pressure (mmHg) were measured using 

standard procedures.  A single investigator (RN) measured heart rate from the radial pulse 

after the participant had rested for 15 minutes in the supine position.  Systolic and diastolic 

brachial blood pressures were measured from the left arm of each participant while in the 

seated position.  A stethoscope, sphygmomanometer and inflatable cuff were used to detect 

the first and fifth Korotkoff sounds per usual practice (Williams and Wilkins 2007). 

5.3.10 Lifestyle measures 

Physical activity participation and dietary calcium intake were estimated using validated 

questionnaires.  The bone-specific physical activity questionnaire (BPAQ) was used to 

quantify bone-relevant physical activity participation (Weeks and Beck 2008).  Participants 

were asked to record all regular physical activities they have participated in during their life 

and to indicate the years when participation took place.  Participants additionally recorded the 

type and frequency of all current physical activities (i.e. previous 12 months).  Total BPAQ 

score was calculated by using current and past BPAQ scores, which were calculated from 

questionnaire responses with an on-line calculator (http://www.fithdysign.com/BPAQ/).  

Intraclass correlation coefficients (ICC) for intra- and interoperator reliability for the BPAQ 

have previously been reported as 0.93, 0.97 and 0.97, and  0.86, 0.93 and 0.92, respectively 

for current, previous and total BPAQ-derived physical activity scores (Weeks, Hirsch et al. 

2011). 

Daily dietary calcium intake was estimated using the Australian Child and Adolescent Eating 

Survey food frequency questionnaire (ACAES FFQ) (Watson, Collins et al. 2009).  The 

questionnaire is composed of 120 items relating to diet, and 15 additional questions about 

http://www.fithdysign.com/BPAQ/
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age, vitamin use and sedentary behaviour.  Participants were asked to complete the 

questionnaire during class time, based on food intake in the previous three days. The self-

administered questionnaire is validated for Australian children from nine to 16 years old.  

Completed questionnaires were computer analysed remotely per the questionnaire guidelines.  

5.3.11 Bone and body composition measures 

Quantitative ultrasonometry (Lunar Achilles 
TM 

Insight, GE) was employed to determine 

broadband ultrasound attenuation (BUA) (dB/MHz) and stiffness index (SI) (%) of the 

calcaneus.  Least significance change (LSC) for BUA and SI from a subsample (n=10) of 

repeated QUS measures (with repositioning) was calculated to account for measurement 

error.  BUA LSC was 6.27 dB/MHz and SI LSC was 2.77%. 

The subgroup that participated in testing at the bone densitometry research laboratory were 

examined by DXA (XR800, Norland Medical Systems, USA) to estimate bone mineral 

content (BMC) and density (BMD) of the whole body (WB), lumbar spine (LS) and non-

dominant hip (femoral neck, FN; and trochanter, TR).  Estimates of lean and fat tissue mass 

were also determined from whole body scans.  Additional parameters of bone strength were 

calculated from BMD measures, including material stiffness (E), bone structural strength 

(IBS), and cross-sectional moment of inertia (CSMI), as previously described (Sievänen, 

Kannus et al. 1996).  pQCT  (XCT-3000, Stratec Medizintechnik GmbH, Pforzheim, 

Germany) was used to determine bone strength measures of the non-dominant tibia (at 4 and 

38% sites) and radius (at 4 and 66% sites), including: total content, total density, total area, 

trabecular content, trabecular density, trabecular area, total and trabecular bone strength index 

(BSI) at 4% sites, and cortical content, cortical density, cortical area, cortical thickness, cross-

sectional area (CSA), periosteal and endosteal perimeters at the proximal (38 and 66% sites).   
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5.3.12 Statistical analyses 

Between-group differences at baseline were examined using one-way ANOVA, while 

intervention effects were determined using two-way ANOVA controlling for weight, 

maturity, baseline values, physical activity and calcium consumption.  Both per protocol and 

intention to treat (ITT) analyses were conducted. 

In order to ensure adequate statistical power, an a priori power analysis was undertaken 

based on the bone measure with the largest precision error (i.e. BUA) using previously 

observed between-group effects (Weeks, Young et al. 2008).  Accordingly, we required a 

total of 142 participants to observe a mean difference between groups of 4 dB/MHz with a 

standard deviation of 12 dB/MHz, assuming 80% power with an alpha level of 0.05.  All 

statistical analyses were performed with SPSS version 21.0 for Windows (IBM, Chicago, IL, 

USA). 

5.4 Results 

5.4.1 Participants 

From 189 eligible participants, consent was obtained for 188 boys (109 EX and 79 CON).  

The majority (96%) of the participants were Caucasian while the remainder were Asian.  Of 

those, 183 completed baseline testing (T0) and 172 participated in follow up testing (T9).  

Two boys from EX did not attend baseline testing, and three did not attend follow up, 

resulting in 104 boys included in EX for analysis.  One CON participant’s parent did not 

consent to use of their child’s data in our analysis.  An additional three CON boys did not 

attend baseline testing and eight did not attend follow up testing, leaving 68 boys in CON for 
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analysis (Figure 16).  As results of per protocol (data not shown) and intention to treat 

analyses were essentially the same, we elected to report ITT findings unless otherwise 

indicated.  Overall, data from 172 boys were included in the ITT analysis, representing 91% 

of the original consenting cohort.   

 

Figure 16: CONSORT diagram of participant flow 

 

At baseline, both groups exhibited similar characteristics for the majority of measures.  EX 

exhibited slightly lower scores than CON however, for total BPAQ score (19.4 ± 13.6 vs. 

25.4 ± 21.3, p = 0.039); resting blood pressure (76.1 ± 7.1 vs. 77.9 ± 7.2 mmHg, p = 0.001); 

and estimated VO2  max (28.65 ± 6.84 vs. 33.35 ± 7.11 ml/kg/min, p = 0.001). EX presented 
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similar scores for BUA (97.2 ± 9.8 vs. 93.9 ± 10.8 dB/MHz, p = 0.088) and YAPHV (-2.9 ± 

0.8 years vs. -2.7 ± 0.6 years, p = 0.065) (Table 4).  Those differences were managed by 

controlling for baseline values in the analysis of treatment effects.  

Age, calcium and other physical and performance variables at baseline were not different. In 

the subgroup (EX: 30; CON: 6), no differences were found in DXA and pQCT variables at 

baseline. 

5.4.2 Change in physical and performance outcomes 

Following the nine-month intervention, EX exhibited more favourable change than CON in 

waist circumference (+2.8% vs. +6.2%, p = 0.001; 95% CI 1.7 to 3.9% vs. 4.6 to 9.0%), 

resting heart rate (-5.3% vs. +1.5%, p = 0.002; 95% CI -6.7 to -3.8% vs. -4.6 to 7.6%), 

vertical jump (+12.2% vs. -0.3%, p < 0.001; 95% CI 9.3 to 18.4% vs. -2.7 to 4.1%), and 

estimated VO2 max (+9.1% vs. +1.2%, p < 0.001; 95% CI 6.4 to 13.2% vs. -0.7 to 5.2%) 

(Table 4; Figure 17).  After controlling for baseline values, YAPHV and weight, those 

findings remained the same.  There were no significant between-group differences in change 

for any other physical or performance parameters. 

5.4.3 Change in bone outcomes 

A significant between-group difference in change was observed for bone parameters (Table 

4, 5 and 6).  Specifically, EX improved calcaneal BUA more than CON based on ITT 

analyses (+4.3% vs. +2.1%, p = 0.001; 95% CI 2.4 to 7.1% vs. 0.6 to 4.1%) and per protocol 

analyses (p = 0.035).  
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From the subgroup of participants who underwent bone densitometric measures, only LS E 

improved more for EX than CON (+14.2% vs. +1.5%, p = 0.039; 95% CI 10.4 to 20.4% vs. -

4.9 to 7.6%).  Although not statistically significant, a trend for reductions in fat in the EX 

group compared to CON (-3.5% vs. +7.7%, p = 0.074; 95% CI -7.8 to 1.8% vs. -3.5 – 18.1%) 

was observed.  There were no between-group differences in any pQCT-derived tibial 

parameters.  At the radius, however, periosteal circumference at the 66% site increased more 

for EX than CON (+9.2% vs. +4.8%, p = 0.030; 95% CI 8.5 to 15.1% vs. -1.3 to 18.1%) and 

a trend for greater improvements for EX than CON in cortical area at the 66% site was 

evident (+12.4% vs. +7.7%, p = 0.083; 95% CI 6.0 to 19.7% vs. -8.9 to 14.5%).  No other 

significant between-group differences were observed in changes in bone geometry, 

volumetric density or strength parameters from pQCT. 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Nine-month change (%) in calcaneal BUA, waist circumference, maximal 

vertical jump, resting heart rate and estimated VO2 max for CON (black) and EX (grey)  

BUA = Broadband ultrasound attenuation; VO2 max = maximal oxygen consumption.  Error 

bars indicate ±SEM. 

* p ≤ 0.05 
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5.4.4 Compliance 

Mean intervention compliance was 90% with absence from school accounting for all missed 

sessions.  Student relocation and absence from school on follow-up testing days contributed 

to an overall loss to follow-up of 8.5%.   Only one relatively minor adverse event took place 

when an intervention participant inadvertently made contact with another participant during a 

handstand manoeuvre.  Other than the discomfort experienced at the time of the incident, 

there was no ongoing pain or injury.   

5.5 Discussion 

The current intervention trial was designed to be a brief, engaging, school-based exercise 

intervention to improve parameters of musculoskeletal and cardiovascular health in pre and 

early pubertal boys, without notably disrupting a primary school schedule.  The intervention 

improved a number of parameters of bone health and important metabolic characteristics. 

5.5.1 Intervention effects on bone 

We based our intervention activity on previous reports that 10 to 12 minutes of weight-

bearing impact exercises are sufficient to stimulate bone responses in children (Morris, 

Naughton et al. 1997; Fuchs, Bauer et al. 2001; MacKelvie, Khan et al. 2003; MacKelvie, 

Petit et al. 2004; Weeks, Young et al. 2008; Nogueira, Weeks et al. 2014).  Our findings are 

in accord with reports that 10-minute bouts of moderately high-impact exercise can improve 

bone health specifically in pre and peripubertal boys (MacKelvie, McKay et al. 2002; 

MacKelvie, Petit et al. 2004; Linden, Alwis et al. 2007). The 2% between-group difference 

observed in calcaneal BUA also aligns with a previous observation that 8-months of 10-
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minute jumping twice per week improves BUA of adolescent boys (Weeks, Young et al. 

2008). 

An observed 12.7% increase in lumbar spine stiffness, and 4.4% improvement in periosteal 

circumference at the radius are also suggestive of meaningful exercise-related change at 

clinically relevant sites, however we note that only a sub-sample of the study cohort was able 

to attend the bone densitometry research laboratory for on-site testing such that power was 

very low for those analyses.  Our lack of ability to detect broader findings in other DXA- and 

pQCT-derived outcomes may similarly reflect constraints of statistical power.  By contrast, 

our ability to measure calcaneal BUA from the entire sample, owing to the portable nature of 

the QUS device, provided adequate power to detect significant effects of the exercise 

intervention on BUA. While some investigators have reported that a 10-minute jumping 

program applied three times per week for 7 months improved FN BMC and LS BMC and 

BMD in prepubertal children (boys and girls combined)  (Fuchs, Bauer et al. 2001), others 

have reported a only limited effect of exercise on BMD in pediatric cohorts.  For instance, 20 

months of 10-minute high-impact exercises improved FN BMC but no other bone parameter 

of prepubertal boys (MacKelvie, Petit et al. 2004), and a twice weekly jumping intervention 

improved only FN area of male adolescents after 8 months (Weeks, Young et al. 2008).   

The upper extremity loading included in the current intervention is novel.  Traditionally 

bone-targeted exercise interventions overlook the upper extremity in lieu of weight-bearing 

activities designed to load the sites of greatest clinical relevance to osteoporosis – the spine 

and hip.  However, some evidence exists to suggest that children with low bone mass are 

more susceptible to upper extremity fractures, since bone response to mechanical loading is 

site-specific, suggesting upper extremity loading may be clinically beneficial in youth 

(Goulding, Grant et al. 2005; Clark, Ness et al. 2006).  Furthermore, distal radial fractures are 

the source of considerable morbidity and cost in older individuals with osteoporosis (Riggs 
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and Melton Iii 1995).  Our findings that the CAPO Kids intervention improved periosteal 

circumference of the radius and tended to improve radius cortical area is therefore 

noteworthy.  It is possible that the non-weight-bearing skeleton is more sensitive to weight-

bearing loading than regular weight-bearing bones (Ozcivici, Garman et al. 2007).  By 

contrast, we did not detect exercise-induced changes in pQCT-derived parameters of bone 

geometry at the tibia.  Similarly, others have reported that twelve weeks of 25 daily jumps 

from a box did not improve any pQCT tibia measurements of children and adolescents aged 3 

to 18 (combined boys and girls) (Johannsen, Binkley et al. 2003).  However, others have 

reported that a 16 month jumping program (3 min/day of counter-movement jumping, three 

times per day)  increased tibial BSI of pre and early pubertal boys (Macdonald, Kontulainen 

et al. 2007).  In light of the prolonged period required for bone to respond and adapt to 

mechanical interventions, it is reasonable to assume the former study (12 weeks) (Johannsen, 

Binkley et al. 2003) was of inadequate duration to detect an effect on parameters of tibial 

geometry if there was one.  Our intervention was of adequate duration, but likely 

underpowered for most pQCT outcomes. 

5.5.2 High-impact intervention and lean mass 

Although high-impact exercise interventions are typically designed specifically to stimulate 

bone responses, fat and lean mass are frequently also measured (McKay, Petit et al. 2000; 

Fuchs, Cusimano et al. 2002; MacKelvie, Petit et al. 2004; Linden, Ahlborg et al. 2006; Hind 

and Burrows 2007; Macdonald, Kontulainen et al. 2008; Weeks, Young et al. 2008).  Those 

trials have reported a variety of effects of high-impact exercise on lean and fat mass; likely a 

function of differences between interventions.  Notably, previous bone-targeted exercise 

interventions have effected either no change (McKay, Petit et al. 2000; McKay, MacLean et 

al. 2005; Macdonald, Kontulainen et al. 2008), or only small improvements in the lean mass 
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of pediatric cohorts (Nogueira, Weeks et al. 2014), and our findings are no different.  As an 

8-month, twice-weekly jumping program for adolescents increased lean mass of boys by 

4.9%, we suggest the lack of effect is related to maturation (Weeks and Beck 2012).  There is 

considerable evidence in other literature to suggest that even targeted muscle training will not 

markedly increase lean mass in prepubertal children (Payne, Morrow Jr et al. 1997; Malina 

2006).  Those comments notwithstanding, on occasion lean mass improvements have been 

observed in prepubertal children.  For instance, a 20-month high-impact circuit intervention 

(12 min, three times per week) improved lean mass of prepubertal boys by 4.2% (MacKelvie, 

Petit et al. 2004).   

Although change in bone and muscle mass are not always observed following exercise 

intervention, cross-sectional data indicates that muscle mass is the most important predictor 

of bone size in boys (Lima, De Falco et al. 2001; Vicente-Rodríguez 2006; Baptista, Barrigas 

et al. 2012).  While an association of bone mass and muscle mass is suggestive that the latter 

may be beneficial to the former, it is not possible to assume causality when there are common 

genetic determinants of both lean tissues. 

5.5.3 High-impact intervention and fat mass 

A recent observation that bone-targeted exercise interventions likely reduce fat in pediatric 

cohorts is supported by the current findings (Nogueira, Weeks et al. 2014).  Waist 

circumference, which is a good predictor of visceral abdominal adiposity, is closely 

associated with obesity (Onat, Barlan et al. 2004; Li, Ford et al. 2007).  The increase in waist 

circumference we observed in both groups was to be expected in our growing pediatric 

cohort, however, our observation that the control group increased waist circumference more 

than the exercise group over the course of a year suggests that the intervention effectively 
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minimised the accumulation of abdominal adipose tissue.  In addition, our observation that in 

the subgroup, the control group gained nearly 8% body fat while the exercise group lost 3.5% 

(NS), supports the potential positive effect of our exercise intervention on adiposity.   

5.5.4 High-impact exercise and performance 

The current intervention activities improved estimated VO2 max (from the 20 m shuttle run) 

and maximum jump height.  It is commonly held that aerobic and continuous exercises are 

the best activities to improve VO2 max and resting heart rate (Pate, Pratt et al. 1995), 

however our data show brief high-impact exercise is also effective.  Given the emphasis on 

high-velocity execution of intervention movements (including jumps), it is perhaps not 

surprising that maximum jump height improved.  Although we did not perform motion 

analyses, it is reasonable to assume that components of co-ordination and neuromuscular 

adaptations may have contributed to jump performance in addition to muscle strength. 

5.5.5 Limitations 

The low number of participants in the subsample who were able to attend testing at the Bone 

Densitometry Research Laboratory reduced our ability to detect between-group differences in 

DXA- and pQCT-derived bone measures.  We acknowledge the consequent potential for 

sampling bias, and therefore present those DXA and pQCT findings as preliminary.  We pre-

emptively included BUA as our primary bone outcome measure in light of the fact that it 

could be measured in-school using a portable QUS device.  We therefore were able to obtain 

from all participants an index of bone strength that is comparable to DXA and pQCT in its 

ability to monitor bone densitometric change in children (Wang, Nicholson et al. 2008; 

Alwis, Rosengren et al. 2010) and achieve sufficient statistical power to examine our primary 
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outcome measure.  The intervention school had a slightly larger student cohort than the 

control school, which we acknowledge may have created a sampling bias. 

5.6 Conclusion 

Osteoporosis and metabolic diseases benefit from exercise intervention and early application 

is likely to be especially beneficial.  Opportunity and inclination are the primary obstacles to 

widespread adoption of increased childhood physical activity, such that enjoyment and in-

school programs are important engagement strategies. Our novel, enjoyable exercise 

intervention was easily incorporated into the primary school setting and improved indices of 

calcaneal bone and metabolic health in pre and early pubertal boys.  Given the provocative 

preliminary findings at the radius, there is a compelling need for additional pQCT studies in 

larger cohorts of children that examine the effects of this unique exercise regimen on bone 

health at the distal forearm. 
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Table 3: Descriptions of intervention activities 

Activity Description 

Jumps Two-leg take off, followed by a two-leg landing; 

Hops Single-leg take off, followed by a single-leg landing on the same side; 

Tuck-jumps Double-leg jump, with hips and knees flexed during flight, bringing the knees into close proximity to the chest, and 

arms momentarily holding the knees when they reach the chest; 

Jump-squats Double-leg jump, where the start and final position is with hips and knees flexed to approximately 90 degrees; 

Star jumps With feet together, jumping and positioning legs apart, at the same time the arms go up touching the hands above the 

head, and returning to the initial position, continuously; 

Jump-lunges Taking a large step forward so that the knee is flexed to 90 degrees as a start position, jumping while swapping legs, 

returning to start position with the opposite leg; 

Ginga Feet positioned shoulder-width apart, and then one foot is placed behind on the ball of the foot.  The back foot returns 

to the initial position, and the other is placed back, imagining that a triangle is being drawn on the floor with the feet; 

Handstands From ginga, the hands are placed on the ground shoulder-width apart and the legs up, together, open or even with one 

leg forwards; 

Cartwheels Traditional movement, but performed slowly and with arms and legs slightly flexed; 

Bênção with jumps Starts from the ginga position.  A straight forward push kick is performed, with the ankle dorsi-flexed before returning 

to the base position. 
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Table 4: Baseline and nine-month measures ( SD) with percent change and 95% confidence interval in physical and lifestyle characteristics (n 

= 172) 

Parameter 

Control (n = 68)  Intervention (n = 104)  

Baseline Follow up % 95% CI Baseline Follow up % 95% CI p 

Age (years) 10.7 (0.6) 11.4 (0.6) 6.5 (6.4 – 6.6) 10.5 (0.5) 11.3 (0.5) 7.6 (7.4 – 7.8) 0.106 

YAPHV (years) -2.7 (0.6)
†
 -2.2 (0.6) -18.5 (-22.3 – -16.4) -2.9 (0.5)

†
 -2.3 (0.6) -20.7 (-23.4 – -19.3) 0.001* 

Weight (kg) 39.6 (9.2) 42.9 (9.8) 8.5 (6.6 – 11.5) 38.7 (8.8) 41.7 (10.2) 7.8 (5.7 – 10.6) 0.487 

Standing height (m) 1.437 (0.062) 1.477 (0.067) 2.8 (2.3 – 3.2) 1.441 (0.0) 1.478 (0.078) 2.6 (2.3 – 2.8) 0.990 

Sitting height (m) 0.742 (0.032) 0.756 (0.031) 1.9 (1.5 – 2.5) 0.735 (0.032) 0.758 (0.036) 3.1 (2.6 – 3.4) 0.807 

Waist circumference (cm) 67.7 (10.8) 71.9 (10.5) 6.8 (4.6 – 9.0) 67.0 (9.0) 68.8 (9.1) 2.8 (1.7 – 3.9) 0.001* 

Resting heart rate (beats/min) 69 (2) 70 (2) 1.5 (-4.6 – 7.6) 71 (6) 67 (6) -5.3 (-6.7 – -3.8) 0.002* 

Blood pressure (mmHg) 78 (7)
†
 76 (6) -2.3 (-4.1 – -0.4) 74 (10)

†
 72 (9) -3.2 (-4.5 – -1.0) 0.998 

Vertical jump (cm) 31 (5) 31 (5) -0.3 (-2.7 – 4.1) 30 (5) 34 (5) 12.2 (9.3 – 18.4) 0.001* 

Estimated VO2 max  (ml/kg/min) 33 (7)
†
 34 (6)

**
 1.2 (-0.7 – 5.2) 29 (7)

†
 31 (7)

**
 9.1 (6.4 – 13.2) 0.001* 

BUA (dB/MHz) 97.2 (9.3)
†
 99.1 (8.6) 2.1 (0.6 – 4.1) 93.9 (9.9)

†
 97.7 (9.6) 4.3 (2.4 – 7.1) 0.001* 

SI (%) 79.2 (8.4) 83.1 (9.1) 4.9 (3.2 – 7.2) 79.1 (9.0) 84.6 (9.2) 7.2 (5.4 – 9.8) 0.059 

Abbreviations: CI = Confidence interval; YAPHV = Years from age of peak height velocity; BUA = Broadband ultrasound attenuation; SI = Stiffness index; VO2 max = 

maximal oxygen consumption.  P values represent between-group comparisons of percent change. 

* = p ≤ 0.05; † = p ≤ 0.05, Difference between groups at baseline; ** = p ≤ 0.05, Difference between groups at follow up. 
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Table 5: Baseline and nine-month measures ( SD) with percent change and 95% confidence interval in DXA measures (n = 36)  

Parameter 

Control (n = 6)     Intervention (n = 30)  

Baseline Follow up % 95% CI Baseline Follow up % 95% CI p 

Lean mass (Kg) 29.7 (7.1) 32.2 (9.6) 8.4 (-3.5 – 18.1) 25.7 (4.0) 28.0 (4.6) 9.3 (7.5 – 11.1) 0.974 

Fat mass (Kg) 17.3 (10.6) 18.7 (12.3) 7.7 (2.9 – 12.8) 13.3 (6.9) 12.8 (6.8) -3.5 (-7.8 – 1.8) 0.074 

WB BMC (g) 1769.25 (423.77) 1943.00 (543.97) 9.8 (1.9 – 16.2) 1573.17 (312.06) 1683.11 (455.19) 7.0 (-1.8 – 12.5) 0.278 

WB BMD (g) 0.765 (0.083) 0.806 (0.103) 5.4 (0.9 – 9.4) 0.718 (0.056) 0.754 (0.062) 4.8 (2.5 – 6.5) 0.220 

LS BMC (g) 22.7 (6.2) 25.0 (9.2) 10.2 (6.6 – 13.7) 21.3 (4.4) 22.9 (4.8) 7.5 (5.6 – 9.4) 0.343 

LS BMD (g/cm
2
) 0.674 (0.123) 0.705 (0.150) 4.6 (-1.7– 8.3) 0.645 (0.079) 0.678 (0.090) 5.3 (4.1 – 6.1) 0.827 

LS E (MPa) 19.98 (11.53) 20.28 (4.8) 1.5 (-4.9 – 7.6) 19.30 (6.74) 22.04 (7.87) 14.2 (10.4 – 20.4) 0.039* 

FN BMC (g) 3.499 (0.759) 3.741 (0.952) 6.8 (-1.0 – 13.7) 3.355 (0.487) 3.553 (0.596) 5.9 (3.0 – 8.6) 0.590 

FN BMD (g/cm
2
) 0.803 (0.116) 0.843 (0.134) 5.1 (1.5 – 9.1) 0.777 (0.076) 0.812 (0.081) 4.5 (3.4 – 5.7) 0.589 

Abbreviations: CI = Confidence interval; BMC = bone mineral content; BMD = bone mineral density; FN = femoral neck; LS = lumbar spine; WB = whole body; E 

= material stiffness – Young’s modulus. P values represent between-group comparison of percent change. * = p ≤ 0.05. 
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Table 6: Baseline and nine-month measures ( SD) with percent change and 95% confidence interval in tibia and radius pQCT measures 

(n = 36) 

Parameter 

Control (n = 6) Intervention (n = 30) 

Baseline Follow up % 95% CI Baseline Follow up % 95% CI p 

Tibial total content 38% (mg) 240.65 (36.80) 259.24 (61.18) 7.7 (-10.3– 15.8) 225.82 (48.51) 239.85 (59.69) 5.6 (-5.1 – 12.0) 0.606 

Tibial trabecular content 38% (mg) 165.78 (27.46) 169.87 (48.07) 2.5 (-13.81 – 10.1) 156.47 (41.88) 169.62 (50.49) 8.4 (-5.1 – 20.1) 0.994 

Tibial cortical content 38% (mg) 231.21 (46.97) 266.58 (84.87) 12.3 (9.2 – 17.1) 195.59 (29.03) 232.56 (31.51) 9.3 (6.7 – 11.7) 0.305 

Tibial cortical area 38% (mm
2
) 225.44 (67.1) 238.75 (63.08) 11.2 (10.0 – 18.5) 192.48 (29.60) 209.66 (30.53) 9.7 (7.0 – 12.5) 0.497 

Tibial  periosteal circumference 38% (mm) 63.11 (7.81) 66.67 (8.69) 5.2 (4.4 – 6.7) 58.40 (4.97) 60.74 (4.84) 4.3 (3.0 – 5.5) 0.229 

Tibial  endosteal circumference 38%  (mm) 31.56 (4.59) 32.54 (4.37) 2.3 (0.5 – 4.1) 34.53 (2.36) 35.32 (2.02) 3.4 (1.5 – 5.3) 0.784 

Radial total content 66% (mg) 49.33 (7.89) 53.64 (9.06) 8.6 (2.9 – 14.4) 50.10 (12.82) 56.54 (14.54) 16.9 (9.0 – 24.8) 0.520 

Radial trabecular content 66% (mg) 29.45 (7.45) 35.56 (9.91) 20.8 (-9.9 – 51.6) 26.95 (10.73) 33.43 (11.04) 45.0 (10.3 – 80.4) 0.861 

Radial cortical content 66% (mg) 48.49 (13.21) 49.49 (5.76) 1.4 (-11.4 – 13.8) 42.42 (9.12) 48.42 (9.63) 16.5 (9.8 – 23.2) 0.117 

Radial cortical area 66% (mm
2
) 53.00 (6.87) 55.08 (3.71) 7.7 (-8.9 – 14.5) 43.67 (7.98) 49.10 (9.07) 12.4 (6.0 – 19.7) 0.083 

Radial  periosteal circumference 66% (mm) 36.20 (2.39) 37.93 (1.46) 4.8 (-1.3 – 18.1) 30.68 (4.21) 33.21 (3.84) 9.2 (8.5 – 15.1) 0.030* 

Radial  endosteal circumference 66%  (mm) 24.51 (2.30) 25.47 (3.31) 3.9 (-8.5 – 17.1) 20.21 (4.67) 23.13 (3.74) 14.4 (8.5 – 35.1) 0.289 

Abbreviations: CI = Confidence interval.  P values represent between-group comparison of percent change. * = p ≤ 0.05.



   

140 

 

   

CHAPTE

R 6 – 

PUBLIC

ATION 

THREE 

 

 
6
. 
  
P

u
b

li
ca

ti
o
n

 T
h

re
e 



   

141 

 

  



   

142 

 

CHAPTER 6 – PUBLICATION THREE 

 

An In-school Exercise Intervention to Enhance 

Bone and Reduce Fat in Girls: The CAPO 

Kids Trial  

Rossana C. Nogueira, M.Sc.
1,2

, Benjamin K. Weeks, Ph.D.
1,2 

and 

Belinda Beck, Ph.D.
1,2 

1 
Centre for Musculoskeletal Research, Griffith Health Institute, Gold Coast, Qld, Australia  

2 
School of Allied Health Sciences, Griffith University, Gold Coast, Qld, Australia 

 

 

Précis: 

Data from the analysis of girls in the CAPO Kids trial were submitted to the journal Bone in 

May 2014.  The manuscript was accepted in August 2014, and is now available as a DOI.  

The study aimed to determine the effects of the high intensity CAPO Kids regime on indices 

of musculoskeletal and metabolic health in pre and early pubertal girls.  A copy of the 

manuscript follows. 

 

Citation: 

Nogueira RC, Weeks BK, and Beck BR (2014) An in-school exercise intervention to enhance 

bone and reduce fat in girls: The CAPO Kids trial, Bone 68:92-99 (2014).  DOI: 

http://dx.doi.org/10.1016/j.bone.2014.08.006 

 



  Publication Three 

143 

 

6.1 Abstract 

Purpose: The CAPO Kids trial was a 9-mo, controlled, school-based intervention to examine 

the effects of a novel, brief, high intensity exercise regime on indices of musculoskeletal and 

metabolic health in pre- and early pubertal girls.  Methods: A total of 151 pre- and early 

pubertal girls (10.6 ± 0.6 years) consented to participate; 75 in the exercise group (EX) and 

72 in the control group (CON). EX performed 10 min bouts of thrice-weekly jumping plus 

capoeira (a Brazilian sport that combines martial art with dance), along with usual physical 

education (PE) activities.  CON continued usual PE alone.  Maturity, weight, height, waist 

circumference, resting heart rate and blood pressure, maximal vertical jump, and aerobic 

capacity were determined using standard clinical and field measures.  Calcaneal broadband 

ultrasound attenuation (BUA) and stiffness index (SI) were determined from quantitative 

ultrasonometry.   A subsample of children also underwent DXA and pQCT measures. Prior 

physical activity participation and daily calcium consumption were determined from 

validated instruments.  Results: EX girls improved BUA more than CON (+4.5% vs. +1.4%, 

p=0.019).  Resting heart rate (-7.2% vs. -1.8%, p<0.01), maximal vertical jump (+13.4% vs. -

1.2%, p<0.001), estimated maximal oxygen consumption (+10.6% vs. +1.0%, p<0.001), and 

waist circumference (+2.7% vs. +5.6%, p<0.001) also improved more for EX than CON.  

Conclusion:  Ten minutes of high intensity exercise (capoeira and jumping) three times a 

week in the primary school setting enhances musculoskeletal and metabolic outcomes in pre- 

and early-pubertal girls without disrupting the academic schedule.  The program, amenable to 

broad-scale school implementation, would confer meaningful public health benefits.   

Key words:  bone mineral density; lean mass; obesity; pediatric; physical activity.  
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6.2 Introduction 

Exercise during childhood is important to optimise health in the short and longer term.  It is a 

common assumption that children naturally lead active lifestyles.  In reality, many children 

participate in very little physical activity (Riddoch, Andersen et al. 2004).  As a consequence, 

rates of childhood obesity and metabolic disease have increased considerably, including 

premature development of chronic diseases that were previously the domain of the adult 

population (Dietz 1998; WHO 2000).  Insufficient musculoskeletal loading during childhood 

may be particularly deleterious to long term health, as bone growth ceases in early adulthood, 

after which time the benefits of physical activity for bone are markedly reduced.  It has been 

proposed that if adequate physical activity is not performed in youth, a window of 

opportunity to reduce osteoporotic fractures in later life may be missed (MacKelvie, Khan et 

al. 2002; Forwood 2006; Weeks, Young et al. 2008). Early puberty and the years immediately 

prior to puberty may be particularly opportune to harness the osteogenic potential of exercise 

in the presence of increasing levels of circulating growth factors (MacKelvie, Khan et al. 

2002). 

Women are more likely to suffer from osteoporosis than men (Stevenson, Lees et al. 1989) 

and less likely to exercise, including during childhood (Seefeldt, Malina et al. 2002; Te 

Velde, De Bourdeaudhuij et al. 2007).  In addition, sexual dimorphism of bone development 

during growth results in greater bone strength in boys than girls following puberty (Schoenau, 

Neu et al. 2000; Macdonald, Kontulainen et al. 2005; Macdonald, Kontulainen et al. 2006).  

In-school exercise interventions are an effective strategy to broadly increase the physical 

activity levels of both sexes (Janssen and LeBlanc 2010).  Exercise programs that incorporate 

brief but high rate of loading activities such as jumping (for weight-bearing bones) or tennis 

(upper extremity bones) induce the greatest gains in bone (Morris, Naughton et al. 1997; 
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Weeks, Young et al. 2008), while longer duration aerobic activities have historically been 

utilised to minimise the accumulation of fat and optimise cardiovascular health (Bass, Saxon 

et al. 2002; Waters, de Silva-Sanigorski et al. 2011).  A recent meta-analysis of the outcomes 

of exercise interventions designed to enhance pediatric bone revealed that osteogenic exercise 

may also reduce fat (Nogueira, Weeks et al. 2013).  It was not known if an exercise program 

designed to specifically target both tissues would be effective (Singer 2006).   

While dual-energy x-ray absorptiometry (DXA) remains the gold standard of bone mass 

estimation, its utility for large scale pediatric studies is limited by cost, scan duration, 

radiation exposure, and lack of portability (Falcini, Bindi et al. 2000; Baroncelli 2008; 

Binkley, Berry et al. 2008).  Such limitations compound the considerable challenges of data 

collection and exercise intervention in pediatric trials. By contrast, quantitative ultrasound 

(QUS) is an inexpensive, portable and rapid method of estimating bone quality that does not 

expose growing children to ionising radiation.  Furthermore, calcaneal measures exhibit 

strong positive relationships with BMD and fracture risk (Gregg, Kriska et al. 1997; Khaw, 

Reeve et al. 2004).  For these reasons previous investigators have relied on QUS measures to 

track outcomes of pediatric exercise interventions (Daly, Rich et al. 1999; Eliakim, Nemet et 

al. 2001; Dib, Arabi et al. 2005).   

The aim of the CAPO Kids intervention trial then was to determine the effect of a brief, 

simple, enjoyable, musculoskeletal- and fat-targeted exercise program on QUS-derived bone 

quality, fat and metabolic health in pre- and early pubertal girls over the course of a school 

year.  We hypothesized that girls in the exercise group would experience greater 

improvements in parameters of bone, muscle and fat than age- and sex-matched controls. 
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6.3 Materials and methods 

6.3.1 Ethical approval 

Approval to perform the study was obtained from the Griffith University Human Research 

Ethics Committee (PES/25/11/HREC).  Two Gold Coast primary schools adopted study 

activities (i.e. testing only for the control school [CON], and testing plus exercise for the 

exercise school [EX]) as part of their physical education and/or health curricula for all year 5 

and 6 students.  Test results of children whose parents declined to consent to their 

involvement in the study were not included in study analyses. 

6.3.2 Study design 

We conducted a 9-mo, controlled, school-based exercise intervention.  The 10-min exercise 

sessions were incorporated into the daily schedule by the EX school on three consecutive 

days each week (Tues - Thurs), every week of the school year, with the exception of 

holidays.  In both EX and CON schools, baseline testing occurred at the commencement of 

the school year (T0), before the intervention was initiated, and follow up testing was 

undertaken in the final weeks of the school year after 9 months of the intervention (T9).  

School-based testing occurred over two school days.  Lab-based testing occurred an average 

of 2.5 weeks of either T0 or T9 time points. 

6.3.3 Participants  

Two local independent primary schools (Gold Coast, Australia) of essentially identical size 

and demographic (ethnicity and socioeconomic profile); having comparable school fees, 
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school hours, curricula and time devoted to physical education and other physical activities, 

were randomly allocated to control (CON) or exercise (EX). Of the 152 girls enrolled in fifth 

and sixth grades at those schools, 151 consented to inclusion of their test measures in the 

CAPO Kids data analyses.  Students were eligible for inclusion in the study if they were of 

sound general health, fully ambulatory, and gave their consent to participate.  Students were 

excluded if they were taking medications known to affect bone, muscle or metabolism, were 

recovering from a limb fracture or other immobilizing injury in the past six months, were 

affected by any condition not compatible with physical activity, or their parents declined to 

consent.  

6.3.4 Intervention activities 

The EX group participated in instructor-led (RN) exercise bouts comprising 10 minutes of 

continuous high intensity movements intended to improve musculoskeletal and metabolic 

health.  The approach was based on previous evidence that short duration, high intensity 

impact loading has been observed to enhance, not only bone in children (Morris, Naughton et 

al. 1997; Weeks and Beck 2008), but also, somewhat unexpectedly, metabolic parameters of 

adolescents (Barbeau, Johnson et al. 2007).  The goal of the CAPO Kids trial was to 

determine if a similarly brief exercise intervention for bone with a targeted aerobic 

component, could also improve metabolic outcomes of pre and peri pubertal children.   

The program was largely based on capoeira, a Brazilian sport that combines dance with 

martial arts, and a broad range of continuous movements of medium to high-impact, applied 

at varying speeds and directions in order to increase heart rate, and to load a variety of muscle 

groups and skeletal regions in the upper and lower body.  Activities varied from session to 

session; however, they comprised at least some of the following on each occasion: capoeira-



  Publication Three 

148 

 

specific movements (Ginga, kicks, and defence movements); jumps; hops; tuck jumps; jump-

squats; star jumps; cartwheels; and handstands (Table 7).  The number of repetitions was 

increased gradually such that, by the end of the year, a single session would include 

approximately 150 jumps and at least 50 kicks, in addition to 30 to 40 movements in an 

inverted position (with upper extremity weight-bearing).  The majority of jumps were 

performed with maximal effort, while other movements had an emphasis on speed.  

Occasional small prizes (e.g. balls and game vouchers) were provided to reward participation 

and improvement. 

The intention was for children to expend maximal energy during the session, but be ready to 

return to classroom activities directly afterwards.  Average total time away from the 

classroom was 15 minutes.  In all other respects EX school continued to undertake usual 

school activities.  
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Table 7: Descriptions of exercise activities 

Activity Description 
Repetitions 

per class 

Jumps Two-leg take off, followed by a two-leg landing ≈ 20 

Hops Single-leg take off, followed by a single-leg landing on the 

same side 

≈ 20 

Tuck-

jumps 

Double-leg jump, with hips and knees flexed during flight, 

bringing the knees into close proximity to the chest, and arms 

momentarily holding the knees when they reach the chest 

≈ 20 

Jump-

squats 

Double-leg jump, where the start and final position is with 

hips and knees flexed to approximately 90 degrees 

≈ 20 

Star jumps With feet together, jumping and positioning legs apart, at the 

same time the arms go up touching the hands above the head, 

and returning to the initial position, repetitively 

≈ 60-70 

Jump-

Lunges 

Taking a large step forward so that the knee is flexed to 90 

degrees as a start position, jumping while swapping legs, 

returning to start position with the opposite leg 

≈ 10 each leg 

Ginga Feet positioned shoulder-width apart, and then one foot is 

placed behind on the ball of the foot (ginga position).  The 

back foot returns to the initial position, and the other is 

placed back, imagining that a triangle is being drawn on the 

floor with the feet 

≈ 50-60 

Handstands From ginga position, the hands are placed on the ground 

shoulder-width apart and the legs kick up, together, open or 

with one leg forwards 

≈ 15 

Cartwheels Traditional movement, but performed slowly and with arms 

and legs slightly flexed 

≈ 15 

Bênção 

with jumps 

Starts from the ginga position.  A straight forward push kick 

is performed, with the ankle dorsi-flexed before returning to 

the base position.  The movement was executed combined 

with a jump  

≈ 8 each leg 
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6.3.5 Control activities 

Control school participants were aware of neither the intervention activity nor the overall purpose of 

the study.  Testing was undertaken as an educational activity focussed on measures of physical 

health.  In all other respects the control school continued to undertake usual school activities over 

the course of the intervention year. 

6.3.6 Data collection 

Testing was designed to evaluate metabolic and musculoskeletal parameters.  The majority of 

testing was conducted by the study investigators during physical education (PE) class time, while 

additional bone, muscle and fat measures took place at the Griffith University Bone Densitometry 

Research Laboratory. 

6.3.7 Anthropometrics 

Participants’ height and sitting height were measured to the nearest millimeter using the stretch 

stature method with a portable stadiometer (HART Sport and Leisure, Brisbane, Australia) and a 50 

cm flat stool.  Weight was measured to the nearest 0.1 kg using digital scales (Soehnle, Hamburg, 

Switzerland), with output blinded from the children.  Waist circumference was measured using an 

anthropometric tape measure (Lufkin Executive Thinline, Apex, USA) at the mid-point between the 

margin of the last pair of ribs and the iliac crest, taken at the end of gentle expiration (WHO 1989).  

Neither weight nor waist circumference measures were divulged to participants at the time of 

testing. 
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6.3.8 Assessment of maturity 

Maturity was estimated by calculating years to age of peak height velocity (YAPHV) based on the 

single measurement of several anthropometric parameters and an algorithm formulated by Mirwald 

and colleagues (2002).  The algorithm utilises sex, date of birth, height, sitting height and weight to 

predict the age of peak height velocity, which is then subtracted from chronological age to derive 

YAPHV.  We opted to use this non-intrusive method over Tanner staging in order to maintain 

participant privacy and to avoid recognised issues of under- and over-estimation of maturity during 

self-assessment (Weeks, Young et al. 2008).   

6.3.9 Performance measures 

Muscle power was determined by a maximal vertical jump test using a Yardstick (Swift 

Performance Equipment, Brisbane, Australia).  Participants stood with their feet shoulder-width 

apart, shoulders level, and their preferred arm raised with an extended elbow to determine the 

height of a standing reach.  A jump for maximal height was performed in countermovement fashion 

without arm swing to touch the highest possible peg on the Yardstick.  Maximal vertical jump 

height was determined as the difference between the height of a standing reach and total jump 

height.  The best of five attempts following a practice attempt was recorded.    

Aerobic capacity was determined by a 20-meter shuttle-run test (a.k.a. the beep test).  Participants 

ran between two points marked 20 meters apart with lap pace determined by a pre-recorded audible 

tone sounding at progressively shorter levels.  When a participant was unable to meet the required 

pace on successive laps, the number of successfully completed levels was recorded.  Using the 

algorithm developed by Leger et al. maximal oxygen consumption (VO2 max) was estimated 

according to the velocity associated with the level reached by the participant (VO2 max = 31.025 

+ (3.238 × velocity) - (3.248 × age ) + (0.1536 × age × velocity)  (Léger, Mercier et al. 1988).   
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6.3.10 Cardiovascular measures 

Resting heart rate (beats/min) was measured by a single investigator (RN) from the radial pulse 

after the participant had been resting supine for 15 minutes.  Resting blood pressure (mmHg) was 

then measured manually using a stethoscope, sphygmomanometer and cuff.  Participants were 

seated with their left arm extended and supported by the investigator.  The cuff was placed around 

the arm and inflated, before steadily deflating.  The first and fifth Korotkoff sounds were used to 

designate systolic and diastolic blood pressures per usual practice. 

6.3.11 Lifestyle characteristics 

Validated questionnaires were used to estimate relevant physical activity participation and nutrient 

intake.  The bone-specific physical activity questionnaire (BPAQ) was used to quantify historical 

bone-relevant physical activity participation (Weeks and Beck 2008).  Participants were asked to 

record all regular physical activities that they have participated in during their life and the years 

when participation took place.  Participants recorded the specific frequency of regular physical 

activities performed in the last 12 months.  Total, current and past BPAQ scores were then 

calculated from questionnaire responses using the on-line BPAQ calculator 

(http://www.fithdysign.com/BPAQ/).  The intraclass correlation coefficients (ICC) for intra- and 

inter-operator reliability have previously been reported as 0.93, 0.97 and 0.97, and  0.86, 0.93 and 

0.92, respectively for current, previous and total BPAQ-derived physical activity scores (Weeks, 

Hirsch et al. 2011). 

The Australian Child and Adolescent Eating Survey food frequency questionnaire (ACAES FFQ) 

was used to record food intake in order to estimate average nutritional intake over a three-day 

period (Watson, Collins et al. 2009).  Participants answered 120 items about their diet, and 15 

supplementary questions about age, use of vitamin supplements and sedentary behaviour.  The 

http://www.fithdysign.com/BPAQ/
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questionnaire has been validated for self-administration for children from nine to 16 years old and 

was completed independently during class time.  The ACAES FFQ was computer analysed 

remotely per the questionnaire guidelines, and calcium consumption derived.  

6.3.12 Bone measures 

6.3.12.1 Calcaneal ultrasound  

Broadband ultrasound attenuation (BUA) (dB/MHz) and stiffness index (SI) (%) of the non-

dominant calcaneus were obtained from quantitative ultrasonometry (Lunar Achilles 
TM 

Insight, 

GE).  Coefficients of variation for BUA and SI from a subsample (n=10) of repeated QUS measures 

with repositioning were 1.8% and 1.0%, respectively.  

6.3.12.2 DXA and pQCT measures – a subsample data collection 

Participants were invited to attend the Bone Densitometry Research Laboratory to undergo a full 

suite of dual-energy x-ray absorptiometry (DXA) (XR800, Norland Medical Systems, USA) and 

peripheral Quantitative Computed Tomography (pQCT) (XCT-3000, Stratec Medizintechnik 

GmbH, Pforzheim, Germany) measures, however only a small subsample (13%) were willing to do 

so.  Bone mineral content (BMC) and density (BMD) of the whole body (WB), lumbar spine (LS) 

and non-dominant hip (femoral neck, FN; and trochanter, TR) were examined using DXA.  Lean 

and fat tissue mass were also derived from whole body DXA scans.  Bone structural strength (IBS), 

material stiffness (E) and cross-sectional moment of inertia (CSMI) were calculated from hip and 

spine BMD scans as previously described (Sievänen, Kannus et al. 1996).  Non-dominant tibial (4% 

and 38% proximal to the distal endplate) and radial (4% and 66% proximal to the distal endplate) 

bone strength measures were undertaken with pQCT.  PQCT parameters reported were: total 

content, total density, total area, trabecular content, trabecular density, trabecular area, total and 
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trabecular bone strength index (BSI) at 4% sites, and cortical content, cortical density, cortical area, 

cortical thickness, cross-sectional area (CSA), periosteal and endosteal circumferences at the 

proximal (38% and 66% sites).  

6.3.13 Statistical analyses 

Both per protocol and intention to treat (ITT, mean values imputed) analyses were conducted.  One-

way ANOVA was used to examine baseline differences between EX and CON, while two-way 

analysis of covariance (ANCOVA) was used to determine exercise effects.  Covariates of weight, 

maturity, baseline values, physical activity and calcium consumption were employed to examine 

between-group differences. 

A priori sample size estimation was calculated on the bone variable that typically exhibits the 

lowest measurement precision, that is, BUA.  Based on a previously observed between-group effect, 

to observe a mean difference of 4 dB/MHz with a standard deviation of 12 dB/MHz (Weeks, Young 

et al. 2008) using two-way ANOVA, for 80% power with an alpha level of 0.05, we required a total 

of 142 participants (i.e. group n of 71).  All statistical analyses were performed with SPSS version 

21.0 for Windows (IBM, Chicago, USA).   

 

6.4 Results 

6.4.1 Participant characteristics at baseline 

Of the 151 girls who consented to participate in the study, 147 were available to undertake baseline 

testing (T0), and 138 for follow up testing (T9).  There were 76 girls in EX and 75 in CON.  Three 
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participants from CON did not attend baseline testing, while another five did not attend follow up, 

for a total of 67 participants in CON (11% attrition).  One participant from EX did not attend 

baseline testing and four others did not participate in follow up testing, for a total of 71 participants 

in the EX (9% attrition) (Figure 18).  There were no differences in baseline physical or lifestyle 

characteristics between those who did not undergo follow up testing and those who did.  As results 

of the intention to treat and per protocol analyses were essentially the same, we elected to report per 

protocol findings unless otherwise indicated.  In total, data from 138 children were included in the 

per protocol analysis (i.e. 91% of the original consenting cohort).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: CONSORT diagram of participant flow 

 

 



  Publication Three 

156 

 

At baseline, the combined sample averaged 10.6 ± 0.6 years old, weighed 38.3 ± 8.4 kg, and was 

1.43 ± 0.07 m tall.  Average BMI was 18.5 ± 3.1 kg/m
2
 and waist circumference was 66.0 ± 9.9 cm.  

EX and CON were similar in almost all respects at baseline.  EX exhibited a slightly lower 

estimated VO2 max than CON (25.89 ± 4.98 vs. 32.80 ± 6.19 ml/kg/min, p = 0.001), which was 

managed by controlling for baseline 20-meter shuttle run test score in the analysis of treatment 

effect.  Physical activity levels (current, past and total BPAQ scores) were very similar between 

groups (total BPAQ score: 37.3 ± 38.9 vs. 42.6 ± 41.2, p = 0.484).  Calcium intake was lower for 

EX than CON at baseline (848.6 ± 464.1 vs. 1148.3 ± 649.1 g, p = 0.003) and therefore was 

controlled in the ANCOVA for treatment effect. 

6.4.2 Nine-month change in metabolic and performance measures 

Changes in physical and performance measures for both groups are presented in Table 8.  EX 

improved more than CON in resting heart rate (-7.2% vs. -1.8%, p < 0.01), maximal vertical jump 

(+13.4% vs. -1.2%, p < 0.001), estimated VO2 max (+10.6% vs. +1.0%, p < 0.001), and waist 

circumference (+2.7% vs. +5.6%, p < 0.001) (Figure 19).  Similar results were observed after 

controlling for skeletal maturity (i.e. YAPHV), baseline values and weight.  While EX gained a 

significant amount of weight during the exercise period (p < 0.05), there was no between-group 

difference in weight change.  No other significant between-group differences in change were 

observed for any other physical, metabolic, or performance parameter. 
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Figure 19: Percent change in waist circumference, vertical jump, resting heart rate and 

estimated VO2 max for CON and EX groups following the 9-month exercise intervention 

Abbreviations: VO2 max = maximal oxygen consumption. 

Colour code: Black = Control; Grey = Intervention 

* p ≤ 0.05  
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Table 8: Mean baseline and nine-month measures (including percent change) in physical and lifestyle characteristics (N = 138) 

Parameter Control (n = 67) Intervention (n = 71) 
 

Baseline Follow up % Baseline Follow up % p 

Age (years) 10.7 (0.6) 11.4 (0.6) 6.5 10.5 (0.6) 11.3 (0.6) 7.6 0.106 

YAPHV (years) -1.3 (0.6) -0.7 (0.6) -46.2 -1.2 (0.6) -0.6 (0.6) -50 0.394 

Weight (kg) 37.2 (7.2) 39.3 (9.4)† 5.6 39.3 (9.4) 43.0 (10.2)† 9.4 0.391 

Standing height (m) 1.425 (0.071) 1.464 (0.072) 2.7 1.442 (0.067) 1.482 (0.070) 2.8 0.230 

Sitting height (m) 0.738 (0.035) 0.754 (0.036) 2.2 0.741 (0.035) 0.766 (0.039) 3.4 0.565 

Waist circumference (cm) 64.4 (8.2) 68.0 (8.6) 5.6 67.5 (11.1) 69.3 (10.6) 2.7 0.000* 

Resting heart rate (beats/min) 67.2 (5.0) 66.0 (5.6) -1.8 71.8 (7.2) 66.6 (6.5) -7.2 0.012* 

MAP (mmHg) 77.13 (7.23) 75.38 (7.58) -2.3 72.52 (9.31) 72.83 (8.68) 0.4 0.408 

Vertical jump (cm) 32.4 (5.4)** 32.0 (5.1) -1.2 29.9 (5.5)** 33.9 (5.5) 13.4 0.000* 

Estimated VO2 max  (ml/kg/min) 32.8 (6.19)** 33.12 (6.30)
†
 1.0 25.89 

(4.98)** 

28.63 (5.77)
†
 10.6 0.000* 

BUA (dB/MHz) 94.4 (8.3) 95.7 (11.5) 1.4 94.2 (10.6) 98.8 (12.6) 4.9 0.046* 

SI (%) 77.5 (7.9) 81.7 (11.3) 5.4 79.9 (8.8) 85.9 (12.4) 7.6 0.145 

Abbreviations: YAPHV = Years to age of peak height velocity; BUA = Broadband ultrasound attenuation; SI = Stiffness index; VO2 max = 

maximal oxygen consumption. MAP = Mean Arterial Pressure P values represent between-group comparisons of percent change.  

* = p ≤ 0.05; ** = p ≤ 0.05, Difference between groups at baseline; † = p ≤ 0.05, Difference between groups at follow up. 
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6.4.3 Nine-month change in bone, fat and lean tissue parameters 

EX increased calcaneal BUA more than CON (+4.9% vs. +1.4%, p = 0.05), with a stronger level of 

significance observed from the ITT analysis (p = 0.019) (Figure 20).  No differences were found in SI 

(Table 8).  For the sub-sample of participants who underwent DXA scans, greater improvements in LS 

IBS were observed for EX girls compared to CON (+24.4% vs. +12.0%, p = 0.006) (Table 9).  Although 

no other comparisons of densitometric parameters reached significance, girls from EX tended to increase 

both lean and fat mass more than CON.  

Radius total bone mineral content at the 4% site tended to increase more in EX than CON (+36.1% vs. 

+10.7%, p = 0.065), and there was a tendency for greater improvements in radial cortical density at the 

66% site in EX than CON (+2.7% vs. +0.3%, p = 0.072).  There were no significant between-group 

differences in any pQCT-derived tibial parameters, although a tendency for greater change in tibia total 

density at 4% was apparent (+11.5% vs. -1.2%, p = 0.234) (Table 9). 
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Table 9: Mean baseline and nine-month measures for subgroup with percent change in DXA and pQCT tibial and radial measures (N = 

18) 

Parameter 
Control (n = 6) Intervention (n = 12)  

Baseline Follow up % Baseline Follow up % p 

Lean Mass (Kg) 23.27 (3.50) 25.40 (4.93) 9.2 23.44 (5.27) 27.08 (6.19) 15.5 0.353 

Fat Mass (Kg) 13.57 (3.88) 13.59 (3.68) 0.1 15.95 (5.32) 17.16 (6.46) 7.6 0.598 

WB BMC (g) 1561.67 (87.44) 1701.50 (117.21) 9.0 1523.67 (225.67) 1732.8 (314.97) 13.7 0.443 

WB BMD (g/cm
2
) 0.729 (0.020) 0.744 (0.045) 2.1 0.705 (0.062) 0.758 (0.085) 7.5 0.083 

LS BMC (g) 21.1 (3.0) 23.2 (3.6) 10.0 20.4 (4.2) 24.8 (7.2) 21.6 0.249 

LS BMD (g/cm
2
) 0.686 (0.072) 0.729 (0.058) 6.3 0.653 (0.091) 0.725 (0.124) 11.0 0.318 

LS IBS (g
2
/cm

4
) 0.606 (0.154) 0.679 (0.113) 12.0 0.553 (0.154) 0.688 (0.238) 24.4 0.006* 

FN BMC (g) 3.051 (0.278) 3.243 (0.387) 6.3 2.770 (0.455) 3.112 (0.559) 12.3 0.309 

FN BMD (g/cm
2
) 0.712 (0.062) 0.757 (0.077) 6.3 0.672 (0.085) 0.739 (0.105) 10.0 0.590 

Tibial total content 4% (mg) 199.38 (19.19) 197.21 (19.76) -1.1 176.16 (28.61) 186.28 (21.67) 5.7 0.867 

Tibial trabecular density 4% (mg/cm
3
) 243.05 (10.15) 233.60 (10.74) -3.9 232.64 (26.05) 230.38 (26.63) -1.0 0.790 

Tibial  cortical density 38% (mg/cm
3
) 1046.33 (25.57) 1049.30 (26.59) 0.3 1032.96 (34.67) 1049.43 (25.99) 1.6 .965 

Radial Total content 4% (mg) 48.40 (10.91) 50.41 (5.16) 4.1 41.20 (6.65) 52.66 (11.17) 27.8 0.065 

Radial Trabecular density 4% (mg/cm
3
) 219.56 (19.12) 224.08 (23.39) 2.1 218.32 (29.85) 230.23 (22.75) 2.2 0.674 

Radial Cortical density 38% (mg/cm
3
) 1004.74 (34.50) 1008.04 (25.94) 0.3 992.41 (42.25) 1019.5 (32.61) 2.7 0.072 

Abbreviations: BMC = bone mineral content; BMD = bone mineral density; FN = femoral neck; LS = lumbar spine; WB = whole body; TR = 

trochanter; IBS = index of bone structural strength. P values represent between-group comparison of percent change. * = p ≤ 0.05; ** = p ≤ 0.05, 

Difference between groups at baseline; † = p ≤ 0.05, Difference between groups at follow up. 
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Figure 20: Percent change in BUA and WB, tibial and radial BMD for CON and EX 

groups following the 9-month exercise intervention 

Abbreviations: BUA = Broadband ultrasound attenuation. 

Colour code: Black = Control; Grey = Intervention 

* p ≤ 0.05 

6.4.4 Compliance 

Overall loss to follow-up was 9% and was related mainly to student relocation or absence 

from school on the days of testing.  Mean compliance for the exercise intervention was 90%, 

with missed sessions directly attributable to absence from school.   

6.5 Discussion 
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Our aim was to determine the effect of a novel, targeted, thrice weekly, brief, in-school 

exercise regime (i.e. capoeira combined with jumping) for a school year on parameters of 

musculoskeletal and metabolic health in pre- and early-pubertal girls.  We found that the 

exercise intervention improved calcaneal BUA, resting heart rate, waist circumference, 

vertical jump and VO2 max.  Improvements were also observed in lumbar spine strength and 

a number of parameters of bone geometry as a result of the intervention, but the subsample of 

DXA and pQCT measure was insufficiently powered to be conclusive. 

BUA, a measure of frequency dependence of ultrasound attenuation, has been shown to 

predict bone strength, due to the relationship with trabecular microstructure and mechanical 

properties (Wünsche, Wünsche et al. 2000).  There is some evidence that exercise may 

improve the BUA of  children (Lehtonen-Veromaa, Möttönen et al. 2000; Nemet, Berger-

Shemesh et al. 2006; Weeks, Young et al. 2008) and adults (To and Wong 2012).  For 

example, an 8-month, 10-minute jumping-related intervention improved BUA of adolescent 

girls (Weeks, Young et al. 2008), and a 3-month exercise intervention improved bone 

strength in obese children (Nemet, Berger-Shemesh et al. 2006).  Our intervention likewise 

improved BUA of EX compared to CON reinforcing the ability of brief, high intensity impact 

loading to stimulate positive adaptive responses in growing bones.   

Numerous studies have demonstrated that school-based weight-bearing exercise interventions 

can improve DXA-derived bone parameters of children (Morris, Naughton et al. 1997; 

Heinonen, Sievänen et al. 2000; McKay, Petit et al. 2000; Fuchs, Cusimano et al. 2002; Van 

Langendonck, Claessens et al. 2003; MacKelvie, Petit et al. 2004; Linden, Ahlborg et al. 

2006; Hind and Burrows 2007; Schneider, Dunton et al. 2007; Macdonald, Kontulainen et al. 

2008; Weeks, Young et al. 2008).  For instance, a 7-month jumping program (10 mins 

jumping, 3/week) improved FN BMC, LS BMC and BMD of prepubescent children (Fuchs, 

Bauer et al. 2001) .  Others reported improvement in WB and LS BMC, but not FN for pre 
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and early pubertal girls after an 11-month trial of skipping and aerobic activities plus 30 

counter movement jumps (15 mins/day, 5/week) (Macdonald, Kontulainen et al. 2008).  In 

addition, an 8-month twice-weekly 10-minute jumping intervention improved FN BMC and 

LS BMAD in peri-pubertal female adolescents (Weeks, Young et al. 2008).  By contrast, 

combined aerobic and strength training 4 times per week with 500 mg of calcium per day for 

9 months improved spine BMC but not BMD at any measured site in adolescent girls 

(Schneider, Dunton et al. 2007).  A number of other exercise interventions have not evoked 

BMD effects in pre, early or peripubertal children (MacKelvie, Petit et al. 2004; Schneider, 

Dunton et al. 2007; Weeks, Young et al. 2008).  We similarly did not observe between-group 

differences in DXA-derived BMD and BMC measures following the CAPO Kids 

intervention for the sub-sample group.  While it is possible the intervention did not 

adequately stimulate bone, our lack of ability to detect DXA-derived bone mass differences 

between groups is potentially a function of the relatively small subsample who were willing 

to attend the densitometry laboratory for measures.   

In accord with a number of other findings of pediatric exercise interventions (Heinonen, 

Sievänen et al. 2000; Johannsen, Binkley et al. 2003), we did not detect significant between-

group differences in pQCT-derived parameters of bone geometry or volume.  For example, 

nine months of twice-weekly step-aerobics did not improve tibial cortical density, CSA and 

BSI of pre and post menarcheal girls (Heinonen, Sievänen et al. 2000).  Likewise, a 12-week 

intervention composed of 25 jumps daily from a 45-cm box did not improve bone at 

trabecular sites (e.g. the 4% sites of tibia and radius) during a period of rapid growth 

(Johannsen, Binkley et al. 2003).  Our exercise intervention was novel in that it was 

specifically designed to also improve the strength of upper extremity bones that are not 

typically loaded during weight-bearing exercise, but are at considerable risk of childhood and 

osteoporotic fracture subsequent to a fall (Goulding, Cannan et al. 1998). The tendency for 
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the EX group to improve total content and cortical density of the radius may reflect a positive 

effect of the novel upper extremity loading stimulus. 

It is frequently asserted that exercise is most osteogenic if undertaken prior to puberty, and 

there is some evidence to support the assertion (Heinonen, Sievänen et al. 2000; Bass, Saxon 

et al. 2002).  It is important to note however, that much of the evidence is observational 

(Haapasalo, Kannus et al. 1998) or based on data sets that have only included pre-pubertal 

children (MacKelvie, Petit et al. 2004).  In fact, a growing body of evidence exists to suggest 

it is not universally the case (Petit, McKay et al. 2002; Weeks, Young et al. 2008).  For 

instance, Petit and colleagues (2002) did not observe change in FN BMD in prepubertal girls 

after a 7-month intervention of twice-weekly 10 to 12 minutes of high-impact exercise, but 

significant gains were detected in early pubertal girls. We could not perform a direct 

comparison of response in our study in light of the narrow age range of our participants; 

however we note that controlling for years to age at peak height velocity did not change the 

outcomes of our analyses.  That is, responses to our exercise program could not be attributed 

to maturity. 

Waist circumference predicts visceral abdominal adiposity, which is closely associated with 

obesity and metabolic syndrome (Onat, Barlan et al. 2004).  As waist circumference increases 

during growth, our observation of increased waist circumference in both groups was to be 

expected.  That the increase for CON was significantly greater than EX suggests the exercise 

intervention prevented a degree of accumulation of abdominal adiposity over the course of 

the 9 months and is in accord with a previous report (Barbeau, Johnson et al. 2007).  Our 

recent meta-analysis (Nogueira, Weeks et al. 2013) revealed that a number of bone-targeted 

exercise programs have previously evoked positive adaptations in both bone and fat in 

childhood.  For example, a 9-month, 10-minute jumping and non-impact activity intervention 

program improved FN BMD and BMC and reduced fat mass in prepubertal girls (Van 
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Langendonck, Claessens et al. 2003).  Studies that implemented longer duration moderate to 

vigorous physical activities (MVPA) plus high -impact exercises especially found positive 

results for fat reduction after intervention (Morris, Naughton et al. 1997; Linden, Ahlborg et 

al. 2006).  For instance, a 30-min MVPA combined with weight-bearing training for 10 

months showed improvement in not only WB, LS and FN BMD and BMC, but also total 

body fat (Morris, Naughton et al. 1997).  Our findings also suggest that positive changes in 

body composition can be evoked from simple, brief, bone-specific training in youth.   

In addition to improving bone and fat mass, muscle loading during high-impact exercises also 

can increase lean mass and muscle strength (Morris, Naughton et al. 1997; Van 

Langendonck, Claessens et al. 2003; MacKelvie, Petit et al. 2004; Linden, Ahlborg et al. 

2006; Schneider, Dunton et al. 2007; Weeks, Young et al. 2008).  Our observation that the 

current exercise intervention tended to increase lean mass supports the findings of our meta-

analysis (Nogueira, Weeks et al. 2013) that bone-specific exercise tends to be beneficial to 

both bone and muscle mass (Van Langendonck, Claessens et al. 2003; Weeks, Young et al. 

2008).  The above-mentioned weight-bearing and MVPA studies also observed 

improvements in lean mass after exercise training that improved bone (Morris, Naughton et 

al. 1997; Linden, Ahlborg et al. 2006).  The significant improvements we observed in 

estimated VO2 max and maximum vertical jump suggest that lean mass improvements were 

accompanied by meaningful performance benefits. 

6.5.1 Limitations 

The primary limitation of the current study was the relatively low number of participants who 

were able to attend testing at the Griffith University Bone Densitometry Research 

Laboratory.  Those low numbers likely reduced our ability to detect between-group 
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differences in DXA- and pQCT-derived bone parameters.  We attempted to address the 

predicted reluctance of parents to bring their children for testing on campus outside of school 

hours by taking our portable QUS device to the schools in order to capture heel bone data 

from the full cohort along with all other in-school measures. 

6.6 Conclusion 

Our simple, novel, nine-month, in-school exercise intervention of thrice weekly, 10 minutes 

capoeira plus jumping (CAPO Kids) improved musculoskeletal, metabolic and fat outcomes 

in pre- and early-pubertal girls in comparison with controls.  Furthermore, the program was 

found to be enjoyable and feasible for all participants and amenable to incorporation into a 

primary school day without disruption to the academic schedule.  Findings provide optimism 

that similar interventions can be adopted more broadly in primary school systems to optimise 

the health of children at a critical stage in their physical development in order to minimise the 

risk of lifetime chronic diseases. 
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Characterisation of the mechanical loads and 

metabolic intensity of the CAPO Kids exercise 

intervention for healthy primary school 

children 
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Précis: 

The following manuscript was submitted to the Research in Sports Medicine in September 

2014 and is currently under review.  The aim of this study was to characterise the metabolic 

and musculoskeletal load intensity of the most common CAPO Kids exercise intervention 

activities.  Specifically, the study was developed to estimate the loads on the lower and upper 

limbs of the participants, as well as quantify energy expenditure during a CAPO Kids session.  

A copy of the manuscript follows. 
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7.1 Abstract 

Purpose:  Sedentarism is associated with obesity and poor musculoskeletal health.  Targeted 

exercise interventions can reduce the risk of chronic disease.  The nature of exercise that can 

both optimise energy expenditure and stimulate bone adaptation is highly specific.  The aim 

of the current study was to characterise the metabolic and musculoskeletal load intensities of 

the recent CAPO Kids exercise intervention to determine specificity for bone and metabolism 

benefits.  Methods:  Forty-eight pre and early pubertal children from the CAPO Kids trial 

wore an armband sensor (SenseWear Armband, BodyMedia) to estimate energy expenditure 

during a 10-minute CAPO Kids session.  Eleven participants performed CAPO Kids 

manoeuvres from the session on a force platform (Advanced Mechanical Technology) to 

determine vertical ground reaction forces.  Results:  In total, 28 boys and 20 girls (10.4 ± 0.5 

years old) were included in the study.  The energy expenditure associated with the 10-minute 

session was 39.7 ± 9.3 kcal, with an average of 4 kcal/min.  The intensity of physical activity 

was ‘vigorous’ to ‘very vigorous’ for 34% of the session.  Vertical ground reaction forces of 

the CAPO Kids manoeuvres ranged from 1.3 ± 0.2 BW (cartwheels) to 5.4 ± 2.3 BW (360° 

jump).  Conclusion:  CAPO Kids generates adequate load intensity to stimulate positive 

health adaptations in both metabolic and musculoskeletal systems of pre and early pubertal 

children.  

Key words:  Children; energy expenditure; ground reaction forces; physical activity.  
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7.2 Introduction 

Despite our increasing knowledge of the positive impact of physical activity during childhood 

for long term health, children are becoming less active (Boreham and Riddoch 2001; 

Tremblay, LeBlanc et al. 2011).  Childhood sedentary behaviour is strongly associated with 

obesity (Must and Tybor 2005; Pearson and Biddle 2011) and is also known to predict 

overweight in adolescence and adulthood (Guo, Wu et al. 2002; Magarey, Daniels et al. 

2003).  In addition, sedentary behaviour is related to other chronic metabolic diseases, such 

as osteoporosis, type 2 diabetes and ischaemic heart disease (Katzmarzyk, Church et al. 2009; 

Dunstan, Barr et al. 2010; Tremblay, LeBlanc et al. 2011).  Increasing physical activity 

participation in school is notionally a very practical method to improve the health of children 

at the population level (Boreham and Riddoch 2001).  An exercise regime that would 

effectively improve the health of multiple body systems, however, is yet to be described.  For 

instance, it is well known that increasing the duration of physical activity is an effective 

strategy to enhance cardiovascular function (Haskell, Lee et al. 2007), but not the skeletal 

system.  To stimulate the latter system, short duration, high intensity loading is required.  

Exercise prescriptions can be manipulated in terms of frequency (exercise bouts per week), 

intensity (metabolic and musculoskeletal load), duration (length of exercise bout), and 

exercise type (Must and Tybor 2005).  The current physical activity recommendation for 

children includes 60 minutes of moderate to vigorous exercise per day (Twisk 2001; Strong, 

Malina et al. 2005; Janssen 2007).  Measures of intensity traditionally focus on 

cardiovascular or metabolic load and are classified in terms of heart rate and estimates of 

energy expenditure (EE).  Such measures, however, fail to capture characteristics of 

mechanical intensity that are vital to the musculoskeletal response.  In order to identify 

childhood activities that are broadly beneficial to multiple systems, it is important to know 
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the intensity of both cardiovascular/metabolic load and musculoskeletal load.  Furthermore, 

from a psychosocial standpoint, variety and enjoyment are critically important elements of an 

exercise program that contribute to uptake and ongoing engagement.   

The CAPO Kids program was a recent brief and enjoyable in-school exercise intervention 

designed to improve the musculoskeletal and metabolic health of pre and peripubertal 

children (Nogueira, Weeks et al. 2013; Nogueira, Weeks et al. 2014).  The goal of the 

program was to simultaneously appliy a moderate to vigorous aerobic load and high intensity 

impact loading.  Exercises were based on capoeira, a Brazilian sport that combines martial 

art, dance and music, presenting a new and interesting activity for the participants. Capoeira 

was supplemented with high-impact activities including a variety of jumps and upper limb 

loading activities.  The program improved bone health and metabolic factors such as waist 

circumference, resting heart rate and maximal oxygen uptake over a nine month period 

(Nogueira, Weeks et al. 2013; Nogueira, Weeks et al. 2014).   

The aim of the present study was to characterise the biomechanical and metabolic loads of 

the CAPO Kids exercise program.  Those data will allow others to make an informed 

judgement with regards to the potential of the program to produce metabolic and 

musculoskeletal benefit or other outcomes. 

7.3 Methods 

7.3.1 Study design and ethical approval 

We conducted an observational study of metabolic and mechanical loads experienced by 

participants in the CAPO Kids trial.  Ethical approval was obtained from the Griffith 
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University Human Research Ethics Committee (PES/35/12/HREC), and all participants gave 

informed consent to be included in the study.   

7.3.2 Participants 

A sample of the Year 5 and 6 primary school children (9.7-11.4 years of age) who were 

participating in the 9-month CAPO Kids exercise intervention were recruited for the current 

study.  Participants were included if they were healthy, ambulant, and enrolled in the exercise 

arm of the trial.  Participants were excluded if they had a metabolic, endocrine or renal 

condition; were taking medications known to affect bone, muscle or fat metabolism; were 

recovering from a serious lower limb fracture or other immobilising injury in the past six 

months; or were affected by any condition not compatible with short bouts of physical 

activity. 

Participants were invited to wear a SenseWear Armband (SWA, BodyMedia, Pittsburgh, PA, 

USA) for the entirety of one CAPO Kids exercise bout in order to have parameters of 

metabolic intensity measured.  The same participants were also invited to attend a single 

session of testing at the Biomechanics Laboratory at Griffith University in order to have the 

ground reaction forces (GRF) associated with intervention activities measured on a force 

platform.  

7.3.3 Data collection 

7.3.3.1 Anthropometrics 

Anthropometric measures included standing and sitting height (portable stadiometer, HART 

Sport and Leisure, Australia and a 50 cm stool), and body weight (digital scale, Charder MS 
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3200, CE, Taichung City, Taiwan).  Body mass index (BMI) was determined from weight 

and height per the accepted method (BMI = weight/height
2
, kg/m

2
).  

7.3.3.2 Measurement of metabolic load 

Total energy expenditure (EE) was estimated by the SenseWear Pro Armband monitor (SWA 

version 7.0; BodyMedia, Pittsburgh, PA, USA), using child-specific algorithms (Calabró, 

Welk et al. 2009).  The SWA is a wireless, non-invasive multiple-sensor device that collects 

data derived from skin temperature, galvanic skin response (electrical conductivity of skin) 

and heat flux when placed on the left arm (on the triceps brachii, mid-way between shoulder 

and elbow) (St-Onge, Mignault et al. 2007).  The tri-axial inbuilt accelerometers record 

motion and the total number of steps in an exercise bout.  Measures of energy expenditure are 

calculated using manufacturer software which incorporates user inputted weight, height, sex 

and age.  Physical activity EE is presented in calories (kcal) and in metabolic equivalents 

(MET), to characterise the ‘metabolic intensity’ of a bout of exercise.  The device has been 

validated for measures of EE in resting and exercise conditions, for adults (Fruin and Rankin 

2004; Jakicic, Marcus et al. 2004) and children (Arvidsson, Slinde et al. 2007; Calabró, Welk 

et al. 2009).  Participants wore the SWA while resting for ten minutes before each trial, 

according to manufacturer recommendations.  The participant then wore the SWA for a full 

10-minute CAPO Kids session (Table 10).  

Data from the SWA were downloaded onto a personal computer and processed using 

SenseWear software version 7.0.  The data includes minute-by-minute values for EE (kcal), 

intensity (METs) and number of steps according to in-built algorithms (Calabró, Welk et al. 

2009).  Moderate (3.0 to 5.9 METs), vigorous (6.0 to 8.9 METs), and very vigorous activity 

(> 9.0 METs) (Nader, Bradley et al. 2008) was categorised by the software, based on a 
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proprietary equation that has been validated to estimate EE in children (Calabró, Welk et al. 

2009). 

7.3.3.3 Ground reaction force measures 

Vertical ground reaction force (vGRF) parameters were measured for 11 of the most common 

jumps and capoeira manoeuvres included in the CAPO Kids intervention trial (Table 10). 

Vertical GRF, including magnitude of and rate of force application, were collected at 1 kHz 

using two 900 mm x 600 mm strain gauge bridge force platforms (Advanced Mechanical 

Technology, Inc, MA, USA).  As all participants were participants of the CAPO Kids trial at 

the time and had completed five months of the intervention, they were familiar with and 

competent in all measured activities.  A single investigator (RN) demonstrated each activity 

prior to participant performance.  Participants were instructed to perform each activity 

barefoot, to simulate the typical CAPO Kids session.  After several practice attempts, three 

consecutive attempts of each activity were executed on the force platform.  

GRFs were expressed in bodyweights (BW) and the average peak vGRF (BW) and rate of 

force application (BW/s) were calculated for each activity from three successful trials using 

custom-designed software in Matlab 7.8.0 (The MathWorks, Natick, MA).   

7.3.3.4 Statistical analysis 

Statistical analyses were performed with SPSS version 22.0 for Windows (IBM, Chicago, 

IL).  Descriptive statistics were calculated, including means and standard deviations for 

participant characteristics and means, standard deviations and 95% confidence intervals for 

all dependent variables derived from SWA and GRF collection.  Independent t tests were 

used to examine sex differences.  Statistical significance was determined to be ≤ 0.05.     
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Table 10: Descriptions of CAPO Kids exercise activities (adapted from Nogueira et al., 

2014)   

Activity Description 

Hops Single-leg take off, followed by a single-leg landing on the same side 

Hops plus 

martelo 

Single-leg take off, followed by a single-leg landing on the same side, 

performing a push kick with hanging foot, with the ankle extended (martelo), 

and returning to the ginga position 

Tuck-

jumps 

Double-leg jump, with hips and knees flexed during flight, bringing the knees 

into close proximity to the chest, and arms momentarily holding the knees when 

they reach the chest 

360-jumps Double-leg jump, whereby the body is rotated 360 degrees to either the left or 

right before landing 

Star jumps With feet together, jumping and positioning legs apart, at the same time the arms 

go up touching the hands above the head, and returning to the initial position, 

repetitively 

Jump-

Lunges 

Taking a large step forward so that the knee is flexed to 90 degrees as a start 

position, jumping while swapping legs, returning to start position with the 

opposite leg 

Ginga Feet positioned shoulder-width apart, and then one foot is placed behind on the 

ball of the foot (ginga position).  The back foot returns to the initial position, and 

the other is placed back, imagining that a triangle is being drawn on the floor 

with the feet – the whole movement is called ginga 

Handstands From ginga position, the hands are placed on the ground shoulder-width apart 

and the legs kick up, together, open or with one leg forwards 

Cartwheels Traditional movement, but performed slowly and with arms and legs slightly 

flexed 

Jump plus 

martelo 

 

Starts from the ginga position.  After a jump on the ginga position, a push kick 

is performed with the back foot, with the ankle extended before returning to the 

ginga position (martelo).   

Running Running fast on the spot 
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7.4 Results 

7.4.1 Participant characteristics 

A total of 48 children (28 boys; 20 girls) participated in the study.  All participants completed 

SWA data collection, while a subsample of 11 children (6 boys; 5 girls) completed GRF data 

collection.  Descriptive characteristics are provided in Table 11.  Participants in the combined 

sample (i.e. boys and girls together) were 10.4 ± 0.5 years old, weighed 36.3 ± 7.6 kg, and 

were 1.43 ± 0.06 m tall.  Average BMI was 17.8 ± 3.1 kg/m
2
 and waist circumference was 

64.8 ± 9.9 cm.   

 

Table 11: Participant characteristics (n = 48) 

Characteristic Whole Group Boys (n = 28) Girls (n = 20) P 

Age (years) 10.4 ± 0.5 10.4 ± 0.5 10.4 ± 0.5 0.732 

Weight (kg) 36.3 ± 7.6 35.8 ± 6.9 37.1 ± 8.7 0.565 

Standing height (m) 1.43 ± 0.06 1.43 ± 0.06 1.43 ± 0.07 0.956 

Body mass index (kg 
.
 m

-2
) 17.8 ± 3.1 17.5 ± 2.8 18.1 ± 3.6 0.523 

Estimated VO2 max (ml 
.
 kg

-1
 
.
 min

-1
) 27.5 ± 7.0 28.9 ± 7.8 25.5 ± 5.1 0.101 

7.4.2 Metabolic measures 

Results for metabolic measures including energy expenditure (kcal and METs), number of 

steps and intensity of PA for combined and sex-specific samples are presented in Table 12.  

The average duration of the CAPO Kids activity was 10.2 ± 0.6 minutes.  Both boys and girls 

had similar EE (38.7 ± 7.3 vs. 41.2 ± 11.8 kcal, p = 0.371), METs (5.5 ± 0.9 vs. 5.6 ± 0.9 
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METs, p = 0.641); total steps (690 ± 92 vs. 636 ± 97, p = 0.056) and duration in each PA 

intensity zone.  The average EE was 4.0 kcal/min for both groups, which is classified as 

moderate intensity.  Moderate PA intensity lasted an average of 6.9 ± 2.3 min for boys vs. 6.5 

± 2.9 min for girls (p = 0.602); vigorous intensity lasted 3.0 ± 0.8 min for boys vs. 2.6 ± 1.7 

min for girls (p = 0.431); and finally, very vigorous intensity lasted 0.5 ± 0.9 min vs. 0.7 ± 

0.8 min (p = 0.510) for boys and girls respectively.   

7.4.3 Mechanical measures 

Table 13 presents GRF measures including vGRF magnitude and rates of application for each 

activity performed during the CAPO Kids activity.  The 360° jumps and tuck jumps 

produced the highest vGRFs (5.4 ± 2.3 and 5.2 ± 2.0 BW, respectively), followed by jump 

plus martelo (4.8 ± 1.2 BW), and then hop and hop plus martelo (4.0 ± 1.0 and 4.0 ± 1.2 BW, 

respectively).  The smallest vGRFs were recorded during the upper body exercises, cartwheel 

and handstand (1.3 ± 0.2 and 1.4 ± 0.2 BW, respectively), followed by the ginga and jump-

lunge (1.4 ± 0.4 and 1.5 ± 0.6 BW, respectively).  The fastest rate of force application was 

recorded for the jump-lunge (143.6 ± 144.9 BW/s) followed by the 360° jump (132.4 ± 78.6 

BW/s) and the jump plus martelo (121.8 ± 93.5 BW/s). 

7.5 Discussion 

Our aim was to determine the metabolic and musculoskeletal load intensity of the CAPO 

Kids program; an in-school exercise intervention designed to improve the health of pre and 

early pubertal children.  Specifically, our goal was to quantify energy expenditure and 
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vertical ground reaction forces and rates of force application associated with a typical 10-

minute intervention session of capoeira plus jumping. 

We used SenseWear armbands to estimate energy expenditure of children participating in the 

school-based CAPO Kids exercise intervention program.  We found that a single 10-minute 

bout of the intervention induced an absolute EE of 39.7 ± 9.3 kcal or 5.5 ± 0.9 METs, which 

represents an average EE of 4.0 kcal/min (moderate intensity).  Previous studies using the 

validated pediatric SWA algorithms to assess physical activity in children have reported EE 

for a variety of activities (Arvidsson, Slinde et al. 2007; Calabró, Welk et al. 2009).  For 

instance, the average EE for walking at 4 km/hr was 2.5 kcal/min (low intensity), while the 

average for cycling was 3.0 kcal/min (moderate intensity); both activities being less vigorous 

than the CAPO Kids intervention (Calabró, Welk et al. 2009).  Activities such as basketball, 

running at 10 km/h, and trampolining have been observed to consume more than 7 kcal/min, 

representing activities performed at a vigorous level (Arvidsson, Slinde et al. 2007).  While 

the average EE of a single bout of CAPO Kids was only 4.0 kcal/min (moderate intensity), 

including short periods of rest, 34% of each 10-min session was spent performing activities at 

a vigorous or very vigorous level, suggesting the CAPO Kids program has the potential to 

provide a beneficial metabolic stimulus. 

The maximal vGRFs produced by participants ranged from 1.3 BW for cartwheels to 5.4 BW 

for jumps and capoeira manoeuvres. The rates of force application varied from 15 BW/s for 

cartwheels and ginga to around 140 BW/s for jump-lunges and 360° jumps.  Although the 

vGRF data presented represent a range of magnitudes and rates, five of the 11 measured 

activities produced vGRFs greater than 4.0 BW and six applied forces at more than 90 BW/s.  

Ground reaction forces have been reported for other common activities such as walking, 

running, and drop jumps from different heights (McKay, Tsang et al. 2005; Weeks and Beck 

2008), as well as specific high-impact sports such as gymnastics and volleyball (Daly, Rich et 
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al. 1999; Salci, Kentel et al. 2004).  Low impact activities generally produce lower GRFs, 

such as walking (i.e. 1.1 to 1.5 BW) and running (i.e. 2.0 to 3.0 BW), whereas high impact 

activities such as maximal jumping produce higher peak forces (i.e. 3.0 to 5.0 BW) (Weeks 

and Beck 2008).  Landings from heights above ground level generate even higher peaks that 

may reach more than 8.0 BW (Fuchs, Cusimano et al. 2002) with peak forces of up to 10.0 

BW recorded for elite athletes from high-impact sports such as volleyball and gymnastics 

(Daly, Rich et al. 1999; Salci, Kentel et al. 2004).   

Our GRF results were similar to those reported from other in-school pediatric jumping 

interventions, with beneficial musculoskeletal outcomes (McKay, Tsang et al. 2005; Weeks, 

Young et al. 2008).  Those studies reported vGRFs between 3.0 and 5.0 BW from jumping 

activities such as hops, lunges and jump-squats in their intervention programs for children.  

Thus, the peak forces and rates of force application produced by the CAPO Kids exercises 

appear to be sufficiently high to be osteogenic.   

The upper extremities are relatively unaccustomed to habitual impact loads and, accordingly, 

there are very few reports of the GRFs associated with upper limb weight-bearing activities.    

Forearm fractures, however, are highly prevalent in children (Khosla, Melton III et al. 2003).  

As the bone response to mechanical loading is site-specific (Bass, Saxon et al. 2002; 

Johannsen, Binkley et al. 2003), it is important to specifically load the upper extremity to 

achieve adaptive benefits.  We therefore also quantified the loads to which the upper limbs 

were exposed while weight-bearing during the CAPO Kids program.  The upper extremity 

weight-bearing manoeuvres of handstands and cartwheels in the current study produced 

vGRFs of 1.3 and 1.4 BW, respectively.  Although upper extremity GRFs of gymnasts 

performing elite level acrobatic movements have been reported up to 3.6 BW (Daly, Rich et 

al. 1999), our values nevertheless represent a large increase in loading to a region of the 

skeleton that is not typically exposed to weight-bearing.  Such loading was very simple and 
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feasible for all of the children and may translate to considerable benefits in fracture 

prevention. 

7.5.1 Limitations 

For practical reasons, we used a light-weight, non-invasive, portable device to estimate EE, 

(i.e. armband sensor).  We recognise that direct and indirect calorimetry remains the gold 

standard to estimate energy expenditure.  Similarly, highly invasive techniques of direct 

measurement of bone strain were not feasible in the current cohort.  GRFs were the best 

practical surrogate of musculoskeletal loading, but may not provide an entirely accurate 

estimate of the precise loads experiences by the skeleton. 

7.6 Conclusion 

We determined the metabolic and musculoskeletal load intensity of the CAPO Kids exercise 

intervention.  We found that the CAPO Kids program has the ability to apply significant load 

intensity to both the metabolic and musculoskeletal systems of pre and early pubertal 

children.  We conclude that the CAPO Kids program is likely to be an appealing, feasible and 

effective strategy to load the musculoskeletal and metabolic systems of children via in-school 

programming.    
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Table 12: Metabolic data for a single 10-minute CAPO Kids exercise bout (n = 48) 

Characteristic Whole Group 95% CI Boys (n = 28) 95% CI Girls (n = 20) 95% CI P 

PA duration (min) 

 

10.2 ± 0.6 10.0 - 10.4 10.3 ± 0.6 10.1 - 10.5 10.2 ± 0.7 9.8 - 10.5 0.466 

Energy expenditure / session (kcal) 39.7 ± 9.3 37.0 - 42.5 38.7 ± 7.3 36.2 - 41.8 41.2 ± 11.8 35.8 - 46.8 0.371 

Average METs 5.5 ± 0.9 5.3 - 5.8 5.5 ± 0.9 5.1 - 5.8 5.6 ± 0.9 5.2 - 6.0 0.641 

Total steps 668 ± 98 640 – 696 690 ± 92 655 – 726 636 ± 97 591 – 682 0.056 

Moderate PA (min) 6.7 ± 2.5 6.0 -7.5 6.9 ± 2.3 6.0 - 7.8 6.5 ± 2.9 5.2 - 7.8 0.602 

Vigorous PA (min) 2.8 ± 1.8 2.3 - 3.3 3.0 ±0.8 2.3 - 3.7 2.6 ± 1.7 1.8 - 3.3 0.431 

Very vigorous PA (min) 0.6 ± 0.9 0.3 - 0.8 0.5 ± 0.9 0.2 - 0.8 0.7 ± 0.8 0.3 - 1.0 0.510 

Abbreviations: PA, Physical activity; MET, metabolic equivalent; Min, minutes. 
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Table 13: Vertical ground reaction forces and rates of force application for each CAPO Kids exercise (n = 11) 

Activity vGRF (BW) 95% CI Rate of Application (BW 
.
 s

-1
) 95% CI 

360 jump 5.4 ± 2.3 3.9 - 6.9 132.4 ± 78.6 79.6 - 185.2 

Cartwheel 1.3 ± 0.2 1.1 - 1.4 15.0 ± 18.7 2.4 - 27.5 

Ginga 1.4 ± 0.4 1.1 - 1.7 15.0 ± 17.3 2.6 - 27.4 

Handstand 1.4 ± 0.2 1.2 - 1.5 26.5 ± 17.5 14.7 - 38.2 

Hop 4.0 ± 1.0  3.3 - 4.7 54.0 ± 13.7 44.3 - 63.8 

Hop plus martelo 4.0 ± 1.2   3.3 - 4.7 92.4 ± 74.7 39.0 - 145.8 

Jump-lunges 1.5 ± 0.6 1.1 - 1.9 143.6 ± 144.9 46.3 - 241.0 

Jump plus martelo 4.8 ± 1.2  3.9 - 5.7 121.8 ± 93.5 54.8 - 188.7 

Star jumps  2.9 ± 0.7 2.4 - 3.3 51.8 ± 24.6 34.2 - 69.4 

Running 2.7 ± 0.5 2.4 - 3.0 27.5 ± 8.7 21.7 - 33.4 

Tuck jump 5.2 ± 2.0 3.8 v 6.6 106.5 ± 37.9 81.0 - 132.0 

Abbreviations:  vGRF, vertical ground reaction forces; BW, body weight. 
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CHAPTER 8 – GENERAL DISCUSSION 

 

It is well-recognized that childhood is a crucial period to reduce the risk of a range of 

chronic diseases in later life.  The broad focus of this doctoral work was an examination of 

the influence of targeted childhood exercise intervention on parameters of risk for two of the 

major chronic diseases currently affecting global morbidity and mortality.  Our primary goal 

was to develop a pediatric exercise program to reduce the risk of developing osteoporosis 

and obesity.  The specific aims were: 1) to determine if the literature revealed examples of 

bone-targeted exercise that also improves fat and lean mass in children; 2) to determine the 

effects of a novel bone- and fat-targeted exercise intervention on parameters of bone and 

metabolic health in primary school age children; and 3) to determine the energy expenditure 

and mechanical loads associated with the novel exercise intervention program. 

To address our aims, we conducted a systematic review and meta-analysis of pediatric bone-

specific exercise programs and their effects on bone, fat and lean mass.  We then developed 

CAPO Kids, an in-school exercise intervention program designed to be appealing and 

feasible, as well as effective in improving parameters of risk of osteoporosis and obesity in 

pre and peripubertal children.  By combining capoeira exercises with short bouts of 

jumping, the program was designed to improve bone, muscle and fat, physical performance, 

and parameters of metabolic health.  We then examined the energy expenditure and ground 

reaction forces associated with performing the CAPO Kids activities.  The following 

discussion presents a summary and synthesis of the findings of the four studies described in 

Chapters 4, 5, 6 and 7; each addressing one of the aforementioned aims.  The significance of 

the research is highlighted and future directions are proposed.
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8.1 Study one 

It is well known that participation in brief bouts of high intensity, weight-bearing exercise 

can be effective for enhancing bone strength (Hind and Burrows 2007).  By contrast, the 

typical exercise recommendation to reduce fat tends to focus on longer bouts of lower 

intensity, aerobic activities (Thompson, Karpe et al. 2012), many of which do not provide an 

effective bone stimulus.  Thus, exercise prescriptions for bone and fat do not usually 

coincide.  There have been some reports however, of ancillary data from bone-targeted 

exercise interventions, that such exercise may also induce beneficial effects on fat (Weeks, 

Young et al. 2008).   

The aim of Study one then was to systematically examine the outcomes of all previous 

bone-targeted exercise interventions that have simultaneously reported bone, fat and lean 

mass outcomes, for school children.  We identified and reviewed sixteen relevant trials.  

Methodological quality of each was examined and meta-analyses of the data were 

performed for bone, lean and fat outcomes.  We observed a small positive effect of school-

based, bone-targeted exercise on all three components of body composition, although for 

lean mass the effect was very small.  We therefore concluded that bone-targeted exercise 

interventions have the capacity to improve both the bone and metabolic health of school 

aged children, which improves the feasibility and practicality of effective exercise 

prescription for this cohort.   
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8.2 Studies two and three 

High intensity, weight-bearing activities are particularly recommended during childhood 

due to a tendency for enhanced bone accretion during growth (Hind and Burrows 2007).  In-

school exercise programs are therefore a vital strategy to take advantage of the window of 

opportunity to improve bone health in childhood.  Additionally, preventing overweight 

during childhood reduces the risk of obesity in adulthood (Singh, Mulder et al. 2008; 

Ogden, Carroll et al. 2012).  Accordingly, we developed the CAPO Kids trial, a 9-month 

exercise intervention designed to improve not only bone, but also fat and lean mass of pre 

and peripubertal children.  The program was composed of jumps and capoeira moves, 

executed in bouts of ten minutes per day, three times per week.  To test the effectiveness of 

the program, we examined anthropometry, heel bone quality, physical performance and 

parameters of metabolic health of children allocated to exercise and control groups at 

baseline and after the 9-month intervention.  A sub-sample of participants underwent 

additional body composition testing with dual-energy x-ray absorptiometry (DXA) and 

peripheral quantitative computed tomography (pQCT) in our Bone Densitometry Research 

Laboratory, at Griffith University.  In light of the very large body of data generated, 

outcomes of the CAPO Kids trial were presented separately by sex, and are therefore 

reported here as Study two and Study three.  

8.2.1 Study two 

In total, 172 school boys from Year 5 and 6 participated in the CAPO Kids trial (average 

10.6 ± 0.5 years).  At baseline, boys in the CON and EX groups exhibited similar 

characteristics for the majority of measures.  After nine months, we found that the CAPO 

Kids exercises improved calcaneal broadband ultrasound attenuation (BUA), waist 
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circumference, resting heart rate, maximal vertical jump and estimated maximal oxygen 

consumption compared to controls.  In addition, a sub-sample of EX group boys improved 

lumbar spine material stiffness, as well as periosteal circumference at the 66% radial site in 

comparison with controls.  There was also a tendency for EX to reduce total percent fat 

compared to CON.  No other between-group differences were observed.   

8.2.2 Study three 

In total, 138 girls from Year 5 and 6 participated in the program (average age 10.6 ± 0.6 

years).  At baseline, girls in the CON and EX groups exhibited similar characteristics for the 

majority of measures.  After the CAPO Kids intervention, we found that the exercising girls 

improved BUA, resting heart rate, maximal vertical jump, estimated maximal oxygen 

consumption and waist circumference, compared to controls.  Girls from EX who undertook 

DXA and pQCT measurements improved lumbar spine index of bone structural strength 

more than CON.  Trends were additionally observed for increases in total lean and fat mass 

from DXA, and total bone mineral content at the 4% radial site from pQCT, in EX 

compared with CON.   

8.3 Study four 

Bone responds preferentially to mechanical loads that induce high tissue strains applied 

rapidly, such as jumping and landing (Turner 1998).  The response of the metabolic system 

to physical activity is more closely related to alterations in energy balance, including energy 

expenditure (Boreham and Riddoch 2001).  The quantification of mechanical and metabolic 

loads of exercise interventions was intended to facilitate an understanding of the 

mechanisms of benefit to those systems. 
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In order to quantify mechanical and metabolic loads of the CAPO Kids intervention, we 

examined the ground reaction forces (GRFs) and energy expenditure (EE) associated with 

the CAPO Kids activities.  Forty-eight participants from the CAPO Kids trial (10.4 ± 0.5 

years old) volunteered to wear SenseWear armbands (SWA) during an exercise session in 

order to record energy expenditure.  An additional eleven children volunteered to attend the 

Griffith University Biomechanics Laboratory to perform a selection of CAPO Kids 

manoeuvres on a force platform, to determine vertical ground reaction forces (vGRF).  A 

typical 10-minute CAPO Kids session resulted in energy expenditure of 39.7 ± 9.3 kcal, 

with an average of 4.0 kcal/min.  Based on the standard algorithms used to analyse 

SenseWear data (Calabró, Welk et al. 2009), exercise intensity was classified as ‘vigorous’ 

or ‘very vigorous’ for more than one third of the session.  Vertical GRFs ranged from 1.3 ± 

0.2 body weights for cartwheels, to 5.4 ± 2.3 body weights for 360° jumps.   

8.4 Synthesis and significance of findings 

The thesis contributes to the current body of literature on the effects of exercise on the 

musculoskeletal and metabolic health of children.  The findings of the work fill some of the 

gaps in the literature with respect to bone-targeted exercise and its effectiveness for 

metabolic health.  Indeed, a meta-analysis of previous trials identified a relationship 

between bone-targeted exercise and fat reduction, which highlights the relevance of 

osteogenic exercise to the metabolic system.  The CAPO Kids trial was an efficient and 

effective in-school intervention, capable of improving an index of bone strength (calcaneal 

BUA), as well as physical performance, such as estimated maximal oxygen consumption, 

resting heart rate and waist circumference, in both boys and girls.   
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8.4.1 Why CAPO Kids? 

Successful bone-targeted exercise interventions are characteristically brief and therefore 

efficient; lending a high level of feasibility for in-school application (McKay, MacLean et 

al. 2005; Weeks, Young et al. 2008).  We hypothesized that, by combining the aerobic 

benefits of continuous capoeira with the osteogenic benefits of jumping, our intervention 

program could benefit multiple systems in a similarly brief time frame.  Given the small 

time burden of each session, CAPO Kids was minimally disruptive to the school’s academic 

program, which augurs well for future translation into the wider school system.  Although 

little is published on the topic, it appears that schools are reluctant to displace academic 

work in favour of physical activity, representing a significant barrier to the achievement of 

recommended daily participation for many children (Kohl III and Cook 2013).  Since 

children spend approximately half of their week days at school, it seems that in-school 

physical activity integration is an obvious vehicle to enhance participation. 

A novel feature of the CAPO Kids trial was the inclusion of upper extremity loading 

activities.  Traditionally, bone-targeted exercises are focused on the lower body, but as the 

bone response to loading is site-specific (Bass, Saxon et al. 2002; Johannsen, Binkley et al. 

2003), upper extremity loading is required to achieve bone benefits in that region.  In 

addition, forearm fractures are common in children, and are the source of considerable 

morbidity in the older population (Goulding, Grant et al. 2005; Clark, Ness et al. 2006).  

The positive effect of CAPO Kids on forearm bone mass suggests the program may provide 

an effective upper extremity bone loading stimulus and, potentially, a degree of protection 

from risk of fracture. 
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8.4.2 The benefits of high intensity exercise 

It is well-recognised that physical activity participation improves metabolic health in 

children (Goran, Ball et al. 2003; Tobias, Steer et al. 2006; Mountjoy, Andersen et al. 2011) 

and that benefits are to be gained from extended bouts of low intensity aerobic exercise.  

However, there is increasing evidence that shorter bouts of higher intensity activity is an 

even more effective strategy to reduce fat (Shaw, Gennat et al. 2006; Boutcher 2010).  In 

reality, there was considerable reason to expect that our high intensity, bone-targeted 

intervention would be beneficial for both bone and fat.  

To quantify the metabolically-relevant intensity of the CAPO Kids program, we examined 

energy expenditure during a 10-minute session. To quantify bone-relevant intensity, we also 

assessed the peak forces of the main CAPO Kids moves.  We found that the forces produced 

by the CAPO Kids activities are high enough to be considered osteogenic.  Additionally, a 

CAPO Kids session was classified ‘moderate’ intensity for approximately 70% of the 

session, and the remainder considered of ‘vigorous’ to ‘very vigorous’ intensity which 

suggests a beneficial load to the metabolic system.  

Physical education (PE) classes should theoretically promote health through physical 

activity, but there is some evidence to suggest that children are often relatively inactive 

during PE (Nader 2003; Marmeleira and Aldeias 2012).  In fact, typically only one third of 

physical education classes involve moderate to vigorous physical activity (McKenzie, Nader 

et al. 1996; Nader 2003; Marmeleira and Aldeias 2012) and girls are particularly reluctant to 

participate (Marmeleira and Aldeias 2012).  On the contrary, the CAPO Kids intervention 

had all children, boys and girls, active during the whole session.  Such engagement is more 

likely to foster positive health outcomes than standard PE classes. 
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To account for the amount of total physical exercise of the control and intervention 

participants, including physical activity participation outside of study activities, current 

sports participation was quantified at all testing time-points using the Bone-specific Physical 

Activity Questionnaire (BPAQ).  We found both schools had similar physical activity levels.   

8.4.3 Pediatric sex-specific responses to exercise 

There is some evidence in the literature that boys and girls can respond to exercise 

interventions differently and that maturity may play a role.  Some have reported that 

physical activity has a greater influence on weight-bearing bones in pre and early pubertal 

boys than girls (Macdonald, Kontulainen et al. 2007; Kriemler, Zahner et al. 2008).  For 

example, prepubertal boys but not girls responded to a 16-month exercise intervention 

(Macdonald, Kontulainen et al. 2007).  Yet, other studies have not observed differences in 

response between sexes.  For instance, the Bounce at the Bell study (McKay, MacLean et al. 

2005) delivered an 8-month bone-targeted intervention for early pubertal children, and 

reported an improvement in parameters of bone strength in both boys and girls.  In our 

study, pre and peripubertal boys and girls demonstrated only very minor differences in 

response to a 9-month exercise intervention.  Both sexes experienced improvements in 

calcaneal bone, waist circumference, estimated maximal oxygen consumption and resting 

heart rate.  Our results contribute to the consensus in the literature that there are few to no 

sex differences in bone response to exercise before or during early puberty (McKay, 

MacLean et al. 2005).   
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8.4.4 Engaging children in physical activity 

Maximising enjoyment is a vital strategy to optimizing engagement in exercise programs.  

The introduction of the highly novel sport of capoeira to Australian primary school students 

is likely to have contributed to the level of enjoyment of the study participants.  There was a 

high level of engagement from all study participants during all exercise sessions for the 

duration of the CAPO Kids program.  In addition, we received informal positive feedback 

from the staff, parents and children, suggesting that CAPO Kids was a fun and enjoyable 

program.  Mean exercise compliance was over 90% for both boys and girls.   

The level of engagement highlights the feasibility of a simple, brief and effective in-school 

exercise program to improve both musculoskeletal and metabolic variables in pre and 

pubertal children, with the potential to translate to meaningful public health benefits.   

8.5 Future directions 

While childhood is thought to be an opportune time to minimize the risk of chronic diseases 

in future years, little is known about the sustained benefit of exercise interventions.  In fact, 

only a small number of longitudinal studies have examined maintenance effects after the 

cessation of targeted exercise interventions (Kontulainen, Kannus et al. 2002; Gunter, 

Baxter-Jones et al. 2007; Gunter, Baxter-Jones et al. 2008; Weeks and Beck 2012).  Of 

those, differing findings have been reported, which likely reflects differences in sample 

sizes and considerable participant loss to follow up.  Thus, we conducted an additional 

follow up data collection with the CAPO Kids participants one year after cessation of the 

intervention (T21).  While those data are not yet analysed, we believe the results will 

contribute to the understanding of longer term benefits of childhood exercise.   Ideally, a 
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longer term follow up would provide a clearer indication of the likelihood of a sustained 

effect into adulthood.  Naturally, maintaining contact with children after they leave primary 

school and potentially move away from the area is highly challenging and largely explains 

the lack of existing data of this nature. 

There is some evidence that exercise may be related to intellectual performance during 

childhood (Hillman, Erickson et al. 2008; Tomporowski, Davis et al. 2008; Haapala 2012).  

Intellectual function, cognitive abilities and academic achievement are often measured to 

assess the effects of exercise on indices of children’s mental function (Tomporowski, Davis 

et al. 2008).  Aerobic activity, such as running or additional PE classes are the common 

types of exercise included in studies of such relationships.  The effects of a bone-targeted 

exercise intervention on intellectual abilities of school children, however, have not been 

described in the literature.  Future bone-targeted exercise intervention trials should consider 

cognitive and academic achievement assessment, in order to clarify the relationship between 

short bouts of high intensity school-based exercise and cognitive performance in children.  

8.6 Conclusion 

The main aim of this doctoral work was to address the prevention of chronic diseases such 

as osteoporosis and obesity in childhood, by way of a novel, brief, enjoyable, in-school, 

weight-bearing, exercise intervention program for pre and peripubertal children.  Our novel 

9-month exercise intervention was effective in improving parameters of bone and metabolic 

health of 9 to 11 year-old school children.  The program proved to be feasible, simple and 

enjoyable for boys and girls, without notably disrupting the regular school schedule.  An 

examination of the metabolic and mechanical loads from the CAPO Kids exercises 

confirmed that the activities were performed at a sufficiently high intensity to expect 
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positive health outcomes.  In the face of increasing global chronic disease, the work 

presented here highlights the simplicity and feasibility of brief high intensity in-school 

physical activity interventions as a preventative approach.   
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Dear Parent(s)/Guardian(s), 

 

In 2012, Guardian Angels Primary School is incorporating a simple and fun new physical activity into the 

daily programs of the Year 5 and 6 students.  The children will also be taking part in some health 

measurements during physical education classes at the start and end of the year to learn about science and 

health.  We are scientists from the Griffith University School of Physiotherapy and Exercise Science and are 

interested to know if those measures of your child’s health improve as a result of the new physical activity. 

After explaining to the students what our study involves, your child has consented to the use of their health 

information for this important study.  We are now sending you the study details to confirm you will allow us to 

use your child’s information.  We have enclosed: 

1. the study Information Sheet (explaining what will be involved) – pink form 

2. a screening form (listing conditions that may prevent your child participating) – blue form 

3. a Decline to Consent form (for you to fill in and return to school only if you do NOT want your child 

to participate) – blue form 

You will note that in addition to the measures completed at school, we are inviting all children to Griffith 

University where we will be able to take even more accurate health measures.  Those measures will be 

completely free of charge (ordinarily around $300-$400).  We will provide all of your child’s results to you 

and some small gifts to thank them for their participation.  Please note the Griffith visit not a compulsory part 

of the study. 

If you are happy for us to use your child’s measures in our study, you don’t need to return any forms.  If you 

do NOT want your child to participate, or one of the reasons on the screening form applies to your child (feel 

free to call if you’re not sure), please complete the Decline to Consent form and return it to your child’s 

classroom teacher by 1 March, 2012.  If you would like your child to participate in some or all of the 

additional health measures at Griffith University (described in the pink information sheet), please contact us as 

soon as possible to make an appointment. 

We encourage you to contact us at any time with questions about the study (Rossana Nogueira, School of 

Physiotherapy and Exercise Science, Griffith University, (07) 55527347, 0425 775 105 or 

r.nogueira@griffith.edu.au). 

We very much appreciate your time and support for this important study to examine the ability of a simple, fun 

exercise routine to improve the health of our children. 

 

Kind regards, 

The research team 
 

 

mailto:r.nogueira@griffith.edu.au
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Exercising opportunities to prevent chronic disease: The CAPO KIDS trial 
 

GUARDIAN ANGELS PARENT INFORMATION SHEET 

 

SENIOR INVESTIGATORS:  

Belinda Beck, PhD    Benjamin Weeks, PhD 

Associate Professor    Lecturer 

School of Physiotherapy and Exercise Science School of Physiotherapy and Exercise Science 

Griffith University, Gold Coast   Griffith University, Gold Coast 

Ph: (07) 5552 8793    Ph: (07) 5552 9336 

Email: b.beck@griffith.edu.au   Email: b.weeks@griffith.edu.au  
 

 STUDENT INVESTIGATOR: 

Rossana Nogueira (PhD Student) 

School of Physiotherapy and Exercise Science  

Griffith University, Gold Coast    

Ph: (07) 5552 7329 / 0425 775 105    

Email: r.nogueira@griffith.edu.au  

    

Why is the research being conducted? 

Good health when you’re young can prevent a number of diseases as you age, and exercise is a well-known 

way to stay healthy.  Some children do a lot of exercise but many more don’t do enough.  Sometimes the 

exercises that are best for us aren’t the most fun.  We want to know if a new fun AND energetic exercise can 

improve the health of children.  One of our researchers is a Griffith University student who will write up the 

study findings as part of her degree. 

 

What will happen 

Year 5 and 6 students at Guardian Angels Primary School will be participating in an exciting new physical 

activity (3 times/week for 10 mins) in 2012.  We will examine some simple measures of their health at the 

beginning and end of the year to see if the new activities have made them healthier.  Next year they will go 

back to their normal school physical activities but we will do all the tests again at the end of 2013 to see if any 

benefits remain.  We would very much like them to also participate in additional health testing free of charge 

at Griffith University, but this is not compulsory.  Agreeing to participate in the study does not mean they have 

to do all aspects of the testing at Griffith University.  They can participate in as much or as little as they or you 

want. 
 

What the children will be asked to do 

They will participate in some scientific testing of their health during PE lessons.  These activities have been 

adopted by the school so everyone will do them.  We are simply asking if we may use their results for our 

study.   
 

mailto:b.beck@griffith.edu.au
mailto:b.weeks@griffith.edu.au
mailto:b.beck@griffith.edu.au
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The measures done at school:  The children will be asked their name and birth date.  Their height and weight 

and waist circumference will be measured.  Their weight and waist circumference will be kept private 

when they are measured, that is, not even THEY will know what their results are unless you choose to 

tell them when we send their results home.  They will be asked to jump as high as they can and to do a beep 

test.  We will measure blood pressure the usual way a doctor does, that is, when the child is sitting quietly with 

a blood pressure cuff.  The children’s heel will be tested with a special ultrasound machine (QUS) to examine 

bone health.  This test simply involves sitting still on a chair with one foot on the QUS.  It is harmless and 

painless and takes around 1 minute.  Finally, we will ask them to complete 2 simple questionnaires: one about 

all the sports they’ve ever done and another one about what they normally eat.  They will get some help with 

those from us and their class room teacher. 
 

The measures done at Griffith University:  To measure body composition (total body bone, muscle and fat) we 

are also inviting the children to Griffith University Bone Densitometry Research Laboratory.  All the children 

have to do is take off their shoes and lie still on a machine called a Dual-energy X-ray Absorptiometer (DXA).  

The DXA looks like a bed and is quite comfortable - they don’t feel anything during the scans.  The children 

will be asked to wear clothes that have no metal in them (like metal buttons, clips, rivets, zips or belt buckles), 

but if they forget, we have some to borrow and a private area to change.  We will perform a whole body, spine 

and hip scan with the DXA which will take about 30 minutes.  After that we will measure bone and muscle in 

the arms and legs using a machine called a peripheral Quantitative Computed Tomographer (pQCT).  This is 

also painless but instead of lying down the children will sit beside the machine.  First one leg goes through the 

donut–shaped hole in the machine, and then one arm.  The pQCT scans will take about 20 mins.  They do not 

have to do anything during these tests except stay still.  
 

We will take heart rate from the wrist pulse while the children lie on the DXA.   We would also like to do a pin 

prick test on one finger tip to take a couple of drops of blood to test the sugars and fats in the blood, but if your 

child or you don’t want to have this done it’s ok.   
 

How we will choose our participants 

Your child may be included in the study if they are healthy, able to walk and jump, and are in Year 5 or 6.  

Your child will not be able to participate in the study if they:  have a metabolic, endocrine or renal condition; 

are taking medications known to affect bone, muscle or fat metabolism; are recovering from a lower limb 

fracture or other immobilising injury in the past 6 months; or are affected by any condition that prevents them 

from doing short bouts of energetic physical activity.  We can help you figure out if any of those apply to your 

child. 
 

Expected benefits of the research 

It is likely, but not guaranteed that the new exercises your child does at school will improve their health.  We 

have a number of small prizes and rewards (water bottles, coupons) for all students who participate in the trial.  

We have some extra gifts (basketballs, TimeZone vouchers) for students who come to Griffith University, to 

compensate you and your child for this extra effort. 
 

Possible risks to your child 

Risks associated with participation in the project are exceedingly low.   
 

The DXA and pQCT scans done at Griffith use a form of x-ray, so if your child does those extra tests they will 

be exposed to a small amount of radiation but it is not thought to be harmful.  These tests are often used for 

research with children because they are completely painless and the radiation dose is so low.  For example, a 

normal chest x-ray gives roughly 8 times more radiation than a DXA or pQCT scan.  If you were on a flight 

from Australia to Florida; you would be exposed to nearly 47 times the radiation dose that you would receive 

during a pQCT scan of the leg.  The finger-tip prick may cause a very brief little sting, and only a few drops of 

blood will come out, but it could bleed if you don’t put pressure on it for a while. 
 

There is a small risk that your child may bump into someone or feel mild muscle soreness after some of the 

physical activities, including the jump or beep tests if they are not used to them.  The risk will be no greater 

than usual for PE activities.  Muscle soreness is harmless and only lasts a day or so.  We will minimise your 

child’s risk of injury by demonstrating all activities, giving them time to practice, and using firm, flat and open 

floor surfaces.  If your child has a heart condition or some other reason why they should not do energetic 

physical activity, they should not participate. 

Your child’s confidentiality 

Only Griffith University researchers and you will see your child’s results.  All study records will be stored in a 

locked filing cabinet on campus with access restricted to investigators for a minimum of five years.  All 

computer records will be protected by password.  If the results of the study are reported, your child’s name will 
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not be revealed.  We would like to photograph or video record some of the study activities to use in scientific 

or community reports but we will not actually show those images to anyone, without your child’s and your 

permission (that we will obtain at the time).  We will not use your child’s name in those images.  We will 

delete all images for which permission has not been given. 
 

Your child’s participation is voluntary 

Whether you decide to allow us to use your child’s health information or not is completely up to you.  Your 

decision will have no effect on any other of your child’s opportunities at school.  If you do decide to allow us to 

use your child’s measures, you are free to change your mind at any time.  
 

Questions or for further information 

We are happy to answer any questions you or your child may have at any time before or during the study.  

Please do not hesitate to contact Rossana Nogueira or her supervisors on the contact details provided above. 

 

Feedback to you 

We will provide you with your child’s test results and you are welcome to show them.  If you or your child are 

concerned about any of those results we recommend you consult your family physician.  We will arrange to 

present the overall results of the study to all interested members of the school community, including the 

children.   

 

Ethic conduct of this research  

Griffith University research follows the guidelines of the National Statement on Ethical Conduct in Human 

Research (2007).  If you have any concerns or complaints about the ethical conduct of the study (how it was 

run) you should contact the Manager, Research Ethics on 3735 5585 or research-ethics@griffith.edu.au.  
 

Privacy Statement  

The conduct of this research involves the collection, access and/or use of your child’s personal information 

that will have their name and date of birth on it.  The information collected is known only by the testers and 

will not be discussed or given to anyone else, except to meet government, legal or other regulatory authority 

requirements. A de-identified copy of this data may be used for other research purposes.  However, your 

child’s name will not be revealed at any time.  For further information see the University’s Privacy Plan at 

www.gu.edu.au/ua/aa/vc/pp or telephone (07) 3735 5585. 
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GUARDIAN ANGEL’S PRIMARY SCHOOL STUDENT INFORMATION 

SHEET 

Exercising to Keep You Healthy- CAPO KIDS! 
 

Who we are: 

 

Belinda Beck, Ben Weeks, Rossana Nogueira  

If you ever want to ask us a question please let your teacher know so she can call us on your behalf.  

 

Why we want to ask you to participate: 

 

Some children do a lot of exercise but many more don’t do enough.  Sometimes the exercises that are 

best for you aren’t the most fun.  We want to know if a new fun AND energetic exercise can improve 

the health of children. 

 

What we want you to do: 

Year 5 and 6 students at Guardian Angels Primary School will be participating in an exciting new physical 

activity in 2012.  We will test how healthy you are at the beginning and end of the year to see if the new 

activities have made you healthier.   

Next year you will go back to your normal school physical activities but we will do all the tests again at the 

end of 2013 to see if any benefits remain.   

We would very much like you to also participate in additional health testing free of charge at Griffith 

University, but this is not compulsory.   

You can choose whatever you like.  You can participate in as much or as little as you or your parents want. 

What will happen: 

You will participate in brief (10 minutes) physical activity sessions 3 times during the school week with your 

fellow students.  You will participate in some scientific testing of your health during PE.  These activities have 

been adopted by the school so everyone will do them.   

We are simply asking if we may use your results for our study.   

 What information we would like to collect: 

1. Your name and birth date 

2. Your height 

3. Your weight and waist circumference (around your waist) – we won’t tell anyone about this 

information, but we can tell you and your parents. 

4. Your blood pressure 

5. How high you can jump 

6. How you go on the beep test (that is running for six minutes) 

7. Measure your heel with an ultrasound machine. This test simply involves sitting still on a chair with 

one foot on the QUS.  It is harmless and painless and takes around 1 minute. 
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8. Finally, we will ask you to complete 2 simple surveys: one about all the sports you’ve ever done and 

another one about what you normally eat.  You will get some help with these from your class room 

teachers. 

 

If you and your parents agree you can come to the University to do these tests also: 

1 To measure the amount of bone, muscle and fat in your body  

 

All you have to do is take off your shoes and lie still on a machine called the DXA Scanning Machine. This 

machine looks like a bed and is quite comfortable - you don’t feel anything during the scans.  You will be 

asked to wear clothes that have no metal in them (like metal buttons, clips, rivets, zips or belt buckles), but if 

you forget, we have some you borrow and a private area to change.   

We will perform a whole body, spine and hip scan with this machine which will take about 30 minutes.  We’ll 

take your pulse while you’re lying down on the DXA. 

2 After that we will measure your arms and legs using a machine called the pQCT scanning machine.   

 

This is also painless but instead of lying down you will sit beside the machine.  First you put one leg out in 

front of you through the donut–shaped hole in the machine, and then you put your arm through.  The pQCT 

scans will take about 20 mins.  You do not have to do anything during these tests except stay still.  

3 We would also like to do a pin prick test on one finger tip to take a couple of drops of blood to test the sugars 

and fats in your blood, but if you don’t want to do this you don’t have to.  

 

Who can join in our study? 

     Most students can join in our study except those who are not well or if you have had a broken bone in your 

leg, or you are on medicine, or if you get easily tired.  But not to worry.  If you don’t know, we can help you 

figure out if any of those apply to you. 

 

What we hope to see: 

It is likely, but not guaranteed that the new exercises you will do at school will improve your health.  We’ll 

have a number of small prizes and rewards (water bottles, coupons) throughout the year for those kids we think 

are trying really hard.  

We have some extra gifts (basketballs, TimeZone vouchers) for students who come to Griffith University, to 

thank you and your parents for spending time and taking the extra effort. 

Possible risks to you: 

As with all activities there are some risks. 

 

1 The DXA and pQCT scans done at Griffith use a form of x-ray; in small doses these are not dangerous.  Did 

you know that when you fly in an aeroplane you get exposed to radiation too? 

 

2 The finger-tip prick may cause a very brief little sting, and only a few drops of blood will come out, but it 

could bleed if you don’t put pressure on it for a while. 

 

3 There is a small risk that you may bump into someone or feel mild muscle soreness after some of the physical 

activities, including the jump or beep tests if you are not used to them.  The risk will be no greater than usual 

for PE activities.  Muscle soreness is harmless and only lasts a day or so.   

 

4 We will minimise your risk of injury by demonstrating all activities, giving you time to practice, and using 

firm, flat and open floor surfaces.  If you have any illness you can tell your teacher and please let us know if 

you think you should not participate. 
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Keeping your information private: 

We and your parents will see your results.  All our tests information will be stored in a locked filing cabinet at 

the University.  No one else will be able to see them. 

We would like to photograph or video record some of the study activities to use in telling other scientists what 

we have learnt. We will ask permission to use your photo. We will not use your name in those photos or 

videos.  It is okay to say no if you do not want your photo used. 

 

You don’t have to participate in our research: 

As this is a school activity, all you have to do is decide whether we can keep the results of your tests.  It is 

okay to say no, as the school will not know whether you told us or not. 

Do you want to know something else? 

We are happy to answer any questions you or your parents may have at any time before or during the study.  

Please ask you teacher if you want to contact Rossana. 

 

What we will tell you: 

We will provide your parents with your test results and they can show you.  If you or your parents are 

concerned about any of your results you should talk to your medical doctor.  

When we finish we will tell you and your school what we learnt too. 

 If you have a complaint: 

If you think something is not right you can tell someone at the University by asking your teacher to call the 

complaints person on 3735 5585. 

Keeping your information Private: 

We have some of your information that will have your name and date of birth on it.  The information collected 

is known only by the testers and will not be discussed or given to anyone else. When we are finished we would 

use this information without your name. 

If you want more information on your privacy you can read this on the internet by looking at 

www.gu.edu.au/ua/aa/vc/pp  or you can call someone on 3735 5585. 
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GUARDIAN ANGEL’S PRIMARY SCHOOL STUDENT INFORMED CONSENT FORM 

 

Exercising to Keep You Healthy – CAPO KIDS! 
 

 

Who we are: 

Belinda Beck, Ben Weeks, Rossana Nogueira  

If you ever want to ask us a question please let your teacher know so she can call us on your behalf.  

 

 

We want you to be able to: 

 Participate in daily capoeira and school-based health testing  

 Let us keep your information that we asked to collect on page 2 

 Come to the University for extra tests 

 Let us give you your test information after we collect it and write it up.  

 Give us permission to take your photo or video you, but we will ask your parents first before we can use it in 

magazines or reports. 

 Always ask questions if you are not sure about anything. 

 Know that there are some risks in the activities and exercise 

 Get some fitness benefits but this may not always happen  

 Say no if you want to at anytime if you don’t want us to use your information. 

 You can complain by asking your parents or teach to call the person who listens to complaints on this 

number  3735 5585 (or by email if you can do that research-ethics@griffith.edu.au)  

 Take part 

 

 

 

_______________________   ____________________ ______________ 

YOUR NAME  (PRINT)    (Participant signature) (Date) 

 

 

 

___________________________   _________________________________ 

(Parent/Guardian name - PRINT)                 (Parent/Guardian phone number) 

 

 

 

_______________________________________ 

Parent email address (if you know it)           

 

mailto:research-ethics@griffith.edu.au
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Dear Parent(s)/Guardian(s), 

 

 

In 2012 and 2013, the Year 5 and 6 students at St Kevin’s Primary School will be taking part in a Griffith 

University School of Physiotherapy and Exercise Science study of health related to physical activity.  The 

children will be taking part in some health measurements during physical education classes over the course of 

the two years to learn about science and health.  We are interested to know how those measures of your child’s 

health change as they grow. 

After explaining to the students what our study involves, your child has consented to the use of their health 

information for this important study.  We are now sending you the study details to confirm you will allow us to 

use your child’s health information.  We have enclosed: 

1. the study Information Sheet (explaining what will be involved) – pink form 

2. a screening form (listing conditions which may prevent your child from participating) – blue form 

3. a Decline to Consent form (for you to fill in and return to school only if you do NOT want your child 

to participate) – same blue form 

You will note from the information sheet that in addition to the measures completed at school, we are inviting 

all children to Griffith University where we will be able to take even more accurate health measures.  Those 

measures will be completely free of charge.  We will provide all of your child’s results to you and some small 

gifts in appreciation of you and your child’s assistance.  Please note the Griffith visit not a compulsory part of 

the study. 

If you are happy for us to use your child’s measures in our study, you don’t need to return any forms.  If you 

do NOT want your child to participate, or one of the reasons on the screening form applies to your child (feel 

free to call if you’re not sure), please complete the Decline to Consent form and return it to your child’s 

classroom teacher by as soon as possible.  If you would like your child to participate in some or all of the 

additional health measures at Griffith University (see pink information sheet for details), please contact us as 

soon as possible to make an appointment.  If it is difficult for you to find a time during the school term we will 

also be testing during the holidays. 

We encourage you to contact us at any time with questions about the study (Rossana Nogueira, School of 

Physiotherapy and Exercise Science, Griffith University, (07) 55527329, 0425 775 105 or 

rossana.nogueira@gmail.com). 

 

We very much appreciate your time and support for this important study. 

 

Kind regards, 

The research team 
 

 

mailto:r.nogueira@griffith.edu.au
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Exercising opportunities to prevent chronic disease: The CAPO KIDS trial 
 

 

ST KEVIN’S PRIMARY SCHOOL PARENT INFORMATION SHEET 

 

 

SENIOR INVESTIGATORS:  

Belinda Beck, PhD    Benjamin Weeks, PhD 

Associate Professor    Lecturer 

School of Physiotherapy and Exercise Science School of Physiotherapy and Exercise Science 

Griffith University, Gold Coast   Griffith University, Gold Coast 

Ph: (07) 5552 8793    Ph: (07) 5552 9336 

Email: b.beck@griffith.edu.au   Email: b.weeks@griffith.edu.au  

 

 STUDENT INVESTIGATOR: 

Rossana Nogueira (PhD Student) 

School of Physiotherapy and Exercise Science  

Griffith University, Gold Coast    

Ph: (07) 5552 7329 / 0425 775 105    

Email: rossana.nogueira@gmail.com 
 

     
Why is the research being conducted? 

Good health when you’re young can prevent a number of diseases as you age, and exercise is a well-known 

way to stay healthy.  Some children do a lot of exercise but many more don’t do enough.  We want to know if 

the exercise your child currently does is related to their health as they grow.  One of our researchers is a 

Griffith University student who will write up the study findings as part of her degree. 

What will happen 

We are asking Year 5 and 6 students at St Kevin’s Primary School to allow us to examine some simple 

measures of health at the beginning and end of 2012 and again at the end of 2013.  We would very much like 

them to also participate in additional health testing free of charge at Griffith University, but this is not 

compulsory.   

 

What the children will be asked to do 

The children will participate in some scientific testing of their health at school.  These activities have been 

adopted by the school so everyone will do them.  We are simply asking if we may use their results for our 

study.   

The measures done at school:  The children will be asked their name and birth date.  Their height and weight 

and waist circumference will be measured.  Their weight and waist circumference will be kept private when 

they are measured, that is, not even THEY will know what their results are unless you choose to tell them 

when we send their results home.  They will be measured by two experienced female exercise physiologists in 

a private area out of sight of the other children.  They will be asked to jump as high as they can and to do a 

beep test.  We will measure blood pressure the usual way a doctor does, that is, when the child is sitting quietly 

with a blood pressure cuff.  The childrens’ heels will be tested with a special ultrasound machine (QUS) to 

examine bone health.  This test simply involves sitting still on a chair with one foot on the QUS.  It is harmless 

and painless and takes around 1 minute.  Finally, we will ask them to complete 2 simple questionnaires: one 

mailto:b.beck@griffith.edu.au
mailto:b.weeks@griffith.edu.au
mailto:rossana.nogueira@gmail.com
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about all the sports they’ve ever done and another one about what they normally eat.  They will get some help 

with those from us and their class room teacher. 

The measures done at Griffith University:  To measure body composition (total body bone, muscle and fat) we 

are also inviting the children to Griffith University Bone Densitometry Research Laboratory.  All the children 

have to do is take off their shoes and lie still on a machine called a Dual-energy X-ray Absorptiometer (DXA).  

The DXA looks like a bed and is quite comfortable - they don’t feel anything during the scans.  The children 

will be asked to wear clothes that have no metal in them (like metal buttons, clips, rivets, zips or belt buckles), 

but if they forget, we have some to borrow and a private area to change.  We will perform a whole body, spine 

and hip scan with the DXA which will take about 30 minutes.  After that we will measure bone and muscle in 

the arms and legs using a machine called a peripheral Quantitative Computed Tomographer (pQCT).  This is 

also painless but instead of lying down the children will sit beside the machine.  First one leg goes through the 

donut–shaped hole in the machine, and then one arm.  The pQCT scans will take about 20 mins.  They do not 

have to do anything during these tests except stay still.  

We will measure heart rate from the wrist pulse while the children lie on the DXA.   We would also like to do 

a pin prick test on one finger tip to take a couple of drops of blood to test the sugars and fats in the blood, but if 

your child or you don’t want them to have this done it’s ok.  

How we will choose our participants 

Your child may be included in the study if they are healthy, able to walk and jump, and are in Year 5 or 6.  

Your child will not be able to participate in the study if they:  have a metabolic, endocrine or renal condition; 

are taking medications known to affect bone, muscle or fat metabolism; are recovering from a lower limb 

fracture or other immobilising injury in the past 6 months; or are affected by any condition that prevents them 

from doing short bouts of energetic physical activity.  We can help you figure out if any of those apply to your 

child. 

Expected benefits of the research 

We have some gifts (basketballs, TimeZone vouchers for the children and dinner voucher draws for parents) 

for those who come to Griffith University for the additional testing, to compensate you and your child for this 

extra effort. 

Possible risks to your child 

Risks associated with participation in the project are exceedingly low.  The DXA and pQCT scans done at 

Griffith use a form of x-ray, so if your child does those extra tests they will be exposed to a small amount of 

radiation but it is not thought to be harmful.  These tests are often used for research with children because they 

are completely painless and the radiation dose is so low.  For example, a normal chest x-ray gives roughly 8 

times more radiation than a DXA or pQCT scan.  If you were on a flight from Australia to Florida; you would 

be exposed to nearly 47 times the radiation dose that you would receive during a pQCT scan of the leg.  The 

finger-tip prick may cause a very brief little sting, and only a few drops of blood will come out, but it could 

bleed if you don’t put pressure on it for a while. 

 

Your child’s confidentiality 

Only the Griffith University researchers listed above and you will see your child’s results.  All study records 

will be stored in a locked filing cabinet on campus with access restricted to investigators for a minimum of five 

years.  All computer records will be protected by password.  If the results of the study are reported, your 

child’s name will not be revealed.  We would like to photograph or video record some of the study activities to 

use in scientific or community reports but we will not actually show those images to anyone, without your 

child’s and your permission (that we will obtain at the time).  We will not use your child’s name in those 

images.  We will delete all images for which permission has not been given. 

Your child’s participation is voluntary 

Whether you decide to allow us to use your child’s health information or not is completely up to you.  Your 

decision will have no effect on any other of your child’s opportunities at school.  If you do decide to allow us to 

use your child’s measures, you are free to change your mind at any time.  

Questions or for further information 

We are happy to answer any questions you or your child may have at any time before or during the study.  

Please do not hesitate to contact Rossana Nogueira or her supervisors on the contact details provided above. 
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Feedback to you 

We will provide you with your child’s test results and you are welcome to share those with them.  If you or 

your child are concerned about any of those results we recommend you consult your family physician.  We 

will arrange to present the overall results of the study to all interested members of the school community, 

including the children.   

Ethic conduct of this research  

Griffith University research follows the guidelines of the National Statement on Ethical Conduct in Human 

Research (2007).  If you have any concerns or complaints about the ethical conduct of the study (how it was 

run) you should contact the Manager, Research Ethics on 3735 5585 or research-ethics@griffith.edu.au.  

Privacy Statement  

The conduct of this research involves the collection, access and/or use of your child’s personal information 

that will have their name and date of birth on it.  The information collected is known only by the testers and 

will not be discussed or given to anyone else, except to meet government, legal or other regulatory authority 

requirements. A de-identified copy of this data may be used for other research purposes.  However, your 

child’s name will not be revealed at any time.  For further information see the University’s Privacy Plan at 

www.gu.edu.au/ua/aa/vc/pp or telephone (07) 3735 5585. 
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Exercising opportunities to prevent chronic disease: The CAPO KIDS trial 
 

SCREENING FORM 

If your child has any of the conditions listed below, they may not be eligible to participate.   

Please check any that apply to your child then send this form and the Decline to Consent Form to us via your 

child’s classroom teacher.  If you are unsure if any of the options apply to your child, please call us for help.  It 

would be a shame for your child to miss out unnecessarily. 

      My child has as a metabolic, endocrine or renal condition;  

      My child is taking medication(s) known to affect bone, muscle or metabolism; 

      My child is recovering from a lower limb fracture or other serious injury that stopped them from walking 

normally for 3 weeks or more in the past 6 months; 

        My child has a condition that prevents them safely performing short bouts of energetic physical activity that may 

raise the heart rate for up to 30 minutes. 

If your child has none of the listed conditions, there is no need to complete or send this form to us. 

Child’s name: _________________________________________________________________ 

School: ______________________________________________________________________ 

Your name (Parent/guardian): ____________________________________________________ 

Your signature:________________________________________________________________ 

Date: ________________________________________________________________________ 

For assistance, please contact:  Rossana Nogueira on (07) 5552 7347 / 0425 775 105 or r.nogueira@griffith.edu.au

mailto:r.nogueira@griffith.edu.au
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 Exercising opportunities to prevent chronic disease: The CAPO KIDS trial 

 

DECLINE TO CONSENT FORM 

 

If you do NOT consent the use of your child’s health measures (described in the enclosed information sheet), 

please check the box that matches your reason, complete the details below and return to us via your child’s 

classroom teacher. 

 

 I do not consent to the use of my child’s health information in the CAPO KIDS trial 

 My child should be excluded from participating based on the screening questions (please also return 

screening form to us) 

 

 

Your child’s name: _____________________________________________________________ 

School: ______________________________________________________________________ 

Your name (parent or guardian): __________________________________________________ 

Your signature:  _______________________________________________________________ 

Date: ________________________________________________________________________ 
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Bone-Specific Physical Activity Questionnaire (BPAQ) 
SUBJECT ID: 

 

 

DATE: 

 

1. Please list any sports or other physical activities you have participated in regularly.  Please tick the boxes to indicate how old you 

were for each sport/activity and how many years you participated for. 

                      Age: 
Activities                     

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

                               

                               

                               

                               

                               

                               

                               

                               

                               

                      Age: 
Activities                     

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

                               

                               

                               

                               

                               

                       Age: 
Activities                     

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 

                               

                               

                               

                               

                               
 

BONE SPECIFIC PHYSICAL ACTIVITY QUESTIONNAIRE 

Developed by B.K. Weeks and B.R. Beck 
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Bone-Specific Physical Activity Questionnaire (BPAQ) 
SUBJECT ID: 

 
DATE: 

 

 

2.  Please list the sports or other physical activities (be as specific as possible) you participated in regularly during the last 12 months 

and indicate the average frequency (sessions per week).  
 

Activity: _________________________________________________           Frequency (per week): ____________        

Activity: _________________________________________________           Frequency (per week): ____________       

Activity: _________________________________________________           Frequency (per week): ____________ 

Activity: _________________________________________________           Frequency (per week): ____________         

Activity: _________________________________________________           Frequency (per week): ____________        

Activity: _________________________________________________           Frequency (per week): ____________        

Activity: _________________________________________________           Frequency (per week): ____________        

Activity: _________________________________________________           Frequency (per week): ____________        

 

BONE SPECIFIC PHYSICAL ACTIVITY QUESTIONNAIRE 

Developed by B.K. Weeks and B.R. Beck 

Griffith University, QLD, Australia 
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Survey (ACAES FFQ) 

  



 

275 

 



 

276 

 



 

277 

 

 



 

278 

 

 

  



 

279 

 

  



 

280 

 

  



 

281 

 

  



 

282 

 

  



 

283 

 

  



 

284 

 

  



 

285 

 

  



 

286 

 

  



 

287 

 

  



 

288 

 

  



 

289 

 

  



 

290 

 

  



 

291 

 

  



 

292 

 



 

293 

 

  



 

294 
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Exercising opportunities to prevent chronic disease: The CAPO KIDS Trial  

 

Test session: 1) February 2012      2) November 2012         3) November 2013   

 

Participant name: ____________________________________________________________ 

Sex:  M F   DOB:  _____________   Age:  _____________                            

School year: 5 6                      Dominant foot:    L      R                      

Investigator: ____________________________________________________________________ 

                   Measures Test Session  1 Test Session  2 Test Session  3 

Weight (kg) 
   

Waist Circumference 

(cm) 

   

Standing Height (cm)    

Sitting Height (cm)    

BUA (dB/MHz)    

L R 

Vertical Jump Test 

(cm) 

Ref: 
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Screening Form    Current medical conditions/injuries: 

BPAQ            

Diet Questionnaire 

 

Test session:                1)    2)    3)  

 

Beep Test             

 

pQCT Forearm                           

 

 Tibia      

 

DXA  WB     

  

LS      

 

PF          

 

Blood Pressure                               

 

Rest HR            __________           __________                     __________       

   

 

  

 

Blood Pressure: 

 

 

 Test Session:                1)    2)    3)  

  

 


