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Abstract

Improving relative strength is important for maintaining functionality with age, and
outdoor exercise structures could be useful to facilitate this. 29 adults aged 65+ participated
in a crossover study with a six-week control followed by a six-week resistance training
intervention on an outdoor exercise structure (3x/week). Relative strength (predicted
maximal leg press/lower body lean mass (Dual-energy X-ray Absorptiometry)) and
physical function variables were measured at baseline, post-control, and post-intervention.
Represented as median (251-75™), lower body relative strength improved from 7.91 (7.01-
9.35) post-control to 8.50 (7.99-9.72) post-intervention (p=.002) in study completers
(n=17). Maximum leg press (p=.002), 30-second chair stand (p<.001), one-leg stance
(p=.011), and maximum chest press (p=.009) also improved significantly during the
intervention. There were no significant changes in aerobic activity, grip strength, lean
mass, or muscle power. This study demonstrates that there could be potential relative

strength benefits associated with the use of outdoor exercise structures in older adults.
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1.0 Introduction

After the age of 50, older adults lose ~10% of lean mass per decade and 12-14% of
muscle strength per decade (Doherty, 2001; Goodpaster et al., 2006). This can translate
into a decline in functional capacity (Misic et al., 2007) and lead to a loss of independence
and institutionalization (Luppa et al., 2010). Resistance training is an effective strategy for
slowing this decline and even improving muscle strength and mass while aging (Izquierdo
et al., 2021). However, 67.5% of older adults report not taking part in any resistance

training activities (Copeland et al., 2019).

Significant barriers to performing regular resistance training include cost, location,
lack of equipment, and lack of knowledge both in the breadth of benefits of resistance
training and how to properly perform resistance training (Burton et al., 2017). Outdoor
exercise structures could be a possible solution to address these barriers, especially if
supervised. The literature shows that older adults are the demographic that uses these
outdoor exercise structures the least (Cohen et al., 2012; Mora, 2012). Even if older adults
were using these structures, it is unclear whether there are any benefits to this type of

activity (lzquierdo et al., 2021).

The main objective of this study was to assess the impact of a 6-week resistance
training program using outdoor exercise structures on lower body relative strength
(strength/lean mass). The secondary objective was to explore whether a 6-week resistance
training program using outdoor exercise structures can lead to a significant improvement

in physical function.

A total of 29 participants who were over the age of 65 years old, community-

dwelling, not currently taking part in any structured resistance training activities, able to



grip objects in day-to-day life (self-reported), and had been cleared to exercise took part in
this study. Using a crossover design, participants first took part in a 6-week control period
followed by a 6-week intervention. Assessments were performed at baseline, after six

weeks of the control condition, and after the 6-week intervention.

During the intervention, participants took part in a supervised resistance training
program three times per week for six weeks on an outdoor exercise structure for 45 minutes
per session. The exercise program focused on progressive overload by gradually increasing
sets, reps, and difficulty of the exercises. The main outcome, lower body relative strength,
was measured using lower body maximum strength divided by total lean leg mass
(measured via Dual X-ray Absorptiometry). Physical function was assessed using a battery

of validated tests to assess muscle power, strength, and balance.

Out of 29 participants, 17 completed the study protocol (70.6% female). During the
intervention, median lower body relative strength improved from 7.91 (7.01-9.35) at post-
control to 8.50 (7.99-9.72) at post-intervention (p=.002). There were also significant
improvements in maximal leg press (p=.002), 30-second chair stand (p<.001), one leg
stance (p=.003), and maximal chest press (p=.028) following the intervention. This short-
term resistance training program using an outdoor exercise structure was associated with
improvements in lower body relative strength and physical function in community-
dwelling older adults. Nevertheless, more research is needed to understand and improve

adherence to using these outdoor structures.



2.0 Literature Review
2.1 Aging
Over seven million people in Canada are over the age of 65, making up about 18.5%
of the total Canadian population (Statistics Canada, 2021a). The World Health
Organization (2021b) reports that the worldwide population of people over the age of 60
years old consists of about 1 billion, and that number is expected to double to 2.1 billion
by the year 2050. The oldest old, those over the age of 80 years old, are expected to triple

in numbers by 2050 to a total of 426 million (World Health Organization, 2021b).

This rapid population aging is due to multiple factors including continuously
increasing life expectancy, healthcare advancements, and declining fertility trends (World
Health Organization, 2021b). Over the past 50 years, the average fertility rate in Canada
has dropped 29.9% from 2.14 to 1.5 children per woman, and life expectancy in Canada
has increased by 13.18% from 73.03 to 82.66 years (MacroTrends, 2022; World Bank
Group, 2022). This dramatic increase in older adults will have unprecedented effects on
healthcare systems worldwide such as increased demands in expenditure and services, but
especially in countries such as Canada with universal healthcare models in place (Prince

etal., 2015).

Physiological aging is defined as the gradual decline of the body’s biological
processes that ultimately reduces its adaption capabilities such as metabolic processing and
physical function (Flint & Tadi, 2022). Throughout the human lifespan, cell turnover is
constantly occurring via cellular apoptosis and proliferation (Flint & Tadi, 2022). In the
first few decades of life, cell turnover is remarkably efficient and relatively consistent.

However, around the age of 30 years old, cell proliferation slows and apoptosis occurs at a



faster rate than regeneration, which is one of the primary reasons that aging of the human
body occurs (Flint & Tadi, 2022). While aging is inevitable, there are several epigenetic
factors (such as lifestyle choices) that influence the rate at which cellular apoptosis and

regeneration may occur (Neufer et al., 2015).

Specific changes that occur along the aging process include body composition
changes such as loss of bone mass via decreases in bone density, increases in fat mass, and
decreases in lean mass, all resulting in a decline in mobility and physical functioning
(Jingzhong et al., 2007; Keller & Engelhardt, 2014). Lean mass is sometimes referred to as
‘muscle mass’ or ‘fat-free mass’ in the literature (Muller et al., 2014). After the age of 50,
lean mass decreases at a rate of about 10% per decade, with muscle strength declining even

faster at a rate of about 14% per decade (Doherty, 2001; Goodpaster et al., 2006).

One of the biggest contributors to the change in body composition observed with
age is the lack of physical activity (Cunningham et al., 2020). While reports of physical
activity levels vary greatly in older adults, most studies find that less than 25% of older
adults meet the recommended physical activity guidelines of 150 minutes per week of
moderate-to-vigorous physical activity (MVPA) (Sun et al., 2013). However, when the
outcome is objectively measured, the prevalence of older adults meeting MVPA guidelines
is much lower, with some studies reporting numbers as low as 2.5% (Jefferis et al., 2014;

Sun et al., 2013).

2.1.1 Chronic Conditions

The risk of developing chronic conditions and multimorbidity increases with age,
with a dramatic increase in that risk occurring after the age of 65 years old (Kirchberger et

al., 2012). The Public Health Agency of Canada (2021) reports that of the seven million



people over the age of 65 in Canada, about 6.3 million live with at least one chronic
condition, making the prevalence of chronic conditions in Canada’s senior population a
staggering 89%. The most common chronic condition among Canadian seniors is
hypertension with a prevalence of 65.5%, followed by osteoarthritis at 37.9%, and then

ischemic heart disease at 26.9% (Public Health Agency of Canada, 2021).

The total burden of disease is often assessed by calculating the disability-adjusted
life years (DALY), which is a measure that takes into account the number of years an
individual has lost due to premature mortality or being in an unhealthy state (Rushby,
2001). The most recent estimation of the global burden of disease was done in 2010, which
stated that people over the age of 60 years old account for 23.1% of the total global burden
of disease, contributing 574 million to the 2490 million annual DALY's worldwide, and
this number was projected to rise even more as the worldwide population ages. Years lost
to cardiovascular disease, cancer, and chronic respiratory diseases are the leading
contributors and add up to more than half of the annual DALY in the aging population

(Prince et al., 2015).

Chronic conditions are a major strain on healthcare systems all over the world.
While exact statistics on the current cost of chronic conditions to Canada’s healthcare
system are not available, it has been estimated that chronic disease costs the Canadian
healthcare system about $190 billion per year in direct and associated costs, making up
67% of Canada’s annual healthcare spending (EImslie, 2016). Physical inactivity is a major
modifiable risk factor and is often assessed as a precursor for developing chronic conditions
(Anderson & Durstine, 2019). Globally, physical inactivity is estimated to cost healthcare

systems $145 billion in international currency (Anderson & Durstine, 2019). In the United



States, physical inactivity accounts for 27% of healthcare spending (Anderson et al., 2005).
As our population ages and physical inactivity levels remain high, the prevalence of
chronic disease will rise and the economic burden on our healthcare systems will continue

to increase (Koné Pefoyo et al., 2015).

Physical activity is an important variable in preventing, managing, and treating
numerous chronic conditions (Booth et al., 2012; Pedersen & Saltin, 2015). Older adults
who engage in physical activity have a later onset of chronic conditions by 7 years
compared to those who do not engage in physical activity, and they experience less severe
symptoms and better outcomes (Zhou et al., 2018). In fact, older adults who exercise have
a lower prevalence of chronic conditions altogether compared to those who don’t
(Gopinath et al., 2018). Research shows that older adults who exercise live longer lives in
better health than those who don’t exercise (Gopinath et al., 2018). These beneficial effects
of physical activity and exercise on chronic conditions are also associated with improved

body composition (I1zquierdo et al., 2021).

2.2 Body Composition

As aging occurs, body composition tends to shift. After the age of 50 years old,
adults lose lean mass and gain fat mass faster than any other age group (Gill et al., 2015).
Body composition and how it changes can be influenced by several variables including
genetics, age, sex, ethnicity, socioeconomic status, and environmental factors (Thibault et
al., 2012). While some impacting factors of body composition such as genetics, sex, and
ethnicity are fixed to a degree, others such as environmental factors (namely nutrition and
physical activity habits) can be altered to improve body composition changes over the

lifespan (Schoufour et al., 2021).



One of the most notable changes in body composition through aging is the loss of
bone mass. This is due to a decrease in bone density that often occurs with aging. The
excessive loss of bone density, known as osteoporosis, affects one in four Canadians over
the age of 65 and disproportionately affects women more so than men with rates of 38.6%
and 9.1%, respectively (Public Health Agency of Canada, 2021). Decreased bone density
presents as a risk factor for decreased physical functioning, hip fractures, hospitalizations,

and premature mortality (Bouvard et al., 2021).

As humans get older, body fat percentage often increases and they may eventually
develop a chronic condition called obesity (He et al., 2018). Obesity is a complex chronic
condition where an individual has an excessive amount of body fat, which could be
detrimental to their health. Fat mass may increase or remain stable in old age, but there is
often a redistribution from subcutaneous to visceral fat (Izquierdo et al., 2021). An obesity
paradox has been presented and explored in aging literature which suggests some
potentially protective effects of a higher body mass index (BMI) in older adults and chronic
disease populations, however, this is often seen in individuals with more subcutaneous fat

and less visceral fat (Bosello & Vanzo, 2021).

Research shows that the accumulation of subcutaneous fat below obesity thresholds
may actually have protective effects on the human body, while the accumulation of visceral
fat almost always has adverse health effects (Ibrahim, 2010). Despite the obesity paradox
observed in older adults, excess amounts of body fat have generally been found to be
harmful to health and increase an individual’s risk of a plethora of chronic conditions
(Bosello & Vanzo, 2021; Kivimaéki et al., 2022). Additionally, the accumulation of visceral

body fat in the abdominal region has been associated with an even greater risk of mortality



(Ibrahim, 2010). It has been well established that obesity is a worldwide epidemic, and

rates of obesity are not predicted to decrease in the future (Malenfant & Batsis, 2019).

In 2016, the World Health Organization reported that the worldwide prevalence of
obesity in individuals over the age of 18 years old was about 13% and that an additional
39% of the population was overweight (sometimes considered as pre-obese) (World Health
Organization, 2021a). In Canada, approximately 25% of the adult population was classified
as obese in 2015, and the prevalence of adult obesity in Canada is expected to double over
the next 20 years (Bancej et al., 2015). Statistics Canada (2021b) has reported that these
rates are even slightly higher in the senior population with 28.3% of seniors having a BMI
classified as obese, and an additional 38.8% being classified as overweight (Statistics
Canada, 2021b). It is worth noting that the aforementioned rates of obesity may be even
higher than initially suggested since the use of BMI for diagnosis of obesity has a high
specificity and low sensitivity, which increases the risk of a false negative and often leads

to underdiagnosing obesity (Javed et al., 2015).

One of the best forms of treatment to avoid age-related body composition changes
is physical activity, and more specifically, resistance training (lzquierdo et al., 2021).
Resistance training is an effective treatment for fat loss and conservation of lean mass, and
also leads to more efficient metabolic processes, resulting in a higher resting metabolic rate
which will help to maintain an optimal body weight (Izquierdo et al., 2021). Evidence
shows that after the age of 50 years old, lean mass decreases at a rate of about 10% per
decade if proper interventions are not implemented (Goodpaster et al., 2006). Although it
is normal to observe a decrease in lean mass associated with aging, a reduction above two

standard deviations of the average of young adults is problematic and considered to be a



chronic condition called sarcopenia (McLean & Kiel, 2015). It is currently estimated that
about 10% of the world’s population of seniors over the age of 60 years old suffers from
sarcopenia, and prevalence is rising as the world’s population ages and life expectancy
increases (Shafiee et al., 2017). Sarcopenia is progressive and can be a debilitating
condition, as it has been associated with decreased quality of life, frailty, hip fractures,

disability, and mortality (Morley, 2016).

Treatment options for sarcopenia include lifestyle modifications such as physical
activity, resistance training, and nutritional supplementation, as well as pharmacological
interventions (Keller, 2019). However, pharmacological interventions are limited for
sarcopenia and often have several undesirable side effects (Morley, 2016), and nutritional
supplementation alone has only been shown to have a limited effect on sarcopenia which
doesn’t often translate into an improvement in physical function (Beaudart et al., 2017).
Therefore, resistance training is a crucial front-line treatment for sarcopenia (Beaudart et

al., 2017).

Sarcopenic obesity is a condition in which there are low levels of lean mass and
high levels of fat mass, where an individual presents with both obesity and sarcopenia
(Bouchard et al., 2009). Sarcopenic obesity is a risk factor in developing functional
disabilities: a systematic review and meta-analysis by Schaap et al. (2013) showed that
individuals with sarcopenic obesity were 2.5 times more likely to experience disability in
instrumental activities of daily living when compared to those without sarcopenic obesity.
In this same meta-analysis, there was no association found between disability onset and
sarcopenia or obesity alone, which highlights the importance of diagnosing both conditions

simultaneously.



It is abundantly clear that body composition changes occur with aging and that these
changes negatively influence the ability to perform activities of daily living. This

association is often mediated by a loss of muscular strength (Schaap et al., 2013).

2.3 Muscle Strength

Aging is associated with changes in the quality of the muscles in the human body
(Schaap et al., 2013). Absolute strength refers to the sheer amount of load that a muscle
can successfully contract against and is often measured using a 1-repetition maximum test
as a field test, or maximum voluntary contraction via dynamometry as a laboratory test
(Verdijk et al., 2009). Absolute strength has been an important variable in aging literature
over the years; research has shown that skeletal muscle strength starts to decline in the
fourth decade of life and that this decline significantly accelerates after the sixth decade
(Keller & Engelhardt, 2014). After the age of 50 years, absolute muscle strength has been
shown to decline by anywhere from 1.5% to as much as 5% per year (Keller & Engelhardt,

2014).

This age-related decline in skeletal muscle strength is the outcome of several
complex interactions of physiological factors including progressive muscular atrophy,
intrinsic changes to muscle composition (i.e., increased fat infiltration), alterations in
muscle metabolism, a slowing of excitation-contraction coupling, and prolonged oxidative
stress (Ryall et al., 2008). However, there are also behavioural factors that contribute as
well such as reduced physical activity levels, increased sedentary behaviour, and severely
reduced recruitment of upper-level motor units due to a lack of high-intensity activities
(Hunter et al., 2016). It is unclear whether the various physiological changes occur due to

aging and thus impact the behavioural, or whether a gradual reduction in moderate-to-
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vigorous physical activity drives these physiological changes, but it is clear that there is a
distinct association between them (Hunter et al., 2016). A systematic review and meta-
analysis performed by Schaap et al. (2013) also demonstrated that this age-related decline
in absolute strength is associated with functional decline: the more muscle strength an
individual loses, the higher their risk is for developing physical disability (Schaap et al.,
2013). A large body of research has demonstrated that habitual physical activity and
exercise can mediate these deteriorations in strength and physical function, and even lead

to improvements in these measures (lIzquierdo et al., 2021).

Relative strength represents the amount of force that a muscle can produce per unit
of lean mass. Relative strength may also be referred to as ‘specific strength’,
‘neuromuscular muscle quality’, or ‘muscle mass index’ in the literature (Petrella et al.,
2007; Radaelli et al., 2021). Recent research shows that relative strength may be more
indicative of changes in overall muscle quality in older adults, and may be a better predictor
of functional disability and loss of independence than absolute strength (De Lira et al.,
2019; Francis et al., 2017). In fact, relative strength has been shown to be the strongest
predictor of functional capacity when compared with absolute strength, body fat mass, and
aerobic endurance, with relative strength accounting for 29-42% of the variability in
physical function (Misic et al., 2007). This highlights the fact that the age-associated loss

of muscle strength can be problematic and detrimental for older adults.

Dynapenia is defined as the progressive loss of skeletal muscle strength and power
(Clark & Manini, 2012). While a decline in skeletal lean mass (sarcopenia) is cause for
concern, it has been hypothesized that the loss of muscle strength may be even more

detrimental to physical function and independence in older adults (Hairi et al., 2010). Due
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to dynapenia research lagging decades behind sarcopenia research, the worldwide
prevalence of dynapenia is unclear. However, regional studies across the world have
estimated rates of dynapenia in people over the age of 65 years old to be between 21.5%
and 38.2% (Borges et al., 2020; Neves et al., 2018; Rodriguez-Garcia et al., 2018; Tessier
etal., 2019). This data suggests that rates of dynapenia are much higher than sarcopenia in
older adults, and it seems to occur at a faster rate as well (Clark & Manini, 2012).
Dynapenia seems to affect women more so than men and has a higher association with

hospitalization rates than sarcopenia (Neves et al., 2018).

For a short time, scientists attempted to group dynapenia into the definition of
sarcopenia but quickly realized that the age-related loss of lean mass and the age-related
loss of muscle strength were only loosely associated and both merited their own definitions
and categories (Manini & Clark, 2012). It was previously thought that sarcopenia may be
the cause of dynapenia, but current research shows that is not the case, and that sarcopenia
is only one of several factors that contribute to dynapenia (Manini & Clark, 2012). Other
variables that significantly influence dynapenia include neural factors such as motor
recruitment and discharge rate, and muscular factors such as muscle contractile quality, all
of which are significantly influenced by physical activity and resistance training (Manini

& Clark, 2012).

Dynapenic obesity is a condition in which high levels of adiposity occur with low
levels of muscular strength and power. While obesity and dynapenia are both associated
with functional decline, dynapenic obesity has been shown to be associated with more
significant functional decline than obesity or dynapenia alone (Bouchard & Janssen, 2010).

Obesity, sarcopenia, and dynapenia are all serious health conditions that independently

12



contribute to an increased risk of developing other comorbidities. However, the presence
of two or more of these body composition conditions together, such as sarcopenic and
dynapenic obesity, produce a much higher risk of physical disability and disease

manifestation (Malenfant & Batsis, 2019).

When it comes to assessments, relative strength is often expressed as a ratio where
absolute strength is the numerator and lean mass is the denominator, resulting in a ratio
referred to as the muscle quality index. Both parts of this ratio can be assessed in numerous
ways. The numerator, muscle strength, can be assessed with 1-RM methods, grip strength
tests, or through isometric or isokinetic dynamometry. The denominator, lean mass, can be
assessed using dual-energy X-ray absorptiometry (DXA), computed tomography (CT),
magnetic resonance imaging (MRI), muscle ultrasound (US), and bioelectrical impedance
analysis (BIA) (Correa-de-Araujo et al., 2017; Radaelli et al., 2021). Since muscle quality
is a relatively recent topic in research, there is a lack of consensus on what the best method

is for assessing relative strength (Correa-de-Araujo et al., 2017).

In the current muscle quality research, DXA seems to be the most common imaging
technique used to assess lean mass by far, followed by CT scans, MRI and US, and lastly,
BIA (Radaelli et al., 2021). While US and BIA prove to be low-cost and easily
implemented options for assessing fat-free mass, they may not be reliable enough to
distinguish rates of change in lean mass. BIA has been found to be unreliable in measuring
changes in lean mass when compared with US and CT scans (Nakanishi et al., 2019), and
US techniques are subject to an operator dependency, meaning that the quality of the results
has a high level of variability depending on the medical technologist completing the

techniques, which are not present with DXA and CT scans. (Correa-de-Araujo et al., 2017).

13



As for the measurement of muscle strength within the relative strength ratio, the
knee extensor muscles seem to be the most commonly assessed. A few studies have
explored using grip strength or strength of the plantar flexors, but these methods come with
limitations in assessing lean mass (Correa-de-Araujo et al., 2017). In a 2021 systematic
review and meta-analysis by Radaelli et al., 15 out of 17 studies used knee extensor strength
in their relative strength assessment methods and the remaining two used plantar flexor
strength. Of the 15 studies that assessed knee extensor strength, five of them used a 1-
repetition maximum test to measure it, seven used isokinetic dynamometry, and three used
isometric strength. It is worth noting that both studies using planter flexor strength did not

have sufficient data for inclusion in the meta-analysis.

2.4 Physical Function

Physical function is a multifaceted concept that involves several systems including
the musculoskeletal, cardiorespiratory, neuromuscular, and nervous systems (Patrizio et
al., 2020). Physical function is defined as the ability to complete basic activities of daily
living which include ambulating, feeding, dressing, personal hygiene, continence, and
toileting, as well as instrumental activities of daily living such as transportation and
shopping, managing finances, meal preparation, home maintenance, communication, and
managing medications (Edemekong et al., 2021). When physical function starts to decline,
instrumental activities of daily living are often the first activities that people tend to seek
assistance with. When people lose the ability to perform instrumental activities of daily
living, they begin to lose their independence and ability to live alone in a community setting
(Mlinac & Feng, 2016). They may be able to maintain independence while getting

assistance with instrumental activities of daily living, but once they need assistance with
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activities of daily living, they are no longer able to live alone and must be moved to an
institution or designated to a caretaker who will live with and care for them (Edemekong

etal., 2021).

Peak physical functioning occurs between the age of 20 and 30 years old and then
begins to gradually decline as the human body ages (Keller & Engelhardt, 2014). The most
significant physical disabilities usually occur after the age of 50 years old, which is when
significant declines in muscle strength and lean mass are observed (Doherty, 2001;
Goodpaster et al., 2006). This decline in physical function is a major risk factor for
institutionalization in older adults (Luppa et al., 2010). Physical function may decline
gradually as a result of a lack of physical activity, or it may happen quickly and suddenly
as a result of a fall, injury, or condition. While the latter may not be able to be directly
impacted through proactive measures, functional decline in both scenarios can be delayed

through physical activity and exercise (Izquierdo et al., 2021).

2.4.1 Assessment

Since physical function is a multidimensional concept, its assessment often
includes self-reported abilities to complete day-to-day activities, or is measured via clinical
tests as a proxy measure (Patrizio et al., 2020). A systematic review by Soubra et al. (2019)
reported that a minimum of 31 different functional capacity tests and batteries have been
developed over the years to capture the multiple factors that influence physical function.
This systematic review highlights the lack of consensus on a gold standard when it comes
to assessing physical function, and the need for clarity on which assessments are best suited
for specific populations (Soubra et al., 2019). Two of the most popular physical function

test batteries are the Senior Fitness Test and the Short Physical Performance Battery
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(Patrizio et al., 2020). The Senior Fitness Test is especially intriguing as it has excellent
reliability and validity, and even presents established sex-specific norms in 5-year age
brackets from 60-94 years for reference (Hesseberg et al., 2015; Rikli & Jones, 1999a,

1999h).

The Senior Fitness Test battery consists of a 6-minute walk test to assess aerobic
endurance, the 30-second chair stand to assess lower body strength, a biceps arm curl test
to assess upper body strength, the timed-up-and-go test to assess agility and dynamic
balance, the back scratch test to assess upper body flexibility, and the chair sit and reach
test to assess lower body flexibility (Langhammer & Stanghelle, 2015). All six of the tests
within the Senior Fitness Test battery have an intraclass correlation between 0.8 and 0.98
(with most being above 0.9), deeming the Senior Fitness Test a reliable battery of tests

(Rikli & Jones, 1999a).

The 30-second chair stand, 6-minute walk, and chair sit and reach tests have all
been compared to gold standard assessment practices to assess their criterion validity: the
correlations were calculated as 0.77, 0.78, and 0.83, respectively, all demonstrating strong
validity (Rikli & Jones, 1999a). The arm curl test was also compared to the gold-standard
assessment of upper body strength but was calculated independently for males and females
due to the differing protocols. The arm curl test demonstrated high validity for both males
and females with correlations of 0.81 and 0.78, respectively (Rikli & Jones, 1999a). Due
to the lack of consensus on gold-standard assessments for upper body flexibility and
dynamic balance, the criterion validity for the chair sit and reach and timed-up-and-go tests
could not be calculated. Instead, experts concur that these tests are considered to be the

best measure of their respective criteria (Rikli & Jones, 1999a). Another benefit to this test
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battery is that the normative values for these tests are presented in 5-year age brackets,
therefore allowing individuals to compare their scores more accurately to others of their

respective age and sex.

The Short Physical Performance Battery testing battery focuses on lower extremity
functionality and was developed for older adults with lower self-reported functional
capacity (Guralnik et al., 1994). It consists of a gait speed test, a 5-repetition sit-to-stand
test, and three balance tests (feet side by side, tandem, semi-tandem) (Guralnik etal., 1994).
Each test has a scoring system in which certain criteria are associated with a point value
(i.e., semi-tandem stance >10 seconds=1 point; <10 seconds=0 points). The sum of the

points is tallied up for a total out of 12 points, with 0 being the worst possible score.

The Short Physical Performance Battery has been shown to have excellent validity
and reliability in both general and specific populations (Gémez et al., 2013; Guralnik et al.,
2000). Reliability of the Short Physical Performance Battery has been reported as having
an ICC between 0.83 and 0.92, deeming the Short Physical Performance Battery a reliable
test battery (Gomez et al., 2013). It has been found to be a valid measure of physical
function in older adults, and predictive of future disability (Guralnik et al., 2000). Low
scores on the Short Physical Performance Battery (<8) have been associated with higher
incident disability (Pahor et al., 2014), a greater risk of falls (Lauretani et al., 2019), and
an increased chance of institutionalization (Gawel et al., 2012). A systematic review and
meta-analysis by Pavasini et al. (2016) reported that scoring less than 10 points on the Short

Physical Performance Battery is predictive of all-cause mortality.

Individual tests are also used by clinicians to assess physical function in a shorter

timeframe including chair stand tests, timed-up-and-go tests, and gait speed tests (Patrizio
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et al., 2020). Physical function is a multifaceted concept and should be assessed as such.
The main dimensions that are often assessed to reflect physical function are upper body
strength, lower body strength, aerobic endurance, balance, and flexibility. Upper body
strength is important for daily activities such as dressing oneself, preparing meals, carrying
groceries, and performing house maintenance tasks such as cleaning and renovations

(Edemekong et al., 2021).

The three most commonly used assessments for upper body strength include a 1-
repetition maximum bench press or chest press, a biceps/arm curl test, and a grip strength
dynamometer test. Grip strength measured via dynamometry is the most widely used
measure of upper body grip strength as well as overall body strength (Bohannon, 2019).
However, evidence suggests that grip strength is not always indicative of overall body
strength when used alone, and it is therefore suggested that it be administered in

conjunction with a lower body strength assessment (Sanderson et al., 2016).

Lower body strength is strongly correlated with physical function as it translates to
walking, going up and down stairs, getting in and out of chairs, as well as being able to
stand for extended periods to perform house maintenance tasks such as cleaning and
renovations (Bardstu et al., 2022). Common lower body strength assessments for older
adults include maximum voluntary contraction via isokinetic dynamometry, one-repetition
maximum leg press, one-repetition maximum leg extension, and a variation of chair stand
tests (often the 5-repetition sit-to-stand test or 30-second chair stand test) (Verdijk et al.,
2009). When equipment is available, the isokinetic dynamometric measure of maximum
voluntary contraction of the leg extensor muscles is considered the gold standard for

assessing lower body strength, however, research has shown that one-repetition maximum
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measures of leg extension and leg press are both strongly correlated with dynamometric

measures of lower body strength (Verdijk et al., 2009).

One-repetition maximum testing has also been shown to have good to excellent
test-retest reliability regardless of age, sex, resistance training experience, familiarization
testing sessions, and exercise selection (Grgic et al., 2020). Additionally, given the
importance of specificity in both strength training and assessments in older adults (Liu et
al., 2014), it has been argued that one-repetition maximum strength testing may be more
relevant than dynamometry when used to assess changes in muscle strength following an
exercise intervention in older adults (Verdijk et al., 2009). This is also partially due to the
fact that isokinetic dynamometry can only test muscle strength with one degree of freedom
as it can only be conducted on single-joint movements such as leg extension, which is not

the case with 1-repetition maximum testing (Grgic et al., 2020).

2.5 Physical Activity

Physical activity is defined as: “any bodily movement produced by skeletal muscles
that results in energy expenditure” (Caspersen et al., 1985). Context-specific types of
physical activity include leisure-time physical activity which is often done for enjoyment,
occupational physical activity which is any job-related physical activity, transportation to
get to and from destinations, and domestic which includes housework and renovations

(Caspersen et al., 1985).

Current 24-hour movement guidelines recommend that adults over the age of 18
years old accumulate at least 150 minutes of MVPA per week (Ross et al., 2020). The
guidelines also state that adults should strive to be active every day by incorporating several

hours of light-intensity physical activity, reduce sedentary time to less than 8 hours per
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day, and perform muscle-strengthening activities focusing on major muscle groups at least
twice per week. The Canadian Society of Exercise Physiology has recently been promoting
a “healthy 24 hours” construct which focuses on incorporating several different types and
intensities of physical activity throughout the entire day (Ross et al., 2020). Even though
the emphasis has shifted to highlight the importance of maintaining movement throughout
the whole day, reallocating time into MVPA from other movement behaviours is associated

with more favourable improvements in several health outcomes (Janssen et al., 2020).

While multi-modal exercise routines are highly encouraged for those who are able,
sedentary individuals should start with one mode of exercise (i.e., resistance, aerobic, or
balance) and gradually progress to include other modes as they are able (Izquierdo et al.,
2021). More specifically, it is recommended that physically inactive older adults perform
resistance training activities before aerobic training in order to strengthen and condition
the muscles needed to perform aerobic training (I1zquierdo et al., 2021). Resistance training
can also have cardiovascular and cardiorespiratory benefits, whereas aerobic training does

not seem to produce musculoskeletal benefits (Izquierdo et al., 2021).

2.5.1 Resistance Training

Resistance training is defined as any type of muscle-strengthening activity that uses
an external load for a muscle to resist against. It has been well-established in the literature
that resistance training is highly beneficial for older adults (Izquierdo et al., 2021). The
most notable benefits of resistance training include prophylactic effects through improved
body composition, specifically improvements in muscle strength and mass, bone mass, and
reduction in fat mass (lzquierdo et al., 2021). Resistance training has been identified as a

key variable in preventing over 35 chronic conditions and has been shown to be an
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extremely effective front-line treatment for over 26 different chronic conditions including
metabolic, neurological, cardiovascular, psychiatric, pulmonary, and musculoskeletal
diseases and disorders, as well as cancer (Booth et al., 2012; Pedersen & Saltin, 2015).
Resistance training has also been associated with a 21% reduction in risk of all-cause

mortality (Saeidifard et al., 2019).

Bone mass in particular is very responsive to physical activity and resistance
training, or lack thereof, as mechanical loading (such as lifting weights) both maintains
bone mineral density and stimulates the growth of new bone (Bolam et al., 2013). However,
in the absence of mechanical loading (physical inactivity), bone marrow can be resorbed,
making the bone less dense and ultimately more frail, increasing the risk of fracture (Bolam
et al., 2013). Progressive loading with resistance training is a highly effective strategy for
increasing and maintaining a healthy bone mineral density in older adults, decreasing the

risk of fractures and subsequent hospitalizations (Izquierdo et al., 2021).

Along with the significant effects that resistance training can have on bone mass
and density, resistance training can also have tremendous effects on muscle strength, lean
mass, and muscle quality in older adults (Radaelli et al., 2021). A systematic review and
meta-analysis by Radaelli et al. (2021) that included 17 studies and almost 500 participants
found resistance training exercise to be effective in improving muscle strength per unit of
lean mass in older adults. This improvement in relative strength in older adults applies to
both men and women, as well as obese and non-obese older adults (De Lira et al., 2019;
Radaelli et al., 2021). This improvement in relative strength translates to an improvement
in physical function and mobility, which in turn contributes to maintaining independence

and improved quality of life in older adults (McGregor et al., 2014).
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In terms of programming, multiple variables (i.e., frequency, duration, intensity)
depend on the target outcome and the resistance training experience level of the individual
(American College of Sports Medicine, 2009). Most physical activity guidelines for adults
recommend performing at least two sessions of resistance training weekly targeting major
muscle groups. For example, the National Strength and Conditioning Association (NSCA)
recommends that for older adults, a strength training program should be performed 2-3
non-consecutive days each week, include 8-10 compound exercises targeting major muscle
groups with 1-3 sets of 6 to 12 repetitions for each exercise to target improving muscular
strength (Fragala et al., 2019). In Canada, the general recommendation for adults is simply
to perform two sessions per week targeting major muscle groups, with no specific

guidelines for older adults (Ross et al., 2020).

In order to elicit strength gains, progressive overload needs to be used to continually
stimulate the muscle as it adapts to the previously applied stress (American College of
Sports Medicine, 2009). Exercises can be progressed to be more challenging in a variety
of different ways such as increasing sets, reps, load/resistance, time under tension,
contraction speed, altering joint angles, or decreasing rest times between sets (American
College of Sports Medicine, 2009). To allow for proper recovery, it’s recommended that
older adults take between 1-3 minutes of rest between exercises, depending on their
readiness to continue exercising (lzquierdo et al., 2021). As exercise tolerance increases,
older adults should be able to gradually reduce their rest times from three minutes down to

one minute (Izquierdo et al., 2021).

In terms of duration, older adults who are new to resistance training often

experience higher strength improvements in a shorter timeframe than intermediate and
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advanced lifters due to the primarily neural gains elicited when beginning resistance
training (American College of Sports Medicine, 2009; Moritani & deVries, 1979).
Significant increases in relative strength have been demonstrated in resistance training
interventions as short as 6 weeks all the way up to 48 weeks, although a meta-analysis
performed by Radaelli et al. (2021) showed no significant association between the length
of intervention and relative strength. A systematic review performed by Lai et al. (2018)
echoed these findings in physical function, reiterating that a minimum of 6 weeks of
habitual resistance training is needed for improving both muscular strength and physical

function in older adults (Lai et al., 2018).

In terms of all-cause mortality, Saeidifard et al. (2019) found that performing
resistance training twice per week resulted in a significantly decreased risk in older adults,
but that performing resistance training more than twice per week did not produce any
additional benefit. A meta-analysis performed by Ralston et al. (2018) compared medium-
frequency resistance training (2 days/week) and high-frequency resistance training (>3
days/week) and found there were no significant differences in maximal strength gain

between the two in elderly populations (Ralston et al., 2018).

The extensive benefits of resistance training for older adults have been very well
documented and established over the last several decades (lzquierdo et al., 2021). The
benefits greatly outweigh the risks, and it can be used to prevent, manage, and treat a
plethora of chronic conditions in conjunction with, or in some cases, in lieu of
pharmacological interventions (Pedersen & Saltin, 2015). Resistance training has barely

any negative side effects, besides harmless muscle soreness (Izquierdo et al., 2021). Yet
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still, 67.5% of older adults report not taking part in any muscle-strengthening activities

whatsoever (Copeland et al., 2019).

2.5.2 Barriers

While the research is abundantly clear on the fact that resistance training is
extremely beneficial for all age groups and especially later in life, the large majority of
older adults are not taking part in any type of resistance training (Copeland et al., 2019). It
is well-known that behaviour change is complex and includes several variables that can
make it difficult for older adults to take part in resistance training (Rhodes et al., 2019).
Barriers to resistance training for older adults include individual-level barriers, social
barriers, and environmental barriers (Burton et al., 2017). Individual-level barriers may
include physical barriers such as pain, fatigue, and fear of injury, psychological barriers
such as low self-efficacy, mental health issues, or fear of adverse events, or other
individual-level barriers such as lack of time, lack of knowledge, and cost. Social barriers
include a lack of social support and family or work obligations and responsibilities.
Environmental barriers include lack of access to exercise facilities, geographical location,

and lack of age-appropriate exercise options (Burton et al., 2017).

One of the most significant reported barriers to exercise is cost, especially for
seniors who are often on a fixed income (Dismore et al., 2020). While the price of a gym
membership varies significantly depending on the facility, it can cost anywhere from $20
to $180 per month. Even with a senior’s discount, gym memberships can cost hundreds of
dollars per year. On top of that, physical literacy is often lacking in senior populations and
older adults may need to hire a personal trainer to ensure safety while taking part in

resistance training which are very expensive. Cost can disguise itself as other barriers as

24



well such as lack of accessibility to exercise facilities, geographical location, and lack of
time (Burton et al., 2017). Appropriate interventions are needed that take the barrier of cost
into account in order to increase resistance training participation in community-dwelling
older adults. Outdoor exercise structures have been proposed as a potential solution to
several of the aforementioned barriers to physical activity and resistance training (Cohen

etal., 2012).

2.6 Outdoor Exercise Structures

An outdoor exercise structure is any kind of outdoor equipment or space that has
been installed with the intention to promote structured physical activity (Jansson et al.,
2019; Lee et al., 2018). Since the research on outdoor exercise structures is relatively new,
there are several different terms used to describe these structures with a lack of consensus
on which one should be properly used (Lee et al., 2018). Outdoor exercise structures may
otherwise be referred to as “outdoor gyms” (Lee et al., 2018), “outdoor fitness equipment”
(Chow, 2013), “active parks” (Copeland et al., 2017), “family fitness zones” (Cohen et al.,
2012), “open gyms” (Mora, 2012), or “golden age gyms” (Salin et al., 2014). These outdoor
exercise structures often resemble playground equipment and are simple, versatile pieces
of equipment that can be creatively used to perform a variety of different exercises.
Outdoor exercise structures are often installed to increase levels of habitual physical
activity in community settings in order to appeal to a public health agenda (Scott et al.,

2021).

Outdoor exercise structures have been proposed as a possible solution to several
barriers to resistance training and have been installed in parks all over the globe (Cohen et

al., 2012). Outdoor exercise structures are free to use, available at any time of day, and
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often provide instruction on proper usage (Lee et al., 2018). They may provide exercise
infrastructure in rural communities where people may not have access to formal exercise
facilities, or the transportation needed to get to exercise facilities. Outdoor exercise
structures also allow you to perform types of physical activity (such as resistance training)
that are often performed indoors, outdoors. This is beneficial because the majority of adults
don’t get enough sunlight in the run of a day, and regular sunlight exposure can be

beneficial to both mental and physical health (Razzaque, 2018).

Outdoor exercise structures have only recently been researched in the past decade
or so, with the first studies on the topic being published in 2012 (Jansson et al., 2019; Lee
etal., 2018). Early studies focused on observing outdoor exercise structures to assess usage
trends and conducting surveys with equipment users in order to gain perspective on how
and why the structures are used (Cohen et al., 2012; Mora, 2012). A natural experiment
performed by Cohen et al. in 2012 found that installing exercise infrastructure in parks
resulted in increased park usage, increased levels of moderate-to-vigorous physical
activity, and encouraged more new park users. Cohen et al. also found the installation of

these structures to be very cost-effective.

The cost-effectiveness of physical activity interventions has been evaluated by the
cost required to increase physical activity by one metabolic equivalent (MET), which is
typically the energy expenditure of 20 minutes of walking (Wu et al., 2011). According to
Cohen et al., outdoor exercise structures have an impressive cost-effectiveness ratio of 10.5
cents/MET. Cost-effectiveness is an important aspect when considering the installment of
outdoor exercise structures (Cohen et al., 2012). In an era when increasing physical activity

levels can have significant implications for healthcare spending by reducing chronic
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condition prevalence and facilitating healthy aging, low-cost interventions are essential

(Anderson & Durstine, 2019; EImslie, 2016).

Outdoor exercise structures are often meant to be geared toward senior populations,
however, older adults seem to be the age demographic that uses these resources the least
(Cohen et al., 2012; Mora, 2012). A study conducted by Mora (2012) found that adults
over the age of 60 years old accounted for 14% of outdoor exercise structure users on
weekends, and only 3% of gym users during the weekdays. Cohen et al. (2012) found
similar results with seniors accounting for only 3.8% and 5.5% of users on two separate
observation occasions. Young adults seemed to make up the bulk of outdoor exercise
structure users in these early studies with people between the ages of 15 and 29 accounting
for 46% of users on the weekend and 59% of users on weekdays (Mora, 2012). Cohen et
al. did not differentiate between young adults and middle-aged adults but did report that
adults between the ages of 18-59 years old accounted for 64.4% of users at their most recent

follow-up.

In order to understand why these patterns in demographics occur in outdoor
exercise structure users, multiple studies have been conducted to explore the perceptions
of gym users and community members (Chow, 2013; Copeland et al., 2017). A study
conducted by Chow (2013) used semi-structured interviews with 55 outdoor exercise
structure users (27 males and 28 females) who were over the age of 50 years old and found
that older adults were generally satisfied with the outdoor exercise structures in their
communities. However, the outdoor exercise equipment was perceived as supplementary
features to the walking trails and surrounding parks; not many older adults went to the

parks specifically to use the exercise equipment (Chow, 2013). The main reasons that
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people did use the outdoor exercise structures were to improve their health, to socialize

with others, and for enjoyment (Chow, 2013).

Copeland et al. (2017) found similar results when interviewing outdoor exercise
structure users and local residents near the identified sites to gain perspective on how the
infrastructure is perceived in the community. Health benefits was the top theme that
emerged in both studies as a reason for using the exercise equipment (Chow, 2013;
Copeland et al., 2017), with the additional benefits of improved accessibility and being
family-friendly reported by Copeland et al. 70% of residents reported that they believed
the exercise structures promoted a sense of community, and 82% reported that they
believed the outdoor exercise structures increased physical activity levels within the
community (Copeland et al., 2017). When residents were asked what would be the best
strategies to encourage increased usage of the outdoor exercise structures, 60% responded
that there needed to be more advertisement outside of the park, and 44% responded that

there needed to be more marketing within the park itself (Copeland et al., 2017).

So far, there have been three systematic reviews performed on outdoor exercise
structures (Jansson et al., 2019; Lee et al., 2018; Ng et al., 2021). The first systematic
review conducted on outdoor exercise structures was performed by Lee et al. (2018) and
aimed to assess the current quantitative and qualitative literature available on outdoor
exercise structures. This review assessed nine studies that were published between 2012
and 2017, including four mixed-methods, three qualitative, and three quantitative studies
(Lee et al., 2018). Lee et al. found that outdoor exercise structures vary greatly between
locations and have no consistent unifying standards. While ‘health’ seems to be the central

theme regarding outdoor exercise structures, Lee et al. also found that ‘social
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connectedness’, ‘affordable’, ‘support’, and ‘designed and promotion” emerged as major

themes within the reviewed studies.

A systematic review by Jansson et al. (2019) analyzed quantitative and mixed-
methods studies that assessed physical activity levels and health-related outcomes in
relation to outdoor exercise structures. 18 studies which were published between 2012 and
2018 were included in the review by Jansson et al., but due to the lack of congruency in
the outcomes of the included studies, Jansson et al. could not come to a consensus on
whether the use of outdoor exercise structures improved physical activity levels or health-
related outcomes. Studies varied extensively in primary and secondary outcome measures,
length of interventions, types of exercise interventions (i.e., resistance training vs. aerobic
training vs. combined), number of participants, and age of participants (Jansson et al.,
2019). Half of the studies included demonstrated significant increases in MVPA levels in
areas where outdoor exercise structures were implemented, while half did not (Jansson et
al., 2019). Regarding health- and fitness-related outcomes, the three included studies in the
Jansson et al. review had too wide of a range of outcomes to make a definitive decision on

whether or not the use of outdoor exercise structures can facilitate health benefits.

All studies that measured health- and fitness-related outcomes demonstrated a
significant improvement in at least one (but not all) outcomes (Jansson et al., 2019). For
example, a randomized control trial conducted by Kim et al. (2018) found that a 6-week
exercise intervention performed on an outdoor exercise structure resulted in significant
improvements in upper body strength and endurance (push-up test), physical function (6-
minute walk test), and fasting insulin levels in older adults, but did not see any changes in

body composition measures. However, a study conducted by Nguyen et al. (2014)
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demonstrated a significant decrease in body weight, body fat mass, and waist
circumference and a significant increase in upper and lower body muscular endurance in a
similar 6-week intervention performed on outdoor exercise structures. The Kim et al.
(2018) study was conducted on participants over the age of 65 years old, while the Nguyen
et al. study had a mean age of 35 years old, which may explain the discrepancy in body
composition results. Similarly, Sales et al. (2017) did not find any significant
improvements in their primary outcome (balance as measured by the BOOMER test
battery) but did demonstrate significant improvements in unipedal balance, knee extensor
strength, and the timed sit-to-stand test in older adults after an 18-week exercise

intervention using outdoor exercise structures.

A recent systematic review performed by Ng et al. (2021) took Jansson et al.’s
review one step further and aimed to assess the current literature on the effect of outdoor
exercise structure use on health-related outcomes in older adults. A total of nine studies
were included in this systematic review including three randomized control trials, three
cross-sectional studies, and three qualitative studies, and it was also reported by Ng et al.,
that like the Jansson et al. (2019) review, all the studies differed significantly in terms of
participants, outcomes, and interventions. Due to the lack of literature regarding outdoor
exercise structures and the close proximity in the publication of all three systematic

reviews, a large majority of the studies were included in all three reviews.

Two meta-analyses were performed in the review by Ng et al., each consisting of
only two studies. The first meta-analysis was performed on the Sales et al. (2017) and Kim
et al. (2018) articles for the outcome measures of the 30-second chair stand and single-leg

balance test, which showed no significant difference in either measure between the control
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and intervention groups. The second meta-analysis was performed for the outcome
measure of the timed-up-and-go (TUG) test which included the Sales et al. study and a
study conducted by Leiros-Rodriguez & Garcia-Soidan (2014), however, heterogeneity
was too high (1°=98%) for this analysis and thus was not included in the review. In
conclusion, Ng et al. found that there is insufficient evidence available to conclude whether
outdoor exercise structures are sufficient in facilitating health-related outcomes in older

adults, and that more studies are needed in order to successfully complete this analysis.

Outdoor exercise structures vary significantly in terms of size, number of structures,
type of machines available, and intended use (Lee et al., 2018). While some are built to
resemble conventional exercise machines, others may resemble playground equipment,
and some may consist solely of an array of vertical and horizontal metal beams. There is
currently no consensus or information available on what an outdoor exercise structure
should consist of, or how much it should cost to build. With an initial price tag of anywhere
between $10,000 and $70,000, and averaging around $45,000, outdoor exercise structures
are a significant community investment (Cohen et al., 2012). The estimated cost of
maintenance for these structures per year is approximately $2000, although that value can
vary significantly based on the size of the outdoor exercise structure and the pieces of

equipment installed (Cohen et al., 2012).

The type of physical activity and resistance training that are intended to be
performed on these outdoor exercise structures have been shown to result in improvements
in health-related outcomes such as body composition, strength, and cardiovascular fitness
(Izquierdo et al., 2021; Radaelli et al., 2021). These improvements can result in significant

healthcare savings through reduced risk of falls, reduced chances of hospitalization, and
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reduced risk of developing chronic conditions that are especially burdensome to the
healthcare system (Koné Pefoyo et al., 2015; Prince et al., 2015). However, it is currently
unknown whether outdoor exercise structures are sufficient in providing the means to

achieve the numerous health benefits of resistance training.

2.7 Gap in the Literature

While outdoor exercise structures seem like a viable option to address several
barriers and increase accessibility to physical activity and resistance training, little is
known about their implications on health-related outcomes (Jansson et al., 2019; Lee et al.,
2018). Preliminary research shows promise that outdoor exercise structures can be used to
increase physical activity levels in community settings, but there is limited research
regarding the effect of outdoor exercise structures on health-related outcomes such as

strength, balance, aerobic endurance, mobility, and physical function (Jansson et al., 2019).

Given the dire importance of maintaining relative strength while aging to maintain
or improve other health outcomes, functional capacity, maintain independence, and
decrease the chances of hospitalization and institutionalization, it is crucial to explore
whether outdoor exercise structures can be used to facilitate improvements in relative
strength. As a result, the present study will assess whether performing a progressive
resistance training program on an outdoor exercise structure will result in significant

improvements in relative strength in community-dwelling older adults.
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Abstract

Background: Improving muscle strength and muscle mass is important for maintaining
physical function with age, but improving relative muscle strength (muscle strength/muscle
mass) may be even more important. Outdoor exercise structures may be an option for
increasing lower body relative strength and other functional outcomes while addressing

barriers to regular exercise.

Methods: 29 adults aged 65+ participated in a crossover study with a six-week control
period followed by a six-week resistance training intervention on an outdoor exercise
structure. The intervention consisted of three 45-minute exercise sessions per week for six
weeks including a warmup, strength exercises, and a cooldown. Physical activity levels
(Axivity AX3 accelerometer), body composition (Dual-energy X-ray Absorptiometry),
physical function (30-second chair stand), strength (leg press, chest press, grip strength),
leg extension power (Humac Norm), and balance (one leg stance) were measured at

baseline, six weeks, and 12 weeks.

Results: 17 participants completed the study protocol (58.6%). Lower body relative
strength improved from 7.91 post-control to 8.50 at post-intervention (p=.002), as well as
maximum leg press (p=.002), 30-second chair stand (p<.001), one leg stance (p=.011),
and maximum chest press (p=.009). There were no significant changes in physical activity

levels, grip strength, lower body lean mass, or leg extension power during the intervention.

Conclusions: Six weeks of resistance training on an outdoor exercise structure
significantly improved lower-body relative strength, as well as physical functions in

community-dwelling older adults.

53



Introduction

After the age of 50, muscle mass decreases at an average rate of 10% per decade,
and muscle strength decreases at an average rate of 12-15% per decade (Doherty, 2001,
Goodpaster et al., 2006). This marked loss of muscle mass and muscle strength in older
adults is problematic as it can lead to a significant decline in physical function and
eventually a loss of independence (Luppa et al., 2010). While both muscle mass and muscle
strength have been shown to be significantly associated with physical function in older
adults, it is unclear whether one is more important than the other (Schaap et al., 2013).
However, an emerging area of research suggests that the relationship between muscle mass
and muscle strength may be more important than either one independently (Radaelli et al.,
2021). The amount of strength that a muscle can produce is often referred to as relative
strength and is depicted as a ratio between the amount of force that an individual can

produce per unit of muscle mass (Radaelli et al., 2021).

One of the most efficient interventions for slowing and reversing the decline in
muscle mass and muscle strength with age is resistance training (Izquierdo et al., 2021). A
minimum of two resistance training sessions per week is recommended to maintain and
improve health-related outcomes such as strength, balance, and physical function (El-
Kotob et al., 2020). However, 67.5% of older adults report not taking part in any resistance
training activities (Copeland et al., 2019). In an attempt to address several barriers to
resistance training for older adults including cost, location, and lack of equipment (Cavill

& Foster, 2018), municipalities worldwide have been installing outdoor exercise structures.

Outdoor exercise structures are any kind of outdoor equipment or space that has

been installed with the intention to promote structured physical activity (Jansson et al.,
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2019; Lee et al., 2018). Outdoor exercise structures often resemble playground equipment
and are versatile pieces of equipment that can be creatively used to perform a variety of
different exercises targeting strength, balance, and aerobic fitness. They are free to use,
available anytime, often erected in residential areas, and provide instruction on proper use.
Despite increased installations, usage uptake by older adults has remained low, making up

only 3-14% of users (Cohen et al., 2012; Mora, 2012).

Previous research has shown that these outdoor exercise structures may be
beneficial for increasing levels of physical activity within communities, but the potential
to improve health or functional outcomes is not clear (Jansson et al., 2019). The main
objective of this study was to contribute to this area of research by assessing whether
performing resistance training on an outdoor exercise structure for six weeks can improve
lower-body relative strength in adults aged 65 and above. The secondary objective was to

explore any functional benefits of using an outdoor exercise structure for the same period.

Methods
Design

The present study used a cross-over design where participants took part in a six-
week non-exposure control period, and then subsequently participated in a six-week
resistance training intervention. Data collection was performed at baseline, six weeks (post-

control), and 12 weeks (post-intervention).

Participants

Participants were recruited in a rural city with a population of ~70,000 people via

virtual flyers, social media outlets such as Facebook, and physical flyers placed around the
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community. To be eligible for this study, participants had to be over the age of 65 years
old, live in a community setting, not currently be engaged in any structured resistance
training, be able to grip objects in day-to-day life (self-reported), and be cleared to exercise
using the Get Active Questionnaire (Canadian Society of Exercise Physiology, 2017).
Exclusion criteria included any uncontrolled medical conditions, any current
musculoskeletal injuries, and any vacation lasting more than one week during the

intervention.

To determine the appropriate sample size to test the main hypothesis, an expected
effect size and variation on lower body relative strength (1.03 +/- 0.825) were calculated
from Fragala et al. (2014). Based on these values and accounting for 25% attrition as
reported by previous studies (Cyarto et al., 2006), using a power of 80% and an alpha of

0.05, the aim was to recruit 28 participants with an equal number of males and females.

Intervention

During the intervention, participants met at an outdoor exercise structure located
centrally three times per week for six consecutive weeks. The outdoor exercise structure
used in this study was comprised of mostly horizontal and vertical metal beams. All
sessions were supervised by a certified exercise professional from 10:00 AM until 2:00
PM every Monday, Wednesday, and Friday, and participants were instructed to come
within this time to complete their workout session. As a result, participants either
exercised in small groups or on their own. Each session lasted approximately 45 minutes
and consisted of a warm-up (~10mins), a resistance training regime (~30mins), and a
cool-down (~5mins). Since the exercise program occurred three times per week for six

weeks, the goal was to have each participant complete all 18 sessions before performing
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the post-intervention. Make-up sessions were offered for two weeks following the initial
six-week program to allow participants to complete all sessions in case they missed any
due to personal reasons or if sessions had to be cancelled due to inclement weather,

which poses a unique challenge to studies that occur outdoors.

The resistance training program followed the American College of Sports
Medicine’s recommendations for resistance training in older adults (Izquierdo et al., 2021).
Participants were given a resistance training program consisting of eight exercises focusing
on all major muscle groups, but individual modifications were made to accommodate
various abilities and conditions. Each prescribed exercise included four progressions
ranging from least difficult to most difficult to guide participants as needed (Appendix A).
A mandatory familiarization session was provided prior to the intervention to teach

participants the exercises and allow them to try the appropriate progressions.

When the intervention began, participants were advised to start each exercise with
one set of six to twelve repetitions and to gradually increase in sets and repetitions first
before moving through exercise progressions. When participants could successfully
complete one set of 12 repetitions, they were advised to progress to two sets of 6-12
repetitions, and then three sets of 6-12 repetitions. Once participants could successfully
perform three sets of 12 repetitions on an exercise, they were advised to move to the next
progression. Each session consisted of at least one exercise for each major muscle group
including the chest, back, arms, and legs. Participants were encouraged to take a rest period
between each set of 1-3 minutes as needed (lzquierdo et al., 2021). They were each

provided with a personal booklet to record their exercises, sets, and repetitions performed
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in each session. Each booklet had a list of the exercises to complete, photo demonstrations

of each exercise, and a copy of exercise progressions included for reference.

Outcomes

Descriptive variables were collected at baseline to describe the sample. These
included age (years), sex (M/F), marital status (married; not married), education level (high
school or less; college or above), employment status (full-time; part-time; retired), income
(less than $50,000; more than $50,000), and self-reported health (Short-Form 36 Health
Status Questionnaire (SF-36)) (Lyons et al., 1994). Finally, chronic conditions and
medications were self-reported by presenting participants with a list of 51 chronic
conditions (e.g., diabetes, hypertension, etc.) and asking participants if they have a history
of any of them, and asking how many different medications they take per day. Participants
were screened using the Get Active Questionnaire to assess eligibility for safety reasons
(Canadian Society of Exercise Physiology, 2017). Height (cm), weight (kg), resting blood
pressure (mmHg), and resting heart rate (bpm) were measured, and body mass index

(kg/m?) was calculated to describe the sample.

Physical activity level was measured via a wrist-mounted Axivity AX3
accelerometer (Newcastle, UK) (Clarke et al., 2017) to ensure any changes in the main
outcome were not due to a change in aerobic activities. The device was worn on the non-
dominant wrist for seven days at baseline, six weeks, and 12 weeks (Grimes et al., 2019).
Autocalibration for the accelerometers was used (Van Hees et al., 2014). The raw
accelerometer data were processed using the software R (R Core Team, 2022) version
4.2.2, the software RStudio (RStudio Team, 2022) version 2022.7.0.548, and the GGIR

package (Migueles et al., 2019), which has been previously validated (Sabia et al., 2014;
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Van Hees et al., 2013). Data were only included if the participant had at least four days of
valid data with at least 16 hours of valid data per day (Chen et al., 2009). The raw
accelerometry data is measured in milligravity (mg), and the cut-points for light, moderate,
and vigorous physical activity were 40 mg, 100 mg, and 400 mg, respectively (Migueles

etal., 2019).

Besides the baseline characteristics captured to describe the sample, all outcomes
were captured at baseline, after the control condition (six weeks), and after the intervention
(12 weeks). The main outcome was lower body relative strength (maximal leg strength/lean
leg mass). Maximal leg strength was assessed by performing between a 1- and 10-repetition
maximum on a Nautilus leg press apparatus and then the Brzycki prediction equation

(Brzycki, 1993) was used to estimate a 1-repetition maximum (1-RM):
[load in kilograms/(1.0278—0.0278 xrepetitions)]

Lean leg mass was measured using Dual-Energy X-ray Absorptiometry (DXA)
(Hologic Horizon, Massachusetts, US). Full body scans were performed following the
standardized protocol to assess total body composition in terms of lean mass, adipose tissue
mass, and bone mass (Bazzocchi et al., 2016). Lean leg mass was then assessed bilaterally
using the ‘region of interest’ function on the DXA machine, and the lean leg mass of both
legs was added together to get the value for the denominator of the lower body relative

strength equation.
Secondary outcomes

Secondary outcomes included measures of physical function, muscle power, and

muscle strength. Physical function was measured using the 30-second chair stand test
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(Jones et al., 1999) and the one-leg stance test with eyes open (Hurvitz et al., 2000) as per
their established protocols. For muscle power, leg extension power was measured using
isokinetic dynamometry testing on a HUMAC NORM (Computer Sports Medicine Inc.,
Stoughton, MA.) (Habets et al., 2018). Participants started with their knees bent at 90
degrees and had a fixed range of motion at the knee between 90 and 0 degrees, with a fixed
speed of 90°/second (Callahan et al., 2007). Upper body strength was assessed by
estimating a chest press 1-RM using the same protocol as the leg extension and inputting
it into the Brzycki equation. Additionally, grip strength was measured with a JAMAR hand
dynamometer (Bolingbrook, IL) using a standardized protocol (Canadian Society of

Exercise Physiology, 2021).

Statistical Analysis

Due to the small sample size, non-parametric tests were used to evaluate the results.
The descriptive data are presented as the median (25™-75" percentile) for each variable.
Friedman’s ANOVA was used to assess the changes in the main variable and secondary
outcomes between baseline, post-control, and post-intervention. If a significant difference
was detected, Bonferroni posthoc analyses were performed to determine where the effect
occurred. To assess any differences between completers and non-completers, a Mann-
Whitney U test was conducted on the baseline characteristics of both groups. A participant
was identified as a completer if they completed the entire study protocol, including all 18

exercise sessions and the post-intervention.

Results

Twenty-nine participants initially agreed to take part in this study, and 17 successfully

completed the study protocol (Figure 1). During the control period, one participant dropped
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out due to an unrelated injury. During the intervention, 11 more participants were lost to
follow-up due to a change in health condition (n=5), unforeseen circumstances (n=2),
unrelated injury (n=1), inability to cope with the time commitment (n=1), and two

participants did not provide their reasoning for not completing the program.

The baseline characteristics of the sample (n=29) are presented in Table 1, and a
comparison between participants who completed the program and those who did not are
presented in Table 2. The median (25™-75") age of the participants was 72 years (66.5-
75.5) and was mainly composed of overweight, highly educated, married females who
perceive themselves to be relatively healthy. Compared to those who did not complete the
study protocol, completers at baseline weighed significantly less [68.6 kg (54.1-80.2) vs.
88.1 kg (72.2-92.2); p=.013], had significantly less lean mass [39.7 kg (33.6-43.8) vs. 48.4
kg (40.0-54.5); p=.034], performed a greater number of chair stands in 30 seconds [15.0
repetitions (12.5-20.0) vs. 12.5 repetitions (10.0-14.0); p=.029], and had a lower 1-RM
leg press [96.4 kg (82.2-104.7) vs. 124.8 kg (91.9-164.6); p=.037]. Additionally, only 50%
of non-completers were meeting aerobic physical activity guidelines at baseline, while

100% of completers were meeting the guidelines (p=.003).

A significant improvement was observed over time in lower body relative strength
when analyzed by Friedman’s ANOVA (p=.002) (Figure 2). A Bonferroni-corrected post-
hoc analysis revealed that there were no significant differences between lower body
relative strength at baseline and post-control [7.82 (6.48-9.11) vs. 7.91 (7.01-9.35);
p=.075], but there was a significant improvement in lower body relative strength between
post-control and post-intervention [7.91 (7.01-9.35) vs. 8.50 (7.99-9.72); p=.002].

Maximal leg press, the numerator of the lower body relative strength ratio, improved
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significantly from post-control to post-intervention [102.4 kg (87.5-115.5) vs 116.14 kg
(87.01-134.9); p=.002)]. Inversely, lower body lean mass, the denominator of the relative
strength ratio, did not show a significant effect between post-control and post-intervention

after a Bonferroni correction [12.3 kg (10.8-14.6) vs. 12.7 kg (10.8-15.0); p=.035).

Between post-control and post-intervention, significant improvements were also
observed in the 30-second chair (p<.001), one-leg stance (p=.011), and 1-RM chest press
(p=.009). While a significant effect over time was observed in leg extension peak power
(p=.039), Bonferroni-corrected post-hoc analyses showed no significant differences
between baseline and post-control (p=.492), or post-control and post-intervention

(p=.022). No significant changes were noted in grip strength at any point (p=.138).

Discussion

The purpose of this study was to investigate the potential changes in lower body
relative strength after performing resistance training on an outdoor exercise structure for
six weeks in adults aged 65+. Despite a drop-out of 41% of participants, a significant
improvement was observed in lower body relative strength for those who completed the
intervention, which was driven by an increase in maximal leg strength. Physical function
and upper body strength also improved significantly. This study confirms the hypothesis
that performing resistance training using an outdoor exercise structure for six weeks

significantly improves lower body relative strength in adults aged 65+.

The fact that only six weeks of resistance training is associated with a significant
increase in relative muscle strength is important considering relative strength has been
shown to be the strongest predictor of functional capacity, accounting for up to 42% of

the variability in physical function (Misic et al., 2007). Also, since lean mass has been
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shown to decrease with age (Goodpaster et al., 2006), performing resistance training
activities could delay the loss of muscle mass and contribute to a greater lower body
relative strength. The lack of change in lower body lean mass observed in this study is
consistent with a randomized control trial by Kim et al. (2018) who also observed an
improvement in muscle strength, but not muscle mass. One could argue that this
observation is in part due to the short duration of the intervention, however, Radaelli et
al. (2021) found no association between intervention length (ranging from six to 48
weeks) and changes in lower body relative strength in older adults, therefore a longer

intervention may not have had any additional effect.

Despite the observation of an improvement in lower body relative strength for
participants completing the program, one of the most intriguing observations was a very
high attrition rate (41%) in such a short period compared with previously reported
attrition rates in the same demographic when performing strength training (Cyarto et al.,
2006). However, when looking at studies conducted by Leiros-Rodriguez & Garcia-
Soidan (2014) and Kim et al. (2018) with older adults using outdoor exercise structures,
the attrition rates were 33.3% and 25.4%, respectively; therefore, it could be argued that
attrition rates when using outdoor exercise structures are greater than when performing
traditional and indoor strength activities. In the present study, we found that non-
completers were heavier than completers, but also had greater absolute lean mass. Non-
completers also had a lower 30-second chair stand score, further supporting the
importance of relative muscle strength as opposed to muscle mass or absolute muscle

strength independently in terms of maintaining functional capacity. Our results and those
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from the literature suggest that outdoor exercise structures might not be well-suited for all

people living in the community.

Interestingly, most participants in the present study (65%) met the aerobic
components of the physical activity guidelines of a minimum of 150 minutes of
moderate-to-vigorous intensity weekly (Ross et al., 2020) at baseline, suggesting that
generally active older adults may be more interested in taking part in a program using
outdoor exercise structures. This proportion is much higher than what is reported in the
literature (2.5-17%) (Sun et al., 2013). In addition, nearly two times more completers
(n=15) met these guidelines compared with non-completers (n=8). This could suggest
that those who are already active can add to their healthy behaviour more easily; a
phenomenon called “habit-stacking” (Fiorella, 2020). Nonetheless, the inclusion of
resistance training in addition to aerobic activity is extremely important for all adults,

especially older adults (Bennie et al., 2018).

Following the intervention, a significant increase in the 30-second chair stand was
also observed, which is important to note given that older adults perform this movement
at least 45 times per day on average (Bohannon, 2015). In addition, an improvement of
three repetitions was observed during the intervention, surpassing the minimal clinically
important difference of two repetitions (Wright et al., 2011). Whether or not the use of an
outdoor exercise structure can result in improvements in the 30-second chair stand is
inconclusive in the literature, as the two existing randomized control trials which
measured this variable have had conflicting results (Kim et al., 2018; Sales et al., 2017).
Our findings are consistent with one of these randomized control trials which assessed

the functional benefits of an 18-week exercise program using an outdoor exercise
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structure with adults aged 60+ (Sales et al., 2017), but not consistent with the other
randomized control trial which also assessed the functional benefits of using one of these
structures over six weeks with adults aged 65+ (Kim et al., 2018). This could be due to
the fact that in the Kim et al. (2018) study, only three exercises were included in the
program and only one of those was a lower body exercise, which was non-weight-

bearing, therefore it was lacking in specificity for the 30-second chair stand assessment.

The potential for older adults to improve their balance following an exercise
intervention using outdoor exercise structures is also disputed in the literature (Ng et al.,
2021). Three randomized control trials which have assessed balance in older adults
following the use of an outdoor exercise structure have found conflicting results (Kim et
al., 2018; Leiros-Rodriguez & Garcia-Soidan, 2014; Sales et al., 2017). Our findings are
consistent in terms of balance improvements with the results of the Leiros-Rodriguez &
Garcia-Soidan (2014) study. However, it is worth noting that all three previous studies
used different measures of balance and only one specifically targetted balance exercises
during the intervention (Leiros-Rodriguez & Garcia-Soidan, 2014), making it difficult to
compare the findings and conclude if outdoor exercise structure could lead to balance

improvements.

It is important to emphasize that, as was noted in the 2018 systematic review by
Lee et al., outdoor exercise structures vary immensely from site to site, making it difficult
to replicate studies and findings at different locations. While some outdoor exercise
structures consist of equipment that resembles conventional exercise machines such as a
leg press, rowing machine, or stationary bicycle, others consist solely of an array of

vertical and horizontal metal beams. While it is unclear which style of equipment is most
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beneficial, some perceived benefits and drawbacks should be noted for each. While those
that consist primarily of metal beams (such as the one used in the present study) would
likely be cheaper to install, require less maintenance due to the lack of moving parts, and
be more versatile in terms of which exercises can be performed, they may not be very
beneficial to individuals who have little to no prior knowledge of exercise. As for the
machine-based designs, they may be more costly to install and maintain, but would likely
be easier to use for novice exercisers and may present less of a risk of injury due to
clearer usage instruction and less stability required. More research should be done
regarding the types of outdoor exercise equipment available, and what the benefits and

drawbacks are of each design in order to guide future installations.

As there are with all studies, there are some limitations that need to be noted.
First, this study had a small sample size and a high attrition rate, therefore the results
observed in this sample may not be generalizable to the greater population. Secondly, a
total of three sessions were cancelled due to rain. However, because there were make-up
sessions offered after the initial six weeks, participants did not miss out on the total
number of sessions. It is possible that limiting the study period to six weeks would not
lead to a significant change in lower body relative strength. There was also no protection
from either the sun or the rain at the outdoor exercise structure used in this study, which
could be especially problematic for older adults during physical exertion. The use of a
ratio as the main outcome could be considered a limitation as a reduction in lean mass
with the maintenance or even a loss in strength at a lower rate could result in an
improvement in the relative strength ratio, even though the loss of lean mass or strength

would theoretically be an unfavourable outcome. Finally, the baseline information of the
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sample does not seem to represent the greater population of adults aged 65+ in terms of

aerobic physical activity levels.

In conclusion, the current study demonstrates that performing resistance training
on an outdoor exercise structure for 18 sessions has the potential to result in significant
improvements in lower body relative strength, as well as other functional outcomes.
However, the attrition rate observed in this study suggests that outdoor exercise structures

may not be entirely suitable for all seniors living in the community.
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Table 1. Participant characteristics at baseline (n=29)

Values

(n=29)
Age (years) 72.0 (66.5-75.5)
Sex (female) 19.0 (65.5)
Body mass index (kg/m?) 28.2 (24.7-31.9)
Self-reported chronic conditions (#) 2.0 (1.0-3.0)
Daily medications (#) 1.0 (1.0-2.5)
Marital Status (married) 19.0 (65.6)
Education (college or above) 23.0 (79.3)
Employment (retired) 23.0 (79.3)
Income (less than $50,000) 9.0 (31.0)

SF-36 Health Survey domains (0-100)
Physical functioning
Physical role limitations
Emotional role limitations
Energy and fatigue
Emotional well-being
Social functioning
Pain
General health

90.0 (85.0-95.0)
100.0 (100.0-100.0)
100.0 (100.0-100.0)

75.0 (47.5-85.0)

88.0 (80.0-92.0)
100.0 (100.0-100.0)

90.0 (68.8-100.0)

80.0 (72.5-87.5)

Data are presented as either Median (IQR) or n (%)



Table 2. Baseline characteristics of completers and non-completers

Completed the
intervention
(n=17)

Did not complete
the intervention
(n=12)

Age (years)
Sex (female)
Anthropometrics
Weight (kg)
Body mass index (kg/m?)
Body fat (%)
Total lean mass (kg)
Chronic conditions (#)
Daily prescribed medications (#)
Predicted 1-RM chest press (kg)
Predicted 1-RM leg press (kg)
Physical function
30-second chair stand (reps)
One-leg stance (secs)
Grip strength (kg)
Leg power (W)
Activity levels
Sedentary time (hours/day)
MVPA (min/wk)
Meeting aerobic guidelines

71.0 (67.5-76.0)
12.0 (70.6)

68.6 (54.1-80.2)
27.5 (23.3-30.3)
36.5 (30.8-44.6)
39.7 (33.6-43.8)
2.0 (1.0-3.0)
1.0 (0.5-2.5)
34.0 (26.0-46.3)
96.4 (82.2-104.7)

15.0 (12.5-20.0)
16.9 (7.1-38.4)

50.0 (39.0-55.5)

136 (93.5-159.5)

13.2 (10.9-13.8)

350.0 (257.8-599.7)

15.0 (100)

73.5 (66.0-75.8)
7.0 (58.3)

88.1 (72.2-92.2)*
30.4 (26.4-33.5)
38.3 (32.1-42.2)
48.4 (40.0-54.5)*
2.0 (1.0-3.8)
1.5 (1.0-4.3)
39.5 (27.7-51.1)

124.8 (91.9-164.6)*

12.5 (10.0-14.0)*
5.4 (2.6-16.8)
56.5 (43.8-76.8)

141.5 (126.0-192.3)

13.9 (12.0-15.4)

205.7 (100.5-478.9)

4.0 (50)7*

Data are presented as either Median (251-75™) or n (%)

*p<.05
an=15
bn=8



Table 3. Changes in physical variables (n=17)

Baseline Post-Control Post- p-
Intervention  value
Predicted 1-RM leg 96.36 102.39 116.14 .002
press (kg) (82.15-104.69)  (87.46-115.52) (87.07-134.88)*
Lower body lean mass 12.00 12.26 12.66 .035
(kg) (10.73-14.35) (10.80-14.56) (10.79-14.99)
30-second chair stand 15.00 17.00 20.00 <.001
(reps) (12.50-20.00) (15.50-22.0) (17.50-24.50)*
One-leg stance (sec) 16.90 20.43 35.52 .003
(7.06-38.43) (8.42-30.42) (14.79-42.57)*
Grip strength (kg) 48.00 49.50 50.00 .138
(38.50-54.50) (37.75-56.00) (40.75-58.00)
Leg extension power 136.00 116.00 133.00 .039
(W) (93.50-159.50)  (83.00-163.00) (103.50-170.00)
Predicted 1-RM chest 33.46 31.36 36.01 .028
press (kg) (26.05-44.73) (26.84-38.60)  (30.14-49.37)*
Moderate-vigorous 350.00 373.92 365.40 931
physical activity (257.83-599.67) (181.13-595.00) (237.30-593.83)
(min/wk)

Data are presented as Median (25"-75t)

*p<.0167 between post-control and post-intervention



Figure 1. Flowchart diagram of study participation
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Figure 2. Changes in lower body relative strength
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APPENDIX A: EXERCISE PROGRAM PROGRESSIONS

Exercise Type | Initial Exercise Exercise Exercise Exercise
yp Progression 1 Progression 2 Progression 3

Upper body High elevated Low elevated Half push-up Full push-up
push-up push-up (knees)

Lower body Assisted squat Assisted squat Air squat Air squat w/ 1SO

w/ 3sec ECC hold

Lower body Assisted DL calf | Unassisted DL Assisted SL calf Unassisted SL calf
raise calf raise raise raise

Upper body High inverted Low inverted Inverted row w/ Parallel inverted
row row ISO hold row

Lower body Assisted split Unassisted split | Reverse lunges Step-ups
squats squats

Lower body Assisted SL Assisted SL Assisted SL glute | Assisted SLDL w/
glute kickbacks | glute sidekicks kickbacks w/ 1ISO | hand walk-down

hold

Balance Assisted SL Unassisted SL Assisted tandem Unassisted tandem
balance balance walk walk

Lower body Assisted Assisted Hamstring curl w/ | Hamstring curl w/
hamstring curl hamstring curl short ISO hold long ISO hold

w/ 1SO hold against bar against bar

Abbreviations: w/=with; sec=seconds; ECC=eccentric; ISO=isometric; DL=double leg; SL=single

leg; SLDL=single leg deadlift
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