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ABSTRACT

As the UK’s ageing population increases, so does the cost of treating
unintentional falls and age-related diseases. Exercise helps reduce the
risks of secondary ageing and maintain functional independence. Stay
Strong, Live Long (SSLL) is a pilot study evaluating the effectiveness of a
tailor-made home-based strength-training programme for older women.
Eleven women (age: 72.45 ± 6.15 yrs) were assigned to either an
experimental or control group by a randomised counterbalanced repeated
measures protocol. Participants were assessed using four physical
measures from the Senior Fitness Test (SFT) and their Health Related
Quality of Life (HRQL) was measured using the SF-36v2®. During the six
week intervention periods, participants completed home-based
individualised exercise programmes using no additional exercise
equipment. Programmes were adjusted based on individual progress.
Both groups showed statistically significant percentile increases in lower
and upper body strength, lower body flexibility and balance. Despite
positive feedback from participants, there was no statistically significant
change in the HRQL during the study period. SSLL is the first study to use
the SFT in the home environment. Programmes like SSLL have the
potential to increase the functional fitness of participants and reduce the
risk of unintentional falls, thus reducing health care costs in the UK.
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DEFINITIONS
Activities of Daily Living

activities within an individual's place of
residence, in outdoor environments, or both.

Ageing

the processes that occur in living organisms
that commences at birth and over time lead to
a loss of adaptability and functional ability and
eventual death.

Ageing muscle

(severe sarcopenia) decreased muscle mass
and a loss of muscle strength and/or function
with age.

Bone fragility

thinning of bone at various sites due to
changes in size, shape and microarchitecture.

Cachexia

wasting of muscle due to underlying illness.

Dynapenia

loss of muscle strength.

Exercise efficacy

the belief that an individual has within
themselves to adhere to exercise over time.

Functional ability

the ability to physically complete activities of
daily living.

Functional health

the ability to perform activities of daily living
without assistance and without pain.

Functional independence the ability to perform activities of daily living
without assistance.
Microarchitecture

Haversian system in long bone housing
osteons (tiny weight-bearing pillars).

Multifactorial

combination of exercise modalities
incorporating resistance, cardiovascular,
balance and flexibility.

Muscle atrophy

loss of muscle mass due to inactivity.

XV

Myopenia

a significant percentage of muscle wasting with
associated impaired functional ability or
increased risk of morbidity due to illness at any
age.

Osteoporosis

a skeletal disease caused by decreased bone
density through the deterioration of the
microarchitecture of bone tissue which results
in bone fragility.

Osteoblast

responsible for the formation of bone.

Osteoclast

re-absorption of bony tissue, responsible for
the maintenance and repair of bone.

Pre-sarcopenia

loss of muscle mass

Primary ageing

internal senescence of both physiological and
biological functions of the body.

Sarcopenia

having a muscle mass one or two standard
deviations less than the average muscle mass
of a healthy young population. Low muscle
mass and loss of strength or physical function.

Secondary ageing

the extrinsic effects of environment, lifestyle
factors, smoking, alcohol and diseases which
accelerate the primary ageing process.

Self-efficacy

the belief that an individual has the ability within
them to achieve a desired outcome

Severe sarcopenia

loss of muscle mass, strength and
performance.

Unintentional fall

an event that which results in a person coming
to rest inadvertently on the ground or floor or
other lower level.
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ABBREVIATIONS

ADL

Activities of Daily Living

ACSM

American College of Sports Medicine

CMO

Chief Medical Officers

GP

General Practioner

HOL’s

House of Lords

HRQL

Health Related Quality of Life

ILC-UK

International Longevity Centre-United Kingdom

NHS

National Health Service

NICE

National Institute for Health and Care Excellence

QOF

Quality of Frameworks Outcome

ROM

Range of Movement

REP’s

Register of Exercise Professionals

RCP

Royal College of Physicians

SSLL

Stay Strong Live Long

UK

United Kingdom

WHO

World Health Organisation
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1. INTRODUCTION
1.1 Demographic changes
According to the United Nations report on world population there is
currently a worldwide “ageing” phenomenon (United Nations, 2010). This
demographic shift has seen the world’s population of over sixties increase
at a faster rate than the world’s population as a whole. Between 20252030 the projected rise of people aged over sixty is between three to five
times faster (2.8% compared with 0.8%) than the growth of the world’s
total population (Hung, Kempen & De Vries, 2010; United Nations, 2010).
Most of the countries of the world including the United Kingdom (UK) have
found that the number of older women outnumbers older men within their
population. At sixty years of age, the ratio of women to men is more than
5:3, however at the age of eighty that number increases to more than 5:2
(Camus, Clancy & Dowling, 2012; United Nations, 2010).
The recent report by the House of Lords Public Service and
Demographic Change Committee (2013) highlighted that in the United
Kingdom (UK) there will be a 51% rise in people aged 65+ and a 101%
increase in people aged 85+ from 2010-2030. The greatest concern for
policy makers in the UK is that in 2010 one in six of the population was
aged sixty five and older and in 2050 is predicted to increase to one in four
(Cracknell, 2010). The House of Lords report also warned that neither the
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government nor its agencies have done enough to prepare for the United
Kingdom to be ready for “ageing”. They also recommended that a new
system of health care was needed that emphasised prevention through
early diagnosis and interventions to reduce hospitals admissions.
As the UK’s mature population increases, the associated costs to
the UK’s health services also increase. During 2007-08, the average cost
of National Health Services (NHS) for a retired household was £5,200 per
annum compared with £2,800 per annum for a non-retired household. In
2009-10, state benefits and NHS accounted for just under half of the
government’s expenditure with the greater proportion of this spending
being directed at the UK’s older population (Cracknell, 2010). The
implications to public policy makers is immense as it is predicted that by
2018 there will be a greater than 50% increase in the number of people in
England with either coronary heart disease (CHD), strokes or diabetes
compared with 2008. Additionally, the number of people aged sixty five
with dementia is predicted to rise by 80% (1.96 million) in England and
Wales by 2030 compared to 2010 (House of Lords Public Service and
Demographic Change Committee, 2013).
The NHS is currently available to over 63.2 million UK residents and
currently sees 1 million patients every thirty six hours. However, 60% of its
£108.9 billion funding for 2012/3 is just to cover staffing costs (NHS
Confederation, 2013; NHS Institute for Innovation and Improvement,
2010). Therefore there are several issues that affect the UK’s ageing
population and whether they will receive the quality of care they need. In
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2007, a health risk appraisal study of over 2,500 older people in the UK
found that older people living alone had become an “at risk” group. The
study concluded that many in the older population living alone felt isolated
and were found to have higher levels of fall risks, disease and disability
(Kharicha et al, 2007). A qualitative study conducted in 2012 used
questionnaires to find out about falls and fall related incidence of 816 men
and women aged 85 and above in Newcastle, found that the average
healthcare cost per individual who fell in their study was £202. The main
concerns cited by their participants were, fear of falling and losing their
functional independence, loss of confidence, going out less often (which
was significantly higher in women), and there was an overlap between
falls, dizziness and blackouts (Collerton et al 2012).
The costs to the NHS of treating unintentional falls and their
associated consequences are around £2 billion per year and most
importantly are modifiable expenses (NICE, 2005; Royal College of
Physicians, 2011). It is estimated that falls affect around 60,000 people of
which up to 14,000 result in deaths each year in the UK (AgeUK, 2010).
Intervention strategies that look at strengthening the lower body and
preventing falls have been shown to be cost-effective in reducing acute
treatments, hospitalisation and aftercare. With the country in recession
and poor economic growth forecasted for the next five to seven years, the
International Longevity Centre-UK (ILC-UK), recommends that exercise
interventions for the UK’s ageing population should be made now with
regard to reducing these costs (Nguyen et al 2008; Silcock & Sinclair,
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2012). These changes could benefit not only the health service but also
our ageing population (House of Lords Public Service and Demographic
Change Committee, 2013).
When looking at the many studies conducted using exercise
interventions, the author found only one reference to personal trainers
being involved in delivering, coaching or training the participants
(Ashmead & Bocksnick, 2002). Certified fitness professionals have
experience in training a wide variety of individuals with different physical
abilities and therefore can tailor the exercise specifically to the individual’s
needs. This point was discussed in recommendation 6 of the
Government’s response to the House of Lords Select Committee Report of
Session 2012-3, “Sport and exercise science medicine: building on the
Olympic legacy to improve the nation’s health” (Secretary of State for
Health, 2012). The report suggests that both the NHS and the National
Institute for Health and Care Excellence (NICE) should work with the
Register

of

Exercise

Professionals

(REP’s)

accredited

exercise

professionals and General Practitioners (GP’s). By encouraging health
care and fitness professionals to work together, physical activity can be
prescribed to manage blood pressure, obesity, depression, and other
modifiable diseases (Department for Health 2011; Paulson, Bowen &
Lichtenberg, 2011; Silcock & Sinclair, 2012; WHO, 2010).
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1.2 Ageing
Ageing is not a disease but a series of complex physiological and
psychological processes. The ageing process is inevitable and affects
everyone eventually. According to Spirduso et al (1995), ageing has been
defined as the processes that occur in living organisms that commences at
birth and over time leads to a loss of adaptability and functional ability and
eventual death. Primary ageing refers to the internal senescence of both
the physiological and biological functions. Secondary ageing refers to the
extrinsic effects of environment, lifestyle factors, smoking, alcohol and
diseases which in turn accelerate the primary ageing process (Fontana &
Klein, 2007; Kennie, Dinan & Young, 2003; Mathus-Vliegen et al, 2012;
Tchkonia et al, 2010). The rates of these processes for each individual are
determined by several factors including gender, genetics, disease,
environment, socio/economic conditions as well as physical activity
(Booth, Laye & Roberts, 2011; Haussler et al, 2010; Marengoni et al,
2011).

1.3 Physical activity for the older adult
Exercise affects longevity as well as reduces the secondary effects
of ageing by reducing the risks of chronic diseases and restoring
functional capacity when used with consistency as part of a healthy
lifestyle (Acree et al, 2006; Almeida et al, 2006; Kramer et al, 2005; Grant,
2008; Salis, 2009; Wen et al, 2011). Many studies have investigated the

6

effect of exercise on older populations both in a home environment and in
community settings (Colcombe et al, 2006; Marshall & Hutchinson, 2001;
Terri et al, 2003). Many studies have shown positive outcomes where
increases in strength, aerobic capacity, balance, flexibility and cognitive
function were found after their intervention programme. However few have
looked at how the results of their study helped contribute to the individuals
exercise efficacy in maintaining any of the gains resulting from the study
(McAuley et al 2011; Sequin et al 2010).
The most effective exercise interventions for people over the age of
sixty were found to be the ones that were multifactorial and tailor-made for
use in a home environment (Davis et al, 2010; Marshall & Hutchinson,
2001; Terri et al, 2003). Tailor-made home-based interventions provide the
individual with a number of benefits such as privacy in safe and familiar
surroundings, flexibility in the time of day they exercise and one-to-one
contact with a researcher or health professional (Terri et al, 2003;
Robertson et al, 2001b). Studies that have used one-to-one contact have
varied from postal questionnaires and regular telephone counselling to
regular in person contact (Morey et al, 2009; Terri et al, 2003; Robertson
et al, 2001b; Williams et al, 2010).
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1.4 The benefits of physical activity
The World Health Organisation (WHO) published their Global
Physical Activity Guidelines and Recommendations for Exercise for
Mature Population which set out exercise guidelines for maintaining health
and wellbeing (WHO, 2010). The American College of Sports Medicine
(ACSM), the Chief Medical Officers (CMO), and the Cochrane report all
support

these

exercise

recommendations

for

mature

populations

(Chodzko-Zajko et al, 2009; Grant, 2008; Liu & Latham, 2009). The
general consensus is that by staying physically active and exercising
regularly, individuals are more likely to maintain their independence and
quality of life for longer (Blair, 2009; Chodzko-Zajko et al, 2009; Lajoie &
Gallagher, 2004; Sequin et al, 2010; Wen et al, 2011; Who, 2010; Yoo,
Jun & Hawkins, 2010)

1.5 Physical activity domains
The ACSM emphasise four major areas; strength, aerobic capacity,
balance and flexibility to help mature adults to maintain a healthy and
functional life (Chodzko-Zajko et al, 2009). Evidence suggests that in
addition to the physiological benefits to the cardio-vascular and respiratory
systems, neuromuscular and cognitive function benefit over time with
increased aerobic activity (Colcombe et al, 2006; Eggermont et al, 2006;
Kramer et al, 2005; Kramer, Erikson & Colcombe, 2006). Balance and
core training help to reduce the risks of falls (Coubard, 2012; Daniel et al,
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2010; Maki et al, 2011; Zech et al, 2010). Flexibility training helps to
maintain full range of movement (ROM) and therefore can assist with the
activities of daily living (ADL) such as dressing (Hand et al, 2012;
Stathokostas et al, 2012).
The key element required to maintain aerobic capacity, balance and
flexibility is strength. Strengthening the lower body is crucial as it enables
the individual to walk unaided, run, cycle, play sport and perform rhythmic
aerobic exercises, thus gaining the additional health benefits of exercise
(Nelson et al, 2007; Sequin & Nelson, 2003; Yoo, Jun & Hawkins, 2010).
Performing functional ADL’s such as using stairs, driving, bathing and
rising from a seated position without assistance all require lower body
strength (Daniel et al, 2010; Lajoie & Gallagher, 2004; Rikli & Jones, 2001;
Vivrette et al, 2011; Zech et al, 2010). Studies have also shown that
maintaining lower body strength has helped people remain more balanced
and thus reduced the occurrences of slips and falls (Blair, 2009; Cho et al,
2012; Clemson et al, 2012).
Upper body strength is essential for most functional activities of
daily living. Carrying shopping, reaching, changing the bed, lifting and
being about to support one’s own body weight (Sequin & Nelson, 2003).
Racquet and throwing sports all require upper body strength (Fetherman,
Hakim & Sanko, 2011; Lam & Bik Chu Chow, 2011).
All of the studies found to date have used exercise equipment or
exercise bands as part of the protocol (Fetherman, Hakim & Sanko, 2011;
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Robertson et al, 2001a; Sequin & Nelson, 2003). When looking at
increasing and maintaining strength, using equipment and bands can be
costly and may not provide realistic physiological improvements over the
long term (Sequin & Nelson, 2003). If an individual has a slip or loses their
balance their first instinct is to try and correct themselves to prevent a fall
or reach out with their hands to support themselves. Using adapted
exercises where the individual uses their body weight to help incur
overload not only enables them to make true gradual strength gains but
gives them the ability to have better physical control in a variety of
everyday situations (Ashmead & Bosnick, 2002). It is suggested that by
doing this, they might increase their confidence to remain functionally
active and independent for longer (Ashford, Edmunds & French, 2010).

1.6 Aims
1: demonstrate the effectiveness of a tailor-made, home based,
equipment-free exercise programme in increasing the strength,
balance and flexibility of women aged sixty and above.

2: demonstrate the effect the SSLL programme has on the health
related quality of life (HRQL) as measured by the physical (PCS) and
mental (MCS) component scores on the Short Form-36v2®
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1.7 Hypotheses
1. H0

There will be no significant change in the average percentile

rank between baseline, intervention, and control periods within
each group on the four physical tests (chair stands, arm curls, sit
and reach, and timed up-and-go).
H1

There will be a significant increase in the average percentile

rank between baseline, intervention, and control periods within
each group on the four physical tests (chair stands, arm curls, sit
and reach, and timed up-and-go).

2. H0

There will be no significant difference between the average

percentile rank scores on the four physical tests for the
experimental and control groups at baseline, six and twelve weeks.
H1

There will be a significant increase between the average

percentile rank scores on the four physical tests for the
experimental and control groups at baseline, six and twelve weeks.

3. H0

The HRQL as measured by PCS and MCS values will not

change significantly during the intervention period.
H1

The HRQL as measured by PCS and MCS values will

change significantly during the intervention period.
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2. LITERATURE REVIEW
2.1 Effect of ageing on function
In order to understand how ageing affects the functional day-to-day
performance of an individual, it is important to understand how ageing
affects the body physiologically (Wen et al, 2011). Age related biological
changes that occur in the body’s musculoskeletal system do have an
effect over time on the functional health and wellbeing of ageing
individuals (Hepple, 2012; Gomez-Cabello et al, 2012). Although these
processes cannot be prevented, there are strategies such as exercise that
can slow these processes down. Physical inactivity has been recognised
as being one of the leading preventable causes of death and one of the
most important public health problems in our time (Blair, 2012; Department
for Health, 2011; Marcus et al, 2006). According to the World Health
Organisation (WHO, 2010) physical inactivity is the fourth leading risk
factor for global mortality and accounts for 6% of all deaths globally.
Evidence has shown that regardless of age the effects of secondary
ageing may be slowed down or stopped when regular physical activity is
adopted with a healthy lifestyle (Blair, 2012; Booth, Laye & Roberts, 2011;
Mathus-Vliegen et al, 2012; Marcus et al, 2006; de Souza Santos et al,
2011; Weiler, Stamatakis & Blair, 2012).
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Evidence suggests that inactivity and disease contribute to the
physical decline of an individual which progresses to frailty (Blair, 2012;
Marcus et al, 2006). Therefore the link between physical limitations,
functional abilities and the ability to maintain activity goals is essential to
maintaining health and wellbeing as one ages (Rikli & Jones, 1999). By
increasing the functional ability of an individual it is possible to reduce the
chance of having an unintentional fall which may lead to the loss of
independence or, more seriously, death (Reid & Fielding, 2012).

2.1.1 Biological effect of ageing on muscle
As muscles age, their cross sectional size reduces and they
become weaker. Around the age of seventy, the cross-sectional area of
skeletal muscle reduces by between 25-30% and there is a 30-40%
reduction in muscle strength (McArdle et al, 2002). Ageing changes the
size and shape as well as the number of muscle fibres (Carlson et al,
2009). Cellular ageing reduces the contractile (myofibril) function and
elevates levels of cyclin-dependent kinase, a protein that controls cell
cycle progression and inhibits cell regeneration in muscles (Carlson et al,
2009). The process of atrophy can be reversed, but it has been shown that
in older muscles regeneration and increased function occurs at a slower
rate, shows more scarring, and myofibrils demonstrate an elevated
inflammatory response for a longer time than in younger muscle (Carlson
et al, 2009).
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Active muscles act like an internal spring capable of lengthening
and shortening, storing elastic potential energy as skeletal muscles act
through tendons to move joints against resistance (Mitchell et al, 2012).
Decreased muscle force production occurs due to the remodelling of
motor units which causes both a reduction in the total number of motor
units and an increase in the size of the remaining motor units (Campbell et
al, 1973). As the number of motor units reduces there is a corresponding
reduction in the neural pathways, causing denervation and increased
tendon stiffness (Narici & Magnaris, 2006). These reduced neural
pathways result in a reduction in agonist behaviour but an increase in
antagonist behaviour which results in a functional imbalance in the largest
muscle groups (Narici & Magnaris, 2006). Resistance training can reverse
these changes over time because increased motor activity increases
mitochondrial size, number and function, which increases strength over
time but has no effect on the length-tension properties of the muscle
(Narici & Magnaris, 2006). Muscle weakness (loss of strength and power)
affects an individual’s functional ability to remain active during ageing and
therefore plays a major role in their continuing independence (Reid &
Fielding, 2012).
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2.1.2 Defining ageing muscle
In a discussion of the biological effects of ageing on muscle, it is
important to clarify the terms used when discussing the ageing muscle of
the older population. The most common terms which are often used
interchangeably to describe ageing muscle are sarcopenia, muscle
atrophy, cachexia, dynapenia and myopenia (Cruz-Jentoft et al 2010;
Evans, 2010; Hepple, 2012; Fearon, Evans & Anker, 2011; Lenk, Schuler
& Adams, 2010; Manini & Clark, 2012; Mitchell et al, 2012). Sarcopenia is
defined as having a muscle mass one or two standard deviations less than
the average muscle mass of a healthy young population (Hepple, 2012,
Mitchell et al, 2012). There are three stages of sarcopenia: presarcopenia, which is the loss of muscle mass; sarcopenia, which is low
muscle mass and loss of strength or physical performance; and severe
sarcopenia, which is the loss of mass, strength, and performance (CruzJentoft et al, 2010). Muscle atrophy is a loss of muscle mass due to
inactivity regardless of a person’s age; depending on the severity of the
atrophy it may progress to become sarcopenia (Hepple, 2012). Cachexia
is the wasting of muscle caused by an underlying illness (Evans, 2010)
and dynapenia is the loss of muscle strength (Manini & Clark, 2011).
Myopenia is defined as a significant percentage of muscle wasting with
associated impaired functional ability or increased risk of morbidity due to
illness at any age (Fearon, Evans & Anker, 2011). The author has not
found a clear clinical definition that describes ageing muscle but for the
purpose of this study ageing muscle will be defined as severe sarcopenia
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because it describes decreased muscle mass and a loss of muscle
strength and/or function with age.

2.1.3 The effect of functional muscle decline on unintentional
falls
The loss of muscle strength and power that are part of severe
sarcopenia result in decreased muscle function and can affect activities of
daily living (Skelton et al, 1999). For example, the loss of quadriceps
strength with age affects many older adults, making it more difficult for
them to raise themselves out of a low chair without using their arms
(Skelton, Kennedy & Rutherford, 2002). It is lower limb strength that plays
a crucial role in allowing an individual to maintain their functional
independence because it is involved in the ability to ascend and descend
stairs, to use a bath instead of a shower, and to utilise public transport
without assistance (Brill et al, 2000). The type II fibres of the lower limb
muscles,

specifically

the

gastrocnemius,

soleus,

hamstrings

and

quadriceps appear to be more vulnerable to inactivity (Narici & Magnaris,
2006). Type II fibres which are not used lead to a reduction in the size of
the mitochondria which results in a decrease in the speed of motor
neurons resulting in a reduction of muscle strength (Brill et al, 2000).This
can be especially detrimental as reductions in lower limb type II fibres may
lead to lower limb asymmetry, which in turn affects an individual’s balance
and increases their fall risk (Lemmer et al, 2000; Skelton, 2001; Skelton,
Kennedy & Rutherford, 2002).
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2.1.4 Effect of ageing on bone health
Throughout adulthood, active remodelling of bone occurs through
the action of the cells that form bone (osteoblasts) and the cells that
destroy bone (osteoclasts) (Morgenthal & Shephard, 2005). According to
Dequeker (1976), cortical bone growth in both men and women stops after
forty years of age as osteoclast activity occurs more frequently than
osteoblast activity. It has been found that women lose bone mass faster
than men at a rate of 2 to 5% a year (Gomez-Cabello et al, 2012; Nelson
et al, 1994).
The WHO defines osteoporosis as a skeletal disease caused by
decreased bone density through the deterioration of the microarchitecture
of bone tissue which results in bone fragility (Gomez-Cabello et al, 2012;
Mocchegianni, Corsonello & Lattanzio, 2010). Although both sexes are
affected by osteoporosis, it is women that appear to suffer more from it
with post-menopausal osteoporosis being a major factor in the ageing
process of women (Avenell et al, 2009, Gomez-Cabello et al, 2012;
Nelson et al, 1994). It was originally thought that reductions in sex
hormones accelerated the deleterious effects of osteoporosis by reducing
bone mass directly (Lindsay et al, 1976), but more recent findings suggest
that decreases in oestrogen levels increase the levels of reactive oxygen
species which in turn activate T-cells to increase the levels of osteoclasts
which then leads to a loss of bone mass (Grassi et al, 2007, Manolagas &
Parfitt, 2010).
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Bone fragility is influenced by several factors including the size,
shape and microarchitecture of bone as it thins with age (Nicks et al,
2012). The most common sites of bone fragility, which are also the areas
that are most prone to injury, are the proximal humerus, proximal femur,
distal radius and the vertebral bodies (Dequeker, 1976). Women’s
skeletons are less able to adapt to the effects of ageing, have reduced
bone mass, and are more likely to sustain a fracture after a fall compared
to men (Chan et al, 2013; Leali et al, 2011).

2.1.5 Effects of decreased bone mass and bone fragility on
unintentional falls
A close relationship exists between muscle strength and bone mass
in the lower limbs; as strength decreases, so does bone mass, leading to
increased fragility and a reduction in balance (Reid & Fielding, 2012).
When bone is put under stress, flaws in the microarchitecture cause it to
crack or fracture (Sy & Vashishth, 2011). The reduction in bone mass and
the age-related changes to the microarchitecture of the bone increases the
likelihood of a fracture when an unintentional fall occurs, which can lead to
loss of functional independence (Reid & Fielding, 2012). In the UK, women
over 50 are four times more likely to fracture their hip (11.4 vs. 3.1%), five
time more likely to fracture their forearm (16.6 vs. 2.9%), and three times
more likely to fracture their vertebrae (3.1 vs. 1.2%) than men of the same
age (Avenell et al, 2009). Siggeirsdottir et al (2012) observed that women
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who sustained vertebral fractures were found to have significant
reductions in their functional mobility and independence.

2.2 Using exercise to reduce the effects of ageing
Regular exercise has been shown to increase longevity by 1)
reducing the secondary effects of ageing, 2) lowering the risk of
developing chronic diseases, and 3) restoring functional capacity, thus
enabling individuals to maintain their independence and quality of life for
longer (Barone, 2009; Blair, 2009; Salis, 2009; Wen et al, 2011). Although
primary ageing will affect an individual through cellular deterioration, it is
by definition independent of either disease or environment. However,
secondary ageing is not independent of disease or environment and can
drastically shorten life expectancy (Booth, Laye & Roberts, 2011).
Regardless of age or ethnicity, causal relationships have been found
between inactivity and CHD, strokes, type 2 diabetes, cancer, obesity,
mental health, and musculoskeletal conditions (Department for Health,
2011; Tremblay et al, 2011; WHO, 2010). Changes in fat distribution and a
reduction in physical activity levels have been closely associated with an
increased risk of diabetes, cognitive dysfunction, cancer and hypertension
(Tremblay et al, 2011). Inactivity can increase these risks which could lead
to heart attacks or strokes (FrØsig & Richter, 2009; Gill et al 2002;
Tchkonia, et al, 2010).
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Even though ageing is associated with a loss of neural function,
longer reaction times, and slower central processing, the ageing brain can
still adapt in response to stimuli (Fraser, Li & Penhune, 2009; Hillman,
Erikson & Kramer, 2008; Hilman, Snook & Jerome, 2003; McAuley et al,
2011). Aerobic activity has been shown to increase both cognitive and
motor function in older adults and also bring about positive structural
changes within the brain (Kramer et al, 2005; Thomas et al, 2012).
Presumably, these functional and physiological gains are thought to
improve the ageing process by delaying the onset of neurological and
physical declines, but further study needs to be undertaken to understand
the mechanism (Thomas et al, 2012, Voss et al, 2012).

2.2.1 Effects of interventions on strength
There are a variety of interventions which have been shown to
effectively increase strength. Latham & Liu (2004) reviewed studies on
progressive resistance strength training with people over sixty years of
age. In two-thirds of the studies, muscle strength increased as a result of
the interventions. However, they noted that most of the studies were, in
their opinion, of poor quality and there was significant heterogeneity in the
pooled data. In their extensive review, it was unclear whether the studies
used only men, only women, or a mixed group.
Folta et al (2009) evaluated the effectiveness of the StrongWoman
strength training intervention programme over the course of ten weeks
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(n = 367). They found that individuals who participated in classes twice a
week showed significant improvements in upper and lower body strength,
flexibility, balance, and aerobic fitness. However, strength training was
most effective at improving these measures when it was combined with a
behaviour change programme. Fetherman, Hakim, & Sanko (2011)
showed that participants in their StrongWoman programme who also
received a goal-setting tool showed significantly greater gains in strength
(p =0.001), flexibility (p = 0.002) and balance (p = 0.024) over those who
did not.
Gomez-Cabello et al, (2012) reviewed the effects of a variety
training programmes on bone mass in older adults and found that while
the results on aerobic training were inconclusive, strength training
prevented bone demineralisation and increased bone mass in older
women. Nelson et al (1994) used high intensity strength training with postmenopausal women and found significant increases in both bone mineral
density and bone mineral content for the intervention group. Twice a week
for a year, participants completed five high-intensity exercises using
resistance machines. At the end of the study period, the intervention group
showed improvements in not only the bone mineral measures but also
muscle mass, muscle strength, and balance.
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2.2.2 Effects of interventions on balance and reducing the risk
of unintentional falls
As discussed above, strength training has been shown to improve
balance and flexibility and many of the interventions include muscle
strengthening, especially of the lower body. Maki et al (2011) reviewed
balance control studies and their impact on fall risk. They compared the
effectiveness of balance training programmes and found that those which
used balance perturbation were more effective than programs that focused
on flexibility and relaxation as interventions. Other interventions which
were effective at reducing fall risk were ones that focused on improving
balance-recovery through improved reactions. Robertson et al, (2001a &
b) assessed how effective a community-based exercise programme was
on reducing the number of falls and fall related injuries in women over
eighty years old. They found that there was a 30% reduction in falls
among the participants in the programme. The exercise programme
consisted of strength and balance activities that were tailored for the
individual participant. Yoo, Jun and Hawkins (2010) found that participants
in a three month walking programme showed significant reductions in their
fear of falling and significant increases in their falls efficacy scores.
Surprisingly, there was but no significant improvement in balance. In this
study, participants used ankle weights and did show significant
improvements in a number of other measures, including strength,
endurance, and body composition.
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2.2.3 The effects of home-based intervention programmes
Reviews of the literature that have specifically looked at homebased interventions have also looked at cost comparisons of home-based
versus community settings where others have looked at the feasibility of
how cost effective would intervention be in the home. Most of these
studies have however focused on fall prevention interventions usually with
individuals that have had a fall (Gardener et al, 2001; Rizzo et al, 1996;
Robertson et al, 2001a & b) or special populations like mature adults who
are in early stages of Alzheimer’s (Marshall & Hutchinson, 2000; Teri et al,
2003). There appears to a growing body of evidence that support the
theory that, tailor-made home-based interventions can work effectively.
Ashmead & Bosnick’s (2002), ten week study home-based, circuit
strength training intervention for women (n =10), between the ages 57-78,
focused on muscular strength and endurance using elastic tubing and
weighted objects. Exercise techniques were demonstrated as well as how
to select objects within the home to assist the intervention. However there
is no information on which objects were suggested and the way in which
they were used. Three exercise videos each containing six different
exercises and exercise progressions were produced and given to the
subjects at baseline, four and seven weeks along with an exercise journal.
They found significant increases in maximum grip strength, as well as all
areas of muscular endurance however all test results were obtained in a
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gym. Ashmead & Bosnick concluded that an age-specific home-based
muscular strength and endurance intervention could be effective.
Although the study was deemed successful of concern is that there
appears to be no mention of whether the intervention was tailored for each
individual or how baseline data was obtained. Despite the small sample
size there was no control group for comparison. The test weights were
based on one of the authors experience as a certified strength trainer
rather than that of each subjects own ability. This may have affected the
accuracy of baseline weights and subsequent test result weights that were
used to for the set of maximum repetitions performed.
In Robertson et al, (2001b) they looked cost of a district nurse who
would tailor a home-based, exercise programme for fall prevention. The
study duration was one year with 240 male and female subjects, 121 in
the intervention and 119 receiving usual care. This randomised study
resulted in a reduction in falls by 46%, saving an average cost of $4986
per fall prevented with an average cost of $432 per person in the homebased group over the year. However the authors state that the district
nurse had no previous experience in delivering exercises except for
attending a one week course run by physiotherapists, who then
supervised via site visits and phone calls. The study was deemed
successful in fall prevention of people who had a history of falls.
Importantly Robertson concluded that early identification of health
problems, referrals would further reduce overall costs and that researcher,
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health practitioners should work together more but there is no mention of
exercise professionals.
Another study by Robertson et al in (2001a) looked at incremental
cost and cost effectiveness of a community based muscle strengthening
and balance retraining programme for fall prevention. Women aged eighty
and over who were able to walk around their home unaided were
recruited, the one year study was randomised n = 116 in the intervention
and n = 117 in a control group. The intervention programme focused on
muscle strengthening and balance retraining exercises, the control group
just received usual care and social visits. However there is no information
of what or how the exercises were done or who delivered the training.
On conclusion of the community based study, 152 participants
accepted to continue for another year where the intervention programme
became home-based.

The intervention’s focus remained the same

however an additional walking plan was added and tailored for the
individual by a physiotherapist. The exercise duration was 30 minutes;
three times a week with participants encouraged walking up to 30 minutes
on 3 alternate days. The study was randomised with the control group
receiving the same as they had during the first year.
Robertson et al (2001a) concluded that tailoring a home-based
exercise programme showed many benefits from lowering fall risks,
improving strength and balance, maintain self-efficacy and improvements
in quality of life. They also found that home-based programmes were low
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cost averaging $22 (NZ) per person compared with $173 for community
study. (Average exchange rate in 1995 NZ1.00 = UK .42p)
Gardener et al (2001) looked at the practical implication of a homebased falls prevention programme to increase strength, balance and
endurance. The study defined four key foundations 1) programmes need
to be individually tailored especially with older adults, 2) the programme
difficulty needs to be adjusted as the individual progresses, 3) exercise
instructors need to visit to set up the programmes and regular subsequent
visits should take place every year and 4) to complement the exercises a
walking programme should also be included.
This was not a study rather a suggested guide of how to design and
deliver a tailor- made home-based programme. Gardener suggested initial
introductory and follow up visits, risk assessments and exercises with
changes in intensity, ankle weights, with recommendations in line with
WHO’s policies. However it is not clear where Gardener arrived at their
suggestions as they allude to their trials but do not mention their trial
results. Additionally they site exercise instructor solely as physiotherapists
or health professionals that have been trained by physiotherapists with no
mention of advanced personal trainers. There was no mention of
increasing strength in the upper body however they did focus on
developing and increasing lower body strength.
Rizzo et al, (1996) looked at cost of a home-based, multidisciplinary fall prevention programme for men and women seventy and
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over who possessed one of eight risk fall factors. The randomised study
assigned 153 in the intervention group and 148 in the usual care group.
The intervention consisted of an initial three months after baseline, to
maintenance for a further three months and a follow-up after six months.
Exercises were determined by a nurse and physical therapist, including
medication adjustments and included exercise equipment. Their results
found that the intervention costs were over $2000.00 lower and had fewer
falls than the usual care group concluding that the home-based
intervention was successful in reducing overall cost per medical fall
prevented was $10,709.00. However the study reinforced that homebased interventions were cost effective did help those individuals that
were considered at a high risk of falling.
As the types of exercises used were not mentioned, it is difficult to
identify what exactly was included or if it was tailored for the individual and
how the actual intervention progressed. Although Rizzo et al is an earlier
study, the costs appear to be higher than in other studies. This may be
because there were more health professionals and medication included.
Teri et al, (2003) looked at tailoring home-based interventions
specifically for Alzheimer sufferers aged between fifty five and ninety
three. What was specifically important in the study was that the
researchers spent time training the care givers, in behaviour management,
who mostly included family members of the patients. The randomised
study included aerobic endurance, which has been identified as being vital
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for cognitive function, as well as strength training balance and flexibility
training.
The study found significant differences between the intervention of
23% and control group 6% p < 0.001 at three months for physical,
psychological traits and in behaviour. After twenty four months significant
differences were still found in favour of the intervention group of p < 0.13.
They also found that the intervention group had less restricted activity
days as well as depressive days than the control group. Importantly this
study recognised that the combination of training care givers to manage
and change behaviours and encouraging exercise, with using a tailormade multi-disciplinary home-based exercise programme, reduced the
rate of deterioration of the disease.
Alzheimer’s has deleterious effects on physical conditioning where
sufferers can show signs under nutrition, be at higher risks of falls and a
faster rate of mobility decline than non-Alzheimer sufferers of the same
age. This can result in much slower recovery rates after injuries and
increase the individual’s depression levels. Other studies focused more on
increasing aerobic activity as there is substantial evidence that aerobic
activity stimulates brain function regardless of age. However most do
combine physical activity, with auditory and visual stimulus with good
results, Adlard et al, 2005; Colcombe et al, 2006; Eggermont et al, 2006).

28

2.3 Recommendations for exercise for the ageing female
There is a direct causal link between strength training which
increases the load imposed on skeletal bone and offsetting the
demineralisation process, which can lead to breaks and fractures as a
person matures (Bergmann et al, 2010; Gomez-Cabello et al, 2012).
Essential loading is crucial to decrease removal and reabsorption and
increase production and mineralisation of the bone matrix at the strategic
skeletal sites (Nelson et al, 1994). Interventions that focus on the loading
principle are the best physiological way to treat or prevent osteoporosis
and increase bone mass (Bergmann et al, 2010). Therefore, it is important
that any exercise programme for mature women includes specific strength
training and not rely solely on non-weight bearing activities such as
swimming, which while it is good aerobic exercise does not contribute to
maintaining bone mass (Taaffe et al, 1995).

2.3.1 Global exercise recommendations
The World Health Organisation (WHO) and American College of
Sports Medicine (ACSM) have published their evidence-based global
recommendations on physical activity for healthy older adults 65 and
above (Chodzko-Zajko et al, 2009; WHO, 2010). These recommendations
are the gold standard against which all other governmental bodies and
training organisations base their recommendations. In their 2011 report,
the Chief Medical Officers for the Four Counties in the UK support the
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WHO’s recommendations for the UK’s ageing population. Information from
both the National Health Service (NHS) and Age UK reflects these
guidelines.
The most important consideration of these guidelines is that for
people 65 and older, everything they physically do counts as physical
activity. The WHO physical activity guidelines include and extend to
leisure time physical activity, walking or cycling done as transportation,
and work, family and community activities (Chodzko-Zajko et al, 2009;
O’Donovan et al, 2010; WHO, 2010).

2.3.2 The FITT principle
It is well recognised that effective exercise programmes are
designed around the FITT principle. FITT stands for frequency of the
exercise, intensity of the exercise, time, and type of exercise, and these
guidelines reflect this basic tenet of programme design (Oberg, 2007).
Frequency. The WHO does not have any specific guidelines for the
frequency of aerobic exercise (beyond stating that) for older adults they
should exercise as frequently as their current abilities and health
conditions allow.

They specifically recommend that strength exercises

involving major muscle groups should be performed two or more times a
week and adults with poor mobility should perform specific activities on
two or more days a week to improve balance and prevent falls.
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Intensity. Intensity refers to the magnitude of the effort required by
an individual to perform an activity or exercise. Moderate-intensity is when
a reasonable amount of effort has accelerated the heart for a person to
notice that their heart rate has quickened, i.e. brisk walking, dancing,
gardening and housework. Vigorous-intensity is when a greater amount of
effort is exerted increasing the person’s breathing and heart rate i.e.
running, walking up a hill, cycling fast, and carrying and moving heavy
objects (WHO, 2010). The WHO guidelines state that older adults should
engage in moderate to vigorous intensity activity. The intensity of the
programme must match the needs and the fitness level of the individual for
health benefits and exercise adherence.
Time. The WHO guidelines recommend a minimum of 150 minutes
of moderate intensity or 75 minutes of vigorous intensity aerobic activity
per week. In addition, aerobic activity should be performed in sessions of
at least 10 minutes. Short but frequent sessions have been shown to
provide greater cardiovascular gains than longer, less frequent sessions
(Wen et al, 2011). For adults who reach these levels, WHO suggests that
increasing the time to 300 minutes of moderate intensity or 150 minutes of
vigorous intensity aerobic activity will result in additional health benefits.
Type. As stated above, everything an older adult physically does
counts as exercise. While a majority of studies have identified the health
related benefits of exercise for older adults, they focused on just one type
of exercise (Hillman, Erickson & Kramer, 2008; Lenk, Schuler & Adams,
2010; Lock et al, 2011). The World Health Organisation (WHO) and
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American College of Sports Medicine (ACSM) however, recommend that
exercise programmes for older adults should include aerobic, strength,
flexibility, and balance components (Chodzko-Zajko et al, 2009; WHO,
2011). The WHO guidelines recommend aerobic and strength exercises
for all older adults. For those with mobility issues and who present a fall
risk, they also recommend balance activities. One criticism of the WHO
guidelines is that balance activities are only recommended for those who
have existing mobility issues when in fact all older adults should take part
in balance activities to maintain their mobility and reduce their likelihood of
becoming a fall risk.
The WHO recommendations apply to all older adults, regardless of
ethnicity, gender, disability status, or socioeconomic background. The
guidelines recognise that the recommendations must be adjusted for each
individual, and that different populations may require various means of
communicating and meeting these guidelines.

2.4 Barriers to ageing women participating in exercise
Many of the barriers to participation of mature women in physical
activity are directly related to psychological influences. Perceived lack of
family/community support, lack of self-efficacy and knowledge, and
misconceptions about their ability to engage in exercise with specific
health conditions, namely arthritis and hypertension, lead to significant
reductions in participation in physical activity (Chodzko-Zajko et al, 2009;
Marcus et al, 2006). A fear of falling is also a major concern because
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individuals fear that injury from a fall could result in a change from an
independent to a disabled status (Rikli & Jones, 1999). However the
general practitioners (GP’s) along with healthcare providers have also
been identified as barriers to exercise because prescribing exercise is not
part of the Quality of Framework Outcomes (QoF) (NHS Employers,
2013).
As mentioned earlier, both the NHS and AgeUK offer information
for older adults based on the WHO guidelines for physical activity.
However, it is not always easy to access this information as it requires
gaining internet access and navigation between several websites, some of
which require payment for brochures, videos, or classes.

2.4.1 The role of General Practitioners (GP’s)
GP’s play a crucial role in the UK’s primary care system because
they are the first point of contact within communities (Weiler, Stamatakis &
Blair, 2012). In general, GP’s are trusted by their patients and have a
responsibility to provide preventative care to all patients before they
develop chronic health conditions (Dickinson et al, 2011).
Because behaviour and environment impact health, Salis (2009)
suggested that every GP should ask their patients over the age of sixty
two simple questions: 1) how many days a week do you exercise, and 2)
how long do you exercise for? When GP’s do not take advantage of the
opportunity to prescribe physical activity, then they miss the potential to
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support positive behaviour changes which would lead to long-term health
benefits (Wen et al, 2011). According to Grant (2008), discussions about
preventative care between the GP’s and their mature patient’s needs to
occur in the hope of enabling the UK’s ageing population to understand
how they can better take care of themselves and have more control over
their long-term health needs.
When healthcare professionals do recommend regular physical
activity, few have the knowledge of exercise medicine in order to help
patients change their lifestyles (Dickinson et al, 2011). Lack of
professional guidance is a significant barrier to exercise participation
(Dickinson et al, 2011; Weiler, Stamatakis & Blair, 2010). Importantly,
ageing is not a disease and according to Blair (2009), physicians are more
likely to measure markers such as cholesterol and blood pressure than to
craft a physical activity history. Wen et al (2011) suggest that physicians
are

expected

to

treat

diseases

rather than

identifying

possible

modifications to behaviour as disease preventions.
As the physiological and psychological health related benefits of
exercise are recognised by the GP’s but how to structure and tailor
exercise programmes are not, a GP could work in conjunction with a local
fitness professional who would obtain baseline fitness data and create a
graduated exercise programme designed for the individual (Dickinson et
al, 2011). Studies have shown that the best intervention for older adults
are home based and tailor made for the individual (Dickinson et al, 2011;
Williams & French, 2011; Williams et al, 2012).
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2.4.2 The psychological side of ageing
Psychological influences may have a greater impact than biological
factors on the ageing of an individual because it depends on the
individual’s own views and perceptions which are subjective (Bowling &
Iliffe, 2011). Social cognitive theory is a major factor for an ageing
population because how an individual perceives their quality of life and
their interactions with their family and community affects their belief in their
ability to remain independent and healthy for as long as possible (Bowling
& Iliffe, 2011; Meisner & Baker, 2013; Moore & Ellis, 2008; Segal et al,
2010; Toraman & Yildirim, 2010; Williams & French, 2011; Stephan,
Caudroit & Chalabaev, 2011; Stepehan, Demulier & Terracciano, 2012).
These perceptions are extremely difficult to separate because many
overlap and influence each other. Anxiety and fear appear to increase
with age and are associated with physical and mental decline (Fry, 2003;
Moore & Ellis, 2008; Segal, 2010). Self-efficacy seems to be the
psychological key that determines how well an individual functions
effectively on a daily basis as they age (Bowling & Iliffe, 2011; Williams &
French, 2011).
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2.4.2.1 Anxiety and fear
Anxiety has been associated with decreased levels of many factors
including physical activity, self-efficacy, life satisfaction, sleep and quality
of life as well as increased feelings of loneliness (Segal et al, 2010). Fear
appears to go hand-in-hand with anxiety because as anxiety increases, so
does fear. Fear of not belonging, the unknown, and falling and losing
functional independence can all have a significant impact on the ageing
process (Fry, 2003, Hadjistavropoulos, Delbaere & Fitgerald, 2011;
Olivares et al, 2013; Toraman & Yildirim, 2010). Legters (2002) study of
older people who had suffered a fall found that between 25% and 33% of
those surveyed admitted that they avoided or restricted activity for fear of
having another potentially more serious fall. This fear of falling can
seriously

impact

the

physiological

function

of

the

individual

(Hadjistavropoulos, Delbaere & Fitgerald, 2011; Lajolie & Gallagher, 2003;
Vivrette et al, 2011) by restricting the physical activity of walking which
speeds up muscle atrophy and leads to a loss of strength in the lower
limbs and increases the likelihood of having another fall (Maki et al, 2011;
Moore & Ellis, 2008; Painter et al, 2012; Vivrette et al, 2011; Tinetti, 2003;
Tinetti et al, 1994; Toraman & Yildirim, 2010).
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Initial fear of falling
down causing anxiety

Loss of self-efficacy

Self-imposed restrictions
on physical activity

Isolation and withdrawl
from community
Reduced functional
mobility
Situational depression and
further loss of self-efficacy
Severe sarcopenia

Fraility

Increased fall risk

Figure 1: Psychological and physiological factors leading to an
increased fall risk.
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2.4.2.2 Self-efficacy
Self-efficacy is the belief that an individual has the ability within
them to achieve a desired outcome (Bandura, 1986 & 2012; Williams &
French 2011). This modifiable behaviour has been found to be a good
predictor of adoption and maintenance of physical activity regardless of
age (Davis et al, 2012; Tinetti et al, 1994). Studies with ageing populations
have shown that individuals, who held positive attitudes toward their
expectations of ageing had greater self-efficacy in their ability to remain
independent, were less likely to suffer from psychological or physiological
diseases, and felt that they had a better quality of life (Bowling, et al, 1999;
Bowling & Iliffe, 2011; Davis et al, 2012; Meisner & Baker, 2012).

2.5 Summary
Ageing

is

inevitable,

affecting

individuals

physiologically,

biologically and psychologically. Exercise allows a mature adult to
increase their health and wellbeing, reduces health costs and the risk of
unintentional falls. Past interventions for older adults that included
increasing lower and upper body strength; balance and flexibility have
shown significant results in increasing muscle strength and bone health as
well as reducing the risks of unintentional falls. Exercise also reduces the
effects of secondary ageing by helping to restore an individual’s functional
capacity, lowering blood pressure, controlling diabetes and reducing
depression. In the UK healthcare professionals should do more to work

38

alongside with fitness professionals in helping our ageing population stay
healthy and active for longer. Evidence suggests that home-based, multidisciplined tailored interventions are the best for the older person as they
allow a safe and familiar environment for the individual to exercise in.
Importantly the WHO’s exercise guidelines for the older adult affirms that
everything a person over sixty does physically counts towards increasing
health benefits.
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3. METHODS

3.1 Stay Strong Live Long (SSLL)
SSLL is a tailor-made home based exercise programme for mature
women aged over sixty. A fitness professional completed a risk
assessment and baseline SFT in the participant’s home and from these
results designed a personalised exercise programme. SSLL did not use
any exercise equipment but used only the contents of the participant’s
home environment and her own body/limb weight. Participants were
reassessed using the SFT at three and six weeks and their programmes
were adjusted based on their SFT results. Adjustments were made by
increasing repetitions, making the exercises more challenging, i.e.
standing further away from the wall when completing a press up or using
the wall or chair for support to complete a one-legged squat. New
exercises were also introduced, i.e. seated leg raises and extensions or
standing side leg raises. Participants completed a health related quality of
life questionnaire at baseline and six weeks (Appendix F).

3.1.1 Participants
A convenience sample of eighteen women aged over 60 was
recruited through information sessions held at a local community centre,
golf club and coffee shop. All interested potential participants were given
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information sheets and informed consent forms (Appendices B and C). Of
the eighteen only eleven actually participated in SSLL as seen in Figure 2.
All of the eighteen potential participants met the inclusion criteria as
follows: women aged sixty and older that were identified as being either
sedentary or low-to-moderately active based on a discussion of their daily
activities and who were able to walk unaided. Exclusion criteria included
having a resting BP >160/100 mmHg, answering yes to more than two
sections on the PAR-Q (Appendix D) that required consent from their GP
but for which they were unwilling/unable to gain that consent, and any
responses that indicated red flags on the HRQL SF-36v2® health survey.
Any participant who answered yes to one of the general health questions
had to complete the PAR-Q follow-up questions (PARmed-X: Appendix E)
and discuss their responses with the researcher in order to participate.
Three potential participants were excluded for having a resting BP in
excess of 160/100mmHg. Ethical approval for this study was given by the
University of Bedfordshire’s Research Committee (Appendix A). Table 1
summarises the characteristics of the final eleven participants in this pilot
study.
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Stay Strong Live Long
(Pilot study)
n = 18
Women aged 60 and over were recruited.

Physical Activity Readiness Questionnaire

n =3
Withdrew
from pilot

n =3
Excluded due to high
blood pressure and
medication

n=1
Withdrew due
to death of
spouse

Final sample size n = 11
Randomly assigned
n=6
Experimental group

n=5
Control group

Intervention protocol
SFT at baseline, 3 & 6 wks
Results given with individual
programme at baseline, 3 & 6
wks
Weekly researcher contact
SF36v2® at baseline & 6 wks

Control protocol
SFT at baseline & 6 wks
Results given
No researcher contact
SF36v2® at baseline & 6 wks

Control protocol
SFT at 12 wks
Results given
No researcher contact

Intervention protocol
SFT at 6, 9 & 12 wks
Results given with individual
programme at 6, 9 & 12 wks
Weekly researcher contact
SF36v2® at 12 wks

Figure 2: Stay Strong Live Long twelve week study protocol.

42

Table 1: Participant characteristics (n = 11)
Experimental Group
Number
5
Age (years)
72.20 ± 8.04
Mass (kg)
64.29 ± 10.85
Height (cm)
163.00 ± 7.13

Control group
6
72.80 ± 3.70
73.26 ± 21.75
165.50 ± 3.81

3.1.2 Baseline data
All participants completed the health

questionnaire PAR-Q

(Appendix D) (Warburton et al, 2011). Any health issues such as taking
blood pressure medication or pre-existing conditions such as an over
active thyroid which did not limit their inclusion in the study were
discussed. Any specific concerns were recorded by the researcher on the
noted and agreed on their PAR-Q form and signed by both the researcher
and participant prior to collecting baseline data. Once this was completed
a copy of the signed PAR-Q were given to each participant.
The participants date of birth (DOB), height (Leicester portable
height measure, Seca), body mass, (Electronic scales HX5000, Hanson)
and the middle value of three resting blood pressures (electronic blood
pressure monitor BP3AC1, Microlife) were recorded. Body Mass Index
(BMI) was calculated by dividing mass in kilograms by height in metres
squared. Subjects then completed the SF-36v2® (Appendix F) form. The
SFT was performed and results recorded by the researcher (Appendix I).
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3.1.3 Randomised assignment to groups (Figure 2)
The participants DOB and SFT results were given to another
researcher who was not present during the collection of baseline data.
This researcher used the average and standard deviations of the
measures to assign the participants to either the control or intervention
group.

Assignment

to

the

experimental

or

control

group

was

communicated to the researcher who then informed participants.
Participants were reminded what their specific protocol would entail. Both
the physical and health and wellbeing data was analysed and baseline
reports were created for each subject (Appendix I).

3.1.4 Control protocol
Participants received their baseline data report and were reminded
that they would have no contact with the researcher for six weeks but were
to continue with their usual daily routine. At the end of the six weeks they
would undergo both the physical (SFT) and HRQL (SF-36v2®) tests. After
the control period had elapsed the participants followed the intervention
protocol for a further six weeks.

3.1.5 Intervention protocol
Each participant received their baseline report in a meeting at their
home. The results of the physical tests were explained, highlighting any
areas of weakness. Participants were given an exercise booklet (Appendix
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H) and then the researcher designed a tailor-made exercise programme
based on the participant’s baseline results (Appendix I). The exercises
were explained and demonstrated by the researcher and practised by the
subjects to ensure that they were being done correctly. The participants
were reminded to stay in touch with the researcher each week via
whichever means they felt comfortable (phone, email, in person). These
weekly check-ins during the intervention protocol were to establish
whether the participants were actively engaging with their programmes or
if they had any specific concerns about any of their exercises as well
supporting them as they progressed through the SSLL programme.
During the third week the participant’s height, mass, and resting BP
were recorded and BMI calculated as described above. The SFT was
completed with initial verbal feedback provided to the participant. The
results were analysed for evidence of any progress or deterioration and a
written report produced which was given to the participant via post, email,
or in person. The participant’s programme was adjusted for progression
with any new exercises demonstrated and practised. Weekly check-ins
continued between participant and researcher until the end of the second
test period.
At the sixth week both the physical tests (SFT) and HRQL
questionnaires were completed and all changes noted with results
provided both verbally and in a final written report given to each
participant.
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The experimental group was tested again at six weeks after they
had completed the protocol during which time they had no contact with the
researcher. They received feedback immediately as they had done
previously.

3.1.6 Resource Booklet
The researcher produced a resource booklet (Appendix H) which
was given to all SSLL participants when they were active in the
intervention period. It contained photographs of pre/post exercise
stretches, descriptions of how to do them, how long to hold the stretch and
where they should be feeling the stretch. There were also some generic
lower and upper body strengthening exercises with both visual and
descriptive instructions and information regarding which muscle groups
they were working. Both the stretches and exercise sections had
variations to enable participants to use either a wall, furniture or a towel to
assist them depending on their ability. The booklet was used by the
researcher when explaining the participant’s programme and the specific
stretches and exercises highlighted. As the individual and the programme
progressed beyond the exercises in the booklet, diagrams were drawn and
added by the researcher and the participant wrote descriptive notes which
included changes in repetitions, new exercises or progressions of an
exercise to further challenge the participant.
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3.1.7 End-of-Study Questionnaire
All participants were asked to complete an anonymous short
questionnaire (Appendix J) about elements of SSLL and were given the
opportunity to provide any feedback on the programme. Each participant
was asked to return the form within a week of completing their protocol
and given a stamped addressed envelope in which to send the completed
form back to the researcher.

3.2 Senior Fitness Test (SFT) protocol
Four of the physical tests of the SFT were performed as described
in Rikli & Jones (2001) and are summarised below. All data was collected
in the participant’s home. The SFT test measurements and normative data
are presented in United States customary units (Appendix G) however
these units have been converted to metric units in this section. The only
equipment used for these tests was brought in by the researcher and
consisted of a fold-up chair, stop watch, a 2.0 kg dumbbell, masking tape,
a metre rule, a 30 cm ruler, a cone and a tape measure that extended to at
least 3 metres. Observational notes made during each assessment were
recorded on the scorecards (Appendix I) based on the one designed by
Rikli & Jones (2001). All data was then transferred onto a participant
report sheet (Appendix I) where the test results were evaluated against the
normative data provided by Rikli & Jones (2001). Detailed comments
about each result were recorded as well as exercise suggestions and
encouragement for any areas identified by the normative data (Appendix
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G) that were indicated as potential weaknesses. Every participant received
their personal copy either the next day or a few days after the session by
post. For each test procedure the protocol was explained and
demonstrated as described by the SFT manual by the researcher to each
subject. Participants were allowed to practice the test once or twice as
described in the SFT protocol (Rikli & Jones, 2001) to familiarise them with
the test before it was performed.

3.2.1 Chair sit-and–stand test
This test is specifically used to assess lower body strength. Each
complete stand is counted as the participant starts in a seated position,
stands and then returns to the seated position. The participant places their
hands across their chest on either shoulder therefore isolating the lower
body (Plate 1). The number of complete stands is counted and recorded in
a 30 second period (Rikli & Jones, 2001).

3.2.2 Seated arm curl test
This test assesses upper body strength using a 2.0 kg weight. Each
curl must be completed using the full range of motion, starting with the
weight being held towards the floor, then keeping the elbow close to the
side of the body, bend the elbow, raising the weight to shoulder height
before letting it return to the start position under control. The numbers of
completed curls are then counted within 30 seconds (Rikli & Jones, 2001).
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Plate 1: Chair stand test in subject’s home
3.2.3 Chair sit-and-reach test
For this test, the participant is seated on the front edge of the chair
with either leg fully extended and leans forward from the edge of the chair
to touch or move fingers past toes. The researcher places a ruler on the
tip of the toes and records in centimetres how far the subject’s fingertips
reach either before or beyond their toes.
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Plate 2: Up-and-go test in subject’s home
3.2.4 Up-and-go test
This tests the balance, agility and manoeuvrability of a subject in a
small area. The subject must rise from a seated position and walk as fast
as possible around a cone placed 2.43 metres away from the front of the
chair, returning back to a seated position (plate 2). The time in seconds is
recorded.

3.3 Health and well-being test protocol (SF-36v2®)
Participants completed a paper copy of the SF-36v2® (QualityMetric,
USA), short form Health Related Quality of Life survey (Appendix F). The
survey measured eight health domains, four directly related to physical
measures and four to mental health measures. The four physical
component summaries (PCS) were physical functioning (PF), role-physical
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(RP), bodily pain (BP) and general health (GH), and the four measures of
the mental component summaries (MCS) were vitality (V), social
functioning (SF), role-emotional (RE) and mental health (MH). The survey
was entered into the computer at baseline and at completion of
intervention protocols. The software provided by QualityMetric produced
individual reports for each subject as well as group data.

3.4 Data analysis
Percentile rank scores adjusted for age and sex were taken from
the normative tables associated with the SFT (Rikli & Jones, 2001;
Appendix G). In some instances where the raw score fell within a 5%
range of percentile scores, the lower of the two values was used for
analysis. Data analysis was completed using SPSS version 19.0 (SPSS
Inc, Chicago, Illinois, USA). Changes in percentile rank were analysed for
all participants (n = 11) whilst in their respective intervention periods and
recorded as baseline, three and six weeks.
The Shapiro-Wilk test was used to check that data was normally
distributed (p > 0.05) and therefore all comparisons were made using
parametric tests. A one-way repeated measures analysis of variance
(ANOVA) was used for both the physical (percentile rank scores) and the
SF-36v2® results. Where significance was found using the ANOVA, the
Šidák’s post hoc test was used and pairwise comparisons confirmed which
time points during the study’s intervention were significant at p < 0.05.
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4. RESULTS
4.1 Physical tests using the Senior Fitness Tests percentile rank
scores
Table 2: Main effect and pairwise comparison p values of the
physical SFT tests for all participants (n = 11) during their six week
intervention periods.
Test

Main effect

Base – 3
weeks

Base – 6
weeks

3–6
weeks

Chair stands

0.009

0.025

0.005

0.041

Arm curls

0.003

0.020

0.019

NS

Sit & Reach

0.017

NS

NS

NS

Timed up-andgo

0.000

0.007

0.003

NS

NS indicates a p value > 0.05

4.1.1 Chair stand test.
As Mauchly’s test indicated that the assumption of sphericity was
met, χ2(2) = 3.30, p = 0.192. The main results show that there was a
significant increase in percentile rank scores during the intervention
periods for both groups of F = 14.28, df 2, 20, p = 0.009, effect size .588,
observed power .996. Table 2 highlights the pairwise comparison results
for the time points during the intervention periods where the significant
increases in percentile rank scores for chair stands occurred.
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Experimental Group
In the experimental group, there was an average increase in
percentile rank of lower body strength of 57.45% between baseline and
three weeks and a further 14.86% increase between three and six weeks;
this resulted in an overall increase in percentile rank of lower body
strength of 80.85% for the experimental group during their intervention
period of baseline and six weeks. However, they showed a decline in
percentile rank of lower body strength of 10.59% during the control period.

Control group
During the control period (between base and six weeks), the control
group recorded an 87.50% increase in percentile rank of lower body
strength. During their intervention period a 31.25% increase was recorded
between six and nine weeks and a further increase of 42.86% between
nine and twelve weeks. The control group showed an overall increase in
lower body strength of 352.94 % over the twelve week study period.

4.1.2 Arm curl test
Mauchly’s test indicated that sphericity was met χ2(2) = 1.12, p =
0.570 therefore sphericity was assumed. The main results show that there
was a significant increase in percentile rank scores during the intervention
periods for both groups of F = 7.644, df 2, 20, p = 0.003, effect size .433,
observed power .910. Table 2 shows where significant increases were
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found by the pairwise comparisons results during the intervention periods
for both groups.

Experimental Group
An increase of 46.15% in percentile rank strength for the arm curl
test was found for the experimental group between baseline and six weeks
and an increase of 10.52% between six and twelve weeks, thus resulting
in an overall increase in percentile rank of 61.53% for the twelve week
study period. During the intervention period a 69.23% increase was found
in percentile rank strength between baseline and three weeks but a
16.83% decrease between three and six weeks.

Control Group
The average percentile rank of upper body strength increased
100% between six and twelve weeks, of which an increase of 36.84% was
observed between six and nine weeks and an increase of 46.15% was
observed between nine and twelve weeks. An overall increase of 375%
was found for the percentile rank for the control group during the twelve
week study period.

4.1.3. Sit and reach test
Mauchly’s test indicated that sphericity for the sit-and-reach test
was met χ2(2) = 2.09, p = 0.351. The main results show that there was a
significant increase in percentile rank scores during the intervention
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periods for both groups of F = 5.043, df 2, 20, p = 0.017, effect size .335,
observed power .753. However there were no significant increases found
during the intervention periods of either group as noted by the pairwise
comparisons results (Table 2).

Experimental group
There was an increase of 28.26% in percentile rank flexibility scores
during the intervention period between baseline and six weeks and of
10.17% for between six and twelve weeks. The 28.26% increase was
observed between baseline and three weeks and maintained to the sixth
week with an overall increase during the twelve week period of 41.30%.

Control group
Increases in the percentile rank scores for flexibility for the control
group were 50.88% during the intervention period between six and twelve
weeks with a 17.54% increase between six and nine weeks and a 28.36%
increase between nine and twelve weeks. An increase of 58.33% was
found during the control period of baseline to six weeks. The overall
average increase in percentile rank flexibility for the control group during
the twelve week study was 138.89%.
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4.1.4. Timed up-and-go test
Mauchly’s test indicated that the assumption of sphericity was met,
χ2(2) = 0.47, p = 0.977. The main results show that there was a significant
increase in percentile rank scores during the intervention periods for both
groups of F = 12.822, df 2, 20, p = 0.000, effect size .562, observed power
.991. Table 2 highlights the pairwise comparison results for the relative
time points during the intervention period when the significant increases in
percentile rank scores occurred.

Experimental group
The percentile rank scores indicate the increased speed for
completing the test and showed that the experimental group increased
their average speed between baseline and six weeks by 29.51% during
their intervention period. This 29.51% increase was observed between
baseline and three weeks and maintained during the control period.
Between baseline and twelve weeks the experimental group showed an
overall observed increase of 32.79%.
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Control group
Percentile rank scores for the control group increased by 25.42% in
the intervention period between six and twelve weeks, with a 15.25%
increase between six and nine weeks and an 8.82% increase between
nine and twelve weeks. There was a 43.90% increase in percentile rank
scores between baseline and six weeks and an overall increase in speed
of 80.49% during the twelve week study for the control group.

4.2. SF-36v2® Health related quality of life questionnaire results for
physical and mental wellbeing.
SF-36v2® Physical and Mental Component Scores
Percentage component scores

65.00
60.00

Control PCS

55.00

Control MCS

50.00

Experimental MCS

45.00

Experimental PCS

40.00
35.00
0

6
Weeks

12

Dotted line
represents the 2009
US norm midway
point for both physical
and mental
component scores.

Figure 3: Physical (PCS) and mental (MCS) component scores for the
control and experimental groups during the twelve week study.
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Table 3: Breakdown of the eight health domains within the Short
Form 36 version 2 (SF-36v2®) with mean data at baseline and six
weeks.

Health domains

Short Form 36 version 2 (SF-36v2®)
United Kingdom version
Six
Baseline
S/D
week
S/D
mean
mean
Physical component scores (PCS)

Sig.

+ or -

Physical Functioning
(PF)

80.00

26.64

78.18

22.16

NS

-

Role-physical (RF)

88.06

18.21

91.47

13.48

NS

+

Bodily pain (BP)

81.18

21.56

76.27

26.05

NS

-

78.45
13.65
76.63
13.25
Mental component scores (MCS)

NS

-

General health (GH)
Vitality (VT)

75.00

10.07

68.18

15.16

NS

-

Social functioning
(SF)

96.59

8.08

92.04

19.58

NS

-

Role-emotional (RE)

94.69

17.58

88.63

19.81

NS

-

Mental Health (MH)

79.54

14.90

83.63

8.09

NS

+

NS indicates a p value > 0.05
+ or – indicates the direction of change between base and six weeks
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4.2.1. Physical component scores (PCS)
There was no statistically significant difference between the
average physical component scores (PCS) of either group during their
relative intervention periods (Table 3).
A small percentage decrease in PCS was noted for both the
experimental group (-0.44%) and control group (-2.83%) in PCS between
baseline and six weeks. However, during the intervention period between
six and twelve weeks, the control group showed a smaller decrease of
-0.11% (Figure 3).

4.2.2. Mental component scores (MCS)
During their intervention periods, there was no statistically
significant difference between the average mental component scores
(MCS) of either group (Table 3).
The experimental group showed a 1.27% increase in MCS during
the intervention period (baseline to six weeks) while the control group
decreased by 5.94% during the same time period. During the control
group’s intervention period (six to twelve weeks) their MCS increased by
5.00%.
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4.3 End of study feedback questionnaire
Table 4: Response data from end-of-study questionnaire.
Responses were on a scale of 1 to 5, 5 being strongly agree (n = 10).
Topic of
Response frequencies
Qualitative comments
questions

How effective
was the
presentation?

5

44%
56%

4

“Thank you - at 79 I never
thought I could win another
golf competition but I did
today”.
“Taking part in the study has
been of great benefit to me –
the exercises have been
appropriate”.

12%

How
comfortable
were you with
the test
protocols.

4

“I found the study interesting
and worthwhile”.

How effective
was the
feedback
after the test
results?

How effective
was the
exercise and
stretch
booklet?

5

88%

“I think the study is extremely
valuable. I worked with for
many years with elderly people
and this programme would
have helped them both
physically and their confidence
and well-being”.

5
100%

“I feel very positive about
making some of the exercises
part of my long term routine”.

17%
5
4

83%

“Enjoyable and answered my
needs and health issues. Felt
better as I progressed”.

“I found the programme very
helpful and shall continue to
improve my fitness”.
“I think it is a great idea and
would love to see it available
to everyone over 60”.

13%

How
comfortable
were you with
your
programme?

5
87%

4

“I am delighted to have the
opportunity to participate in
this study. The programme
and exercises are ideal for the
older person. I know they will
keep me flexible and mobile”.
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5. DISCUSSION
5.1 Overview
The aim of the SSLL study was to determine the effectiveness of a
tailor-made, home-based exercise intervention programme at increasing
the strength, flexibility and balance of women aged over sixty. The
participants were considered by the researcher to be either sedentary or
low to moderately active based on their activity levels, and were assigned
to either an experimental or control group by a randomised repeated
measures protocol (Figure 2). During the six week intervention period
each participant followed a tailor-made programme based on their physical
results. No exercise equipment was used, only the individuals body weight
and the contents of their home. The SFT was used to assess physical
changes and the SF-36v2 was used to assess changes in HRQL.
Additional feedback about SSLL was obtained through an end of study
questionnaire.

5.2 Major Findings
Over the twelve week pilot study, both groups demonstrated
functional increases as measured by the SFT in lower and upper body
strength, lower body flexibility and balance during their intervention period.
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No significant changes were found for HRQL in the eight health domains
in either the PCS or MCS (Table 3). However, the study was well received
as evidenced by the positive feedback from the end of study questionnaire
(Table 4).

5.3 Relating the findings to literature
The physical tests of the SFT measure strength, flexibility and
balance indirectly through a series of functional tests. Functional
tests/exercises are the functional movements required to push, pull, twist,
and lunge, squat and bend (Chek, 2004). It is well accepted that these
functional tests correspond to gains in strength, flexibility, and balance
(Fetherman, Hakim & Sanko, 2011; Hand et al, 2011; Sequin, et al, 2010;
Yoo, Jun & Hawkins, 2010).

5.3.1 Lower body strength
The SSLL programme was found to be effective at improving the
overall lower body strength of both groups as measured by the chair stand
test. The chair stand test equates to the upward phase of a squat and is a
timed multi-joint, lower body isolation test where the participant has to
push their body weight up and away from the floor against gravity. For
ADL it relates to the ability to rise from a chair, climb stairs and maintain
balance (Hand et al, 2011).
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When considering other home-based strength training intervention
programmes, Ashmead & Bocksnick (2002), Tiedman et al (2013), and
Williams et al (2010) all saw significant increases in lower body strength
during their intervention period, but using different testing measures and in
some cases under laboratory conditions and not in the participant’s home.
Comparing these studies to SSLL’s six week intervention, they all had
longer intervention periods ranging from ten weeks to four months.
Tiedeman et al (2013) timed how long it took to stand from a seated
position five times, while Williams et al (2010) used readings from a force
plate in their sit-to-stand test.

5.3.2 Upper body strength
When considering upper body strength as assessed using the arm
curl test, SSLL was successful in increasing the functional percentile rank
scores of the participants (Table 2). The arm curl test is a timed single
jointed (elbow) weighted test, which is completed while seated and thus
isolates the arm. Muscular strength is used to complete the concentric
movement of raising the hand weight against gravity, where the eccentric
movement of lowering the hand has to be done under control. The ability
to perform ADL’s such as lifting and carrying anything from groceries to
grandchildren is directly related to upper body strength (Hand et al, 2011).
When evaluating their home based circuit training intervention,
Ashmead and Bosnick (2002) also found an increase in upper body

63

strength as measured by standing barbell curls. Standing barbell curls do
not isolate the upper body in the same way as seated arm curls do
(James, 1999), and their participants all used different masses whereas in
SSLL all participants used a standard mass.

5.3.3 Lower body flexibility
This study found an overall significant increase in lower body
flexibility as measured by the sit and reach test. The sit-and reach test
assesses lower body flexibility of primarily the hamstring muscles which
relates to stretching against muscle, tendon and ligament resistance. This
would allow an individual to be able to bend down to pick up a fallen item
or to get in and out of a bath or car (Hand et al, 2011).
The SSLL results are similar to that of other studies. Teri et al
(2003) investigated the effects of a tailor-made, home based exercise
programme for people with Alzheimer’s disease and found significant
increases in lower body flexibility as measured by the functional reach
test. Lamb, Cheung & Chow (2011) also saw significant increases in
lower-body flexibility in their study on a tai chi intervention.

5.3.4 Balance and agility
There was also a significant increase in the balance and agility of
the participants as measured by the timed up-and-go test. The timed up-
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and-go tests balance and agility by measuring the ability of an individual to
rise from a seated position quickly. This is equivalent to the ability to
manoeuvre in crowded shopping areas safely or getting in and out of a car
(Hand et al, 2011). This test relies on the ability of the individual to have
good lower body strength to allow for the balance and agility that is
required in ADL.
Long,

Jackson

and

Laubach

(2013)

found

a

significant

improvement on the timed up-and-go when comparing pre- and postintervention values, but they used a standard armchair and participants
were able to use their arms to get up. Williams, et al (2010) did not find a
significant increase on the timed up-and-go test but it was unclear if they
allowed participants to use their arms to help them stand up. The SFT
protocol (Jones & Rikli, 2000) used in this study uses a fold-up chair
therefore the participants have to use only their lower body strength to
raise themselves from a seated position to complete the test as quickly as
possible. Other home-based interventions have seen an improvement in
balance as measured by a standing balance test (Teri, et al 2003;
Tiedeman et al, 2013; Williams et al, 2010).

5.3.5 Using the SFT in a home environment
SSLL is unique in that it is the first study found to use the SFT
protocols in a home environment (Plates 1 & 2) as all studies found to date
have employed the SFT in a community or laboratory setting (Toraman &
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Yildirim, 2009; York et al, 2011). The SFT has been designed with both
male and female normative data and has been shown to be a reliable
measure of fitness in studies on interventions for women (Jones & Rikli,
2000). Fetherman, Hakim & Sanko (2011), Sequin, et al (2012) and Yoo,
Jun & Hawkins (2010) all saw significant increases on measures in the
SFT battery of tests when using it to evaluate the effectiveness of their
strength training programmes. While most of the studies which used the
SFT had larger sample sizes than SSLL, some have used smaller
samples. Fetherman, Hakim & Sanko (2011) found the SFT to be effective
with twenty seven women with an average age of sixty nine whilst Yoo,
Jun & Hawkins (2010) used the test with a group of twenty one women
with a mean age of seventy one. While none of the published studies used
the SFT to evaluate the effectiveness of a tailor-made intervention, it has
been successfully used to evaluate strength training (Fetherman, Hakim &
Sanko, 2011; Sequin, et al, 2012; Yoo, Jun & Hawkins, 2010),
cardiovascular fitness programmes (Hand et al, 2011; Yoo, Jun &
Hawkins, 2010), and novel interventions such as Tai Chi and dance
programmes (Lam, Cheung, & Chow, 2011; York, et al, 2011). The
majority of studies which have used the SFT have taken place in the
United States, but is has been effectively used with older adults of both
sexes in other countries in Europe and Asia using the US normative data
(Garatatachea, et al, 2007; Lam, Cheung, & Chow, 2011; Toraman &
Yildirim, 2009; and Yoo, Jun & Hawkins, 2010).

66

In many studies, as was found in this SSLL pilot, not all of the tests
from the SFT were found to be significantly improved. While Sequin et al
(2012) found significant increases on all of the SFT measures when
evaluating their strength training protocol, Hand et al (2011) found
significant improvements on all but the timed up-and-go. Lam, Cheung, &
Chow (2011) also found no significant improvement on the timed up-andgo test when there were improvements in the other tests. Similar to this
SSLL pilot, some studies have only used a portion of the SFT to evaluate
their intervention. York et al (2011) used only the timed up-and-go, chair
stands, and arm curls tests. The resolution of the SFT in measuring
change may not be as sensitive as in some cases the same number of
repetitions resulted in two possible percentile rank scores with a 5%
difference which may have impacted the statistical significance of the
results (Rikli & Jones, 1999; Appendix G).

5.3.6 Measuring HRQL
The second aim of the study was to evaluate the effect of the SSLL
programme on the HRQL of the participants, as measured by the PCS and
MCS values on the SF-36v2®. Despite positive feedback received in the
end of study questionnaires on the exercise programme itself, there was
no significant change in the overall HRQL of the participants. There were
no statistically significant changes when considering the eight health
domains individually as shown in Table 3.
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The short duration of the study, the high baseline HRQL of the
participants and the timing of the study during the winter months may have
impacted both PCS and MCS measures. Other home-based studies which
have seen significant improvements to the HRQL due to their exercise
interventions have been much longer and involved special populations.
Morey (2009) looked at survivors of cancer over a one year period
whereas Terri et al (2003) looked at people with Alzheimer’s over five
years.

5.3.7 The sensitivity of using the SF-36 v2®
The SF-36v2® was found to be the most commonly used test for
HRQL in clinical trials and is frequently used to evaluate exercise
interventions (Scoggins & Patrick, 2009; Ware & Sherbourne, 1992; Ware
et al, 2008). Jenkinson et al, (1999) developed the British English version
of the SF-36v2® which is being used to measure HRQL in studies done in
the UK (Bowling et al 1999; Hillsdon et al 2005; Mead et al, 2007).
The study by Bowling et al (1999) looked at whether SF-36v2®
responses that were obtained from a sampling of over 2,000 adults of
various ages and sex, via post or face-to-face interviews to create British
SF-36v2® normative data were reliable. They found that responses from
the postal questionnaires may have been more accurate than the face-toface interviews. They suggested that face-to-face interviews may cause a
bias towards social desirability thus inflating some the SF-36v2® scores.
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The study by Hillsdon et al (2005) measured the self-reported
physical activity levels of over 6,300 London based office workers (mean
age forty-nine). Only the physical component was used from the SF-36v2®
in the study. They came to a similar conclusion to that of Bowling et al
(1999) in that some misclassification and bias may have affected the selfreported responses.
Mead et al (2007) looked at SF-36v2® measurements of either an
exercise or relaxation intervention three times a week over twelve weeks,
with both men and women (mean age seventy two). They found
significance in only one area (role-physical) in the PCS (MCS was not
evaluated) and after seven months the same result was also recorded.
The results from SSLL suggest that the role-physical scores improved over
the study period, but not enough to be statistically significant.

5.3.8 The use of SF-36v2® with exercise interventions
The SF-36v2® has been used to assess the effectiveness of a
variety of exercise intervention programmes (Olivares et al, 2011; Ware,
2008). A home-based walking and physical activity survey of over 18,000
older Australian women used the SF-36v2®, and found that regardless of
age, the women who were more active had a higher HRQL (Heesch et al,
2012). In studies on strength training interventions using the SF-36v2®, the
HRQL has improved (Fetherman, Hakim & Sanko, 2011; Sillanpää et al,
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2012). It has also been used to assess individualised programmes (Haas
et al, 2012).
While SSLL had a small sample size, other studies that have
evaluated exercise programmes for older women have had between
twenty and forty women, used the SF-36v2®, and found statistically
significant changes in HRQL (Asbury, Chandrruangphen, & Collins, 2006;
Fetherman, Hakim & Sanko, 2011; Saavedra et al, 2007; and Sillanpää et
al, 2012). The length of the SSLL pilot study was twelve weeks overall
however the intervention period was only six weeks. The SF-36v2® has
been used to effectively measure HRQL in studies where the intervention
lasted for twelve weeks (Asbury, Chandrruangphen, & Collins, 2006;
Fetherman, Hakim and Sanko, 2011; Mead et al, 2007).
In the studies where HRQL improved, the improvement was not
always evident in all of the eight domains of the SF-36v2® (Fetherman,
Hakim & Sanko, 2011; Haas et al, 2012; Sillanpää et al, 2012). Some
results found were similar to SSLL in that there was no statistically
significant change in either the PCS or MCS domains such as Reid et al
(2010) who found a clinical improvement in HRQL with resistance training
but not a statistically significant one. Reid et al (2010) also found that MCS
actually improved in the control group compared with either of their
intervention groups, which is similar to what was found in this pilot study.
Like SSLL, some intervention programmes for middle aged and
older women have shown mixed results using the SF-36v2®. Asbury,
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Chandrruangphen, & Collins (2006) found significant results in what they
called the well-being and energy sections of the SF-36v2® in their six week
programme for postmenopausal women (mean age sixty). In the study by
Küçükçakir, Altan & Korkmaz (2013), participants in a Pilates exercise
programme showed significant improvements in all areas of the SF-36v2®
except for role-limitation and emotional role limitation subscales. In their
study on the effects of a medium-impact aqua-aerobic programme on the
HRQL of twenty healthy women (mean age forty three), Saavedra et al
(2007) found only non-significant improvements in all SF-36v2® domains
except general health and role-emotional.

5.3.9 Study feedback questionnaire
Participants

in

both

groups

were

given

an

end-of-study

questionnaire (Appendix J) to gather feedback about their experience in
the study. The feedback was positive in all areas, with all scores being 4
or 5, which showed that the participants agreed or strongly agreed with the
statements. Comments in the free-response section (Table 4) indicated
that participants in both groups were not only very happy with the
programme but indicated that they would continue with the exercises on
their own.
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5.4 Limitations
Despite SSLL’s small sample size (n=11), and six week intervention
period, significant increases in percentile rank in lower and upper body
strength, lower body flexibility and balance were found in one or both
groups during the intervention period. The lack of significance for some
measures during the intervention period may be due in part to a small
sample size with a wide range and a group with high baseline values.
Other studies that had sample sizes of between ten and twenty seven,
also found their interventions to be effective (Asbury, Chandrruangphen, &
Collins, 2006; Fetherman, Hakim and Sanko, 2011; Saavedra et al, 2007;
& Yoo, Jun & Hawkins, 2010). Two were home-based studies and had
sample sizes of ten without a control group (Ashmead & Bosnick, 2002)
whereas Long, Jackson and Laubach (2013) had nineteen. Like SSLL,
Long, Jackson and Laubach (2013) also had a single group, six week
intervention period. Although the researcher had no contact with either
group during their control periods there may also have been a group effect
as some of the participants knew each other socially. The researcher had
no control over if or how much information the participants shared with
each other about their individual test results or programmes.
The exercise booklet (Appendix H) produced for SSLL did not
contain a diary or activity logs for the participants to record their progress,
activity levels or feelings which may have been a valuable tool to aid and
increase their exercise efficacy during and post intervention (Long,
Jackson and Laubach, 2013; Robertson et al, 2001a; Williams et al, 2010).
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The posture photographs of the stretches and strength exercises could
have been made clearer by having greater colour contrast. This may have
been relevant given the average age of the participant’s (72.20 ± 8.04),
their lack of familiarity with the exercises and the possibility that they may
have had some visual impairment.
Although the SFT is a reliable and ecological valid tool for testing
participants physically, the age and gender normative data has been
compiled from a US population which is approximately five times larger
than that of the UK. Differences in anthropometric measures exist between
the USA and UK and a comparison found significant differences in stature,
adiposity and sitting height between the two countries (Coleman &
Blanchonette, 2011).
Additionally, when conducting the physical tests the percentile
increases in the normative tables related to the rankings were based
solely on the number of correctly performed repetitions. When completing
the SSLL observation sheets for baseline and each of the assessment
periods, the researcher noted that the quality of the test repetitions of
some of the participants changed over time (Appendix I). It was observed
that as their strength increased the participants were performing the tests
with better structural alignment which sometimes resulted in fewer
repetitions and thus a lower percentile rank score. Videoing the physical
tests may be instrumental in providing the evidence of these changes in
biomechanical alignment.
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The time of year may have negatively affected the PC and MCS
results as testing for SSLL commenced at the end of January, 2013 and
concluded in May, 2013. The weather, fewer hours of sunshine, frequent
rain and snow fall may have contributed to lower scores for the HRQL
questionnaire. In addition the participants were above the 50% norm
average in both PCS and MCS at baseline and each time point which may
have meant that small improvements may not have been accurately
measured by the SF-36v2®.
The primary focus of this study was the effect of SSLL on
increasing lower and upper body strength, lower body flexibility and
balance. The

author acknowledges the close

link between

the

physiological and psychological barriers to exercise for the older adult, and
that an extensive assessment of changes in attitude towards changes in
exercise efficacy was beyond the scope of this pilot study.

5.5 Implications
The results of this pilot study into SSLL indicate that a tailormade, home-based exercise programme is an effective way to increase
the muscular strength, flexibility and balance of women aged over sixty.
SSLL demonstrates that basic physical gains could enable aging women
to maintain their independence by continuing to stay active, making it
easier to complete ADLs, reducing their risk of unintentional falls, and
improving their general health and wellbeing. Beswick et al (2008)
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conducted a detailed systematic review of multifactorial interventions to
improve the physical function of over 97,000 independent living older
adults. They concluded that multifactorial interventions could help elderly
people to live safely and independently especially if tailored for the
individual’s needs and preferences.
Feedback from participants (Table 4) indicated that participation in
the SSLL programme met their exercise needs, addressed their health
issues, and gave them the confidence to make physical changes, even
over a relatively short period of time. One of the advantages of SSLL is
that it can foster exercise efficacy and promotes an understanding of the
importance of activities which help older women maintain and improve
their strength, flexibility and balance.
It is predicted that by 2030, 51% of the population of the UK will be
aged 65 and older, and the number of people aged 80 and above is
projected to increase by 101% compared to today’s population figures
(House of Lords, 2013). The government and policymakers in the UK face
a crisis as the costs of age-related conditions, unintentional falls and their
consequences,

and

long-term

care

provisions

increase

at

an

unsustainable rate which the NHS is unprepared for. To alleviate this
strain and reduce the cost to the NHS, it is recommended that more
should be done to develop community-based and individualised
programmes to increase physical activity for older adults (Beswick et al,
2008; House of Lords, 2013). The effectiveness of the SSLL pilot suggests
that it has the potential to be one of these programmes.
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In order for an intervention programme to be successful, it also
needs to be cost effective and practical for health care and fitness
professionals to implement. While cost effectiveness is beyond the scope
of this pilot study, a number of studies have shown that intervention
programmes similar to SSLL reduce the burden on the health care system
by reducing the number of unintentional falls that require medical
treatment (Korpelainen et al, 2010; Robertson et al, 2001b; Rizzo et al,
1996). SSLL showed that the SFT is easy to administer with minimal time
and equipment in the home, and because it is a standardised test it is also
easy to interpret the results. It is feasible that the SFT could be performed
in a community setting by practice nurses. However, some training is
required because it is crucial that the test administrator makes thorough
observational notes so that the fitness professional can most effectively
tailor the programme for each individual.

5.6 Future research
As this was a pilot study into SSLL, the first area of future research
would be to use a larger, more diverse sample of women from different
ethnic and socio-economic backgrounds who are sedentary or low-tomoderately active. The control and intervention periods would be extended
to eighteen weeks, with testing both groups every three weeks using both
the SFT and the SF-36v2®. It would be useful to include the four-test
balance scale as it is a direct measure of balance (Gardner et al, 2001)
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and to video participants during the SFT in order to enable better analysis
of the quality of the repetitions. By including diary pages in the exercise
booklet, more specific data can be collected from participants about their
exercise habits and general feelings during the study period. Additionally
having a GP who was independent of the study would be invaluable when
gathering health and medical background information of future subjects.
Follow-up testing at six months and one year after completion of the
study could be done to assess whether the participants have maintained
the levels of fitness achieved during the programme. Further studies could
evaluate the effectiveness of including walking as part of the intervention
protocol by having three groups (control, experimental, and experimental
plus walking).
Another area of future research would include determining the costeffectiveness of the SSLL programme by comparing the cost of the
contact time of a REPS accredited fitness professional and the costs of
treating unintentional falls. The long-range goal is to developing a strategy
to integrate SSLL into the NHS’s comprehensive programme for treating
older women. Research needs to be done into the most effective ways to
facilitate referrals from GP surgeries and potentially training practice
nurses to administer the SFT.
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5.7 Conclusion
In conclusion, SSLL was effective at increasing the strength,
balance and flexibility of women aged sixty and over as measured by
percentile rank increases on four measures from the SFT (chair stands,
arm curls, sit and reach, and timed up and go) compared to baseline
values. In three of the four measures (chair stands, arm curls, and timed
up and go) the Mann-Whitney test showed statistically significant
improvement differences between the experimental and control groups
between six and twelve weeks with the sit and reach test being just
outside significance. There was no statistically significant change in the
HRQL as measured by the PCS and MCS on the SF-36v2® in either the
experimental or control groups, which is likely due to their baseline values
which were above the norm and the short duration of the study period.
Feedback from the study participants was positive and comments on the
questionnaire indicated that some of them intended to continue the
programme after completion of the study. This research project was a
twelve week pilot study and limited to a small number of participants.
However, the results show that the programme is successful and worthy of
a longer-term study, including cost-effectiveness and feasibility of inclusion
in the NHS’s future plans for keeping older adults active and healthy.
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APPENDIX B
Stay Strong, Live Long (SSLL) Information Sheet
Dear Participant,
Thank you for showing an interest in participating in the SSLL research study.
Please read this information sheet carefully before deciding whether to
participate. If you decide to volunteer we thank you for your participation. If you
decide not to take part, there will be no disadvantage to you of any kind and we
thank you for considering our request.
What is the aim of this research study?
The purpose of the study is:
1. To develop Stay Strong, Live Long (SSLL), the first comprehensive
individually tailored, home-based multidisciplinary strength and conditioning
exercise programme for mature women ages 60 and above based on current
research;
2. To evaluate the effectiveness of the programme at improving individual
fitness and Health Related Quality of Life (HRQL).
What type of participant is needed?
Any woman over the age of 60 is eligible to participate in this study, no matter
what her fitness level.
What will participants will be asked to do?
You will need to attend an information session about the SSLL programme and
how the Senior Fitness Tests and Health Related Quality of Life assessments will
be used. Participants will need to schedule two hour-long sessions with the
programme’s researcher who is also an accredited personal trainer. In the first
hour-long session, participants will complete an initial baseline fitness
assessment using the Senior Fitness Test and a health-related quality of life
survey. This information will be used to guide the design of your individual
programme. During the second hour-long session, the researcher/personal
trainer will explain the programme and demonstrate the exercises in your home.
You will not have to provide any equipment. The control group will be monitored
as detailed below between 6 -12 weeks.
You will be asked to keep to the programme to the best of your ability and inform
the researcher/personal trainer of any issues that may affect your continuing
participation in the study. Any information shared with the researcher regarding
your health status i.e. illness, hospital admissions or injury will be recorded. This
information will be stored securely and confidentially as detailed in data and
information collected overleaf.
Each week for 6 weeks, the researcher/personal trainer will check in with you
either in person or over the phone/email, whichever way suits you. You will need
to keep a training diary to record your feelings about your progress and general
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health.At 3 weeks, the researcher/personal trainer will re-assess you using the
SFT and your programme will be modified to adjust for your progress. Upon
completion of the 6 week SSLL programme, participants will again complete the
HRQL survey.
Participants will complete detailed health questionnaires and sign consent forms
which will be kept confidential. Individuals with specific health concerns can still
participate but will need to obtain a GP’s consent before participating. Some
responses on the HRQL survey may require further discussion and could result in
the participant being excluded from the research project.
What are the possible risks of taking part in the study and confidentiality?
The risks associated with this study are minimal; the risk of musculoskeletal injury
will be low as the exercise will be at an intensity that reflects the individual’s
capabilities. Exercise duration will be specific to each participant, and designed
as a result of the participant’s baseline assessment. Any circulatory problems will
be identified through the health questionnaire and discussed in detail prior to
commencement in the programme. Home-based fitness programmes have been
found to be safe and effective; however, participants will have direct access to
the researcher/personal trainer via phone or email should they wish to have
clarification on their exercise programme or have any concerns. Participants will
be assigned a subject number and the risk of loss of anonymity will be minimized
by following the data handling procedures as outlined below.
What if you decide you want to withdraw from the project?
If, at any stage you wish to leave the project, then you can. There is no problem
should you wish to stop taking part and it is entirely up to you. There will be no
disadvantage to yourself should you wish to withdraw.
What will happen to the data and information collected?
Everyone that takes part in the study will receive their own results for the tests
that they complete. All information and results collected will be kept confidential;
they will be held securely by the researcher on a password protected computer at
the University of Bedfordshire and will only be accessible to related University
staff.
Following completion of the programme, all data will be stored securely and
privately for an indefinite period. Results of this project may be published, but any
data included will in no way be linked to any specific participant. Your anonymity
will be preserved.
What if I have any questions?
Questions are always welcome and you should feel free to ask myself (Vivienne
Ruocco) or Iain Fletcher (Supervisor) any questions at any time. See details
below for specific contact details.Should you want to participate in this study then
please complete the attached consent form, which needs to be returned before
commencing the programme.
This research study has been reviewed and approved by the University Research
Ethics Committee. (CONTACT INFORMATION ATTACHED)

97

APPENDIX C
SSLL CONSENT FORM
TO BE COMPLETED BY PARTICIPANT
NAME: ………………………………………………… (Participant)
I have read the Information Sheet concerning this research study and
understand what it entails. All my questions have been answered to my
satisfaction. I understand that I am free to request further information at
any stage.
I know that:
o My participation in the study is entirely voluntary and I am free to
withdraw from the study at any time without disadvantage or prejudice.
o As part of the study I will have to:
o
o
o
o
o
o
o
o
o

Both groups. Participate in an initial assessment session in
my home with the trainer to provide baseline data and
complete a health quality of life survey.
Intervention group. Have an initial induction session with the
researcher/personal trainer to become familiar with my
exercise programme.
Intervention group. Follow the programme as directed.
Intervention group. Perform the warm-up and cool-down
sessions as shown by the researcher/personal trainer as part
of my programme.
Both groups. Complete a training diary to record my feelings
on my progress.
Intervention group. Check in weekly with the
researcher/personal trainer either in person, by phone or
email as I choose.
Intervention group. To complete 1 senior fitness test
assessments after my induction at 3 weeks and a quality of
life assessment in the 6th week.
Both groups. To keep the researcher/personal trainer
informed of any issues that may affect my continuing
participation in the study.
Intervention group. To complete 1 senior fitness test
assessment and a quality of life assessment on the 6th week
after their original 6th week test completion date.

o I am aware of any risks that may be involved with the project and
that all information and data collected will be held securely at the
University indefinitely. The results of the study may be published
but my anonymity will be preserved.
Signed: ………………………………… (Participant)

Date: ……………
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APPENDIX D
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APPENDIX E
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APPENDIX F
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APPENDIX G
Age Group Percentile Norms for the SFT
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Reproduced from: Rikli, R. & Jones, C. (2001) Senior fitness manual.
Champaign: Human Kinetics.
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APPENDIX H
BOOKLET OF STRETCHES AND EXERCISES FOR PARTICIPANTS

Selected Stretches and Exercise
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APPENDIX I
Sample participant record sheets
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APPENDIX J

Control
/Intervention

Research
group

Control

Intervention

END OF STUDY QUESTIONNAIRE

Please put a cross in the box that best
describes your answer to the following
questions.

Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Please
indicate
which group
you were in.

Presentation

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

The presentation was clear and easy to understand
My questions were answered to my satisfaction
The information sheet clearly detailed the study
Testing
The researcher explained the test procedures
clearly
The researcher discussed any health concerns that
I may have had
Testing was carried out in the same way for each
test session?
Test results
I received my results quickly
The comments on my results were clear and easy
to understand
My programme was designed and adjusted based
on my test results
Booklet
I found the stretch/exercise booklet helpful
The directions for how to perform the
stretches/exercises were clear to understand
I found the photographs of the stretches/exercises
helpful

Phone

Post

Email

What was
your
preferred
method of
contact?

Personal
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Please put a cross in the box that best
describes your answer to the following
questions.

Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Tick all that
apply

Exercising

5

4

3

2

1

My exercise programme was tailored for me
The researcher explained what/why I should
perform a specific exercise
My exercises were demonstrated to my satisfaction
I was able to practice the exercises demonstrated
The researcher spent enough time with me for me
to feel confident about my programme
I felt comfortable exercising at home
I found it easy to exercise without fitness
equipment
Comments
Please feel free to make any comments on the Stay Strong Live
Long pilot study

Thank you for your participation in the study.
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APPENDIX K
SPSS OUTPUT
1. Chair stands main effects
Normality and descriptive statistics

Tests of Normality
Kolmogorov-Smirnova
Statistic
Base
Three
Six

df

.243
.193
.220

Sig.
11
11
11

Shapiro-Wilk
Statistic

.069
.200*
.142

.913
.931
.855

df

Sig.
11
11
11

.264
.423
.049

Descriptives
Statistic
Base

Mean
95% Confidence
Interval for Mean

35.91
Lower Bound

25.74

Upper Bound

46.08

5% Trimmed Mean

36.29

Median

40.00

Variance
Std. Deviation

15.136
10

Maximum

55

Range

45

Interquartile Range

30

Kurtosis

4.564

229.091

Minimum

Skewness

Std.
Error

-.344

.661

-1.026

1.279
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Three Mean
95% Confidence
Interval for Mean

52.27
Lower Bound

36.93

Upper Bound

67.62

5% Trimmed Mean

53.36

Median

55.00

Variance

521.818

Std. Deviation

Six

6.888

22.843

Minimum

0

Maximum

85

Range

85

Interquartile Range

25

Skewness

-.983

.661

Kurtosis

1.949

1.279

Mean

65.45

7.847

95% Confidence
Interval for Mean

Lower Bound

47.97

Upper Bound

82.94

5% Trimmed Mean

67.45

Median

70.00

Variance
Std. Deviation

677.273
26.024

Minimum

0

Maximum

95

Range

95

Interquartile Range

30

Skewness
Kurtosis

-1.701

.661

3.687

1.279
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b

Mauchly's Test of Sphericity
Measure:MEASURE_1

Epsilon

Approx.
Within Subjects

Mauchly's

Chi-

W

Square

Effect
CSt

.693

3.304

df

Greenhouse-

Huynh-

Lower-

Geisser

Feldt

bound

Sig.
2

a

.192

.765

.875

.500

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed
dependent variables is proportional to an identity matrix.
a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
b. Design: Intercept
Within Subjects Design: CSt

139

Pairwise comparisons

Estimates
Measure:MEASURE_1
95% Confidence Interval
CSt

Mean

Std. Error

Lower Bound

Upper Bound

1

35.909

4.564

25.741

46.077

2

52.273

6.888

36.926

67.619

3

65.455

7.847

47.971

82.938

Pairwise Comparisons
Measure:MEASURE_1

(I) CSt
1

(J) CSt
2
3

2

1
3

3

1
2

Mean

95% Confidence Interval for

Difference (I-

Difference

J)

Std. Error

a

Sig.

Lower Bound

a

Upper Bound

*

5.004

.025

-30.676

-2.051

*

6.891

.005

-49.253

-9.837

*

5.004

.025

2.051

30.676

*

4.435

.041

-25.867

-.497

*

6.891

.005

9.837

49.253

*

4.435

.041

.497

25.867

-16.364
-29.545

16.364
-13.182

29.545
13.182

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Sidak.
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SPSS OUTPUT
2. Arm curls main effects
Normality and descriptive statistics

Tests of Normality
a

Kolmogorov-Smirnov
Statistic
Base

df

.118

Three

.166

Six

.130

Shapiro-Wilk

Sig.
11

Statistic
.952

11

.670

.933

11

.447

*

.957

11

.735

.200

11

Sig.

*

.200

11

df

*

.200

a. Lilliefors Significance Correction
*. This is a lower bound of the true significance.

Descriptives
Statistic
Base

Mean
95% Confidence
Interval for Mean

35.00
Lower Bound

23.96

Upper Bound

46.04

5% Trimmed Mean

35.00

Median

35.00

Variance
Std. Deviation

16.432
10

Maximum

60

Range

50

Interquartile Range

25

Kurtosis

4.954

270.000

Minimum

Skewness

Std.
Error

.145

.661

-.658

1.279
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Three Mean
95% Confidence
Interval for Mean

53.64
Lower Bound

45.67

Upper Bound

61.60

5% Trimmed Mean

54.04

Median

50.00

Variance

140.455

Std. Deviation

11.851

Minimum

30

Maximum

70

Range

40

Interquartile Range

15

Skewness
Kurtosis
Six

Mean
95% Confidence
Interval for Mean

-.375

.661

.221

1.279

60.45

6.923

Lower Bound

45.03

Upper Bound

75.88

5% Trimmed Mean

60.51

Median

65.00

Variance
Std. Deviation

527.273
22.962

Minimum

25

Maximum

95

Range

70

Interquartile Range

35

Skewness
Kurtosis

3.573

-.139

.661

-1.164

1.279
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b

Mauchly's Test of Sphericity
Measure:MEASURE_1
Within
Subjects

a

Epsilon

Approx.
Mauchly's

Chi-

W

Square

Effect
AC

.882

1.125

Greenhouse- Huynhdf

Sig.
2

.570

Geisser
.895

Feldt
1.000

Lowerbound
.500

Tests the null hypothesis that the error covariance matrix of the orthonormalized
transformed dependent variables is proportional to an identity matrix.
a. May be used to adjust the degrees of freedom for the averaged tests of significance.
Corrected tests are displayed in the Tests of Within-Subjects Effects table.
b. Design: Intercept
Within Subjects Design: AC
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Pairwise comparisons

Estimates
Measure:MEASURE_1
95% Confidence Interval
AC

Mean

Std. Error

Lower Bound

Upper Bound

1

35.000

4.954

23.961

46.039

2

53.636

3.573

45.675

61.598

3

60.455

6.923

45.028

75.881

Pairwise Comparisons
Measure:MEASURE_1

(I) AC
1

(J) AC

3

95% Confidence Interval for

Difference (I-

Difference

J)

Std. Error

a

Sig.

Lower Bound

a

Upper Bound

*

5.481

.020

-34.313

-2.960

*

7.430

.019

-46.706

-4.203

1

*

18.636

5.481

.020

2.960

34.313

3

-6.818

7.144

.741

-27.250

13.614

1

*

25.455

7.430

.019

4.203

46.706

2

6.818

7.144

.741

-13.614

27.250

2
3

2

Mean

-18.636
-25.455

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Sidak.
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SPSS OUTPUT
3. Sit-and-reach main effects
Normality and descriptive statistics

Tests of Normality
a

Kolmogorov-Smirnov
Statistic
Base

df

.197

Shapiro-Wilk

Sig.
11

Statistic

df

Sig.

*

.958

11

.742

*

.200

Three

.141

11

.200

.934

11

.449

Six

.235

11

.091

.907

11

.223

a. Lilliefors Significance Correction
*. This is a lower bound of the true significance.

Descriptives
Statistic
Base

Mean
95% Confidence
Interval for Mean

46.82
Lower Bound

30.55

Upper Bound

63.09

5% Trimmed Mean

47.02

Median

45.00

Variance
Std. Deviation

24.215
0

Maximum

90

Range

90

Interquartile Range

20

Kurtosis

7.301

586.364

Minimum

Skewness

Std.
Error

-.168

.661

.877

1.279
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Three Mean
95% Confidence
Interval for Mean

57.27
Lower Bound

39.35

Upper Bound

75.20

5% Trimmed Mean

58.64

Median

55.00

Variance

711.818

Std. Deviation

26.680

Minimum

0

Maximum

90

Range

90

Interquartile Range

35

Skewness
Kurtosis
Six

Mean
95% Confidence
Interval for Mean

-.753

.661

.779

1.279

66.82

8.042

Lower Bound

48.90

Upper Bound

84.74

5% Trimmed Mean

67.58

Median

80.00

Variance
Std. Deviation

711.364
26.671

Minimum

20

Maximum

100

Range

80

Interquartile Range

45

Skewness
Kurtosis

8.044

-.489

.661

-1.198

1.279
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Pairwise comparisons
b

Mauchly's Test of Sphericity
Measure:MEASURE_1

Epsilon

Approx.
Within Subjects

Mauchly's

Chi-

W

Square

Effect
SR

.793

2.093

df

Greenhouse-

Huynh-

Lower-

Geisser

Feldt

bound

Sig.
2

a

.351

.828

.972

.500

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed
dependent variables is proportional to an identity matrix.
a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
b. Design: Intercept
Within Subjects Design: SR
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Estimates
Measure:MEASURE_1
95% Confidence Interval
SR

Mean

Std. Error

Lower Bound

Upper Bound

1

46.818

7.301

30.550

63.086

2

57.273

8.044

39.349

75.197

3

66.818

8.042

48.900

84.736

Pairwise Comparisons
Measure:MEASURE_1
Mean

95% Confidence Interval for

Difference (I-

Difference
a

(I) SR

(J) SR

J)

1

2

-10.455

5.455

.232

-26.055

5.146

3

-20.000

7.598

.073

-41.731

1.731

1

10.455

5.455

.232

-5.146

26.055

3

-9.545

5.619

.319

-25.616

6.525

1

20.000

7.598

.073

-1.731

41.731

2

9.545

5.619

.319

-6.525

25.616

2
3

Std. Error

Based on estimated marginal means
a. Adjustment for multiple comparisons: Sidak.

Sig.

Lower Bound

a

Upper Bound
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4. Timed-up-and-go main effects
Normality and descriptive statistics

Tests of Normality
Kolmogorov-Smirnov
Statistic

df

a

Sig.

Shapiro-Wilk
Statistic

df

Sig.

Base

.272

11

.022

.814

11

.015

Three

.324

11

.002

.686

11

.000

Six

.324

11

.002

.753

11

.002

a. Lilliefors Significance Correction

Descriptives
Statistic
Base

Mean

Std. Error

54.55

95% Confidence Interval

Lower Bound

34.31

for Mean

Upper Bound

74.78

5% Trimmed Mean

55.88

Median

70.00

Variance
Std. Deviation

907.273
30.121

Minimum

0

Maximum

85

Range

85

Interquartile Range

35

Skewness
Kurtosis

9.082

-1.176

.661

.153

1.279
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Three

Mean

66.82

95% Confidence Interval

Lower Bound

44.47

for Mean

Upper Bound

89.16

5% Trimmed Mean

69.24

Median

85.00

Variance

1106.364

Std. Deviation

33.262

Minimum

0

Maximum

90

Range

90

Interquartile Range

30

Skewness
Six

10.029

-1.609

.661

Kurtosis

1.166

1.279

Mean

69.55

10.056

95% Confidence Interval

Lower Bound

47.14

for Mean

Upper Bound

91.95

5% Trimmed Mean

71.72

Median

75.00

Variance
Std. Deviation

1112.273
33.351

Minimum

0

Maximum

100

Range

100

Interquartile Range
Skewness
Kurtosis

20
-1.586

.661

1.413

1.279
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Pairwise comparisons

b

Mauchly's Test of Sphericity
Measure:MEASURE_1
Within
Subjects

a

Epsilon

Approx.
Mauchly's

Chi-

W

Square

Effect
TUG

.995

.047

Greenhouse- Huynhdf

Sig.
2

.977

Geisser
.995

Feldt
1.000

Lowerbound
.500

Tests the null hypothesis that the error covariance matrix of the orthonormalized
transformed dependent variables is proportional to an identity matrix.
a. May be used to adjust the degrees of freedom for the averaged tests of significance.
Corrected tests are displayed in the Tests of Within-Subjects Effects table.
b. Design: Intercept
Within Subjects Design: TUG
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Estimates
Measure:MEASURE_1
95% Confidence Interval
TUG

Mean

Std. Error

Lower Bound

Upper Bound

1

54.545

9.082

34.310

74.781

2

66.818

10.029

44.472

89.164

3

69.545

10.056

47.140

91.951

Pairwise Comparisons
Measure:MEASURE_1

(I) TUG (J) TUG
1

3

95% Confidence Interval for

Difference (I-

Difference

J)

Std. Error

a

Sig.

Lower Bound

a

Upper Bound

*

3.042

.007

-20.974

-3.571

*

3.233

.003

-24.248

-5.752

1

*

12.273

3.042

.007

3.571

20.974

3

-2.727

3.188

.797

-11.846

6.392

1

*

15.000

3.233

.003

5.752

24.248

2

2.727

3.188

.797

-6.392

11.846

2
3

2

Mean

-12.273
-15.000

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Sidak.
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5. SF-36v2® Eight health domains
Normality and descriptive statistics
Tests of Normality
a

Kolmogorov-Smirnov
Statistic

df

Shapiro-Wilk

Sig.

Statistic

df

Sig.

PF1

.393

11

.000

.672

11

.000

RP1

.306

11

.005

.694

11

.000

BP1

.279

11

.016

.786

11

.006

*

GH1

.189

11

.200

.925

11

.365

VT1

.227

11

.117

.942

11

.549

SF1

.482

11

.000

.504

11

.000

RE1

.528

11

.000

.345

11

.000

*

MH1

.198

11

.200

.881

11

.107

PF2

.257

11

.041

.832

11

.025

RP2

.294

11

.009

.694

11

.000

11

*

.863

11

.063

*

.900

11

.187

*

BP2
GH2

.182
.181

11

.200
.200

VT2

.172

11

.200

.916

11

.285

SF2

.476

11

.000

.489

11

.000

RE2

.353

11

.000

.625

11

.000

11

*

.904

11

.206

MH2

.203

.200

a. Lilliefors Significance Correction
*. This is a lower bound of the true significance.
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160

