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Abstract
ABSTRACT

A review into the effects of impact forces as a bone stimulus found that mineralisation
can be achieved in areas where the stress is applied, however specific exercise protocols
are currently lacking. It was also apparent that very little research had investigated the
factors that influence jump-landing ground reaction forces (GRF’s) in premenopausal
women, and no study had investigated the use of reactive jump-landings to optimise the
osteogenic stimulus for jump-landings when performed by premenopausal women. In
addition, no study had attempted to develop a quantified 12-month periodised osteogenic
jump-landing programme to be specifically utilised by premenopausal women to improve
bone health, nor investigated the chronic effects of such a programme on functional
performance parameters, body composition and bone remodelling at clinically relevant
sites. Therefore, addressing these gaps and limitations from the reviews has set the

framework for this thesis.

The first three studies sought to quantify the full spectrum of ground reaction forces
(GRF’s) associated with a variety of jumps in this population. Study’s 1 to 3 essentially
involved one data collection however, they are 3 separate studies (represented as Chapters
3, 4 and 5 in the PhD thesis) given the magnitude of the data collected and the very
different kinetic characteristics of the jumps. Study’s 1 and 2 investigated the main
jumping and jump-landing factors deemed important in achieving greater GRFs included
the cueing of participants to; (i) use a vigorous arm swing in a “countermovement” style;
and, (i1) ‘land stiffly’ and ‘immediately jump again for maximal height’ (reactive jump).
With these instructions provided, GRF’s for all bilateral vertical and multiplanar jump-
landings for magnitude (3.9 to 5.5 Body Weights - BW’s) and rate of strain (192 to 359
BW:-s™), easily exceeded the previously defined vertical osteogenic thresholds (>3 BW’s
and 43 BW-s!), shown to improve bone mass at clinically relevant sites for

premenopausal women.

Although vertical landing forces were similar for the bilateral multiplanar jumps,
substantially different medio-lateral GRF’s (185% to 1466%, for star jump) and anterio-
posterior (1103% to 1316%, for stride jump), were observed between the jumps. The
multidirectional nature of these jumps presented an opportunity to maintain and enhance
mechanical bone stimulation after the bone becomes saturated to vertical loading cycles,

however this was poorly understood for unilateral jump-landings. Therefore, in Study 3
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Abstract
unilateral multiplanar jumps, including the vertical, forward and lateral hop were
investigated. Unlike the bilateral jumps, the unilateral hops did not utilise a reactive
component, however a vigorous countermovement arm swing was used and participants
were cued to land “stiffly”. The magnitudes (4.2 to 5.1, BW’s) and rates of strain (239 to
334 BW-s!) for the jump-landings, performed on an AMTI force plate, exceeded
osteogenic thresholds previously determined using bilateral jump-landings. Furthermore,
significant differences were detected for GRF’s for unilateral jumps landings across all
planes of motion (19% to 93%) suggesting that each landing type provided a novel force

application to potentially optimise bone stimulation.

In Study 4 the kinetic data previously quantified in the aforementioned studies, in
combination with a review of current and relevant evidence-based literature was utilised
to develop a 12-month periodised osteogenic jump-landing programme for
premenopausal women. The data was organised into a bone-specific ‘stress stimulus
rating’ based on GRF magnitude (>3BW), GRF rate (>43 BW-s™"), and technical
difficulty (i.e. vertical bilateral to multiplanar unilateral) in a progressive manner over
a 12-month period. The 12-month periodised osteogenic jump-landing programme was
defined by; a limited number of ground contacts per session (< 50 per session), rest
intervals inserted between each jump (15 seconds), and adequate recovery between

daily (3 - 5 times per week) sessions (at least 24 hours).

The final study (Study 6), utilised a longitudinal controlled trial to determine the effects
of the quantified jump-landing programme, on parameters of bone health in
premenopausal women for a period of 12 months. Performance testing and dual energy
x-ray absorptiometry (DEXA) was performed at baseline, 3, 6, 9 and 12 months. The
excellent test-retest reliability demonstrated for BMD, BMC, bone geometry and body
composition in Study 5 provided the ability to determine that the changes we detected
over time were statistically and clinically significant. Significant (» < 0.01) group main
effects (10.41 - 13.72%) in favour of the jump group were observed for bone mineral
density (BMD) and bone mineral content (BMC) at the femoral neck, total hip and
lumbar spine. Significant (p < 0.01) group main effects (12.78 - 13.84%) for cross-
sectional area, cortical thickness and section modulus at the femoral narrow neck were
also in favour of the jump group. For ground contact time, improvements in the jump
group over the control group were apparent (121.9% vs |8.86%) with significant (p <
0.01) group and time effects being observed. Group main effects that approached
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Abstract
significance (17.54% vs |0.24%) were towards the jump group for vertical jump
performance. Our findings have shown that a brief (2 - 3 minute) jump programme,
with a specific focus on the jump-landing technique has provided the required stimulus
to improve bone strength at clinically relevant sites associated with osteoporosis in

premenopausal women.

In summary, this thesis provides an original and vital contribution to preventative health
care management that in the long term has the potential to reduce the direct and indirect
costs of osteoporosis to the health sector. Evidence from this research has the potential
to inform future exercise recommendations used to improve bone health during the
critical premenopausal period, and to both reduce and delay the incidence of

osteoporotic fracture in the years post menopause.

XiX
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CHAPTER 1. PREFACE

1.1 Thesis Rationale and Significance

Jumping and hopping exercises have been researched for their role in the achievement
of optimal peak bone mass in young people and for minimising age-related bone loss
in females (Bailey & Brooke-Wavell, 2009, 2010b; Bassey, Littlewood, & Taylor,
1997; Bassey & Ramsdale, 1994b; Bassey, Rothwell, Littlewood, & Pye, 1998; Stiles,
Griew, & Rowlands, 2013; Weeks & Beck, 2008). Authors of recent meta-analyses
reported exercise modalities which involve impact forces as having the greatest
‘osteogenic potential’, suggesting hypothetical gains in bone mineral density (BMD)
of 3 - 5% for premenopausal women during a time when normal bone loss is 0.5% per
year (Babatunde, Forsyth, & Gidlow, 2012; Martyn-St James & Carroll, 2010).
However, researchers have predominantly focused on ‘“high risk” postmenopausal
women and as a consequence, exercise regimes for minimising bone loss in adults are
generic and lack specific recommendations for women before they experience
accelerated bone losses during and post menopause (Gomez-Cabello, Ara, Gonzalez-
Agiiero, Casajiis, & Vicente-Rodriguez, 2012; Guadalupe-Grau, Fuentes, Guerra, &
Calbet, 2009). Thus, preventative interventions that target premenopausal women
represent a “window of opportunity” to prevent or delay the time before the fracture
threshold is surpassed in the postmenopausal years. Activities such as jumping and
hopping have been proposed to achieve the desired unusual or atypical strain
distributions on the skeleton for women who are habitually inactive and not involved
in high-impact sports, however specific protocols to optimise bone health are currently
lacking (Bailey & Brooke-Wavell, 2010b; Bassey et al., 1998; Tucker, Strong,
LeCheminant, & Bailey, 2014).

The quantification of impact forces for jumps including the countermovement jump
and drop jump have been documented by several research groups, however
methodological differences have been identified which influence the ability to
compare findings between studies: 1) use and non-use of arms when jumping (Lees,
Vanrenterghem, & De Clercq, 2004; Richter, Ripple, Kurz, & Schwameder, 2011);
2) landing mechanics in terms of coaching a “hard” or “soft” landing (Bobbert,

Mackay, Schinkelshoek, Huijing, & van Ingen Schenau, 1986; Lees, 1981; McNitt-
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Gray, 1993); 3) the purpose and timing of instructions provided for jump-landings
(Young, Pryor, & Wilson, 1995); 4) the use of specific footwear or barefooted
condition (Bassey et al., 1997; Bassey & Ramsdale, 1994b); 5) the use of different
calculations to determine the rate of strain (Bassey & Ramsdale, 1995; Hansen,
Cronin, & Newton, 2011); and, 6) the use of single versus double jump-landings.
Researchers have suggested that the technique utilised when jumping and landing,
influences impact and force absorption, therefore the jumping characteristics selected
need to reflect the context of the task of interest (Bobbert et al., 1986; Lees, 1981,
Richter et al., 2011). Given the limitations identified in the literature reviewed for the
quantification of impact forces for jumps, there is a clear need to conduct research
using standardised jumping techniques and jump-landing instructions designed to

stimulate bone osteogenesis.

Whilst previous studies have investigated the vertical landing forces for jumping
exercises including the countermovement jump (Bassey & Ramsdale, 1994a;
Heinonen et al., 1996; Niu et al., 2010; Tucker et al., 2014), there is a need to quantify
the full spectrum of GRF’s (anterio-posterior, medio-lateral and resultant) associated
with a variety of commonly performed jumps, as research conducted using animal
models has showed that the direction forces are applied to the skeleton is an important
osteogenic consideration (Turner, 1999; Turner & Robling, 2003). Thus, osteogenic
thresholds which define the minimum magnitude and rates of ground reaction forces
required to achieve gains in bone mineral density in premenopausal women, currently

represent vertical ground reaction forces only.

Although several studies have analysed the effect of different landings on the
magnitude of jump-landing forces, previous studies concerned with bone health,
irrespective of life-stage, have focussed primarily on single jump-landings. However,
previous biomechanical studies have demonstrated that repeated jumps, which are
more ballistic in nature, and can produce greater GRF’s (when compared to single
jump-landings), as they prevent subjects from “softening” the landing due to the short
time period available between jumps. It is therefore of interest to determine whether
repeated jump-landings can offer a better osteogenic stimulus than the single jump
landings used by previous researchers (Babatunde et al., 2012; Bassey et al., 1998;
Niu et al., 2010; Tucker et al., 2014).
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As bone health research has predominantly focused on minimising bone losses in
“high risk” postmenopausal women, exercise recommendations to improve bone
health in adults are generic and lack specific recommendations for women before they
experience the accelerated bone losses at menopause (Gémez-Cabello, Ara, Gonzalez-
Agiiero, Casajiis, & Vicente-Rodriguez, 2012; Guadalupe-Grau, Fuentes, Guerra, &
Calbet, 2009). Thus, future research is required to develop a longitudinal periodised
osteogenic jump-landing programme specifically for pre-menopausal women using a
resource of quantified jump-landing exercises (bilateral and unilateral), with
consideration for different loading activity variables (including; strain magnitude,
strain rate and strain direction) whilst integrating current bone health guidelines,

research and concepts of best practice strength and conditioning.

Authors of meta-analyses proposed that jump-landing programmes that; utilised brief
jumping protocols (10 - 100 jumps/day, 3 - 7 days/week), are 4 - 18 months duration,
and present loading magnitudes of between 2 - 6 BW, can result in significant gains
in femoral neck BMD of 0.5 - 3% in premenopausal women during a time when
normal bone loss is 0.5% - 1% per year. However, limitations exist for these jumping
protocols, in terms of jump-landing technique, monitoring of the daily and weekly
loading and adherence to best practice musculoskeletal programme design. In
addition, the focus on jump-landing technique and utilising a reactive jump component
within a 12-month periodised osteogenic training programme has not been previously
presented. Furthermore, research is required to describe the geometry of bone in
response to osteogenic exercise protocols, as limitations exist for using a two-
dimensional imaging technique (DEXA) to assess a three-dimensional structure and
describe the overall strength and fracture resistance of bone in response to the jump-

landing intervention.

1.2 Research Question and Aims

Currently, there appears to be a paucity of scientific study on the use of exercise as a
stimulus for bone development, specifically as a preventative osteoporosis green
prescription for premenopausal women. This thesis provides original academic
research on the use of specific jump-landings integrated into a periodised osteogenic

jump-landing programme, as an effective way to improve bone health and contribute
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to the field of preventative health care. In addition, this specific programming for
premenopausal women will inform clinicians, primary health workers and strength
and conditioning practitioners by providing an experimental application to this body
of knowledge. Therefore, this thesis will provide an original and vital contribution to
preventative health care management that in the long term has the potential to reduce
the direct and indirect costs of osteoporosis to the health sector. It is envisaged that the
evidence from these studies will provide a unique approach for the management of
bone health and the development of safe and effective exercise protocols, as existing
exercise recommendations for this population are not consistent with the current
evidence base. The goal is therefore to provide an effective osteogenic exercise
intervention that can be used to improve bone health, body composition and
performance parameters during the critical premenopausal period, to reduce and delay

the incidence of osteoporotic fracture in the years post menopause.

This thesis sought to answer the overarching research question “can a periodised
osteogenic jump-landing programme improve bone health, body composition and
performance parameters in premenopausal women”? Six separate but related studies
were used to investigate the chronic effects of a quantified periodised osteogenic
jump-landing programme for premenopausal women. The specific aims of these

studies were:

Study’s 1, 2 and 3) To determine whether bilateral vertical and multidirectional jumps
with reactive jump-landings and unilateral multidirectional jump-landings can
achieve previously determined osteogenic thresholds with and with instruction

withdrawn in premenopausal women?

Study 4) To develop a periodised osteogenic jump-landing programme specifically for

premenopausal women based on quantified jump-landings.

Study 5) To determine the intra-rater reliability of the Hologic Discovery DEXA
machine for assessing clinically relevant bone and body composition variables in

premenopausal women.
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Study 6) To determine the chronic effects of a periodised osteogenic jump-landing
programme on bone health, body composition and performance parameters in

premenopausal women.

1.3 Originality of the Thesis

Currently, very little evidence exists in the scientific literature on the effect of exercise

on bone health in premenopausal women:

» No study has quantified the full spectrum of ground reaction forces associated with
jump-landings for a selection of bilateral and unilateral vertical and multidirectional

jumps in premenopausal women.

» No study has investigated the use of reactive jump-landings to optimise the

osteogenic stimulus for jump-landings when performed by premenopausal women.

» No study has attempted to develop a quantified 12-month periodised osteogenic
jump-landing programme to be specifically utilised by premenopausal women to

improve bone health.

» No study has investigated the intra-rater test-retest reliability of a Hologic DEXA
(including hip geometry variables and body composition) to assess clinically
relevant bone and body composition variables in premenopausal women, by

providing measures of absolute (CV) and relative consistency (ICC).

» No study has investigated the chronic effects of a 12-month periodised osteogenic
jump-landing programme on functional performance parameters, body
composition and bone remodelling at clinically relevant sites in premenopausal

women.

1.4 Thesis Organisation

This thesis is composed of four inter-linked sections and consists of nine chapters
(Figure 1.1). The first section contains a comprehensive review of the literature that
explores the physiology of bone, osteoporosis and current literature on the role of

exercise on bone health in premenopausal women (Chapter two). The second section



Chapter 2. Literature Review

consists of a series of cross-sectional studies (Study’s 1, 2 and 3), to determine whether
bilateral vertical and multidirectional jumps with reactive jump-landings and
unilateral multidirectional jump-landings (hops) can achieve osteogenic thresholds
with, and with instruction withdrawn, in premenopausal women (Chapters three, four
and five). An exploratory descriptive study design was used to review current and
relevant evidence-based literature for Study 4, and uses the quantified data gained
from the previous three chapters, to develop a periodised osteogenic jump-landing
programme for premenopausal women based on quantified jump-landings (Chapter
six). A test-retest reliability study design was utilised in Study 5, to determine the
intra-rater reliability of a Hologic DEXA machine for assessing the dependant variable
measures (bone mineral density, bone mineral content, bone geometry and body
composition), to be used in the longitudinal training study (Chapter seven). A
longitudinal quasi-randomised controlled trial experimental design was utilised for
Study 6, to determine if differences existed between the jump-landing and control
groups over a period of 12-months. This study, which utilises the results and
information gained from the previous five studies, sought to investigate the chronic
effects of a quantified jump-landing programme on bone health variables, body
composition and performance parameters in a cohort of premenopausal women

(Chapter eight).

The studies are presented in the format of the journal for which they were written, with
the exception that each study is preceded by an explanatory prelude rather than an
abstract. The final chapter consists of general conclusions and recommendations for
clinicians, primary health workers, strength and conditioning practitioners and
premenopausal women. An overall reference list from the entire thesis has been
collated at the end of the final chapter in APA (6" ed.) format. An abbreviations and
glossary section have been included after the reference list to help guide the reader if
required. The appendices present all the relevant material from the studies including
the abstracts from the scientific studies, ethics approval, participant information
sheets, questionnaires, informed consent forms, and additional data. The literature
review was written to summarise the research pertinent to each of the six scientific
papers presented in this thesis. The review clearly demonstrates the deficiencies in our
current knowledge about the role specific types of exercise for bone health for

premenopausal women and establishes the significance of the scientific studies
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presented in chapters’ three to nine. Please note that there is some repetition between
the literature reviews and the introductory material of the experimental chapters,

owing to the format in which the overall thesis is presented.

The data gained from the three quantification studies (Study’s 1, 2 and 3; Chapters
three, four and five) were used in combination with a review of relevant literature, to
determine how the jumps and hops could be best utilised to develop a 12-month
periodised osteogenic exercise programme (Study 4; Chapter six) specifically
designed for premenopausal women to help optimise the impact stimulus required to
promote bone formation. A 12-month training study (Study 6; Chapter eight) was used
to measure the effects of a periodised osteogenic jump-landing programme on bone
health, body composition and performance parameters in a cohort of premenopausal
women. Prior to the implementation of the 12-month training study a reliability study
was undertaken (Study 5; Chapter seven) with the DEXA and to determine the intra-
rater reliability for assessing clinically relevant bone and body composition variables

in premenopausal women.
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Chapter 2: The role of exercise for improving bone health in premenopausal women:
A review
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Chapter 3: Study one - Do bilateral vertical jumps with reactive jump-landings achieve
osteogenic thresholds with and without instruction in premenopausal women?
Published in Journal of Applied Biomechanics

Chapter 4: Study two - Bilateral multidirectional jumps with reactive jump-landings
achieve osteogenic thresholds with and without instruction in premenopausal women.

Published in Journal of Clinical Biomechanics

Chapter 5: Study three - Multidirectional hop-landings exceed osteogenic thresholds with
and with instruction withdrawn in premenopausal women.

Formatted for Journal of Sports Biomechanics

Chapter 6: Study four - The development of a longitudinal periodised jump-landing
programme for premenopausal women.

Formatted for Strength and Conditioning Journal

Chapter 7: Study five - A test retest reliability of bone mineral density and body
composition measures using DEXA (dual energy x-ray absorptiometry).
Formatted for Journal of Applied Biomechanics

Chapter 8. Study six - The chronic effects of a quantified jump-landing programme on
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Formatted for Journal of Bone Mineral Research

Figure 1. Thesis flowchart
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CHAPTER 2. THE ROLE OF EXERCISE FOR IMPROVING BONE
HEALTH IN PREMENOPAUSAL WOMEN: A REVIEW

“Hip fracture is all too often the final destination
of a 30-year journey fuelled by decreasing bone
strength and increasing falls risk” (Black et al.,
2007).
2.1 Prelude
Introduction to the problem: Osteoporosis
Osteoporosis is a condition where bone density and bone strength is reduced, and
consequently there is a significantly increased risk of bone fracture (Kanis, Adachi, et
al., 2013). This disease is recognised as a major public health issue in New Zealand
and the developed world. Previous United Nations Secretary General, Mr Ban Ki-
Moon described slowly progressing chronic diseases including osteoporosis as ‘a
global public health emergency in slow motion’(Ban, 2009). In New Zealand and
globally, it affects more than half of women and one third of men over the age of 60
years, with 59% of women and 29% of men suffering a fracture from this age
(Lippuner, Johansson, Kanis, & Rizzoli, 2009; Osteoporosis New Zealand, 2018).
Approximately 52 million women and men have osteoporosis or osteopenia (low bone
mass) in the United States and this will increase to more than 61 million by 2020 if
additional efforts are not made to address this disease (International Osteoporosis

Foundation, 2015).

The economic burden on the public health and social care system as a result of
treatment and management of osteoporotic fractures is difficult to determine as often
not diagnosed until a fragility fracture occurs (Ebeling, Daly, Kerr, & Kimlim, 2013).
Hip fracture has been described as “the final destination of a 30-year journey fuelled
by decreasing bone strength and increasing falls risk” (Black et al., 2007). A recent
study in Australia estimated the direct economic cost of osteoporosis in 2017 to be
AUDS$3.4 billion, which is three times higher than in 2007 (Tatangelo et al., 2019). In
the United Kingdom the direct costs of osteoporosis treatment exceeded 4.5 billion
pounds in 2017 with over half a million people hospitalised because of a fragility

fracture (D. A. Turner et al., 2018). The total direct cost of osteoporosis was $NZ330
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million for the treatment and management of the 70,631 people diagnosed with
osteoporosis in New Zealand in 2007, with hip fracture care alone costing NZ$105
million (Brown, McNeill, Leung, Radwan, & Willingale, 2011). These researchers
also suggested that of the more than 84,000 osteoporosis-related fractures occurring
that year, almost two-thirds of the fractures were women. Osteoporosis New Zealand
estimated the total cost of the disease at a staggering $1 billion each year, with this
figure predicted to increase rapidly as New Zealand’s 1 million baby boomers began

to retire in 2011.

In a recent publication ‘Bone 2020°, Osteoporosis New Zealand identified the need
for a coordinated nationwide strategy to manage the increasing numbers of ageing
New Zealanders at risk of fragility fractures. They planned to work with the Ministry
of Health to coordinate a strategy which included the aim to “make a determined effort
to prevent as many hip fractures as possible” (Osteoporosis New Zealand, 2013).
Osteoporosis Australia, who produced the white paper document ‘Building healthy
bones throughout life’, had also admitted “a lack of an accepted strategy for
osteoporosis prevention in Australia” (Ebeling et al., 2013). They published an
evidence-informed prevention strategy which identified three important and
affordable preventative actions which had the potential to reduce the significant
personal and economic burden of osteoporosis throughout the life cycle. These
interventions focused upon ensuring life-stage specific achievement of adequate
calcium and vitamin intake, and appropriate physical activity. An estimated reduction
of $432 million in the direct costs of osteoporosis in Australia had been suggested if
just the calcium intake and vitamin D levels were addressed (International

Osteoporosis Federation; Osteoporosis Australia, 2007).

Osteoporosis Risk Factors

Osteoporosis risk factors considered non-modifiable include; being female,
menopause, age, race (Caucasians especially), and genetic predisposition, however the
risk of osteoporosis can be changed significantly by focusing on the readily modifiable
risk factors (Table 2.1). The main factors identified with potential to have the greatest
influence on reducing risk factors for osteoporosis and associated fracture risk include;
1) regular weight-bearing and muscle strengthening exercise (although guidelines for

achieving this are generic and do not reflect the current evidence-base); 2) achieving

10
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a recommended daily intake of calcium (1000mg, however not more than 500mg in
supplemental form); and, 3) achieving the recommended intake of vitamin D (through
adequate exposure to UVB rays, or taking supplements if deficient) (Osteoporosis
New Zealand, 2018). Other factors such as high protein diets, alcohol consumption,
and regular use of corticosteroid medication are also considered to have a negative

influence on bone health.

Although some guidelines for the management and prevention of osteoporosis have
focussed on exercise and nutrition lifestyle modifications, this has mainly targeted
“high risk” postmenopausal women, and as a result appeared to have had minimal
effect on the global prevalence of osteoporosis (Brown et al., 2011). Researchers have
predominantly focussed on increasing postmenopausal bone mineral density (BMD)
and reducing incidence of fragility fractures, and as a consequence, exercise regimes
for minimising bone loss in adults are generic and lack specific recommendations for
the premenopausal age group. Thus, bone health promotion and preventative
interventions for premenopausal women that address these modifiable risk factors
represent a “window of opportunity” to prevent or delay the time before the fracture
threshold is surpassed in the postmenopausal years, during a period of lowered fracture

risk.

Table 2.1 Modifiable risk factors for osteoporosis (adapted from Gallagher & Tella,
2013)

Modifiable Risk Recommendations:

Factors for

Osteoporosis

Lack of weight-bearing | Regular weight-bearing and muscle-strengthening reduce the
exercise risk of falls and fractures by improving agility, strength,

posture, and balance, as well as general health benefit.

Poor calcium intake A daily intake of 1200 mg of calcium is recommended for all
(<RDI)* women with osteoporosis.

Natural sources of calcium instead of supplements if possible.
For optimal absorption, a single dose of calcium supplement

should contain about 500 mg of elemental calcium usually

given as citrate or carbonate.
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Vitamin D deficiency
(<Al or inadequate

exposure to sunlight)*

Recommend 800 IU per day of vitamin D3, including
supplements if necessary, to adults over the age of 50. The
goal of treatment is to maintain a serum 25-hydroxyvitamin D

level greater than 20 ng per mL (50 nmol per L).

Body weight above or
below recommended

BMI*

Keep your body weight within a healthy range
(BMI 20 - 24.9).

Poor protein intake

(<AD*

Recommend an adequate intake of dietary protein

(1 g/lkg/day).

Other nutritional factors

Adapt a more alkaline-forming diet.
Increased intake of potassium (fruit and vegetables).

Reduce intake of sodium (added salt and processed foods).

Cigarette smoking

Tobacco products are detrimental to the skeleton as well as to

overall health.

Excess alcohol
consumption

(> 3 units/day)

Intake of 3 or more units (50z wine, 1.50z spirits, 120z beer)
per day is detrimental to bone health and increases the risk of

falling.

Long-term use of
corticosteroids or anti-

convulsants

Leads to decreased calcium and vitamin D absorption.

Increased risk of falling

Falls prevention is the first line of treatment for those at high
risk for falling. Consider a falls prevention programme, and

physical therapy.

Key: * RDI Recommended dietary intake, Al Adequate intake, BMI Body mass index

It is well recognised that the ageing process is complex and is associated with a
progressive degeneration of physical, physiological and cognitive function. This loss
of musculoskeletal mass and function has been described as a normal attribute
associated with ageing, which is reinforced by an unhealthy lifestyle (Nedergaard,
Henriksen, Karsdal, & Christiansen, 2013). However, public health interventions
targeting improvements in lifestyle factors like diet and exercise, have had limited
success at a population level. Unfortunately, poor compliance to interventions
promoting lifestyle modification had prompted suggestions that the primary
prevention modality in the future will need to be pharmacological. Nedergaard et al.

(2013), argued that pharmacological interventions like hormone replacement therapy
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(HRT) would be more effective as a means to slow or prevent the age-related loss in
BMD, rather than being used to treat women already diagnosed with osteoporosis.
However, consideration is also needed for the different ways bone strength is
represented, as studies that showed large increases in BMD and bone mineral content
(BMC) resulting from pharmacologic therapy resulted in very small increases in

fracture resistance (Kohrt, Barry, & Schwartz, 2009).

Babatunde (2013) proposed a paradigm shift based on the prevention model of Leavell
and Clark (1965), which identified the need to consider life stage specificity for
promoting preventative measures to reduce risk factors for osteoporosis. In the four-
level model (Table 2.2.), primordial, primary, secondary and tertiary levels of
prevention for osteoporosis were proposed. Secondary and tertiary levels of
prevention represent primarily pharmacology therapy and are potentially more
expensive and less effective than the primary and primordial prevention stages
(Babatunde, 2013). If post-menopausal BMD is a consequence of peak BMD
(achieved at skeletal maturity), menopause and the rate of bone loss as women age,
then the period of growth during the pre-pubertal years is the optimal time to focus on
positive interventions for maximising bone health. A theoretical analysis by
researchers predicted a 13-year delay in the development of osteoporosis and 50%
reduction in fracture risk with the attainment of 10% higher peak bone mass during
adolescence (Hernandez, Beaupré, & Carter, 2003). Researchers also suggested
hypothetical gains of 3 - 5% in bone mass during the premenopausal years, using
appropriate lifestyle exercise as a primary prevention strategy (Babatunde, Forsyth, &
Gidlow, 2012). However, these guidelines and specific exercise recommendations for

premenopausal women, do not currently exist.
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Table 2.2 Level of prevention for osteoporosis (adapted from Babatunde, 2013)

Prevention Goal Life Stage Potential Intervention

levels for

osteoporosis

Primordial Maximise Neonates to adolescence. | Impact exercise physical
peak bone < 18 years education curriculum.
mass.

Primary Modify or Premenopausal women. Modify lifestyle factors
alter the 30-50 years (appropriate exercise and
course of risk nutrition).
exposure
(enhance bone
health before
rapid onset of
bone loss).

Secondary Identification | Postmenopausal women BMD testing > 50yr
of “at risk”
individuals.

Tertiary Management Postmenopausal women Pharmacology therapy
of osteoporosis | Over 60 years.

2.1.1 Physiology of Bone

It is deemed important to have a thorough understanding about the physiology of the
different types of bone, bone turnover cycles and various techniques available to assess
bone. This knowledge is vital for the critique of existing bone health literature with

respect to the research methodology and the age-related time course of bone change.

Types of bone

The skeleton is made up of two types of bone which are both functionally and
structurally different; cortical (or compact) and trabecular (or cancellous) (Vanputte,
Regan, & Russo, 2013). In the adult skeleton about 80% of bone is cortical, and the
clinically relevant sites of the femoral neck and lumbar vertebrae are comprised of
75% and 66% cortical bone, respectively (Dempster & Reeve, 2006). The cortical
bone is found on the outer surface of bone, and has a compact mostly solid matrix and
cells, whereas the trabecular bone consists of a delicate interlaced network of marrow-
filled spaces (Vanputte et al., 2013). There are two main types of bone cells involved
with the turnover of bone cells with different functions within bone tissue including;
osteoblasts (or bone-forming cells) which are involved with the development of the
skeleton, and the repair and remodelling of bone, and osteoclasts (bone-breaking cells)

which also contribute to bone repair and remodelling (Vanputte et al., 2013).
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The processes of bone modelling and remodelling

Bone modelling describes the process of skeletal growth and development, whereas
the purpose of bone remodelling is to repair and replace old and damaged bone and
plays a key role in maintaining the mechanical strength of bone (Langdahl, Ferrari, &
Dempster, 2016). Bone modelling during growth is a result of coordinated activity of
the two types of bone cells, in favour of the bone forming osteoblasts. Although bone
modelling is primarily completed by skeletal maturity (or peak bone mass), modelling
can still occur in response to mechanical loading (i.e. jump-landings) in adulthood
(Burr, 2015; Frost, 1987). Bone remodelling is also a normal process that depends on
the balance between bone formation and bone resorption determined by the osteoclasts
(bone resorption) and osteoblast (bone formation), and takes place within a basic
multicellular unit (BMU) (Kenkre & Bassett, 2018). Constant bone turnover involves
old poor quality bone being replaced by new bone matrix and is then rapidly
mineralised (Clarke, 2008; Duque, 2013). One remodelling cycle takes 120-200 days
(cortical and trabecular bone, respectively), and involves five highly regulated phases
including the: activation phase (initiation signal to start remodelling); resorption phase
(dissolving the bone mineral); reversal phase (bone resorption switches to formation);
formation phase (new bone mineralisation); and, termination (mineralisation
complete) as shown in Table 2.3 (Kenkre & Bassett, 2018). The adult skeleton is
being constantly remodelled and renewed by this process of bone remodelling
throughout life, allowing around 10% of the skeleton being replaced each year, with a

new skeleton renewed every 10 years (Langdahl et al., 2016).

Table 2.3 The bone remodelling cycle (adapted from Gallagher & Tella, 2013 and
Kenke, 2017)

Phase Process Duration
(Approximate)
1. Activation Osteoclasts recruited to the surface of Days
the bone
2. Resorption An acidic microenvironment between 2 weeks

the cell and the surface of the bone
(dissolving or resorbing the bone
mineral content), is generated by the
osteoclasts.

3. Reversal Osteoclasts undergo apoptosis 4 - 5 weeks
(programmed cell death) and recruit
osteoblasts to the bone surface.
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4. Formation Collagen is synthesised and secreted by | 4 months
the osteoblasts and hydroxyapatite
crystals are deposited to form new bone

(mineralisation).

5. Termination Osteoblasts differentiate into osteocytes | One remodelling
(mature bone cells), which signals the cycle takes 120 -
end of the remodelling cycle. 200 days (cortical

and trabecular bone,
respectively)

Peak bone mass is normally achieved in the third decade of life (Figure 2.1), however
for the spine and hip is reached in the mid-twenties and bones such as the radius will
reach a peak at around 40 years (Gallagher & Tella, 2013). After the third decade of
life there is an increase in bone remodelling causing an imbalance between bone
formation and bone resorption, with the predominance of osteoclastic activity
resulting in a normal age-related bone loss of about 0.5% a year (Geusens, Dequeker,
Verstraeten, & Nijs, 1986). Osteoporosis is the most common metabolic bone disorder
and is a result of the uncoupling between bone resorption and bone formation. This
condition is thought to be a consequence of not achieving normal peak bone mass
during growth, and an increase in bone resorption and decrease in bone formation
post peak mass attainment (Babatunde, 2013). The most common type of osteoporosis
is termed primary osteoporosis, and includes both postmenopausal and age-related
osteoporosis, which involves structural deterioration of bone and increased porosity
leading to increased fragility (Kenkre & Bassett, 2018). The progressive bone loss and
increased porosity is thought to predominantly affect the trabecular bone as a result of
its greater surface area, however the cortical bone is also affected (Kenkre & Bassett,
2018). It should be noted however, that osteoporotic fractures are not necessarily
directly related to this steady age-related loss of bone, as many other factors including;
genetics (non-modifiable), nutrition and physical activity (modifiable), are also

strongly related to an increased fracture risk.
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Figure 2. A typical pattern depicting age-related changes in bone mass in males
and females.

The effect of age and oestrogen on bone

It is well accepted that women have less total bone mass than men and experience
rapid bone loss during menopause. Generally women experience bone losses of
approximately 1% per year after the fourth decade of life, however annual losses of 3
- 5% can be experienced during early post-menopause ("Consensus development
conference: Diagnosis, prophylaxis, and treatment of osteoporosis," 1993). The
SWAN study (2011) observed a rapid acceleration of bone loss starting the year before
menopause and continuing for another three years, with the rate of bone loss still
significantly high in the 4 - 8 years post menopause (Santoro, Taylor, & Sutton-
Tyrrell, 2011). The National Osteoporosis Foundation of America estimated up to 20%
of BMD can be lost in the 5 - 7 years after menopause, with lifetime bone losses
estimated to be 30 - 40% and 20 - 30% of peak bone mass, for women and men
respectively ("Consensus development conference: Diagnosis, prophylaxis, and

treatment of osteoporosis," 1993; Sipila & Poutamo, 2003).
Although the exact role of oestrogen on the accelerated decay in bone health has not

been completely clarified, a relationship exists between bone mineral density and

endogenous oestrogen levels suggesting it is an important sex steroid linked to
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osteoporosis in women (Compston, 2001). Premature menopause (surgical or non-
surgical and including exercise-associated amenorrhoea), which induces a state of
oestrogen deficiency, has been linked to reduction in peak bone mass and BMD (De
Souza et al., 2008; Scheid et al., 2011). This means that if the average age of
menopause in New Zealand is 51 years, then early menopause will have a major effect
on ageing the bone at a more rapid rate than normal (Lawton, Rose, Cormack, Stanley,
& Dowell, 2008). Although a specific biological marker for menopause has not been
identified, lowered BMD and subsequently increased risk of osteoporotic fracture has
been observed when serum oestradiol is < Spg/ml (Rapuri, Gallagher, & Haynatzki,
2004), and < 11pg/ml (Garnero, Sornay-Rendu, Claustrat, & Delmas, 2000). Rapuri
and colleagues (2004), reported a significant increase in BMD when serum oestradiol
was > 15pg/ml. Another research group reported oestradiol levels < 30pg/ml to
generally represent menopausal status in women without ovarian or breast cancer

(Winters-Stone et al., 2013).

Oestrogen receptors have been revealed on muscle and bone cells suggesting a
relationship between hormone concentration, muscle and bone adaptation (Dahlman-
Wright et al., 2006; Heldring et al., 2007). The role of oestrogen in a normal bone
remodelling cycle involves inhibiting bone resorption by decreasing osteoclast
numbers and activity and having an anabolic effect on osteoblasts, however the
oestrogen deficiency experienced at menopause disrupts this process (Clarke, 2008;
Gallagher & Tella, 2013; Krassas & Papadopoulou, 2001; Zofkova, 2008). Bone
remodelling is accelerated during menopause as oestrogen deficiency impairs the
normal bone remodelling process. This process described as ‘uncoupling’, results in a
net loss of bone due to an increase in osteoclastic bone resorbing activity without a

corresponding increase in osteoblastic bone formation activity (Lanyon, 1996).

The mechanism and cellular effects of this menopausal oestrogen deficiency are linked
to increased bone resorption induced by elevated levels of proresorptive cytokines
including; Tumour necrosis factor (TNF-a) and Interleukin 1 and 6 ( IL-1 & 6) in the
bone marrow and up regulation of Receptor activator of nuclear factor B ligand
(RANKL) production on bone marrow cells (Khosla, 2010). These research groups
have identified RANKL as the uncoupling factor, which is produced and secreted by

the osteoblasts, and binds to a receptor on the osteoclasts to increase bone resorption.
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The key factor in the groups findings is the identification of a natural antagonist to
RANKL called osteoprotegerin (OPG), which is stimulated by oestrogen. Therefore,
in the reduced oestrogen environment experienced during menopause, the RANKL
produced by the osteoblast binds to its receptor RANK on the osteoclasts to increase

bone resorption in the absence of OPG (Gallagher & Tella, 2013).

Hormone Replacement Therapy (HRT)

Hormone replacement therapy (HRT) has been used for many years in an attempt to
offset oestrogen deficiency and manage the symptoms of menopause. Postmenopausal
women treated with exogenous oestrogen have shown reversal of the decrease in bone
mass and increase in bone turnover, thus supporting the bone protective effect of
oestrogen (Copeland, Chu, & Tremblay, 2004; Duque, 2013; Horstman, Dillon,
Urban, & Sheffield-Moore, 2012; Johnson et al., 1997; Kenny & Prestwood, 2000;
Khosla, 2010). Thus, some researchers recommended that postmenopausal women
might be at increased risk of osteoporosis and related fractures without the use of

hormone replacement therapy (Johnson et al., 1997; C. H. Turner, 1999).

Findings from the Women’s Health Initiative study however, showed that the risks of
HRT to cardiovascular health may outweigh the benefits’ and alternative options may
be warranted (Writing Group for the Women's Health Initiative, 2002). This study
reported a significant relationship between the use of combined oestrogen and
progestin therapy with increased risk of breast cancer, coronary heart disease and
stroke in postmenopausal women. As a result, the U.S. Preventative Services Task
Force (USPSTF), and several other professional groups, issued recommendations
against using HRT (oestrogen plus progestin and oestrogen alone), to prevent chronic
conditions such as cardiovascular disease, dementia and osteoporosis ("Hormone
Therapy for the Prevention of Chronic Conditions in Postmenopausal Women:
Recommendations from the U.S. Preventive Services Task Force," 2005;
"Postmenopausal Hormone Replacement Therapy for Primary Prevention of Chronic
Conditions: Recommendations and Rationale," 2002). A systematic review to update
the 2005 USPSTF recommendations concluded that the benefits of HRT to chronic
disease prevention benefits, including fracture reduction, did not outweigh the harms

in postmenopausal women (Moyer, 2013; Nelson, Walker, Zakher, & Mitchell, 2012).
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2.1.2 Measurement of Bone

Bone mineral density (BMD) and hip structural analysis (HSA)

The measurement of bone mineral density (BMD), using bone densitometry, is well
accepted as a major determinant when defining the risk of osteoporotic fracture (Kanis,
2002; Kanis, Adachi, et al., 2013; Kanis & Kanis, 1994). Currently the tool considered
the ‘gold standard’ in the diagnosis and management of osteoporosis is DEXA (Dual
Energy X-Ray Absorptiometry) due to the strong correlation with fracture risk using
World Health Organisation (WHO) T-score criteria (Kanis & Kanis, 1994). The World
Health Organisation (WHO) originally defined a threshold in the distribution of BMD
represented by a T-score (2.5 standard deviations below the young normal mean) for
which osteoporosis could be designated. They also identified a second threshold,
describing low bone mass or osteopenia (1 - 2.5 standard deviations below the young
normal mean) ("Consensus development conference: Diagnosis, prophylaxis, and
treatment of osteoporosis," 1993; Kanis & Kanis, 1994). This definition describes the
young normal mean as the ideal or peak BMD of a healthy 30-year old adult.
Researchers (Drake, Clarke, & Lewiecki, 2015) have demonstrated that the hip and
lumbar spine are fracture sites most frequently associated with postmenopausal
osteoporosis, which are primarily a consequence of trabecular bone losses due to
oestrogen deficiency, however the hip is considered the most severe osteoporosis

complication (Kanis, 2002).

Osteoporosis is characterised by decreased bone strength leading to an increased risk
of fracture, however bone density is only one of the contributors to bone strength (Hart
etal., 2017). Put simply, bone strength can be described as a combination of both bone
mineral density and bone quality. Several factors have been identified to describe bone
quality including; bone micro and macro architecture, bone material properties and
bone remodelling levels (Asikainen, Kukkonen-Harjula, & Miilunpalo, 2004; Chopin
etal.,2012; Hart et al., 2017). This suggests that the accelerated bone loss experienced
at menopause that is related to an increased fracture risk may not be exclusively
described by BMD. In what has been described as a “prevention paradox”, more than
50% of women and 70% of men who presented with fragility fractures in a large scale
study in the US, did not have BMD in the osteoporosis range (T score < 2.5) (Siris,
Miller, Barrett-Connor, & et al., 2001). Furthermore, studies have shown 75 year old
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women to have four to seven times greater fracture risk than 45 year old women with
the same BMD (Burr, 2003). Interestingly, a study showing a 9 - 15% increase in
BMD and BMC resulting from pharmacologic therapy only resulted in a 7 - 21%
increase in fracture resistance (Kohrt et al., 2009). In comparison, studies which
utilised mechanical loading achieved smaller gains in BMD and BMC (5 - 7%),
however this potentially translated to very large increases in bone strength and

resistance to fracture (64 - 94%) (C. H. Turner & Robling, 2003).

Although BMD represents an important but not exclusive dimension of bone strength
(describes 50 - 70% of the strength of bone) (Ammann & Rizzoli, 2003; Cheng et al.,
1997; Kanis, 2002), with geometric properties relating to the complex three-
dimensional nature of bone also playing an important role in determining the strength
of bone and predicting fracture risk (Kaptoge et al., 2008). Due to limitations resulting
from the two-dimensional analysis provided by DEXA to determine BMD, a complex
biomechanical indice was derived based on hip structural analysis (HSA) (T. J. Beck,
Ruff, Warden, Scott, & Rao, 1990). This programme not only measured BMD of the
hip area, but also estimated the geometrical and mechanical properties using cross-
sections traversing the proximal femur at sites of clinical significance. Geometric
properties relating to the complex three-dimensional nature of bone such as; bone girth
(cross-sectional area), cortical bone thickness and section modulus (geometric index
of bone bending strength), have been shown to play an important role in determining

the strength of bone and predicting fracture risk (Kaptoge et al., 2008).

Although limitations exist for using a two-dimensional imaging technique to assess a
three-dimensional structure, the HSA programme provides an opportunity to assess
variables used to describe the overall strength and fracture resistance of bone. When
comparing HSA, computed tomography (CT) and quantified computed tomography
(QCT), researchers suggested that the geometry of the proximal femur was well
described by DEXA (Ohnaru et al., 2013; Prevrhal et al., 2008). For example, data
from these studies using postmenopausal women used both CT and DEXA (using
HSA), to scan the proximal hip, and reported a favourable comparison for these
scanning techniques (r* = 0.67 and r> = 0.60 — 0.90, p < 0.001 for femoral neck BMD),
supporting the validity of using HSA for deriving geometric properties (Ohnaru et al.,
2013; Prevrhal et al., 2008).
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Bone turnover markers (BTM's)

Although BMD measurements can offer useful information, it has been argued that
due to the length of the bone remodelling cycle, DEXA measurement may not be
sensitive enough to detect the short-term bone turnover response to exercise
interventions. A period of 1 or 2 years has been suggested necessary to detect
significant change in BMD in response to therapy, whereas a rapid and large bone
turnover response can be detected after only 2 - 3 months (Dreyer & Viera, 2010).
Bone turnover markers (BTM) can reflect the dynamic nature of bone not assessed by
BMD or clinical risk factors using the FRAX tool (Fracture Risk Assessment Tool),

and reflect the metabolic activity of bone (Dreyer & Viera, 2010).

Many bone diseases (including osteoporosis), display an imbalance in the coupling of
bone turnover where resorption markers are higher than formation markers leading to
increased bone turnover, which indicates the value of utilising this technology (S.
Vasikaran, Cooper, et al., 2011). Markers of bone turnover are categorised as either
markers of formation or resorption and can be used to monitor acute changes in bone
and are measured in the blood or urine to reflect the metabolic activity of bone (Dreyer
& Viera, 2010). A systematic review of bone turnover markers by the International
Osteoporosis Federation (IOF)/International Federation of Clinical Chemistry and
Laboratory Medicine (IFCC) Bone Marker Standards Working Group recommended
that serum Procollagen Type I N-Propeptide (PINP) and Type I Collagen C-
Telopeptide (CTx) should be used as reference markers of bone formation and
resorption, respectively (S. Vasikaran, Eastell, et al., 2011). PINP is secreted by the
osteoblast during bone formation and reflects type I collagen synthesis as an important
precursor component of the bone matrix, and CTx is a degradation product of type I
collagen released into the circulation during resorption of bone (S. Vasikaran, Cooper,

etal., 2011).

The measurement of biochemical BTMs has been described as an easy and non-
invasive way to assess skeletal turnover, however more work needs to be done in this
area for changes in bone metabolism to be used in the assessment of treatment effects
and to predict fragility fracture risk (S. Vasikaran, Eastell, et al., 2011). Their use in

clinical practice for osteoporosis management has potential due to ability to achieve
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rapid and large responses to therapies which can be detected at early time points (S.
D. Vasikaran, 2008). In postmenopausal women it has been suggested that high levels
of BTMs may predict fracture risk independently from BMD, but although they have
been used for this purpose for many years, there is a need for adopting international

reference standards (S. Vasikaran, Cooper, et al., 2011).

BTMs have been used for use in monitoring the response of individuals to anti-
resorptive treatments, as the markers have potential to show larger and faster changes
than BMD. For example, after only 8 weeks of treatment with anti-resorption agent
alendronate, the mean change in bone resorption marker CTx was a decrease of 75%
as compared to baseline. In comparison, a 4% change in BMD was determined after
12 months of treatment with alendronate (S. Vasikaran, Eastell, et al., 2011). The
authors of reviews assessing BTMs have suggested that the magnitude of change in
bone turnover is similar to that shown by bone histomorphometry, and that fracture
risk reduction using BTMs can explain between 28 - 77%, compared to 0 - 28% for
change in BMD (Eastell, Jacques, & Naylor, 2012). This suggests that improved bone
microarchitecture resulting in increased bone strength, as a result of a specific

osteoporosis treatment, may be detected by measuring BTMs but not BMD alone.

Although studies have shown that the use of BTMs to determine the effect of
osteoporosis treatments to prediction of bone loss and fracture risk reduction are
promising, it is important to consider the pre-analytical and analytical variability of
BTMs for use in clinical studies. As BTMs are dynamic variables, they can be affected
by many factors leading to high variability. Several uncontrollable factors include;
age, gender, climate and country, which justifies the need for age and gender-related
reference intervals for identified BTMs in specific populations. These have recently
been developed in the Australian population for the BTMs recommended by the
IOF/TIFCC (Jenkins et al., 2013). The controllable factors which affect variability in

BTM assessment are listed below:

1.  Time of day: Diurnal variation has been described, with a greater influence
of circadian rhythm for bone resorption than for bone formation markers. For CTx
this marked circadian variation is well understood showing a range between + 30%

and + 35%, with the most dramatic rate of change during the morning (Chubb,
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2012; Qvist, Christgau, Pedersen, Schlemmer, & Christiansen, 2002). It appears
that use of carefully timed morning samples, or early afternoon may reduce this

impact and standardise sampling protocol for CTx.

2. Food intake: It is accepted that fasting reduces the intra-individual
biological variability. One study of post-menopausal women showed a variation
between patients who were fasting compared with non-fasting of + 8.8% vs + 35%
for serum CTx (Christgau et al., 2000). A study assessing short-term jump activity
on bone metabolism failed to detect any changes in bone resorption turnover
markers, however stated that this was due to the lack of fasting and variability in
time of day for blood draws (Kishimoto, Lynch, Reiger, & Yingling, 2012). The
authors concluded that lack of control of nutritional status prior to blood draw was
most impacting on CTx levels, and that CTx values may be reduced by 50%
following feeding. In contrast, PINP has the practical advantage of being very
stable and little affected by food intake, thus fasting is not necessary (Dreyer &
Viera, 2010).

3.  Physical activity over the past 24 hours: To reduce biological variability,
it has been suggested that sampling should be performed in individuals who have
abstained from exercise in the previous 24 hours. However, recreational exercise

is unlikely to affect CTx or PINP levels (Chubb, 2012).

4.  Serum vitamin D: Changes in vitamin D levels can acutely influence bone
turnover and consequently levels of BTMs. Thus, clinical trials need to account for

serum vitamin D for standardisation of sample collection (Jenkins et al., 2013).

5.  Lifestyle factors: Smoking habits, alcohol consumption and body mass
index (BMI), have been shown to affect the pre-analytical variability of BTMs
(Glover, Garnero, Naylor, Rogers, & Eastell, 2008).

6. Sample storage temperature: To preserve BTM stability it is

recommended to store samples within 4 hours of collecting. The immediate storage

of CTx and PINP serum samples at -80°C has been shown to be stable for several
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months, and if freeze-thawing cycles are avoided, this can be extended to 1 - 3

years (Stokes, Ivanov, Bailey, & Fraser, 2011).

7.  Method of automated assay: Fully automated assays can be utilised to
rapidly and precisely determine BTMs resulting in improvement in the variability

of measurements (Chubb, 2012).

8. Oral contraceptive use: This is associated with reduced CTx
concentrations in users compared with non-users (de Papp et al., 2007; Stokes et

al., 2011).

9.  The phase of the menstrual cycle: This can also have a mild influence on
CTx concentrations, with higher concentrations of approximately 9.5% shown in
the follicular phase (Clowes et al., 2002; Gass, Kagan, Kohles, & Martens, 2008;
Glover et al., 2008). Authors of reviews stated that generally an increase of 10 -
20% in bone resorption and bone formation markers occurs in the follicular and
luteal phases respectively, and suggest sample collection during the first 3 - 7 days

of the menstrual cycle (Garnero et al., 2000; Hlaing & Compston, 2014).

10. Previous fracture: BTM concentrations are known to be significantly
elevated in the first 4-weeks post-operation and will gradually decline over the
following 12-months. It has been suggested that BTM samples should not be
collected for 3 - 6 months following a fracture, when analysing osteoporosis

treatments (Moghaddam et al., 2011).

11. Seasonal variation (circannual variation): Longer term biological
variation has been suggested as evidenced from several studies that have shown
variations in CTx levels coinciding with seasonal changes in 25-hydroxyvitamin D
concentrations. A recent Australian study detected lower CTx levels in autumn
compared to higher levels in spring, however this seasonal variation was not shown
in the bone formation marker PINP (Jenkins et al., 2013). They proposed this
observation of increased bone turnover, leading to a net increase in bone resorption,
during the winter to be partly explained by a combination of decreased physical

outdoor activities and subclinical vitamin D deficiency.
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12. Corticosteroid use: The use of corticosteroids (prednisone S5Smg or
equivalent), can acutely inhibit bone formation markers, including PINP. Higher
doses of corticosteroids (prednisone 7.5mg or more exceeding three months), will
also cause an increase in bone resorption markers (Ton, Gunawardene, Lee, &

Neer, 2005).

13. Country and ethnic origin: The literature shows that amongst Caucasian
women in different countries, PINP values are very similar however CTx values
can show marked variation (Jenkins et al., 2013). However, the difference in CTx
reference intervals shown between studies may reflect failure to standardise for
many of the controllable factors already described. Thus, population and ethnic
specific reference intervals should be used to as standards for bone turnover

interpretation.

Note: Due to the high variability, error and cost associated with BTM’s, bone marker
analysis (personal communication, Professor Mary Jane De Souza 4th April, 2016),
this method was not be utilised in the proposed training study. However, the
information gained from BTM literature has provided a greater understanding of the

factors to be considered in the design and interpretation of bone health research.
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2.2 Jump-Landings that Supersede Bone Health Threshold Requirements for

Premenopausal Women

2.2.1 Introduction

Osteoporosis is a disease characterised by a reduction in the density and quality of
bone leading to a weakness of the skeleton and associated increased risk of fracture
(Kanis, Adachi, et al., 2013). This disease is recognised as a major public health issue
in New Zealand and globally, affecting more than half of women and one third of men
over the age of 60 years (Lippuner et al., 2009; Osteoporosis New Zealand, 2018).
Osteoporosis is largely preventable, with specific types of exercise being widely
recognised as the leading green prescription. Exercise has been shown to reduce risk
factors for lifestyle-related diseases such as obesity, cardiovascular and metabolic
disease (McArdle, Katch, & Katch, 2006; Tipton & Medicine, 2006) however, not all
exercise provides the stimulus required to be osteogenic (B. R. Beck, Daly, Singh, &

Taaffe, 2017; C. H. Turner & Robling, 2003).

It has been suggested that jumping can produce an osteogenic response using low
repetition, rapid-onset, high-intensity protocols (Bailey & Brooke-Wavell, 2008,
2010b), as researchers using animals studies have shown the relationship between
impact forces and the influence of this type of loading on bone strength, mass and
geometry (Lanyon, 1996). Although the optimal dose of exercise is yet to be
determined for premenopausal women, researchers have established several criteria
deemed necessary to stimulate bone in this population, including: a force magnitude
of greater than 3-body weights (BW); a rate of force development exceeding 43-body
weights per second (BW-s™); and, an unfamiliar or diverse direction of force
application (Bassey, Rothwell, Littlewood, & Pye, 1998; Robling, Burr, & Turner,
2001; C. H. Turner & Robling, 2003). However, an in depth understanding of the
magnitude and rate of these impact forces in relation to various jump types is
unknown. In addition, information about the osteogenic potential and bone-loading
forces of different types of exercise would be beneficial to the development of exercise
regimes to promote bone formation in premenopausal women. Therefore, the purpose
of this literature review is to: determine those jumps and conditions that meet

osteogenic threshold requirements for premenopausal women; identify the limitations
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in the research thus far; and, detail future research directions in this area for this

specific population.

2.2.2 Literature Search Methods

The aim of the search strategy was to find articles that quantified the magnitude and
rate of loading from jump-landing GRFs in premenopausal women. The databases
searched were Academic Search Premier, SPORT Discus, PubMed, MEDLINE, and
CINAHL. Literature searches were undertaken using several key words including;
‘osteogenic  exercise’, ‘strength and conditioning’, ‘resistance training’,
‘premenopausal’, ‘impact exercise’, ‘jumping’, ‘jump-landing’, ‘ground reaction
forces’, ‘osteogenic threshold’, ‘bone mineral density’, ‘bone geometry’, ‘jumping
technique’, ‘jump-landing technique, hard-landing’, soft-landing’, ‘ballistic jump’,
‘reactive jump’, ‘plyometrics’, and ‘bone health’. Only English language articles
published in peer-reviewed journals were considered. Relevant literature was also
sourced from searches of related articles and books arising from the reference list of
those obtained from the database searches. Five studies (Table 1) were found that met
the inclusion criteria which included; being female; between 30-51 years; the
measurement of GRF’s for jump-landings using force plate technology (magnitude
and rate), a bone health focus, and mean data presented for a sample size of at least 10

participants.

2.2.3 Summary of the Research

Participants

A total of 163 participants were involved in the studies outlined in Table 1. All five
studies used healthy adult female participants classified as premenopausal, with an
average age of 36.7 years. The premenopausal stage is defined as representing the time
after the attainment of peak bone mass (around 30 years) and before the onset of
hormonal changes associated with menopause (around 51 years) (Gallagher & Tella,

2013).
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Table 2.4 Quantification studies for ground reaction forces for jump-landings for premenopausal

women
Authors Participants Type of Jump GRF GRF Jump Height (cm)
Arm Swing Magnitude Rate and Direction
(Bassey & n=14 Submaximal >3 BW >43 BW-s™! | 8cm
Ramsdale, 1994) females, CMIJ Vertical only
32.0+£1.2yr Continuous
Arm Swing
(Bassey et al., n=20 Submaximal >3 BW >43 BW-s' | 8cm
1998) females, CMJ Vertical only
38.4 + 7.4yr Continuous
Arm Swing
(Bailey & Brooke- | n=45 Submaximal 2.5-2.8 BW | Notstated | 10-12cm
Wavell, 2009) females Hops Multidirectional
32.9 £24yr Continuous
No Arm Swing
(Stiles, Griew, & n=47 Low CMJ 2.4 BW 50 BW-ss™ | <5cm
Rowlands, 2013) females High CMJ 3.0 BW 100 BW-s™ | >5cm
39.2 £ 6yr Box jump 3.4BW 175 BW-s™! | 20cm
Continuous Vertical only
No Arm Swing
(Tucker, Strong, n=37 Maximal 38-41BW | 217-243 38cm
LeCheminant, & females CMJ BW:-s™ Vertical only
Bailey, 2014) 41.1 £ 4.4yr Singular
Arm Swing

Key: GRF Ground reaction force; BW Body weight; BW-s™' Body weights per second; CMJ

Countermovement jump

2.2.4 Discussion

It is well accepted that bone responds optimally to the net effect of different loading

activity variables (including; strain magnitude, strain rate and strain direction), and

these loading variables collectively contribute to the overall osteogenic effect of

mechanical loading and are as such interlinked and interdependent (Hart et al., 2017).

Therefore, the jump-landing strategy utilised and a variety of other factors including;

type of jump-landing instruction, use of arms and type of footwear, can have a

significant effect on landing forces, and therefore need to be considered for

determining appropriate exercise which can benefit bone. A discussion of the factors

identified in this review to be considered when selecting exercises, and the instructions

provided for jump-landings, with potential to optimally stimulate an adaptive bone
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response are presented. Please note that findings from the studies reviewed were
combined with relevant longitudinal research where appropriate, which have

investigated osteogenic loading in premenopausal women:

2.2.4.1 Load magnitude

From Wolff’s Law we understand that bone has the ability to adapt to mechanical
loading, suggesting that mechanically-induced strain is a key factor which affects bone
formation. A graded dose-response relationship exists for load magnitude and change
in bone mass, with an upper ‘minimum effective strain’ threshold described where
damage to bone can occur with excessive loading (Lanyon, 1987). Studies using rat
tibia and ulnar determined a linear relationship between the magnitude of an externally
applied load and bone strain magnitude (Hsieh, Wang, & Turner, 1999). This has
justified the measurement of GRF, represented as body weight (BW) to be used to
estimate the influence of this loading on bone. Bassey and colleagues (1998),
previously defined a vertical osteogenic threshold for GRF magnitude (>3 BW) which
they developed after they achieved significant gains in femoral BMD using a bilateral
jump-landing intervention with premenopausal women (Bassey et al., 1998).
However, GRFs of 2 - 6 BW have been previously shown to stimulate bone and result
in bone formation (Babatunde et al., 2012; Bassey et al., 1998; Zhao, Zhao, & Zhang,
2014). A variety of jumps were quantified in this review, however most of the studies
(80%) used a vertical or countermovement jump (CMJ). Although these studies
utilised the same type of jump, the GRF magnitudes ranged from 2.4 to 4.1 BW, which
may reflect the different CMJ techniques utilised in the different studies. For example,
one research group reported GRF’s for vertical hops performed maximally which did
not achieve (2.5 - 2.8 BW) the accepted osteogenic threshold, however they speculated
that the single-leg landing forces may be equivalent to a total landing force of 5 - 6
BW’s due to forces being transmitted through one leg only, and therefore easily

exceeded the bone stimulation threshold for GRF magnitude.

Effect of Jump-landing Instruction

As can be observed from studies in this review, there is a great deal of variability (2.4
- 4.1 BW) associated with the measurement of peak vertical GRF during jump-
landings, highlighting the need to identify the factors that affect this variability. Lees
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(1981) reported significant variation in the magnitude of peak GRF’s occurring during
the first 150-200 ms of landing, which was described as the ‘impact absorption phase’
(Lees, 1981). In the absence of specific jump-landing instruction, some subjects will
bend their knees considerably after landing, whereas others will make only a small
downward movement and land “stiffly” (Bobbert, Huijing, & Van Ingen Schenau,
1987). Lees (1981), described a jump with increased knee flexion as a “soft” landing
as the absorption of impact energy by the leg musculature over a longer time resulted

in reduced peak GRFs.

Four of the studies in this review used submaximal continuous jumps (either sets of
10 or 20) and reported peak landing vertical forces which corresponded to 3 BW’s,
with instructions provided for participants to land with flexion of the ankles, knees,
and hips, followed by a heel strike (Bassey & Ramsdale, 1994; Bassey et al., 1998;
Stiles et al., 2013). One study utilised the same landing instructions, however the
subjects performed a single maximal jump and rested for 30 seconds between
repetitions, and reported greater peak landing forces of 3.8 to 4 BW (Tucker et al.,
2014). It would seem from these results that the instruction provided for landing
(“soft” or “stiff”) affects the landing GRFs, and therefore needs to be considered

carefully in programming for osteogenesis.

Effect of Arms

Researchers attempting to determine the influence of arm swing during jumping have
reported that an inconsistent arm swing whilst jumping increased variability between
trials, and have suggested that efficient use of arm swing can increase jump height by
10 - 20% (Lees, Vanrenterghem, & De Clercq, 2004; Richter, Ripple, Kurz, &
Schwameder, 2011). Bassey and colleagues (1998), stated that jump heights for their
premenopausal participants were only 8.9 £ 5 cm (3 BW) using a countermovement
arm swing, whereas the Tucker et al. (2014) study cued a vigorous arm swing but also
instructed participants to jump as high as they could, which resulted in baseline
vertical jump heights of 34 + 11 cm (4 BW). Interestingly, the osteogenic threshold
for GRF magnitude (> 3BW) was achieved for jump-landings for both studies, despite
the large variability in jump heights (i.e. 8 cm vs 34 cm). Three things are apparent
from these findings: 1) what a subject does in the landing phase would seem more

important than the propulsive phase in terms of stimulating bone; 2) if all else was
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equal in terms of instruction regarding landing, then the GRFs of those who jump
higher would be greater; and, 3) since arm action can increase jump height
substantially then there is the potential to also increase landing forces and therefore

the osteogenic stimulus substantially.

Effect of Footwear

All five studies stated that the jumps were performed barefooted. Bassey et al. (1998),
instructed participants to remain in working clothes to perform the 10-minute jumping
routine (inclusive of gentle warm-up and mobilisation exercises), and stated that all
jumps were in the barefooted condition. Early research by Bassey and Ramsdale
(1994) compared jumping activities with subjects ‘wearing’ and ‘not wearing shoes’
to determine the effect on GRF’s. They concluded that the natural elastic components
of the body provided a greater protective effect than artificial footwear against
excessive load during voluntary exercise. In addition, consideration is needed for the
attenuation of forces that can be attributed to the cushioning influence of shoes. Thus,
footwear is a factor to be considered and clarified when: assessing the magnitude of
forces generated in bone; prescribing jump-landing programmes; and, informing

future research in this area.

2.2.4.2 Load rate

Although GRF magnitude is considered an important factor in bone adaptation, the
load rate (rate of force development) is considered as equally important (Lanyon,
1987; Robling, Castillo, & Turner, 2006; C. H. Turner & Robling, 2003). Lanyon
(1996) modified the original ‘minimum effective strain’ theory to include other
osteogenic factors such as the rate of strain (minimum effective strain-stimulus
theory), proposing that the rate a bone was exposed to load was more important than
the magnitude of the load on influencing the adaptive response (Robling et al., 2001;
C. H. Turner & Robling, 2003). This concept suggested that the mechanisms identified
for providing the greatest influence for stimulating bone formation are a function of
both peak GRF and peak rate of force production (O'Connor, Lanyon, & MackFie,
1982), implying if peak rate of force production is sufficiently high, then bone
adaptation can be stimulated without using high force magnitudes (Lanyon, 1987;
O'Connor et al., 1982; C. H. Turner & Robling, 2003).Thus, both peak magnitude and

loading rate are considered an appropriate way to represent osteogenic thresholds.
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Bassey and colleagues (1998), previously defined a vertical osteogenic threshold for
load rate (>43 BW-s™') which they developed using a bilateral jump-landings
intervention that achieved significant femoral BMD gains in premenopausal women
(Bassey et al., 1998). As can be observed from the studies reviewed in Table 1, there
is a great deal of variability (43 - 243 BW-s™!) associated with the measurement of
peak rate of force development during jump-landings, highlighting the need to identify

the factors that affect variability.

Effect of Jump-landing Instruction

The rate of force development values reported in this review ranged from 43 - 243
BW:s™ for vertical and CMJ’s. Tucker and colleagues (2014) described an average
rate of strain for vertical jump-landings of 243 BW-s™', which far exceeded the
previously defined osteogenic threshold (43 BW-s™), and the load rates reported by
the other studies in this review (43 - 100 BW-s™). The rate of force development
landing forces was 400-600% greater for the participants in the Tucker study than
those reported by the other studies in the review, interestingly this 400-600% increase
is similar to the greater jump heights observed in the participants in this study.
Although the big difference in the participants jump heights did not seem to influence
GRF magnitude, as described previously, it appears to have affected GRF rate
dramatically. Another factor to be considered is the instructions given regarding
continuous versus discontinuous jumping. Tucker and colleagues (2014), were the
only researchers who cued their participants to jump maximally, rest (30 seconds) and
then jump again, whereas all of the other studies in the review utilised submaximal
sets of ten jumps or hops, with rest interspersed between each set. Thus, it could be
hypothesised that maximal jumps performed singularly may have a greater effect on

landing load rate than load magnitude, however this requires further investigation.

Researchers have indicated that repeated jump-landings had potential to heighten bone
stimulation (Bobbert et al., 1987; Bobbert, Mackay, Schinkelshoek, Huijing, & van
Ingen Schenau, 1986; Lees, 1981; Lees et al., 2004). Repeated jumps, were shown to
be more ballistic in nature and prevented subjects from “softening” the landing due to
the short time period available between jumps (McNitt-Gray, 1993). With repeated
jumps (i.e. jump immediately after the initial jump-landing), participants were

instructed to push off quickly after landing and potentially utilise the elastic energy
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absorbed during the brief landing during the subsequent take-off (McNitt-Gray, 1993).
It is therefore of interest for future research to investigate the effect of utilising a
reactive or repeated (but not continuous) jump landing whilst cueing for maximal jump
height to gain a better understanding of how the repeated jump technique can influence
GRF’s with respect to the rate of force development. Furthermore, the measurement
of GRF’s for jump-landings with instructions provided for the jump-landing phase
(cueing participants to land ‘stiffly’ and to utilise a flat-footed ground contact), as well
as the propulsive jumping phase (utilise a vigorous arm swing and jump maximally),
to compare with osteogenic thresholds previously shown to increase bone mass in

premenopausal women is warranted.

Effect of Arms:

The studies in this review provided a variety of different instructions for arm position
during jumping or no specific cueing about the use of arms. Three studies out of five,
stated the use of an arm swing during jumping, whereas the remaining two studies
either provided no instructions or placed no restrictions on arm movement throughout
the jumping activities. Although Bassey and colleagues (1994, 1998), used a
countermovement arm swing for the CMJ, they stated that the jumps were submaximal
and could not be described as athletic. Tucker et al. (2014), on the other hand described
the countermovement swing they utilised as vigorous to compliment a maximal CMJ.
Interestingly, the landing load rate range for participants employing a vigorous arm
swing was 200 - 250% greater than for the study which reported CMJ’s (>15 cm),
performed without using an arm swing. Therefore, arm swing may be a factor to be
considered in future research, with potential to influence the rate of force development

for jump-landings in premenopausal women.

Effect of Footwear:

All of the studies in this review performed the jump-landings without shoes, whilst
utilising a firm surface. As a wide range of values for GRF loading rates were reported
across the five studies, further research is needed to understand the influence of

footwear on the resulting landing GRF’s when performing jumps.
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2.2.4.3 Load direction

All studies in this review involved jumping in the vertical plane, however one study
used unilateral multiplanar jumps (Bailey & Brooke-Wavell, 2010b). Researchers
have stated that bone adaptation is blunted by habitual patterns of loading (e.g. walking
and running), so novel or diverse loading patterns are required to stimulate an adaptive
bone response (Lanyon, 1996; C. H. Turner & Robling, 2003). Thus, exercises such
as jumping and hopping, which are considered to provide ‘unusual’ or ‘unfamiliar’
patterns of loading have been shown to have a greater osteogenic effect than landing
force magnitude alone, with bone adaptation being observed at much lower GRF’s
when these non-habitual strains are applied (Lanyon, 1987; C. H. Turner & Robling,
2003). Furthermore the ‘error strain distribution hypothesis’ suggests that unusual or
novel directions of force application may have a greater osteogenic effect than
magnitude and is therefore vital to osteogenesis (Lanyon, 1987, 1996). Although one
study in this review included multidirectional jump-landings, it should be highlighted
that all of the studies reported GRF’s in the vertical direction only. As osteogenic
thresholds, and all available GRF jump-landing data is represented in the vertical
direction only, research is required for quantifying multiplanar jump-landings (i.e. star
jumps, stride jumps, multi-directional hops), across all planes of motion (i.e. anterio-
posterior, medio-lateral and resultant). In addition, research to determine the
contribution of each GRF vector to the overall osteogenic stimulus for bone is

warranted.

Effect of Jump-landing Instruction

As only one study in the review has included multiplanar jump-landings performed by
premenopausal women, there is clearly a need for further research in this area.
Although Bailey and Brooke-Wavell (2010), instructed their participants to precede
the hop with slight knee flexion (countermovement), they provided no specific
instruction for jump-landings. Thus, future research is required to explore the effect
of cueing participants to land ‘stiffly’ and to utilise a flat-footed ground contact for
multidirectional jump-landings. In addition, the ability to interpret unilateral and
multiplanar jump-landing forces with respect to osteogenic thresholds (magnitude and

rate) previously established using bilateral vertical jump-landings is needed.
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Effect of Arms

It may be speculated that aggressive arm movements in the anterior posterior direction
would increase jump distance and landing forces in this plane of motion, similar to the
effects of upward arm movement on vertical GRF. However, no description or
standardisation for use of arms was provided for the study utilising multiplanar jump-
landings. Thus, further research is needed to understand the influence of arm swing on

the resulting landing GRF’s when performing multidirectional jumps.

Effect of Footwear

Although only one study in this review investigated multiplanar jump-landings, the
participants performed the jump-landings in the unshod condition. Thus, further
research is needed to understand the influence of footwear on the resulting landing

GRF’s when premenopausal women perform multiplanar jumps.

2.2.5 Conclusion

Although the authors of the studies in this review stated that to confer the greatest
benefit to bone you need to subject the skeleton to large magnitude forces at rapid
loading rates, none provided the instructions or specific cueing for the jump-landing
phase to optimise bone stimulation for premenopausal women. Therefore, further
research is warranted to investigate the effect of specific cueing (i.e. think of the
ground as a hot plate and try to land ‘stiffly’) on jump-landing GRF’s in
premenopausal women. In addition, the effects of repeated or reactive jump-landing
need to be investigated, as it appears that this technique has potential to influence
impact and force absorption, and therefore the osteogenic effectiveness of selected
jumps. Furthermore, factors such as jump effort, arm swing and footwear also require
additional research focus to be able to clarify the influence of these variables on jump-

landing GRF’s.

Currently GRF data is limited for different jumping movements and has been
presented in the vertical plane only. Thus, future studies are needed to quantify landing
forces for a variety of jumps (i.e. star and stride jumps) using premenopausal women.
In addition, jump-landing GRF’s need to be quantified across all planes of motion to

gain a better understanding of the contribution of each GRF vector to the overall
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osteogenic stimulus for bone. Enhanced knowledge about these factors has the
potential to influence the osteogenic effectiveness, standardisation and repeatability of
jump-landings in this population. Such information could be used to identify what
jumps could be best utilised and matched in the development of osteogenic exercise
programmes for premenopausal women, to help optimise and create a novel impact

stimulus required to promote bone formation.
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2.3 Programme Design Considerations for Bone Health in Premenopausal

Women

2.3.1 Introduction

Osteoporosis is a disease where bone density and bone quality is reduced, leading to
a weakness of the skeleton and a significantly increased risk of bone fracture (Kanis,
Adachi, et al., 2013). This disease is recognised as a major public health issue in New
Zealand and the developed world, with 59% of women and 29% of men over the age
of 60 years suffering a fracture from this age (Lippuner et al., 2009; Osteoporosis New
Zealand, 2018). The economic burden on the public health and social care system as
aresult of treatment and management of osteoporotic fractures is difficult to determine
as often not diagnosed until a fragility fracture occurs (Ebeling et al., 2013). An
Australian study estimated the direct economic cost of osteoporosis in 2017 to be
AUDS$3.4 billion, which is three times higher than in 2007 (Tatangelo et al., 2019).
Osteoporosis New Zealand estimated the total cost of the disease at a staggering $1
billion each year, with this figure predicted to increase rapidly if additional efforts are

not made to address this disease (International Osteoporosis Foundation, 2015).

Generally, women experience bone losses of approximately 1% per year after the
fourth decade of life, however annual losses of 3 - 5% bone mineral density (BMD)
can be experienced during early post-menopause. The National Osteoporosis
Foundation of America estimated that up to 20% of BMD can be lost in the 5 - 7 years
after menopause, with lifetime bone losses estimated to be 30 - 40% of peak bone mass
("Consensus development conference: Diagnosis, prophylaxis, and treatment of
osteoporosis," 1993; Sipila & Poutamo, 2003). Researchers (Drake et al., 2015) have
demonstrated that the hip and lumbar spine are fracture sites most frequently
associated with postmenopausal osteoporosis, which are primarily a consequence of
trabecular bone losses due to oestrogen deficiency, however the hip is considered the

most severe osteoporosis complication (Kanis, 2002).
Recommendations guiding exercise prescription for bone health have suggested

moderate weight-bearing exercise, such as walking, as beneficial to these clinically

relevant sites, however this intensity of loading is insufficient and no longer consistent
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with the current evidence base (Ebeling et al., 2013; Martyn-St James & Carroll, 2008;
Zhao et al., 2014). It should be noted that although physical activity provides a
multitude of health benefits, not all exercise is osteogenic. Therefore, in spite of the
benefits aerobic activities such as walking, cycling and swimming may provide to
body composition, strength and balance, researchers have shown that these activities
may have little or no effect on enhancing bone health (Ma, Wu, & He, 2013; Martyn-
St James & Carroll, 2008, 2010; Scofield & Hecht, 2012). Osteoporosis Australia
(2013) has published recommendations for physical activity, based on an evidence-
informed strategy to prevent osteoporosis. The key message was to optimise bone
health throughout all stages of life and that high-impact loading appears to be the most
beneficial approach in older women, however the optimal loading prescription was
still to be determined (Ebeling et al., 2013; Martyn-St James & Carroll, 2009). More
recently, Exercise and Sports Science Australia published a position statement
recommending that low risk individuals, defined as healthy adults with normal BMD
(T-score above -1.0 SD), need to perform 10 - 50 jumping exercises 4 - 7 times a week
for the prevention of osteoporosis (B. R. Beck et al., 2017). However, although the
position statement identified the types of jumps to be performed, it lacked specific
detail in terms of jump-landing technique, programme design, and monitoring of the

daily and weekly loading.

Thus although literature exists to support that specific modes of impact exercise need
to be integrated into the lives of healthy adults, and that well designed exercise
programmes for enhancing and preserving BMD are required, -current
recommendations are outdated and need revision (Gomez-Cabello et al., 2012;
Guadalupe-Grau et al., 2009; Howe et al., 2011; Ilona, Taina, Mirela, Eugenia, &
Mihaela, 2010; Martyn-St James & Carroll, 2009; Polidoulis, Beyene, & Cheung,
2012). In addition, the focus on premenopausal women represents a “window of
opportunity” for premenopausal women to prevent or delay the time before the
fracture threshold is surpassed in the postmenopausal years. Therefore, the purpose of
this literature review is to critique training studies that have examined the effects of
jump-landing programmes on bone health parameters in premenopausal women.
From this critique those factors thought important for optimising programme design

for improved bone health will be identified and discussed.
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2.3.2 Literature Search Methods

This review evaluated and interpreted the current evidence base to provide researchers,
primary health carers, sport scientists and physical therapists alike, with an
understanding of the rationale and application of osteogenic exercise as a preventative
approach for osteoporosis and consequently the effects on reducing risk of fracture.
The conclusions and practical applications of this review were drawn from peer-
reviewed journal publications. The databases searched were Academic Search
Premier, SPORT Discus, PubMed, MEDLINE, and CINAHL. Literature searches
were undertaken using several key words including ‘osteoporosis prevention’,
‘strength and conditioning’, ‘resistance training’, ‘premenopausal’, ‘impact exercise’,
‘periodisation’, ‘exercise frequency’, ‘exercise loading’, ‘neural adaptation for
exercise’, ‘exercise duration’, ‘contraindications to exercise’, ‘falls prevention’,
‘muscle reactivity’, ‘balance’, ‘body composition’, ‘jumping’, ‘ground reaction
forces’, ‘bone mineral density’, ‘DEXA’, ‘bone geometry’, ‘jumping technique’,
‘plyometrics’, and ‘bone health’. Only English language articles published in peer-
reviewed journals were considered. Relevant literature was also sourced from searches
of related articles and books arising from the reference list of those obtained from the
database searches. The studies reviewed examined various recommendations from
credible national organisations, and ‘best practice’ strength and conditioning
programmes that could be integrated into an osteogenic exercise programme for
premenopausal women. Ten studies (Table 2.4) were found that met the inclusion
criteria which included; being female, premenopausal (< 51 years), utilising dual
energy x-ray absorptiometry (DEXA) technology, and involving a jumping

intervention lasting more than 3 months (minimum bone turnover cycle).

2.3.3. Summary of the Research

Participants

A total of 615 female participants subjects were involved in the research and
comprised of 329 participants who performed a jump intervention and 286 controls.
The average age for all participants was 34.6 years, which represented the
premenopausal stage (post the attainment of peak bone mass and pre the hormonal
changes associated with menopause) (Gallagher & Tella, 2013). The population of

interest was healthy premenopausal women who were not performing regular exercise
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(no more than 2.5 hours per week), and therefore representative of the general

population.
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Authors Age (year) Sample Jump-landing Intervention Duration Change in BMD %
(mean + SD) size (n) (months)
(Bassey & Ramsdale, J=32.0+£1.2 n=14 50 vertical jumps/ day 6 FN:J=124;C=]1.8
1994) C=298+1.8 J=14 >2BW LS: J=11.0,C=11.5
C=13
(Heinonen et al., 1996) J=39.0£3.0 n =84 60 min session with 20 min high 18 €FN: J=11.6; C=10.6
C=39.0+£3.0 J=139 impact jumping LS: 1=12.2;C=10.7
C=45 2.1 -5.6BW
(Bassey et al., 1998) J=38.4+74 n=>55 5 x10 vertical jumps 5 €FN: J=12.8;C=10.3
C=36.4+£7.6 J=20 6x week €LS: J=11.1;C=11.1
C=35 3BW
(Vainionpaa, J=38.1+%1.7 n =80 60 min session with 40 min high 12 FN:J=11.1;C=|0.4
Korpelainen, C=385%1.6 J=139 impact stamping, jumping & running *LS:J=122;C=]04
Leppéluoto, & Jams4, C=41 3x week
2005) * L1 only
(Kato et al., 2006) J=20.5+0.6 n =236 10x maximal vertical jumps 6 €FN: J=12.6;,C=|1.1
C=20.9+0.8 J=18 3x week €LS: J=124;C=]0.6
C=18 4.76BW (peak)
(Winters-Stone & Snow, | J1 =38.3+3.8 n=>59 100 jumps + lower only (J1) or upper | 12 €FN: J1 =11.0;J2=11.0; C=10.1
2006) J2=413+3.8 J1=19,J2 | & lower (J2) body resistance €LS: J1=103;J2=11.1;C=10.6
C=40.5+35 =16 exercises
C=24 3x week
4 -5BW
(Bailey & Brooke- 329+24 n = 64 5 x 10 multidirectional hops 6 €FN: J1 =nc; J2 =10.9 and
Wavell, 2010b) J1=16,J2 | 2,4, or 7x week J3=101.8;C=]1.2
=13&J3 |25-2.8BW
=16 * No changes in LS reported
c=19
(Niu et al., 2010) J=39.7+1.2 n=67 5x 10 vertical jumps in office setting | 12 €FN: J=10.6; C= [0.1
C=38.1=£1.2 J=34 3x week €LS: J=10.8;C=]0.2
C=33 >3.9g (2 - 3BW)
(Babatunde & Forsyth, J=22.8+4.0 n=96 10x maximal vertical jumps 6 FN:J=13.7,C= 2.0
2013) C=21.7+£2.9 J=48 3x week * using BUA (proposed to equal to 14.0
C=48 4.56 BW (3.64 - 6.46) BMD in J group)
(Tucker et al., 2014) J1=41.0+44 n =60 Jump 10 jumps, 2x day (J1) 4 Hip: J1=10.3;J2=10.2; C=]0.9
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J2=39.8+438
C=37.6+6.4

J1=23
J2=14
C=23

Jump 20 jumps, 2x day (J2)
(8 hours between sessions)
6x week

3.8-4BW

* LS not reported

Key: BMD Bone mineral density, FN Femoral neck, LS Lumbar spine, J Jump group, C Control group, BUA Broadband ultrasound

attenuation, BW Body weight € Significant change compared to the control group
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2.3.4. Discussion

A discussion of the factors to be considered when designing an exercise programme

to optimally stimulate an adaptive bone response are detailed below. Please note that

the findings of the training studies reviewed was combined with relevant acute

research where appropriate, which has investigated osteogenic loading in pre-

menopausal women.

1.

GRF magnitude and rate of force development: Although the optimal dose of
exercise is yet to be determined, it would seem from the research reviewed and
other acute data that a ground reaction force (GRF) magnitude of greater than 3-
body weights (BW) and a rate of force development exceeding 43-body weights
per second (BW-s™!) are needed for stimulating bone (Bassey et al., 1998; Robling
et al., 2001; C. H. Turner & Robling, 2003). Bassey and colleagues (1998),
previously defined vertical osteogenic thresholds for GRF magnitude and rate (>3
BW and 4 BW-s™!, respectively), which they developed using bilateral jump-
landings with premenopausal women (Bassey et al., 1998). The jumps utilised in
this review reported GRF’s ranging from 2.0 — 6.5 BW, using mostly bilateral
jump-landings, which is in agreement with authors of meta-analyses that reported
GRF’s of 2 - 5 BW as being effective to stimulate bone and result in bone
formation (Babatunde et al., 2012; Bassey et al., 1998; Zhao et al., 2014).
Interestingly, although Bailey and Brooke-Wavell (2010), reported GRF’s for
vertical hops performed maximally that did not achieve the previously defined
osteogenic threshold (>3BW), they reported femoral BMD gains of nearly 2% for
the premenopausal participants. They speculated that the single-leg landing forces
may be equivalent to a total landing force of 5 - 6 BW’s due to forces being
transmitted through one leg only, and therefore easily exceeded the bone
stimulation thresholds previously defined. Although GRF magnitude is considered
an important factor to influence the adaptation of bone, the rate of loading (rate of
force development) is considered as equally important (Lanyon, 1987; Robling et
al., 2006; C. H. Turner & Robling, 2003). Researchers have reported that if the
peak rate of force production is sufficiently high, then bone adaptation can be

stimulated without using high force magnitudes (Lanyon, 1987; O'Connor et al.,
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1982; C. H. Turner & Robling, 2003). Thus, both peak magnitude and loading rate

are considered important factors in achieving osteogenic thresholds.

. Distribution pattern of loading: Most of the studies included in this review
utilised jumps in the vertical plane, and all studies represented GRF’s in the
vertical direction only. Bone adaptation has been shown to be blunted by habitual
patterns of loading (e.g. walking and running), so novel or diverse loading patterns
are required to stimulate an adaptive bone response (Lanyon, 1996; C. H. Turner
& Robling, 2003). Thus, exercises such as jumping and hopping in different
directions, which are considered to provide ‘unusual’ or ‘unfamiliar’ patterns of
loading have been shown to have a greater osteogenic effect than landing force
magnitude alone, with bone adaptation being observed at much lower GRF’s when
these non-habitual strains are applied (Lanyon, 1987; C. H. Turner & Robling,
2003). Furthermore the ‘error strain distribution hypothesis’ suggests that unusual
or novel directions of force application may have a greater osteogenic effect than
magnitude alone, and is therefore vital to osteogenesis (Lanyon, 1987, 1996).
Interestingly, the studies which utilised multidirectional jumps in this review
(Heinonen et al., 1996; Vainionpai et al., 2005; Winters-Stone & Snow, 2006),
reported similar gains in BMD to those that utilised jumps in the vertical direction
only. However, these multidirectional studies incorporated up to 200 jumps within
a prolonged exercise session (60 minutes), which according to animal studies, may
have saturated the optimal impact stimulus and consequently had a negative effect
on bone mechanosensitivity (Robling et al., 2001; Umemura, Sogo, & Honda,
2002). In addition, the principle of variation may explain some of the findings in
this review, whereby the changes in five months were similar to 18 months, as
maybe not enough variation (i.e. multiplanar, unilateral vs bilateral) had been
provided as a programming progression. The influence of loading variation is a
particularly important consideration for osteogenic jump-landing programmes and
for special populations such as older adults unable to tolerate high magnitude and
rate of GRF that warrants further investigation. Thus, future research is required
to gain an understanding of the contribution of multi-planar GRF’s (i.e. medio-
lateral and anterio-posterior) in addition to vertical only, on the mechanosensitivity

and subsequent adaptation of bone.
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3. Number of loading cycles: The number of impacts (loading cycles) has been
shown to affect the rate of bone formation, with animal studies demonstrating that
a range of 5-100 loading cycles can stimulate bone formation and maintain the
mechanosensitivity of bone (Lanyon, 1987; Robling et al., 2001; Umemura et al.,
2002). Researchers using rats have shown that bone quickly becomes desensitised
to impact exercise as the loading bout continues without interruption (Robling et
al., 2001; Umemura et al., 2002). These researchers using animal models reported
that skeletal tissue becomes desensitised after only 40 - 50 repetitive loading
cycles, and furthermore recommended a rest period of 24 hours as sufficient to
restore bone mechanosensitivity (Robling et al., 2001). Interestingly, as few as 10
maximal vertical jumps (4.6BW), achieved femoral neck gains equivalent to 4%
(determined using broadband ultrasound attenuation), and thus fewer jump-
landing repetitions (achieving osteogenic thresholds for magnitude and rate) may
optimise the adaptive response of bone whilst reducing the risk of injury relating
to fatigue. Studies which utilised longer duration exercise sessions (i.e. 60
minutes), including more jump-landing repetitions and additional resistance
exercise (Vainionpéi et al., 2005; Winters-Stone & Snow, 2006), achieved similar
(or lesser) increases in femoral BMD than studies lasting less than 5 minutes (Kato
et al., 2006) (11.0 compared to 12.6%). This finding further supports the concept
that GRF magnitudes exceeding >3BW are essential to bone adaptation. Although
the optimal number of loading cycles for humans has not been determined, it
appears from the current review that a similar, and potentially greater, osteogenic
effect occurred for the shorter exercise sessions (< 50 loading cycles), as compared
to the longer exercise sessions (100 - 200 loading cycles). Thus, a shorter exercise
session (< 10 minutes), would potentially be more beneficial to bone, and more
likely to positively influence exercise adherence, than exercise programmes of

extended duration.

4. Study duration: The jump-landing studies in this review ranged from 4 - 18
months, with an average intervention duration of 8.7 months. As one bone
remodelling cycle (the complete cycle of activation, resorption, and formation of
bone), is approximately 3 to 4 months, the programme duration needs to be
continued through several cycles in order to detect changes in BMD using DEXA
(Kenkre & Bassett, 2018). Thus, a longer study duration (at least 12 months) has
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been suggested as providing a more valid representation of bone changes (B. R.
Beck et al., 2017; Hart et al., 2017; Zhao et al., 2014). It appears that significant
increases in femoral BMD (10.3 — 12.8%), have been achieved with jump-landing
programmes of only 4 - 5 months in duration, using vertical jumps (10 - 50 each
session). Interestingly, studies of at least 12-months report similar benefit to
femoral BMD (10.6 - 11.6%), using similar jump-landing protocols which
indicates that longer studies may require loading to be progressively increased
(periodised) or varied in some manner, to continue to satisfy bone

mechanosensitivity requirements.

. Frequency and recovery between loading sessions: The jump-landing protocols
in this review utilised exercise session frequencies ranging from 3 - 7 times per
week. One of these studies focused directly on the effect of frequency, reporting
greater BMD gains when the jump-landing programme was performed daily,
compared to twice or four times (no change, 10.9 and 11.8%, respectively) (Bailey
& Brooke-Wavell, 2010b). These findings indicate that at least three sessions of a
jump-landing programme are required to achieve significant increases at the
femoral neck, however consideration may be needed for recovery and to reduce
injury risk. Although the optimal frequency of loading bouts has not been
established in humans, increases in BMD have previously been reported in
premenopausal women using jumping interventions performed 3 - 7 times per
week, thus further research is required regarding this variable. Interestingly, one
study in the review, which used a multidirectional hopping intervention, concluded
that hopping exercises need to be performed daily, when compared to other weekly
frequencies, to increase femoral neck BMD (Bailey & Brooke-Wavell, 2010b).
Furthermore, two unrelated studies using young men and premenopausal women
concluded that jumping twice daily (separated by 6 - 8 hours recovery) was more
osteogenic than the same number of jumps (40 - 60 jumps/day) carried out in a
single session (Erickson & Vukovich, 2010; Tucker et al.,, 2014). Adequate
recovery between loading cycles and jumping sessions has been shown to maintain
the mechanosensitivity of bone and optimise the osteogenic response by enhancing
the surface area of bone actively forming new bone (Srinivasan, Weimer, Agans,
Bain, & Gross, 2002). Researchers using animal models demonstrated that skeletal

tissue became desensitised after 40 - 50 repetitive loading cycles, and a rest period
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of 24 hours was sufficient to restore bone mechanosensitivity (Robling et al.,
2001). Furthermore, rest periods between loading bouts of around 15 seconds and
up to 4 hours, have been shown to increase bone formation outcomes by 65% to
100% (Burr, 2003; Robling et al., 2001; Robling et al., 2006; Srinivasan et al.,
2002). Less than half of the studies in this review utilised rest intervals between
jumps, and after sets of jumps, in spite of the recommendations indicated from
these animal studies. Thus, the design of a jump-landing programme needs to
consider inserting appropriate rest periods within and between jump-landing
sessions to optimise bone adaptation, and reduce the risk of fatigue and bone

damage (Burr, 2011, 2015).

. Age-specific response to loading: One study in this review investigated the effect
of providing the same vertical jumping intervention in a cohort of premenopausal
and postmenopausal women (Bassey et al., 1998). Bassey and colleagues (1998),
reported an increased femoral neck BMD gain of 2.8% in the premenopausal
group, however failed to achieve a significant difference for the postmenopausal
group. This finding indicated that the loading forces required to achieve an
osteogenic response in older (> 50 years) women may be higher than for younger
women (< 50 years) (Gomez-Cabello, Ara, Gonzalez-Aguero, Casajus, & Vicente-
Rodriguez, 2012; Guadalupe-Grau et al., 2009; Lanyon, 1996). If we consider the
concept that post-menopausal BMD is a consequence of peak BMD (achieved at
skeletal maturity), menopause and the rate of bone loss as the women ages, then
the period of bone growth during the pre-pubertal, pubertal and premenopausal
years is the optimal time to focus on positive interventions for maximising bone
health. In a recent Exercise Sports Science Australia (ESSA) position statement,
the key message was to optimise bone health throughout all stages of life, however
high-impact loading (i.e. jumping and hopping) appeared to be the most beneficial

approach in healthy premenopausal women (Beck et al. 2017).

. Bone-site specificity: Cross-sectional studies have shown that athletes in weight-
bearing sports (i.e. gymnastics, tennis, and volleyball) which involve high
magnitude and rates of loading and novel or diverse loading patterns, have greater
bone mass at loaded skeletal sites compared to non-athletes or athletes in non-

weight-bearing or lower-impact sports (Alfredson, Nordstrom, & Lorentzon,
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1997; Kontulainen, Sievanen, Kannus, Pasanen, & Vuori, 2003; Snow, Williams,
LaRiviere, Fuchs, & Robinson, 2001). These observations indicated that an
osteoporosis prevention programme needs to provide an appropriate osteogenic
stimulus at clinically relevant bone sites related to osteoporotic fracture (i.e.
femoral neck and lumbar spine), as the hip and lumbar spine are fracture sites most
frequently associated with postmenopausal osteoporosis, although the hip is
considered the most severe osteoporosis complication (Kanis, 2002). Evidence
from all the studies in this review have shown that jump-landing exercises can
provide osteogenic stimulus to the hip region (i.e. femoral neck), and the majority
of studies also achieved significant BMD gains at the lumbar spine. The
researchers from one study suggested that jump-landings would not provide an
effective stimulus for individuals aiming to improve bone strength at the spine,
and recommended upper body resistance exercises as a better option (Winters-
Stone & Snow, 2006). These researchers suggested that jump-landing exercises
fail to generate sufficient osteogenic stimulus for bone formation at the spine, as
the mechanical load is attenuated before being translated to the lumbar area
(Vainionpai et al., 2005; Winters-Stone & Snow, 2006). It is therefore of interest
to determine whether jump-landings performed whilst utilising a reactive jump-
landing, and ‘stiff” landing mechanics, have the ability to stimulate the lumbar

spine, in addition to the femoral region.

Instructions provided: Researchers have shown that we can successfully employ
a specific jumping style after being instructed only once (Bobbert et al., 1987),
which implies that once proficient, jumps do not need further coaching and can be
performed in the home setting with the knowledge that the appropriate GRF’s and
subsequent osteogenic thresholds will be met. The studies in this review
documented a variety of different instructions for arm position, effort during
jumping and most importantly, the technique utilised when landing. In addition,
most of the studies in this review provided supervision during the jump-landing
sessions. Therefore, future research is required to determine whether participants
can achieve similar or greater jump-landing forces after only one instructed
session, using specific cues to land stiffly with minimal knee flexion, due to

learning or practice effects. This information would have clinical implications for
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osteogenic jump-landing programmes to be effective when performed in a home-

based unsupervised setting.

Jump-landing technique: Biomechanics researchers have indicated that jumping
and hopping exercises may only be useful in terms of osteogenic benefit, if the
jump-landing technique is elucidated for this purpose. The important aspects of
jump-landing include the cueing of participants to land stiffly and to minimise
ground contact time, which have been shown to significantly influence this aspect
of force attenuation, and therefore are vital to osteogenesis (Bobbert et al., 1987;
Bobbert et al., 1986; Lees, 1981; Lees et al., 2004). Researchers from these
biomechanical studies showed that the jump-landing technique utilised by
participants is a major factor that can influence the osteogenic effectiveness of
jumps, and that repeated jump-landings have the potential to heighten bone
stimulation. Although the studies included in this review have provided some
information about jumping technique, few have focussed on the jump-landing
technique. Thus, future research is required to explore the effect of cueing
participants to land ‘stiffly’, to utilise a flat-footed ground contact, and to employ
a repeated jump-landing for achieving osteogenic thresholds previously shown to

increase bone mass in premenopausal women.

Progressive Overload: In accordance with ‘best practice’ strength and
conditioning, and physiotherapeutic programming, the first stage of a jumping or
plyometric training programme needs to focus on developing competent
movement patterns, general strength and balance (Kritz, Cronin, & Hume, 2009;
Mothersole, Cronin, & Harris, 2014; Stone, Pierce, Sands, & Stone, 2006). It is
recommended that the successful completion of a progressive weight-bearing
programme, including strength and balance, will adequately prepare untrained
individuals to tolerate the stresses involved with jump-landings to maximise
benefits to bone health and reduce risk of injury (Davies, Riemann, & Manske,
2015; Mansfield, 2006; Mothersole et al., 2014). The studies in this review lacked
any description nor provided evidence of providing participants with the
opportunity for the musculoskeletal and neural adaptations required prior to
participating in a jump-landing programme. It is therefore recommended that

before an individual can undertake jump-landing exercises, pre-conditioning
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exercise may be needed to tolerate the stresses involved with jump-landing
exercises to maximise benefits to bone health and reduce risk of injury. It is
recommended that this phase be performed in a supervised capacity, as the ability
to provide instruction and demonstrate proper technique is an important process
for guiding exercise prescription and progression in a safe manner (Ashley &
Weiss, 1994; Wang et al., 2016; Young, Pryor, & Wilson, 1995). In addition, it is
essential that participants are loaded and progressed within a jump-landing
programme according to several factors including; strength, balance, movement
and technical proficiency, fitness level, injury status and comfort, to maximise
potential for adaptation and minimise risk of injury (Davies et al., 2015; Mansfield,
2006; Mothersole et al., 2014). It is however evident that the jump-landing
programmes in this review are very basic in their design, with most including only
one exercise (i.e. vertical jump). In addition, these studies have provided a very
basic understanding of the principle of progressive overload, with increased
number and/or height of jump described within the first 4 months only. Thus,
further research is required to establish jump-landing programmes that can

continue to stimulate bone over long periods of time (i.e. greater than 1 year).

Individualisation: Although the studies reviewed stipulated that participants
needed to be healthy and without current musculoskeletal injury to take part in the
jump-landing programmes, a limitation of current exercise recommendations for
osteoporosis management and prevention, is the lack of consideration for
individual difference, existing bone health, movement competency and functional
capacity. Therefore, a safe and effective osteogenic jump-landing programme
must consider risk factors which may compromise the safety for performing such
a programme such as; age, frailty, pre-existing osteoporosis, musculoskeletal pain
or injury, osteoarthritis and history of fractures or falls (Gallagher & Tella, 2013).
Authors of a recent position statement on exercise prescription for the prevention
and management of osteoporosis, recommended that individuals were classified
into three levels of risk for fragility fracture (low, moderate and high), using the
World Health Organisation (WHO) defined T-scores (B. R. Beck et al., 2017).
According to this classification, low risk individuals were defined as having
normal BMD (T-score above -1.0 SD), and no clinical risk factors for falls or

fracture, and deemed safe to participate in a jump-landing programme. Individuals
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classed as moderate and high risk (T-score -1.0 to -2.5 SD and less than -2.5 SD,
respectively), were also recommended to perform jump-landings (2 - 3 BW), with
an emphasis on conditioning the musculoskeletal system, gradual loading
increments, pain-free competency and safety in terms of falls prevention (B. R.

Beck et al., 2017).

Mesocycle design and periodisation: Strength and conditioning training
principles imply that a musculoskeletal exercise programme needs to utilise a
model of periodisation to ensure that training principles are manipulated safely and
effectively to achieve long-term benefit to the individual (Bompa & Haft, 2009;
Fleck & Kraemer, 2014; Haff & Triplett, 2015). Thus, a jump-landing programme
needs to progress in volume and technical difficulty over a 12-month period, and
its development should consider findings from previous studies which have
achieved BMD gains in premenopausal women over similar time periods (B. R.
Beck et al., 2017; Bompa & Haff, 2009; Fleck & Kraemer, 2014; Haff & Triplett,
2015). However, periodisation and musculoskeletal programming principles,
which may influence the long-term effectiveness and safety of these programmes,
are not currently reflected in the osteogenic jump-landing programmes reviewed.
Variables to be considered in a periodised training programme for bone (adapted
from musculoskeletal programming) include a progressively increased;
magnitude, rate of strain, number of ground contacts and technical difficulty (i.e.
bilateral to unilateral) over at least a 12-month period. In addition, it would be of
interest to utilise previously quantified GRF data for premenopausal women
performing a variety of different jump-landings (i.e. multiplanar, bilateral and
unilateral), to determine the order these exercises should be introduced into an

osteogenic jump-landing programme.

2.3.5 Conclusion

The purpose of this review was to present a summary of the variables identified as

integral in the development of a longitudinal periodised osteogenic jump-landing

programme for premenopausal women. Information regarding optimal jump-landing

kinetics was identified whilst integrating current bone health guidelines, research and

concepts of best practice strength and conditioning. It was concluded that to provide

an adaptive bone response the programme must consider: 1) GRF magnitude and rate
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of force development; 2) distribution patterns of loading; 3) duration of the
programme; 4) number of loading cycles; 5) frequency and recovery between loading
sessions; 6) age-specific response to loading; 7) bone-site specificity; 8) instructions
provided; and, 9) jump-landing technique. In addition, the programme needs to adhere
to best practice strength and conditioning principles such as; 10) progressive overload;

11) individualisation; and, 12) mesocycle design and periodisation.

From this review, it can be concluded that jump-landing protocols that; utilise brief
jumping episodes (10 - 100 jumps/day, 3 - 7 days/week), are 4 - 18 months duration,
and present loading magnitudes of between 2 - 6 BW and rates of >43 BW-s™, can
result in significant gains in femoral neck BMD of 0.6 — 2.8% in premenopausal
women. Although these researchers have demonstrated that bone responds optimally
to unusual or atypical mechanical forces applied to the skeleton for women who are
habitually inactive and are not involved in high-impact sports, the aspects of the
programme design deemed important to the osteogenic potential of the exercise have
not been clearly identified. In addition, no study has attempted to incorporate all of the
osteogenic loading (i.e. GRF magnitude, rate and direction), and programming
(frequency, intensity, duration and type) variables, deemed important to

musculoskeletal adaptation.

National and International Osteoporosis Organisations are now recommending that
exercises, including jumping and hopping, should be utilised in an osteoporosis
prevention programme. However, currently the peer-reviewed scientific literature on
the use of exercise as a means of preventing osteoporosis is quite limited. While it
would appear that jumping and hopping exercises are effective for this purpose,
osteogenic programmes specifically designed for premenopausal women are currently
lacking (Babatunde et al., 2012; B. R. Beck et al., 2017; Ebeling et al., 2013; Weaver
et al., 2016; Zhao et al., 2014). Practitioners need to develop longitudinal periodised
osteogenic jump-landing programmes for healthy pre-menopausal women, which
utilise quantified jump-landing force data (obtained from premenopausal women),
whilst integrating current bone health guidelines, research and concepts of best
practice strength and conditioning. These programmes need to utilise a model of
periodisation to ensure that training principles are manipulated safely and effectively

to achieve long-term benefit to bone whilst adhering to safe programming guidelines.
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In addition to participants developing adaptations to both generate and tolerate
increased landing forces over time, multidirectional jumping and hopping
interventions have potential to achieve improvements in factors relevant to falls
prevention, such as muscle strength and balance, in addition to enhanced BMD for

premenopausal women at clinically relevant sites for osteoporosis prevention.

No evidence currently exists on the chronic effects of utilising such a programme, with
specific emphasis on jump-landings technique, in premenopausal women. Thus,
research is required to determine the effects of quantified (GRF) exercises
incorporated into jump-landing programmes on functional performance parameters,
body composition and bone remodelling at clinically relevant sites in premenopausal
women. Such information will provide clinicians, primary carers, strength and
conditioning coaches and the general population with a greater understanding of the
benefits and limitations of utilising a periodised osteogenic jump-landing programme

to improve bone health in this population.

54



Chapter 3. Bilateral Jump-Landings Achieve Osteogenic Thresholds

CHAPTER 3. DO BILATERAL VERTICAL JUMPS WITH
REACTIVE JUMP-LANDINGS ACHIEVE OSTEOGENIC
THRESHOLDS WITH AND WITHOUT INSTRUCTION IN
PREMENOPAUSAL WOMEN?

3.1 Prelude

Jumps have been investigated as a stimulus for bone development, however the effects
of instruction, jump type and jump-landing techniques need investigation. Although
the quantification of bilateral vertical jump impact forces has been documented by
several research groups previously, methodological differences influence the validity,
reliability and comparability of these studies. For example, the jumps used have
differed in terms of the use of arm swing, landing mechanics and the instructions
given. In addition, no research has explored the use of a reactive jump (jumping
immediately after the initial jump landing), to determine the effect of this jumping and
landing technique on enabling participants to consistently achieve the jump-landing
forces required to stimulate bone. Therefore, this is the first study to determine whether
ground reaction forces (GRF’s) for bilateral vertical jumps (Countermovement jump,
CMJ and Drop Jump, DJ) with reactive jump-landings can achieve the magnitudes and
rates of strain (Osteogenic Thresholds), previously shown to improve bone mass
among premenopausal women. It was also of interest to determine whether these
Osteogenic Thresholds could still be achieved when the jump-landings were
performed one week later in the absence of any further instruction for this specific
reactive jump-landing technique, and whether any differences in landing forces exist
between countermovement and drop jump-landings. This research could indicate what
jumps could be best utilised and matched in the development of osteogenic exercise
programmes for premenopausal women (without pre-existing osteoporosis), to help

optimise and create a novel impact stimulus required to promote bone formation.

Clissold, T. L., Winwood, P. W., Cronin, J. B. & De Souza, M. J. (2018). Do bilateral
vertical jumps with reactive jump landings achieve osteogenic thresholds with and

without instruction in premenopausal women? Journal of Applied Biomechanics. 2018

Apr 1;34(2):118-126. doi: 10.1123/jab.2017-0114. Epub 2018 Apr 6.
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3.2 Introduction

Osteoporosis is a condition where bone density and bone strength is reduced, and there
is a significantly increased risk of bone fracture (Kanis, McCloskey, et al., 2013).
Osteoporosis is a silent epidemic responsible for fractures in 50% of women and 20%
of men worldwide (Lippuner et al., 2009). Approximately 52 million women and men
have osteoporosis or osteopenia (low bone mass) in the United States and this will
increase to more than 61 million by 2020 if additional efforts are not made to address
this disease (International Osteoporosis Foundation, 2015). Osteoporosis is largely
preventable, with specific types of exercise being widely recognised as an important
element of a larger programme to slow and prevent loss of bone mass (Ebeling et al.,
2013; Weaver et al., 2016). This emphasis on exercise, specifically jump-landings,

provides the focus of this paper.

Bilateral vertical jumps, including the countermovement (CMJ) and drop jump (DJ),
have been shown to be valid and reliable tests for determining explosive leg power
(Ashley & Weiss, 1994; Bobbert et al., 1986; Markovic, Dizdar, Jukic, & Cardinale,
2004; Winwood et al., 2015). These jumps have also been utilised extensively by
coaches and physical educators when performing plyometric exercises to improve
vertical jumping ability (Bobbert et al., 1987; Bobbert et al., 1986). In addition to
being commonly described as performance tests for the quantification and training
of lower body power, researchers have investigated the use of these jumps as a
stimulus for bone development (Babatunde et al., 2012; Bassey, Littlewood, &
Taylor, 1997; Bassey et al., 1998; Strong, 2004; Tucker et al., 2014) in adolescent
(McKay et al., 2005), premenopausal (Bassey & Ramsdale, 1994; Strong, 2004;
Tucker et al., 2014) and postmenopausal populations (Bassey et al., 1998). Jumping
and hopping exercises are of special interest given their role in improving peak bone
mass in children and adolescents and for minimising age-related bone loss in women
(Bailey & Brooke-Wavell, 2009, 2010b; Bassey et al., 1997; Bassey & Ramsdale,
1994; Bassey et al., 1998; Stiles et al., 2013; Weeks & Beck, 2008). The utility of
bilateral vertical jumps combined with reactive jumps as potential osteogenic stimuli
are of particular interest to these researchers. Note: For the purpose of this study a

reactive jump was defined as ‘jumping immediately after an initial jump-landing’.
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According to Wolff’s Law, bone has the ability to adapt to mechanical loads,
suggesting that mechanically-induced strain is a key factor which affects bone
formation. Frost explored the threshold of strain necessary to achieve skeletal
adaptation in the development of his ‘minimum effective strain’, or ‘mechanostat’
theory, hypothesising that mechanical forces exceeding this remodelling threshold
would therefore stimulate bone formation and increase bone mass and bone strength
(Frost, 1987, 1992, 2003). Animal studies using rat tibia and ulna have previously
determined a linear relationship between the magnitude of an externally applied load
and bone strain magnitude (Frost, 1987; Hsieh et al., 1999; Lanyon, 1987; Robling
et al., 2001; Umemura et al., 2002). Bassey and colleagues (1998), documented a
case study using a person who had an instrumented titanium rod implanted into his
proximal femur to demonstrate significant correlations between vertical ground
reaction forces (GRFs) and internal forces directly measured for a selection of
activities, including the CMJ and DJ. Such research supports the measurement of
vertical GRF’s, represented as body weight (BW) to be used to estimate the influence

of loading on bone.

Bassey and colleagues (1998), reported peak landing vertical forces which
corresponded to 3 BW’s and mean peak loading rates of 43 body weights per second
(BW-s), using CMJ’s (50 jumps at 8.5 cm, 6 days/week), resulted in significant
increases in femoral bone mineral density (BMD) of 2.8%. From meta-analyses it
can be concluded that jump-landing programmes that; utilise brief jumping protocols
(10 - 100 jumps/day, 3 - 7 days/week), are 4 - 18 months duration, and present
loading magnitudes of between 2 - 6 BW, can result in significant gains in femoral
neck BMD of 0.5 - 3% in premenopausal women (Babatunde & Forsyth, 2013;
Bailey & Brooke-Wavell, 2010b; Bassey & Ramsdale, 1994; Bassey et al., 1998;
Heinonen et al., 1996; Kato et al., 2006; Niu et al., 2010; Tucker et al., 2014). From
these evidence-based values it might be concluded that a safe and effective
osteogenic threshold exists around this range of load magnitude for jumping and
hopping exercises, however none of the studies explored the use of repeated jump-

landings or the influence of instruction on the GRF and rates of strain.
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Several studies comparing elite and recreational athletes have analysed vertical
force-loading curves to understand how different landings affect the magnitude of
impact forces (Bobbert et al., 1987; Bobbert et al., 1986; Lees, 1981). A jump with
increased knee flexion can be described as a “soft” landing as the absorption of
impact energy by the leg musculature occurs over a longer time and results in
reduced peak GRF’s (Bobbert et al., 1986; Lees, 1981). However, researchers have
shown that repeated jumps are more ballistic in nature and produce greater GRF’s
as they prevent subjects from “softening” the landing, due to the short time period
available between jumps (Bobbert et al., 1987; McNitt-Gray, 1993). The use of
repeated jumps requires the participant to push off quickly after landing and
potentially utilise the elastic energy absorbed during the brief landing during the
subsequent take-off (McNitt-Gray, 1993; van Ingen Schenau, Bobbert, & de Haan,
1997). This demonstrates that jump-landing technique is a major factor that can
influence the osteogenic effectiveness of jumps, and suggests that repeated jump-
landings could provide enhanced bone stimulation. Interestingly, researchers have
shown that participants can successfully employ either jumping style after being
instructed (Bobbert et al., 1987), however little research exists that has investigated
GRF’s for jump-landings under the conditions of instruction and instruction

withdrawn.

Although the quantification of bilateral vertical jump impact forces have been
documented by several research groups, methodological differences influenced the
validity, reliability and comparability of these studies. For example the jumps used
have differed in terms of; arm swing (Lees et al., 2004; Richter et al., 2011), landing
mechanics (Bobbert et al., 1986; Ebben, Fauth, Kaufmann, & Petushek, 2010; Lees,
1981; McNitt-Gray, 1993), instructions given (Young et al., 1995), footwear (Bassey
et al., 1997; Bassey & Ramsdale, 1994) and calculation of rate of strain (Bassey &
Ramsdale, 1995; Hansen, Cronin, & Newton, 2011). Given the variability identified,
this study sought to; a) determine whether GRF’s for bilateral vertical jumps (CMJ
and DJ) with reactive jump-landings achieve magnitudes and rates of strain previously
shown to improve bone mass among premenopausal women; b) determine if
differences exist in landing forces between jumps ‘with instruction’ and jumps with
‘instruction withdrawn’; c¢) determine if differences exist between the two types of

landings (i.e. reactive and post-reactive jump); and, d) to determine if differences exist
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between countermovement and drop jump landings. Due to the scope of the study,
several hypotheses were generated; 1) GRF’s for all jump-landings would achieve and
exceed the defined osteogenic thresholds previously shown to improve bone mass at
clinically relevant sites for premenopausal women,; ii) greater magnitudes and rates of
strain would occur in jump-landings performed with ‘instruction withdrawn’ due to
learning and practice effects; iii) greater magnitudes and rates of strain would be
observed for first jump-landing (reactive jump) due to a reduction in ground contact
time; and, iv) greater landing forces would be associated with the CMJ landings as it
was expected that participants would achieve greater jump heights than the standard

20 cm step height used for the DJ.

3.3 Methods

3.3.1 Participants

Twenty-one healthy premenopausal women (31 - 50 y), volunteered to participate in
this study (Table 3.1) (Appendix 3). It was calculated using G*Power, that a target
sample size of 21 participants will allow for the detection of changes in jump
performance (o = 0.05, 1-B = 0.80) between jumps with and without instruction. The
sample size was comparable to other studies that used a similar design (Babatunde &
Forsyth, 2013; Bassey et al., 1998; Niu et al., 2010). All participants were considered
healthy as determined by a Physical Activity Readiness Questionnaire (PAR-Q)
(Appendix 4a) and inclusion criteria required participants to be between 30 and 50
years of age, in conjunction with the participants reporting a regular menstrual cycle
to determine premenopausal status. Participants were excluded if: any medical
problems were reported that compromised their participation or performance in this
study, including; having a recent or current musculoskeletal injury, osteoarthritis and
any condition of impaired balance or coordination. The methods and procedures used
in this study were approved by the Institutional Review Board Committee (R14/17)
(Appendix 2).
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Table 3.1 Baseline characteristics of the participants (mean + SD)

All Participants
(n=21)

Demographics

Age (yr) 433+59
Height (cm) 167+5.5
Body mass (kg) 69.4+9.6
BMI (kg:m™) 249+34
Body fat (%) 27.5+8.7
Maximal Countermovement Jump

Jump height (Vertec, cm) 355+9.3

3.3.2 Experimental Approach to the Problem

A cross-sectional descriptive design was utilised and peak GRF’s for the bilateral
vertical jumps ‘with instruction’ and with ‘instruction withdrawn’ were quantified.
Jump-landing forces were collected at 400 Hz using a portable AMTI (Advanced
Mechanical Technology Inc., Watertown, Massachusetts) Accupower (ACP) force
plate (Ilength 101.6 cm x width 76.2 cm x height 12.4 cm). Data was collected for each
participant over two testing sessions separated by one week, with a familiarisation
session scheduled at least 3 - days prior to the first testing session (Figure 1). In the
first testing session participants were given detailed instruction on how to perform the
bilateral vertical jumps and in the second testing session participants were just asked
to perform the jumps with instructions withdrawn. All participants refrained from
performing any of the jumps between testing sessions and commencement of normal

daily activity was undertaken as determined by activity diaries (Appendix 7).

During the familiarisation session participants filled in pre-screening questionnaires
(Appendix 4a) and had their height (Appendix 17a), body mass and body composition
measured using a bioelectrical impedance machine (InBody230, Biospace) (Appendix
17b). The Vertec Yardstick (Swift Performance Equipment, Australia), a portable
device used to measure vertical jump height, was used to determine baseline jumping

ability and as a surrogate measure for lower body explosive power (Leard et al., 2007,
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Wulf & Dufek, 2009) (Appendix 16). Before jump commencement the participants
reach height was determined. They were then encouraged to jump and touch the
highest vane of the Vertec device. The authors thought it important to determine
maximal baseline vertical jump ability to allow for comparison with previous studies
who have utilised this subject demographic. Participants were then given a
demonstration of the bilateral vertical jumps (CMJ and DJ) combined with a reactive
jump, followed by two to three practice jumps. All jumps in this study were performed
barefooted as researchers have suggested the natural elastic components of the body
provide a greater protective effect than artificial footwear against excessive load

during voluntary exercise (Bassey et al., 1997; Bassey & Ramsdale, 1994).

14 Day Testing Period

Sessions 2 & 3
Session 1 Testing Sessions
1&2
Warm Up Warm Up
A y
Pretesting Data Jump Demonstration
Collection (Testing Session 1 only)

y

Jump Demonstration Jump Practice

& Practice (2x each iumn)
y

Jump Data Collection
(2x each jump)

Figure 3.1 Experimental design of the 14 - day testing period

For the first testing session, participants performed a ten-minute standardised warm up
prior to testing that consisted of easy cycling on a stationary Wattbike (Wattbike Trainer,
Nottingham, United Kingdom) followed by dynamic stretching and bodyweight
mobilisation exercises. Testing commenced five minutes after the warm up. Prior to

testing, the jumps were demonstrated using proper technique, with all instructions
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standardised for every participant. For the CMJ combined with a reactive jump,
participants were instructed to stand with feet shoulder-width apart with their arms raised
above their head. Participants were then instructed to flex the knees and hips with arms
“swinging” downwards (during the eccentric phase) and then jump upwards with arms
“swinging” in the intended direction of travel (in the concentric phase) to perform a
maximal jump for height. Participants were cued to immediately jump again after the

initial jump-landing.

For the DJ combined with a reactive jump, participants were instructed to step up and
off'a 20 cm box and only allow a small downward knee movement after landing, followed
quickly by a second maximal jump. All participants were instructed to land as if the force
plate was a “hot plate” (first jump-landing; reactive jump), and to immediately jump
again for maximal height before landing again (second jump-landing; post-reactive
jump). A pictorial representation of the phases of the bilateral vertical jumps utilised in

this study can be observed (Figure 3.2).

Participants remained stationary on the force plate for five seconds after the second
landing and each jump was separated by a 30 - second rest interval. The participants
performed two practice jumps followed by two jumps where force plate output variables
were collected. Jumps were performed in a randomised order which was replicated in the
second testing session. All participants jump-landings were performed with both feet on

the force plate.

Data was analysed as an average of the two jumps. For the second testing session the
same protocol was followed, however, no instruction or cueing was given for how the
participant was to perform the bilateral vertical jumps. All testing for this study was
undertaken at a similar time of day with participants instructed to maintain their normal
dietary intake before and after each testing session. Participants completed activity
diaries to monitor physical activity to ensure that inter-session physiological status was
similar. We did not control for nutrition, or hydration levels but participants were told
not to make any changes in the above during the testing period. All jump testing was

performed indoors in a temperature-controlled Sports Science testing facility.

62



Chapter 3. Bilateral Jump-Landings Achieve Osteogenic Thresholds

Figure 3.2 Pictorial representation of the phases of the countermovement jump (top
row) and drop jump (bottom row) and reactive jump, as described in the study: A)
Start of the jump; B) Flight phase 1; C) First impact for jump-landing 1; D) Flight
phase 2; E) Second impact for jump-landing 2.

3.3.3 Data Analysis

All force-time data were filtered using a second order low-pass Butterworth filter (cut
off frequency 20 Hz) with zero lag. The force-time data was calculated in Microsoft
Excel 2013 and presented as peak values. Forces in the X and Y axis were calculated
as medial (positive) and lateral (negative), and anterior (propulsive) and posterior
(braking), respectively. Peak resultant forces were calculated as the square root of each
axes (X2 + Y2 + 7Z?) and used to calculate the rate of force development over 10 ms
taken from the steepest part of the slope between the end of the flight phase and the
peak landing force (Bassey & Ramsdale, 1994). A pictorial representation of the force
profile of the bilateral vertical jumps utilised in this study are presented (Figure 3.3).
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Figure 3.3 A typical vertical force profile of the countermovement jump (top) and
drop jump (below) and subsequent reactive jump. Dashed lines represent the various

phases of the jumps. Circles indicate peak landing forces for jump-landing 1 and 2,
respectively.

3.3.4 Statistical Analyses

Stem and leaf plots were used to ascertain whether there were any outliers in the data
for each variable. All values three or more box lengths from upper or lower edges of
box were considered extreme outliers and were removed. After extreme outliers were
removed descriptive statistics were calculated and reported as mean and standard
deviations. A three-way (landing type x jump type X instruction type) ANOVA was

used to determine if differences existed between the jump type, landing type and
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whether instruction was provided. All data was normally distributed and met the
assumptions associated with the 3-way ANOVA. To counteract the problem of
multiple comparisons and the chance of a false positive, significance was accepted at
the p < .01 level. All statistical analyses were carried out using Data Desk 6.01 for
Windows (Data Description Inc., Ithaca, NY, USA). Effect sizes (ES = mean
change/standard deviation of the sample scores) were calculated to quantify the
magnitude of the effects associated with landings ‘with instruction withdrawn’ Cohen
(Cohen, 1988) applied qualitative descriptors for the effect sizes with ratios of 0.2, 0.5

and 0.8 indicating small, moderate and large changes, respectively.

3.4 Results
The range of magnitudes (4.59 to 5.49 BW’s) and rates of strain (264 to 359 BW-s™)
for the jump landings in this study exceed previously defined osteogenic thresholds

(>3 BW’s and 43 BW-s™") (Bassey et al., 1998) (Table 2).

No significant ‘Jump Type’ or ‘Instruction’ effect was found, although there were
indications that ‘Instruction’ may have some effect on vertical and resultant forces
measured both in N and BW (p = .06). Small increases (ES = 0.22 to 0.42) in peak
vertical force (N and BW), peak resultant force (N and BW) and peak rate of force
development (KN-s! and BW-s!) were observed in the second jump-landing (post-
reactive) with ‘instruction withdrawn’ in the CMJ combined with a reactive jump. In
contrast, small decreases (ES = -0.35 and -0.36 respectively) were observed for peak
rate of force production in the second jump-landing of the DJ combined with a reactive

jump with ‘instruction withdrawn’.

The order of landing was found to have a significant main effect, with the ‘second
jump-landing’ (post-reactive jump-landing) consistently higher than the ‘first jump-
landing’ (reactive jump-landing) in all cases except for vertical ground reaction force
(N) (Table 3). When the two landings were compared within each jump condition (i.e.
with and without instruction) the ‘second jump-landing” was found to result in greater
landing forces (ES = 0.20 to 0.53) for all variables except for the CMJ ‘with
instruction’ (ES = 0.06 to 0.14). No significant interactions were observed between

landing type, jump type and instruction type.
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Table 3.2 Ground reaction forces associated with the bilateral vertical jumps and reactive jump-landings with and without instruction

Countermovement Vertical Jump : 20 cm Drop Jump

Peak Force Jump-Landing One Jump-Landing Two [ Jump-Landing One Jump-Landing Two
Parameters WI WO ES WI WO ES WI WO ES WI WO ES
Vertical i

PVF (N) 3230+ 1253 3350+ 1092 0.10 3298 +£ 1208 3871 £ 1519 0.42 : 31891147 3313 +£1089  0.11 3788 + 1263 3723 +1363  0.05
PVF (BW) 476+ 1.72 4.77+1.37 0.01 491+ 1.81 542+ 1.77 029 i 4.72+1.55 4.93 +1.55 0.14 5.00+1.68 524+164 0.15
Resultant !

PRF (N) 3259 £ 1279 3378 £ 1107 0.10 3357+ 1277 3916 + 1546 0.40 ; 3200+ 1159 3329+1103  0.11 3752+ 1310 3757+ 1387  0.00
PRF (BW) 4.59+149 4.81+1.39 0.15 5.00+1.93 549+1.82 026 i+ 4.74+1.56 4.96 + 1.57 0.14 5.16 £1.55 529+1.67 0.08
Rate of :

Force i

Development !

PRFD 194 £ 111 190 + 109 -0.04 207 £118 236 £117 024 ; 194+121 190 £ 110 -0.03 240+ 115 205+ 82 -0.35
(kN-s™) !

PRFD 263 £ 126 281+ 163 0.12 307 £176 345 £ 163 022 : 283+167 283 £ 161 0.00 359+179 304 £ 126 -0.36
(BW:-s™) :

Key: Data expressed as mean + SD
WI With Instruction; WO Without instruction; ES Effect size; N Newtons, BW Body weight; kN-s™! kilo Newtons per second; BW-s™' Body weight per
second; Jump-Landing One (reactive jump-landing); Jump-Landing Two (post reactive jump-landing)
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Table 3.3 Results of analysis of variance main effects of jump-landing force variables for the

combined b

ilateral vertical jumps

Force Variables Jump-Landing 1* Jump-Landing 2* df F-ratio
Mean Peak vertical force (N) 3270 3670 (1,141) 10.4
Peak vertical force (BW) 4.82 5.20 (1,137) 6.2
Peak resultant force (N) 3291 3715 (1,142) 11.0
Peak resultant force (BW) 4.81 5.29 (1,136) 9.8
Peak rate of force development 1920 2253 (1,139) 9.7
(kN-s™)

Peak rate of force development 280.2 334.7 (1,138) 11.8
(BW-s™)

Key: {Significant main effect p <.01; *Mean values

3.5 Discussion

This is the first study to quantify the GRF’s associated with bilateral vertical jump-
landings in premenopausal women ‘with instruction’ and ‘instruction withdrawn’
whilst utilising a reactive jump component. The main findings of the current study in
relation to the initial hypotheses were: 1) GRF’s for all jump-landings achieved and
exceeded the defined osteogenic thresholds previously shown to improve bone mass
at clinically relevant sites for premenopausal women; ii) greater (p < .05) magnitudes
and rates of GRF occurred in jump-landings performed with ‘instruction withdrawn’
due to learning and practice effects; iii) in contrast to our hypotheses, significantly
greater forces were observed in the second jump-landing (post-reactive jump), for
most of the force variables measured; and, iv) the hypothesis that greater landing
forces would be associated with the CMJ landings was unsupported as non-significant

main effects were observed for jump type.

In this study baseline peak vertical landing forces of 4.6 to 5.5 BW’s exceeded the
magnitude of force development (>3 BW’s), which achieved femoral BMD gains in
premenopausal women (Bassey et al., 1998). Bassey et al. (1998), reported peak
landing vertical forces that corresponded to 3.0 BW’s for continuous vertical jumping
bouts, for the CMIJ heights (8.9 = 5 cm) of their premenopausal participants.
Interestingly, Tucker et al. (2014), and Kato et al. (2006), utilised jumps for maximal
height interspersed with short rest intervals, which resulted in CMJ heights three to

four times higher (34 £ 11 cm and 38.1 £ 6 cm, respectively) than the women achieved
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in the Bassey et al. (1998) study, and consequently higher peak CMJ landing forces
(3.8 and 4.8 BW’s, respectively). In this study baseline Vertec CMJ heights of 35.5 +
9 cm were similar to the results of Tucker et al., and Kato et al., and participants were
cued to jump for maximal height and utilise a vigorous “countermovement” arm
swing, which may have contributed to the greater observed GRF’s. Given the existing
literature documenting vertical jump-landing impact forces utilises a variety of
different instructions for arm position and effort during jumping, the researchers in
this study believe cueing participants to use a vigorous arm swing in a
“countermovement” maximises jump height and hence impact forces, and
consequently the osteogenic potential of the exercise.

The mechanisms identified for providing the greatest influence for stimulating bone
formation are a function of peak vertical force magnitude and peak rate of force
production (O'Connor et al., 1982), with the suggestion that if peak rate of force
production is sufficiently high then bone adaptation can be stimulated without using
high forces (Lanyon, 1987; O'Connor et al., 1982; C. H. Turner & Robling, 2003).
This suggests that peak rate of force production is an appropriate measurement to be
considered when describing ‘osteogenic thresholds’. In this study peak GRF’s were
measured in three axes and used to calculate peak resultant forces for both jump-
landings, and the steepest 10 ms for each phase was used to represent the peak rate of
force production, as described by Bassey et al. (1998). The mean values for peak rate
of force production of both jump-landings (280 and 334 BWs™!, first and second jump-
landings, respectively) in this study were substantially higher than the values described
by Bassey et al. (1998) (43 BW-s™). It would seem that the jumping and jump-landing
techniques utilized in the current study significantly influenced this aspect of force
production. Tucker et al. (2014), reported similar rate of force production values for
CMI landing forces (217 to 243 BW-s!), however they determined this value using
the slope of force versus time from ground contact to peak landing force. We
acknowledge that many different methods can be utilised to calculate rate of force
production and thus effect the validity of comparison to selected osteogenic
thresholds; therefore, recommend standardisation for methods of analysis wherever

possible.

The variability that exists when quantifying peak vertical landing forces (2 to 6 times

body weights) for the bilateral vertical jumps in different studies (Bassey et al., 1998;
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McKay et al., 2005; Tucker et al., 2014; Weeks & Beck, 2008), highlights the need to
explore different aspects of jump technique and the way instruction can influence
jump-landing GRFs. Instruction was of interest for two reasons to these researchers:
1) quantifying the influence of instruction on the magnitude of the GRFs; and, ii)
whether similar or greater GRF’s could be achieved if instruction was withdrawn, as
this could influence programming considerations. In terms of the influence of
instruction on the magnitude of the GRFs, we were unable to establish a significant
effect for ‘Instruction’, however there were indications that ‘Instruction’ and test-

retest effects may have had some influence on vertical and resultant forces with greater

forces measured with ‘Instruction withdrawn’, in N’s and BW’s (p values = ~ .00).
With regards to withdrawal of instruction, small increases (ES = 0.22 to 0.42; p = .06)
in peak vertical force (N and BW), peak resultant force (N and BW) and peak rate of
force production (kNs!' and BW-s™!) were observed for the second jump-landing in the
CMJ, indicative that a practice effect had occurred after only one instructed jump-
landing session. This may indicate that participants are able to improve their jump-
landing ability when practiced over time and thus be able to increase the osteogenic
potential of the bilateral vertical jump-landings. It would seem that subjects can still
achieve high GRF and rate of force production without instruction, the implications
being that once proficient, such jumps do not need further coaching and can be
performed in the home setting with the knowledge that the appropriate GRF’s and

subsequent osteogenic thresholds would be met.

In contrast to our hypothesis, significantly larger peak resultant force, (110%; p =
.002) and peak rate of force production (120%; p < .001) values (in relation to BW
and BW-s'!, respectively) were observed for the second jump-landing. It was
initially hypothesised that greater forces would be observed for reactive jump-
landings (first jump-landing), due to cueing provided to ‘land quickly’ and
‘immediately jump again for maximal height’. The greater forces associated with the
second jump-landing could be attributed to; 1) greater height resulting from the
reactive jump, and ii) a stiffer second jump-landing as there is no need to produce
propulsive forces for another jump. To clarify such mechanisms would require

further videography, not utilised in this study. Irrespective of this limitation, greater
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GRF’s were associated with the second jump-landing and offers a method of

increasing the osteogenic training stimulus.

The authors proposed that the CMJ would result in greater landing GRF’s than the
DJ as study participants achieved baseline maximal vertical jump heights (35.5+ 9
cm) greater than the 20 cm step selected for the DJ. However, greater rates and
magnitudes of GRF’s (11 to 3%), for jump-landings were observed for the DJ when
represented as a total stimulus (both jump landings combined), although the
differences were non-significant. A great deal of literature has compared the DJ with
the CMJ, however comparisons with the findings of this study are problematic due
to; 1) most studies are comparing propulsive forces and not landing forces (Bobbert,
Gerritsen, Litjens, & Van Soest, 1996; Bobbert et al., 1987; Bobbert et al., 1986),
and 11) the analyses are principally videographic and electromyographic (Bobbert et
al., 1987; Bobbert et al., 1986). Irrespectively, as no significant main effects were
observed for jump type, this suggests that both jumps could be used interchangeably
in an osteogenic exercise programme for premenopausal women in the home setting

once participants are proficient with jumping technique.

While the GRF’s in the X and Y axes were not presented in this study due to the
vertical nature of the investigated jumps, resultant forces were used in the analysis
to represent the contribution of anterio-positive and medio-lateral jump-landing
forces. However, previous research in this area has focused primarily on quantifying
vertical GRF’s, and subsequent osteogenic thresholds, are represented in the vertical
direction only. Future research could utilise methods presented in the current study
to quantify the osteogenic potential and bone-loading forces of various types of
bilateral multidirectional (i.e. star and stride jumps) and unilateral jumps (vertical,
lateral and forward hops) using resultant forces to compare to previously determined
osteogenic thresholds. Such research could indicate what jumps could be best
utilised and matched in the development of osteogenic exercise programmes for
premenopausal women (without pre-existing osteoporosis), to help optimise and
create a novel impact stimulus required to promote bone formation.
Recommendations and exercise programmes specifically targeting bone health for
premenopausal women are currently lacking (Babatunde et al., 2012; Ebeling et al.,

2013; Weaver et al., 2016; Zhao et al., 2014).
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3.6 Practical Applications

Researchers have suggested that bone responds optimally to unusual or atypical
mechanical forces applied to the skeleton for women who are habitually inactive and
are not involved in high-impact sports, thus jumping and specifically jump-landings
present as an effective bone stimulus for this population. It would seem from our
results that the CMJ and DJ combined with reactive jump-landings, performed ‘with

instruction’ and with ‘instruction withdrawn’, easily exceeded osteogenic thresholds

previously shown to increase bone mass in premenopausal women. Note: Participants
seeking to undertake jump-landing exercises, such as those described in the current
study, may need to pre-condition themselves to tolerate the stresses involved with

jump-landing exercises to maximise benefits to bone health and reduce risk of injury.
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CHAPTER 4. BILATERAL MULTIDIRECTIONAL JUMPS
WITH REACTIVE JUMP-LANDINGS ACHIEVE OSTEOGENIC
THRESHOLDS WITH AND WITHOUT INSTRUCTION IN
PREMENOPAUSAL WOMEN.

4.1 Prelude

Currently jump-landing ground reaction forces have only been quantified and
described in the vertical direction as a stimulus for bone development, in spite of
evidence (using animal studies), that suggests that bone responds optimally to
unusual or unfamiliar mechanical forces applied to the skeleton. Therefore, there is
a need to quantify moderate to high impact jump-landings which produce GRF’s in
different directions, in addition to the vertical direction, to determine their
osteogenic potential and subsequent use as a stimulus for bone development in
premenopausal women. Thus, research is required to quantify jump-landing forces
across all planes of motion (medio-lateral, anterio-posterior, resultant and vertical),
for commonly performed bilateral multidirectional jumps, such as the star jump and
stride jump. The findings from the previous study demonstrated that by utilising a
reactive jump-landing (i.e. jumping immediately after initial jump-landing), with
bilateral vertical jumps, participants easily achieved and exceeded previously
defined vertical osteogenic thresholds (>3BW’s and >43BW-s ) for premenopausal
women. It is therefore of interest to investigate jumps with multidirectional landing
qualities, to determine whether osteogenic thresholds can be achieved in the vertical
direction, whilst collectively contributing multidirectional strain distribution to the
overall effectiveness of loading. In addition, there is a need to explore the influence
of instruction on the magnitude and rate of the jump-landing ground reaction forces
for the full-spectrum of GRF’s and to determine if differences exist between the two
types of landings (i.e. reactive and post-reactive jump), and between star and stride

jump landings.

Clissold, T. L., Cronin, J. B., De Souza, M. J., Wilson D. & Winwood P.W. (2020).

Bilateral multidirectional jumps with reactive jump landings achieve osteogenic
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thresholds with and without instruction in premenopausal women. Clinical

Biomechanics March 2020 (73) 1-8. doi.org/10.1016/j.clinbiomech.2019.12.025
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4.2 Introduction

Researchers have suggested that bone responds optimally to unusual or unfamiliar
mechanical forces applied to the skeleton (Lanyon, 1996; C. H. Turner & Robling,
2003). However, research in this area has focused primarily on quantifying vertical
ground reaction forces (GRF’s), and therefore overlooking the influence of forces
applied across the full spectrum (Bassey et al., 1997; McKay et al., 2005; Weeks &
Beck, 2008). Current evidence has shown that people participating in weight-
bearing sports (i.e. gymnastics, tennis, and volleyball) involving novel or diverse
loading patterns with high GRF’s and rates of loading, have greater bone mass at
loaded skeletal sites compared to participation in non-weight-bearing or lower-
impact sports (Alfredson et al., 1997; Kontulainen et al., 2003; Snow et al., 2001).
Although low or moderate impact activities, such as walking and jogging, are stated
to benefit bone, studies have reported minimal effect of these activities on improving
bone health, or for blunting the age-related bone losses in pre or post-menopausal
women (B. R. Beck et al., 2017; Ma et al., 2013; Martyn-St James & Carroll, 2008).
Therefore, there is a need to understand and quantify different types of moderate to
high impact multidirectional jump landings to determine their osteogenic potential,
safety, and use as a stimulus for bone development across life stages for at risk

populations.

It is well accepted that women have less total bone mass than men and experience
rapid bone loss during menopause. Generally, women achieve peak bone mass by
the third decade of life, after which experience bone losses of approximately 0.5 -
1% per year, however annual losses of 3 - 5% bone mineral density (BMD) can be
experienced during early post-menopause (Greendale et al., 2012). Researchers have
suggested hypothetical gains of 3 - 5% in bone mass during the premenopausal years,
using appropriate exercise as a primary osteoporosis prevention strategy (Babatunde
et al., 2012). Exercises such as jumping and hopping, which are considered to
provide ‘unusual’ or ‘novel’ patterns of strain in pre and post-menopausal women
who are habitually inactive and not involved in high-impact sports, have been shown

to have a greater osteogenic effect than magnitude alone, with bone adaptation being
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observed at much lower GRF’s when these non-habitual strains are applied (Lanyon,
1987; C. H. Turner & Robling, 2003). Interestingly, interventions involving multi-

directional jump-landings have not only produced increases in BMD for
premenopausal women at clinically relevant sites for osteoporosis prevention, but
report improvements in other factors that contribute to reduced falls risk, including

muscle strength and balance (Bailey & Brooke-Wavell, 2010a, 2010b).

Several studies have analysed vertical force-loading curves to understand how
different landings affect the magnitude of impact forces (Bobbert et al., 1987;
Bobbert et al., 1986; Lees, 1981). These results show that using repeated jumps,
which are more ballistic in nature, produce greater GRF’s as they prevent subjects
from “softening” the landing due to the short time period available between jumps
(Bobbert et al., 1987; McNitt-Gray, 1993). These findings suggest that jump-
landing technique, with specific cues provided for jump-landing (i.e. think of the
ground as a hot plate), is a major factor that can influence the osteogenic
effectiveness and repeatability of jumps, and demonstrate that repeated jump-
landings may provide enhanced bone stimulation. In addition, instruction was of
interest to these researchers to both quantify the influence of instruction on the
magnitude of the GRFs, and to determine whether similar or greater GRF’s could be
achieved if instruction was withdrawn. Thus, once proficient such jumps would not
need further coaching and could be performed in the home setting with the
knowledge that the appropriate GRF’s and subsequent osteogenic thresholds would

be met.

A recent study (Clissold, Winwood, Cronin, & De Souza, 2018) studied peak vertical
landing forces for countermovement jumps (flex the knees and hips and then jump
upwards to perform a maximal jump) and drop jumps (step off a 20 cm box and only
allow a small downward knee movement after landing), with each followed quickly
by a second maximal jump (defined as a ‘reactive jump’), and utilising arm swing.
They reported peak GRF magnitudes (4.6 to 5.5 BW’s) and peak rates of force
production (280 and 334 BW-s ') for first and second jump-landings respectively,
which were substantially higher than the values that previously resulted in
significant increases in femoral BMD of 2.8% in premenopausal women (>3BW’s

and >43BW-s !, magnitude and rate of strain, respectively) (Bassey et al., 1998).
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Mechanistically, bone responds to different combinations of strain-related stimuli
(i.e. magnitude, rate, direction), which are considered interlinked and interdependent
(Hart et al., 2017; Robling et al., 2006; C. H. Turner & Robling, 2003). Therefore,
it is of interest to investigate jumps with multidirectional landing qualities, to
determine whether osteogenic thresholds can be achieved in the vertical direction,
whilst collectively contributing multidirectional strain distribution to the overall

effectiveness of loading.

Currently, no studies have quantified the full spectrum of forces involved with
multidirectional jump-landings , therefore the current study sought to; a) determine
whether GRF’s for bilateral multidirectional jumps, (star jump, (SJ) and stride jump,
(SDJ)) with reactive jump-landings (defined as ‘jumping immediately after an initial
jump-landing’) achieve magnitudes and rates of strain previously shown to improve
bone mass among premenopausal women; b) determine if differences exist in
landing forces between jumps ‘with instruction’ and jumps performed one week
later with ‘instruction withdrawn’; ¢) determine if differences exist between the two
types of landings (i.e. reactive and post-reactive jump); and, d) to determine if
differences exist between star and stride jump landings. Due to the scope of the
study, several hypotheses were generated; 1) Vertical and resultant GRF’s for all
jump-landings would achieve and exceed previously defined osteogenic thresholds
(>3BW’s and >43BW-s ) for premenopausal women; ii) greater magnitudes and
rates of strain would occur in jump-landings performed with ‘instruction withdrawn’
due to learning and practice effects; iii) greater magnitudes and rates of strain would
be observed for the second jump-landing (post-reactive jump) due to a stiffer
landing; and, iv) although similar magnitude vertical GRF’s would be observed for
SJ & SDJ landings, greater medio-lateral landing forces would be associated with
the SJ landings; and greater anterio-posterior landing forces would be associated

with the SDJ landings.
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4.3 Methods
4.3.1 Participants

Twenty-one healthy premenopausal women (31 - 50 yr), volunteered to participate in
this study (Table 4.1) (Appendix 3). It was calculated using G*Power, that a target
sample size of 21 participants will allow for the detection of changes in jump
performance (o = 0.05, 1-B = 0.80) between jumps with and without instruction. The
sample size was comparable to other studies that used a similar design (Babatunde &
Forsyth, 2013; Bassey et al., 1998; Niu et al., 2010). All participants were considered
healthy as determined by completing Pre-exercise Participation and Physical Activity
Readiness Questionnaires (PAR-Q) (Appendix 4a) and inclusion criteria required
participants to be between 30 and 50 years of age, in conjunction with the participants
reporting a regular menstrual cycle to determine premenopausal status. Participants
were excluded if: any medical problems were reported that compromised their
participation or performance in this study, including; having a recent or current
musculoskeletal injury, osteoarthritis and any condition of impaired balance or
coordination. The methods and procedures used in this study were approved by the

Institutional Review Board Committee (R14/17) (Appendix 2).

Table 4.1 Baseline characteristics of the participants (mean + SD)

All Participants

(n=21)

Demographics

Age (yr) 433+59
Height (cm) 167+5.5
Body mass (kg) 69.4+9.6
BMI (kg-m?) 249+3.4
Body fat (%) 27.5+8.7
Maximal Countermovement Jump

Jump height (cm) 355+93
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4.3.2 Experimental Approach to the Problem

A cross-sectional descriptive design was utilised and peak GRF’s for the bilateral
multidirectional jumps ‘with instruction’ and with ‘instruction withdrawn’ were
quantified. Jump-landing forces were collected at 400 Hz using a portable AMTI
(Advanced Mechanical Technology Inc., Watertown, Massachusetts) Accupower
(ACP) force plate (length 101.6 cm x width 76.2 cm x height 12.4 cm). Data was
collected for each participant over two testing sessions separated by one week, with a
familiarisation session scheduled at least 3 - days prior to the first testing session
(Figure 4.1). In the familiarisation and then again in the first testing session,
participants were given detailed instruction on how to perform the bilateral
multidirectional jumps (SJ and SDJ) and in the second testing session participants
were asked to perform the jumps with instructions withdrawn. All participants
refrained from performing any of the jumps between testing sessions and
commencement of normal daily activity was undertaken as determined by activity
diaries (Appendix 7). The study design utilised in this study was similar to previous
jump-landing quantification studies (McKay et al., 2005; Weeks & Beck, 2008),
however the methodology’s robustness was improved to include specific instructions
provided for jump-landing mechanics and an additional testing session (with
instruction withdrawn), to assess whether osteogenic jump-landing forces could be
achieved in a non-supervised setting. Thus, the study design is similar to that
previously utilised by Clissold and colleagues, to quantify a series of vertical bilateral

jump-landings in the same population (Clissold et al., 2018).

Familiarisation

During the familiarisation session participants filled in pre-screening questionnaires
(Appendix 4a) and had their height (Appendix 17a), body mass and body composition
measured using a bioelectrical impedance machine (InBody230, Biospace) (Appendix
17b). The Vertec Yardstick (Swift Performance Equipment, Australia), a portable
device used to measure vertical jump height, was used to determine baseline jumping
ability and as a surrogate measure for lower body explosive power (Leard et al., 2007,
Wulf & Dufek, 2009) (Appendix 16). Before jump commencement the participants
reach height was determined. They were then encouraged to jump and touch the

highest vane of the Vertec device. The authors thought it important to determine
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maximal baseline vertical jump ability to allow for comparison with previous studies
who have utilised this subject demographic. Participants were then given a
demonstration of the bilateral multidirectional jumps (SJ and SDJ) combined with a
reactive jump, followed by two to three practice jumps on the force plate. All jumps
in this study were performed barefooted as researchers have suggested the natural
elastic components of the body provide a greater protective effect than artificial
footwear against excessive load during voluntary exercise (Bassey et al., 1997; Bassey

& Ramsdale, 1994).

14 Day Testing Period

. Sessions 2 & 3
Session 1 Testing Sessions
Familiarization 1&2
Warm Up ‘ Warm Up ‘
h 4 r
Pretesting Data Jump Demonstration
Collection (Testing Session 1 only)
v
Jump Demonstration Jump Practice
& Practice (2x each jump)

v

Jump Data Collection
(2x each jump)

Figure 4.1 Experimental design of the 14 - day testing period

Testing Protocol (Sessions 2 & 3)

For the first testing session, participants performed a ten-minute standardised warm-
up prior to testing that consisted of easy cycling on a stationary Wattbike (Wattbike
Trainer, Nottingham, United Kingdom) followed by dynamic stretching and
bodyweight mobilisation exercises. Testing commenced five minutes after the
warm-up. Prior to testing, the jumps were demonstrated using proper technique, with
all instructions standardised for every participant, and provided before each jump.
For the SJ combined with a reactive jump, participants were instructed to stand with

feet together with their arms by their side. Participants were then instructed to flex
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the knees and hips slightly (during the eccentric phase) then to quickly jump upwards
(during the concentric phase) with arms ‘swinging’ upwards and legs ‘swinging’
outwards to land in a shortened ‘star’ position with feet flat on the ground.
Participants were cued to immediately jump again after the initial jump-landing (i.e.
think of the ground as a hot plate), ‘pulling’ their arms and legs back to a stiff starting

position.

For the SDJ combined with a reactive jump, participants started in a stride position
with one leg forward and one leg back with heels flat on the ground. They were
taught to bend their knees and hips slightly (during the eccentric phase) to perform
a maximal jump for height (during the concentric phase) with legs ‘swinging’ to land
with the opposite foot forward in a shortened position, with feet flat on the ground
(first jump-landing; reactive jump). Participants were cued to immediately jump
again after the initial jump-landing (i.e. think of the ground as a hot plate), back to a
stiff starting position (second jump-landing; post-reactive jump). To combat the
rotary actions of the hips, participants were instructed to vigorously move the arms
in opposite directions to the legs. A pictorial representation of the phases of the

bilateral multidirectional jumps utilised in this study can be observed (Figure 4.2).

Participants remained stationary on the force plate for five seconds after the second
landing and each jump was separated by a 30 - second rest interval. The participants
performed two practice jumps (for each leg position for the SDJ), followed by two
jumps where force plate output variables were collected using AMTI version 1.5
software (Athletic Republic, Fargo, North Dakota). Data was analysed as an average
of the two jumps (the two jump-landings for each jump were represented as jump-
landing one and jump-landing two), with no additional jumps permitted. Jumps were
performed in a randomised order which was replicated in the second testing session.

All participants’ jump-landings were performed with both feet on the force plate.

For the second testing session the same protocol was followed, however, no
instruction or cueing was given (instruction withdrawn) for how the participant was
to perform the bilateral multidirectional jumps. All testing for this study was
undertaken at a similar time of day with participants instructed to maintain their

normal dietary intake before and after each testing session. Participants completed
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activity diaries between testing sessions to monitor physical activity and ensure that
inter-session physiological status was similar. We did not control for nutrition, or
hydration levels but participants were told not to make any changes in the above

during the testing period. All jump testing was performed indoors in a temperature-

controlled Sports Science testing facility.

Figure 4.2 Pictorial representation of the phases of the star jump (top row) and stride jump
(bottom row) and reactive jump, as described in this study: A) Start of the jump; B) Flight
phasel; C) First impact for jump-landing 1; D) Flight phase 2; E) Second impact for jump-
landing 2.

4.3.3 Data Analysis

The force-time data was calculated in Microsoft Excel 2013 (v 15.0.5179.1000,
Microsoft, California, USA) and presented as peak values. Forces in the x and y axis
were calculated as medial (positive) and lateral (negative), and anterior (propulsive)
and posterior (braking), respectively. Peak GRF magnitude was presented in respect

to body weight (BW), and was calculated as peak GRF, (N)/ body mass, (N). Peak
resultant forces were calculated as \/x? + y2 + z2 and used to determine the rate of
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force development (N-s™' * 100/ body mass, N; body weight per second, BW-s™) over
10 ms taken from the steepest part of the slope between the end of the flight phase and
the peak landing force (Bassey & Ramsdale, 1994). The representation of GRF’s as
BW enables comparison with osteogenic thresholds previously used to define cut-
points which have achieved gains in BMD at clinically relevant sites for
premenopausal women. All force-time data were filtered using a second order low-
pass Butterworth filter (cut off frequency 20 Hz) with zero lag. A pictorial
representation of the force profile of the bilateral multidirectional jumps utilised in

this study are presented (Figure 4.3).
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Concentric  Flight Landing Elight Landing
Phase Phase 1 Phasel Phase2  Phase 2

Eccentric

Phase
I.

[=-]
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Time (%)
Wertical Anterior-posterior Medio-lateral
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i
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Figure 4.3 A full-spectrum force profile for a representative participant of the star
jump (top) and stride jump (below) and subsequent reactive jump. Dashed lines
represent the various phases of the jumps. Circles indicate peak landing forces for
landing 1 and 2, respectively.

4.3.4 Statistical Analyses

Stem and leaf plots were used to ascertain whether there were any outliers in the data

for each variable. All values three or more box lengths from upper or lower edges of

box were investigated carefully before being considered extreme outliers and were
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removed (Kwak & Kim, 2017). After extreme outliers were removed descriptive
statistics were calculated and reported as mean and standard deviations. A 3-way
(landing type x jump type x instruction type) ANOVA with Bonferroni’s post hoc tests
was used to determine if significant differences existed between the jump type, landing
type and whether instruction was provided. Significance was accepted at the P < .01
level. A Shapiro-Wilk’s test was used to show all data was normally distributed and
met the assumptions associated with the 3-way ANOVA. All statistical analyses were
carried out using Data Desk 6.01 for Windows (Data Description Inc., Ithaca, NY,
USA). Effect sizes (ES = mean change/standard deviation of the sample scores) were
calculated to quantify the magnitude of the effects associated with landings ‘with
instruction withdrawn’. Cohen (Cohen, 1988) applied qualitative descriptors for the
effect sizes with ratios of 0.2, 0.5 and 0.8 indicating small, moderate and large

changes, respectively.

4.4 Results

The range of magnitudes (3.87 to 5.33 BW’s) and rates of strain (192 to 329 BW-s
Y for vertical and resultant forces for the jump landings in this study exceed
previously defined osteogenic thresholds (>3 BW’s and 43 BW-s!) (Bassey et al.,
1998) (Table 4.2).

No significant interactions were observed between landing type, jump type and
instruction type. Significant main effects (P < .01) were found for ‘Instruction’,
indicating that ‘Instruction’ had an effect on vertical (N) (P =.01) and resultant forces
(N) (P=.004). Increases in force for all axes (except anterior) were observed in jump-
landing one for the stride jump (ES = 0.20 to 0.93) and in jump-landing two for the
star jump (ES =0.22 to 0.61). In contrast, small decreases (ES =-0.30 and -0.31) were
observed for posterior and medial peak force production for the stride jump for jump-
landing two. Although no significant effects were observed for rate of force
development, small effect sizes were observed towards jump-landing one in the stride
jump (ES =0.21 to 0.25, kNs! & BW-s™") and jump-landing two in the star jump (ES
=0.37 t0 0.38, kNs™! & BW:s™).
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Landing type was found to have a significant main effect (P < .01), with the ‘second
jump-landing’ (post-reactive jump-landing) consistently higher than the ‘first jump-
landing’ (reactive jump-landing) in all cases except for anterior ground reaction force
(N and BW) (Table 4.3). Greater peak landing forces (N and BW, respectively) were
observed for resultant (111% and 112%; P < .0001), vertical (112% and 113%; P <
.0001), posterior (123%; P < .001), medial (125% and 126%; P < .01) and lateral
(142% and 149%; P <.0001) forces. Peak rate of force development (129%; P <.0001)

also showed a significant effect for landing type.

While no significant ‘Jump Type’ effect was found, star jump medio-lateral GRF’s
were substantially greater (185% to 1466%) than the SDJ. Conversely, anterio-
posterior GRF’s were markedly greater for the SDJ jump-landings (1103% to
1316%) when compared with the SJ.
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Stride Jump Star Jump

Peak Force Jump-Landing One Jump-Landing Two : Jump-Landing One Jump-Landing Two
Parameters WI WO ES WI WO ES i WI WO ES WI WO ES
Vertical :

PVF (N) 2796 (644) 2976 (881) 0.24 2887 (760) 3079 (810) 025 | 2808(762) 2915 (918) 0.33 3233 (1004) 3554 (1065)  0.31
PVF (BW) 4.11 (1.03) 4.25 (1.14) 0.13 4.35(1.10) 4.33 (0.96) -0.02 + 3.87(0.63) 3.89 (0.88) 0.03 4.46 (1.13) 5.33(1.72) 0.61
Anterior :

PAF (N) 312 (86) 320 (119) 0.07 281 (156) 299 (147) 0.12 1+ 76(33) 78 (46) 0.05 57 (30) 80 (60) 0.51
PAF (BW) 0.47 (0.15) 0.45 (0.14) -0.14 0.38 (0.16) 0.41 (0.17) 0.18 : 0.11(0.04) 0.12 (0.07) 0.18 0.08 (0.04) 0.11 (0.07) 0.55
Posterior i

PPF (N) -140 (56) -144 (65) 0.07 -231 (96) -236 (103) 0.05 ! -107(72) -97 (47) -0.17 -80 (47) -86 (44) 0.13
PPF (BW) -0.20 (0.08) -0.22 (0.10) 0.22 -0.32 (0.12) -0.29 (0.08) -0.30 ! -0.13(0.07) -0.14 (0.07)  0.14 -0.11 (0.04) -0.12(0.05)  0.22
Medial i

PMF (N) 91 (54) 132 (84) 0.60 83 (49) 82 (43) -0.02 ! 425(265) 427 (316) 0.01 519 (268) 630 (314) 0.38
PMF (BW) 0.11 (0.05) 0.18 (0.10) 0.93 0.13 (0.08) 0.11 (0.05) -0.31 i 0.63(0.40) 0.64 (0.48) 0.02 0.78 (0.42) 0.95 (0.49) 0.37
Lateral '

PLF (N) -104 (38) -114 (61) 0.20 -143 (54) -142 (69) 0.02 ; -175 (55) -173 (69) -0.03 -279 (91) -305 (123) 0.24
PLF (BW) -0.16 (0.05) -0.14 (0.06) -0.36 -0.20 (0.08) -0.19 (0.08) -0.13 1 -0.26 (0.08) -0.26 (0.11)  0.00 -0.39 (0.11) -0.43 (0.15)  0.31
Resultant :

PRF (N) 2811 (647) 3034 (875) 0.29 2893 (762) 3087 (810) 0.25 1 2832(778) 2941 (947) 0.13 3261 (1020) 3588 (1080)  0.31
PRF (BW) 4.13 (1.04) 4.34 (1.15) 0.19 4.36 (1.10) 4.34 (0.96) -0.02 ' 3.90(0.65) 3.92 (0.90) 0.03 4.50 (1.15) 5.38 (1.74) 0.60
RFD i

PRFD (kN.s™) 1456 (738) 1641 (999) 0.21 1687 (802) 1680 (968) -0.01 ' 1287 (821) 1313 (975) 0.03 1758 (924) 2175(1319)  0.37
PRFD (BW.s™) 194 (86.8) 248 (161) 0.25 252 (116) 208 (105) 0.09 ' 192(128) 195 (148) 0.02 262 (142) 329 (205) 0.38

Key: Data expressed as mean (SD)

WI With Instruction; WO Without instruction; ES Effect size; N Newtons, BW Body weight; kN.s™! kilo Newtons per second; BW.S™' Body
weight per second. Jump-Landing One (reactive jump-landing); Jump-Landing Two (post reactive jump-landing). RFD Rate of force
development.
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Table 4.3 Results of analysis of variance main effects of landing and instruction on force variables

Peak Force Variables Jump-Landing 1* Jump-Landing 2* df F-ratio P-value
Landing:

Vertical force (N) 2853 3185 (1,144) 16.9 <.001f
Vertical force (BW) 4.18 4.72 (1,134) 19.8 <.0017
Posterior force (N) -118 -145 (1,134) 10.5 0027
Posterior force (BW) -0.18 -0.22 (1,136) 11.8 0017
Medial force (N) 264 329 (1,142) 6.19 .014
Medial force (BW) 0.40 0.50 (1,141) 6.76 0107
Lateral force (N) -142 -202 (1,142) 50.1 <.001f
Lateral force (BW) -0.21 -0.31 (1,135) 54.7 <.0017
Resultant force (N) 2883 3203 (1,142) 15.4 0017
Resultant force (BW) 4.22 4.75 (1,134) 18.4 <.001f
Rate of force development 211 272 (1,141) 18.9 <.001f
(BW.s™)

Instruction:

Vertical force (N) 2906 3131 (1,144) 7.70 0107
Vertical force (BW) 4.30 4.60 (1,134) 6.00 .016
Resultant force (N) 2924 3162 (1,142) 8.50 .0047
Resultant force (BW) 4.22 4.75 (1,134) 6.70 011

Key: Significant main effect P < .01; * Mean values
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4.5 Discussion

This is the first study to quantify the full spectrum of GRF’s associated with bilateral
multidirectional jump-landings in premenopausal women ‘with instruction’ and
‘instruction withdrawn’ whilst utilising a reactive jump component. The main findings
of the current study in relation to the initial hypotheses were: 1) GRF’s for all jump-
landings achieved and exceeded the defined osteogenic thresholds previously shown
to improve bone mass at clinically relevant sites for premenopausal women; i1) greater
(P < .01) magnitudes and rates of GRF occurred in jump-landings performed with
‘instruction withdrawn’ due to learning and practice effects; iii) significantly greater
forces were observed in the second jump-landing (post-reactive jump), for the majority
of the force variables measured at all force axes; and, iv) the hypothesis that vertical
landing forces would be similar for both bilateral multidirectional jump-landings was
supported, however although non-significant main effects were identified for jump

type, substantially different medio-lateral and anterio-posterior GRF’s were observed.

The current study reported baseline peak vertical landing forces of 3.87 to 5.33 BW’s
which exceeds the magnitude of force development (>3 BW’s), that achieved femoral
BMD gains in thirty premenopausal women (Bassey et al., 1998). Bassey et al. (1998),
utilised sub-maximal countermovement jumps (average jump height of 8 cm)
performed with a ‘countermovement arm-swing’, to produce peak landing vertical
forces that corresponded to 3.0 BW’s. Interestingly, the subjects were provided
instructions to land by employing flexion at the ankle, knee and hips followed by heel
strike on impact. Researchers have suggested that GRF at impact may be attenuated
when the knees are flexed upon landing, as the leg musculature will absorb the impact
energy over an extended time (Lees, 1981). In comparison, the current study provided
cueing to land quickly then jump again to increase the stiffness of landing and
potentially enhance the forces transmitted to the bone. The utility of a reactive jump
(defined as ‘jumping immediately after an initial jump-landing”’) with bilateral
multidirectional jumps was of particular interest in the current study, as recently
researchers have demonstrated that jumping and jump-landing techniques significantly

influenced peak GRF’s using bilateral vertical jumps (Clissold et al., 2018).
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Weeks and Beck (2008), investigated a series of jumps with forty healthy young adults
[males, 24 (2.9) yr; females, 25 (2.8) yr], and reported similar vertical GRF’s for the
star jump-landing with comparison to our first star jump-landing (3.8 BW compared
to 3.9 BW, respectively). Similar GRF’s for the star jump (performed sub-maximally
and maximally) were also observed by McKay and colleagues (2005), who conducted
a paediatric cross-sectional study (n = 70, 8 - 12yr), that described GRF’s for 12
different jumping activities including the star jump. They reported maximal vertical
GRF’s of 3.4 BW, using a technique involving the subjects starting with legs straddling
the sides of the force plate, and coming together onto the force plate repeatedly using
a ballistic technique. However, the second jump-landing (performed immediately after
the first jump-landing), utilised in the current study, produced substantially greater
GRF’s (5.3 BW; 140%). Interestingly, Weeks and Beck (2008), stated vertical GRF’s
of only 2.1 BW for the stride jump (no specific instructions given for arm movement),
compared to 4.3 BW reported for both jump-landings performed in the current study
(utilising a vigorous arm swing). Based on previously defined osteogenic thresholds
(>3 BW’s) that resulted in femoral neck BMD gains in premenopausal women, star
and stride jumps may not be useful in terms of osteogenic benefit, unless aspects of
jumping and jump-landing technique are clarified for this purpose. It would seem that
cueing participants to jump maximally, minimise ground contact time and employ
vigorous arm-swing, as utilised in the current study, significantly influenced this aspect

of force production.

Human and animal studies (Bassey et al., 1997; Hsieh et al., 1999; C. H. Turner, 1999;
C. H. Turner & Robling, 2003), not only support the measurement of vertical GRF’s,
represented as body weight (BW) to be used to estimate the influence of loading on
bone, but also determined that the rate bone is exposed to strain is more important than
magnitude for influencing the adaptive response (Lanyon, 1996; C. H. Turner &
Robling, 2003). Bassey and colleagues (1998), determined that mean peak loading
rates of 43 body weights per second (BW-s™), using countermovement jumps (50
jumps at 8 cm, 6 days/week), contributed to significant increases in femoral neck
BMD. This previously established osteogenic threshold was clearly surpassed in the
current study for star (196 and 329 BW-s™') and stride (248 and 252 BW-s™") jumps
(jump-landing one and two, respectively). In comparison, Weeks and Beck (2008),

quantified much lower rate of force application (determined by time to peak vertical
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GRF) values of 52 and 57 BW-s™!' (SJ and SDJ, respectively) in healthy young adult
males and females. Rate of strain data specified by McKay et al. (2005), for the
elementary school students who performed the submaximal and maximal SJ (160 and
211 BW-s’!, respectively), was calculated by identifying the peak value for the slope
of the force-time curve (McKay et al., 2005). The current study calculated peak
resultant forces for both jump-landings, and the steepest 10 ms for each phase was used
to represent the peak rate of force production, as described by Bassey et al. (1998). It
would seem that the jump-landing techniques utilised in the current study significantly
influenced the rate of force production, however we acknowledge that many different
methods can be utilised to calculate rate of force production and thus effect the validity
of comparison to selected osteogenic thresholds; therefore, we recommend

standardisation for methods of analysis wherever possible.

It was of clinical interest to the researchers to determine whether participants are able
to; firstly, achieve similar GRF and rate of force production without further instruction,
and secondly, improve their jump-landing ability when practiced over time, thus be
able to increase the osteogenic potential of the bilateral multidirectional jump-landings.
We observed a significant main effect (P <.01) for ‘Instruction’, as vertical (18% and
17%) and resultant (18% and 112%) GRF’s N and BW respectively) increased after
only one instructed jump-landing session. This indicates a practice effect, as test-retest
effects have influenced vertical and resultant forces, with greater forces measured with
‘Instruction withdrawn’. Although no significant effects were observed for rate of
force development, small effect sizes towards ‘without instruction” were observed for
jump-landing one in the stride jump (ES = 0.21 to 0.25, kNs! & BW:s™') and jump-
landing two in the star jump (ES = 0.37 to 0.38, kNs' & BW-s!). The findings from
the current study have clinical implications for an osteogenic jump-landing programme
in the home setting, as once subjects are proficient (in this case after only one instructed
session), subjects can achieve and exceed the appropriate magnitude and rate of GRF

without further coaching.

It was initially hypothesised that due to cueing provided for the first jump-landing to
‘land quickly’ and ‘immediately jump again for maximal height’, greater magnitude
and strain rates would be associated with the second jump-landing. The landing type

was found to have a significant main effect (P < .01), with the ‘second jump-landing’
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(post-reactive jump-landing) consistently higher (111% to 149%) than the ‘first jump-
landing’ (reactive jump-landing) in all force axes except for anterior ground reaction
force (N and BW). Peak rate of force development (129%; P < .0001) also showed a
significant effect for landing type. The use of a ‘reactive jump-landing’ was initially
investigated by Clissold and colleagues (2018), using bilateral vertical jumps
(countermovement and drop jumps). They reported significantly larger peak resultant
force, (110%; P = .002) and peak rate of force production (120%; P <.001) values (in
relation to BW and BW-s™!, respectively) for the second jump-landings (Clissold et al.,
2018). They proposed the utilisation of the stretch shortening cycle to achieve greater
jump heights ensuing from the first (reactive) jump-landing enhanced the stiffness of
the second (stationary) jump-landing, which increased subsequent GRF’s (Clissold et

al., 2018).

To the authors knowledge, no jumping studies have reported GRF’s in the X and Y
axes. Thus, the contribution of anterio-posterior and medio-lateral jump-landing forces
to total osteogenic stimuli is poorly understood in the area of bone health. We proposed
that similar magnitude vertical GRF’s would be observed for SJ & SDJ landings, and
that differences in GRF’s would be observed based on the directional emphasis of each
jump type. Researchers have suggested that bone will not adapt to habitual patterns of
loading (e.g. walking and running) and therefore requires novel or diverse loading
patterns to stimulate an adaptive bone response (Lanyon, 1996; C. H. Turner &
Robling, 2003). In addition, the influence of loading variation may be a particularly
important consideration for osteogenic jump-landing programmes and for special

populations such as older adults unable to tolerate high magnitude and rate of GRF.

When GRF’s for both jump-landings are presented as a total stimulus (with instruction
conditions combined), vertical and resultant forces were similar for both bilateral
multidirectional jumps, although marginally greater for the SJ (17% and 13%). Thus,
without any significant main effects observed for jump type, we may suggest that both
jumps could be used interchangeably (when considering progressive overload and
variation) in an osteogenic exercise program for premenopausal women in the home
setting once participants are proficient with jumping technique. However, when we
represent the full spectrum of GRF’s (X, Y and Z) we recognize the directional

qualities each type of jump provides. As clinical data reporting force thresholds
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required to increase BMD are in the vertical direction only, it is therefore unknown
whether the same conclusion can be drawn from the resultant, medio-lateral and
anterio-posterior forces without clinical support. In spite of this limitation, and in
support of the original hypothesis, medio-lateral GRF’s were substantially greater
(185% to 1466%) for the SJ jump-landings when compared with SDJ jump-landings,
and anterio-posterior GRF’s were markedly greater for the SDJ jump-landings (1103%
to 1316%) when compared with the SJ jump-landings. As researchers have suggested
that bone responds optimally to the net effect of different loading activity variables
(including; strain magnitude, strain rate and strain direction), non-habitual or atypical
activities (i.e. multidirectional jumping and specifically jump-landings) for women
who are habitually inactive and are not involved in high-impact sports, present as

effective modes of exercise to stimulate bone remodelling for this population.

4.6 Conclusion

In conclusion, it would seem from our results that the SJ and SDJ combined with
reactive jump-landings, performed ‘with instruction’ and with ‘instruction
withdrawn’, easily exceeded osteogenic thresholds previously shown to increase
bone mass in premenopausal women. Although our results showed high inter-subject
variability in most outcome measures (due to a wide range of fitness and movement
competencies), all of our participants achieved the predefined osteogenic thresholds
for magnitude and rate of strain (3BW and 43BW-s™', respectively). Although
osteogenic thresholds are useful for describing effective jump-landing intensities,
the variability that exists between individuals when determining a safe effective dose
of impact exercise requires further investigation. Note: Although our participants
were cued to jump maximally and to land stiffly, we recommend that jumping and
landing intensities are modified based on factors such as; injury status, fitness level,

movement competency and comfort.

Further research could utilise methods presented in the current study to quantify the
GRF’s of various types of unilateral multidirectional jumps (vertical, lateral and
forward hops) and compare them to previously determined osteogenic thresholds.

Such research could add value through providing a range of jumping movements
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which could be utilised in the development of osteogenic exercise programmes for
premenopausal women (without pre-existing osteoporosis), whilst collecting BMD
data to enable effectiveness over time. While osteogenic programmes are currently
lacking (Babatunde et al., 2012; B. R. Beck et al., 2017; Ebeling et al., 2013; Weaver
etal., 2016; Zhao et al., 2014), a resource of quantified jump-landing exercises could
provide a strong foundation for the development of bone specific programming with
consideration to specific training principles i.e. progressive overload, novel stress
and technical progression. Such programmes could help to optimise and create a
novel impact stimulus required to promote bone formation in healthy premenopausal
women. However, before participants seek to undertake jump-landing exercises,
such as those described in the current study, pre-conditioning exercise may be
needed to tolerate the stresses involved with jump-landing exercises to maximise

benefits to bone health and reduce risk of injury.
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CHAPTER 5. MULTIPLANAR HOP-LANDINGS EXCEED
OSTEOGENIC THRESHOLDS WITH AND WITH INSTRUCTION
WITHDRAWN IN PREMENOPAUSAL WOMEN

5.1 Prelude

The focus of quantification studies of landing forces in the literature (and the previous
two studies), has been primarily on bilateral jump-landings in premenopausal women,
and thus the estimation of landing forces associated with unilateral jumps or hops has
been limited. Therefore, research is required to quantify the osteogenic potential and
bone-loading forces of various types of unilateral jumps (vertical, lateral and forward
hops) across all planes of motion, to compare to previously determined vertical
osteogenic thresholds. It is however important that the unilateral jump-landing
technique is clarified and standardised with respect to factors such as the landing
technique and use of arms, in order to maximise the opportunity for premenopausal
women to consistently achieve the rates and magnitudes of GRF’s, which have
achieved gains in bone strength and mineralisation in other studies. Multidirectional
hop-landings can provide unique and variably distributed forces to the femoral neck,
and represent opportunity for exercise progressions (i.e. variation and progressive
overload) with respect to osteogenic programme design. It is therefore of interest to
investigate the differences in landing forces for the different types of hops to satisfy
the bones directional loading requirement (in addition to magnitude and rate of strain),
and the influence of instruction, utilising the methodology for the previous bilateral
studies. This research has implications for including multidirectional hops, in a
resource of quantified jump-landing exercises which could provide a strong
foundation for the development of bone specific programming for premenopausal

women.

Clissold, T. L., Winwood, P. W., Cronin, J. B. & De Souza, M. J. (2019).
Multidirectional single leg hop-landings exceed osteogenic thresholds with and
without instruction in premenopausal women. Sports Biomechanics (currently under

review).
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5.2 Introduction

Osteoporosis is a disease characterised by a reduction in the density and quality of
bone leading to a weakness of the skeleton and associated increased risk of fracture
(Kanis, Adachi, et al., 2013). This disease is recognised as a major public health issue
in the developed world affecting more than half of women and one third of men over
the age of 60 years. In the United Kingdom the direct costs of osteoporosis treatment
exceeded 4.5 billion pounds in 2017 with over half a million people hospitalised
because of a fragility fracture (D. A. Turner et al., 2018). Osteoporosis is largely
preventable, with specific types of exercise being widely recognised as the leading

green prescription.

Although regular exercise has been shown to reduce risk factors for lifestyle-related
diseases such as obesity, cardiovascular and metabolic disease (McArdle et al., 2006;
Tipton & Medicine, 2006), not all exercise provides the stimulus required to be
osteogenic (B. R. Beck et al., 2017; C. H. Turner & Robling, 2003). Although the
optimal dose of exercise is yet to be determined, researchers have established several
criteria deemed necessary to stimulate bone including; a force magnitude of greater
than 3-body weights (BW), a rate of force development exceeding 43-body weights
per second (BW/s) and an unfamiliar or diverse direction of force application
(Bassey et al., 1998; Robling et al., 2001; C. H. Turner & Robling, 2003). Evidence
from cross-sectional studies describe athletes in weight-bearing sports (i.e.
gymnastics, tennis, and volleyball) which involve high magnitude and rates of
loading and novel or diverse loading patterns, as having greater bone mass at loaded
skeletal sites compared to non-athletes or athletes in non-weight-bearing or lower-
impact sports (Alfredson et al., 1997; Kontulainen et al., 2003; Snow et al., 2001).
Therefore, there is a need to understand and quantify the landing forces for different
types of exercises to determine their osteogenic potential as a stimulus for bone
development across the life stages, in addition to identifying at risk populations.
Such exercises could help to build a better skeleton, and maintenance of that would

decrease the susceptibility to fractures and osteoporosis in later years.

Jumping and hopping exercises are of special interest as have been shown to increase

peak bone mass in young people and minimise age-related bone loss in females (Bailey

95



Chapter 5. Multiplanar Hop-Landings

& Brooke-Wavell, 2009, 2010b; Bassey et al., 1997; Bassey & Ramsdale, 1994;
Bassey et al., 1998; Stiles et al., 2013; Weeks & Beck, 2008). From different meta-
analyses (Babatunde et al., 2012; Zhao et al., 2014) it can be concluded that brief
jumping protocols (10 - 100 jumps/day, 3 - 7 days/week), of 4 - 18 months duration,
and loading magnitudes (between 2 - 6 BW) and rates (> 43 BW/s), can produce
significant gains in femoral neck bone mineral density (BMD) of 0.5 - 3% in
premenopausal women. These evidence-based values suggest that a safe and effective
osteogenic threshold exists around this range of load magnitude and rate for jumping
and hopping exercises, however the primary focus has been on bilateral jump-
landings. Research conducted by Bailey and Brooke-Wavell (2010) investigated
whether hopping (unilateral jump-landings) would have greater osteogenic potential
than jumping (bilateral jump-landings) due to total body weight-bearing on one leg
only, and providing a greater ‘novelty factor’ for premenopausal women. A strength
of their study was the paired design they utilised, which provided a direct comparison
between the trained and controlled limb for each participant, during the 6-month
exercise intervention, and they reported almost 2% gain in BMD at the femoral neck
of the trained limb. However, although this study acknowledged the importance of
utilising a selection of hops due to their multidirectional landing qualities, ground
reaction force (GRF) magnitudes and rates of loading were presented in the vertical
direction only. It is therefore of interest to investigate the forces for all planes of
motion associated with multidirectional jump-landings, as understanding such kinetics

would assist other practitioners in programme design for osteogenesis.

Jump-landing technique was also of interest to the current study as previous research
has described how landing mechanics can affect the magnitude and rate of impact
forces, and providing specific cues to land ‘stiffly’ can prevent participants from
‘softening’ the landing and influence its osteogenic effectiveness (Bobbert et al., 1987;
Bobbert et al., 1986; Lees, 1981; McNitt-Gray, 1993). Thus, instruction was deemed
important to both quantify the magnitude of GRF’s with specific jump-landing
instructions provided, and to determine whether similar or greater GRF’s could be
achieved after instruction was withdrawn. This would have implications for the hops
to be performed in the home setting, once proficient, with the knowledge that the

appropriate GRF’s and subsequent osteogenic thresholds would be met. It is therefore
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important that jump-landing technique is clarified and standardised (with respect to
factors such as; instructions provided, arm swing and landing technique), in order to
maximise the opportunity for premenopausal women to consistently achieve the rates
and magnitudes of GRF’s (Bassey et al., 1998), which have achieved gains in bone
strength and mineralisation in other studies (Bassey et al., 1998; Heinonen et al., 1996;

Kato et al., 2006; Niu et al., 2010; Tucker et al., 2014).

Although jump impact forces have been quantified by several research groups, the
focus has been primarily on bilateral jumps in this population (Bassey & Ramsdale,
1994; Clissold et al., 2018; Tucker et al., 2014), and thus the estimation of landing
forces associated with unilateral jumps or hops has been limited (Bailey & Brooke-
Wavell, 2008). In addition, these studies have presented GRF’s in the vertical
direction only, therefore neglecting the contribution of landing forces across all
planes of motion. Given the limitations identified, this study sought to; a) determine
whether GRF’s for unilateral multidirectional jump-landings, [forward hop, (FH),
lateral hop, (LH) and vertical hop, (VH)] could achieve osteogenic thresholds
previously presented for bilateral vertical jumps, which improved bone mass among
premenopausal women; b) determine if differences in landing forces exist for the
different types of hops to satisfy the bones directional loading requirement (in
addition to magnitude and rate of strain); and, c) determine if differences exist in
landing forces between the different hops ‘with instruction’ and then performed one
week later with ‘instruction withdrawn’. Due to the scope of the study, several
hypotheses were generated; 1) Vertical and resultant GRF’s for all hop-landings
would achieve and exceed previously defined vertical only, osteogenic thresholds
for magnitude and rate (>3BW’s and >43BW/s, respectively); ii) superior vertical
GRF’s (magnitude and rate), would be observed for the VH landings, greater medio-
lateral landing forces would be associated with the LH landings, and greater anterio-
posterior landing forces would be associated with the FH landings, representing the
multidirectional qualities required to stimulate bone remodelling; and, iii) greater
magnitudes and rates of strain would occur for hop-landings performed with

‘instruction withdrawn’ due to learning and practice effects.
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5.3 Methods

5.3.1 Experimental Approach to the Problem

A cross-sectional descriptive design was utilised for this study. Data was collected for
each participant over two testing sessions separated by one week, with a
familiarisation session scheduled at least 3 - days prior to the first testing session
(Figure 5.1). In the familiarisation and first testing session participants were given
detailed instruction on how to perform the hops and in the second testing session
participants were just asked to perform the hops with instructions withdrawn. All
participants refrained from performing any of the hops between testing sessions and
commencement of normal daily activity was undertaken as determined by activity
diaries (Appendix 7). The study design utilised in this study was previously used to
quantify a series of vertical and multidirectional bilateral jump-landings in the same
population (Clissold, Cronin, De Souza, Wilson, & Winwood, 2019; Clissold et al.,
2018).

Familiarisation (Session 1)

Participants were required to complete pre-screening questionnaires (Appendix 4a)
and had their height (Appendix 17a) and body mass recorded, and their body
composition measured using a bioelectrical impedance machine (InBody230,
Biospace, Seoul, Korea) (Appendix 17b). The Vertec Yardstick (Swift Performance
Equipment, Australia) was used to measure vertical jump height and baseline jumping
ability, which was used as a surrogate measure for lower body explosive power (Leard
et al., 2007; Wulf & Dufek, 2009) (Appendix 17b). Before jump commencement the
participants reach height was determined. They were then encouraged to jump and
touch the highest vane of the Vertec device. The authors thought it important to
determine maximal baseline vertical jump ability to allow for comparison with
previous studies who have utilised this subject demographic. Participants were then
given a demonstration of the hops (vertical, forward and lateral), followed by two to
three practice hops (on each leg) on the force plate. They were taught to bend their
knees and hips slightly (during the eccentric phase) to perform a maximal jump for

height (during the concentric phase) and to land stiffly, with the foot flat on the ground.
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All hops in this study were performed barefooted as researchers have suggested the
natural elastic components of the body provide a greater protective effect than artificial
footwear against excessive load during voluntary exercise (Bassey et al., 1997; Bassey

& Ramsdale, 1994).

14 Day %g Period
Session 1 Session 2 & 3
Familiarisation Testing Sessions
l 1&2
Warm Up l
Warm Up
l A4
Pretesting Data Jump Demonstration
Collection (Testing session 1 only)
A 4
Familiarisation Jump Practice
Session (2x each jump)

Jump Data Collection
(2x each jump)

Figure 5.1 Experimental design of the 14 - day testing period

Testing Protocol (Sessions 2 & 3)

For the first testing session, participants performed a ten-minute standardised warm-
up prior to testing that consisted of easy cycling on a stationary Wattbike (Wattbike
Trainer, Nottingham, United Kingdom) followed by dynamic stretching and
bodyweight mobilisation exercises. Testing commenced five minutes after the warm-
up. Prior to testing, the hops were demonstrated using proper technique, with all
instructions standardised for every participant, and provided before every hop. For the
VH, participants were instructed to stand on the force plate with feet shoulder-width
apart with their arms by their side. Participants were then instructed to start with arms
above their head, then flex the knees and hips (during the eccentric phase) and quickly
jump upwards (during the concentric phase) with arms ‘swinging’ in a

countermovement style, to land stiffly on one leg. For the forward and lateral hop
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participants stood on one side of the force plate with feet shoulder-width apart before
leaping forward or sideways, and landing stiffly onto the other side of the force plate
on one foot. Participants were cued to land with minimal flexion of the hip and knee,

and to utilise a flat-footed ground contact. A pictorial representation of the phases of

the hops presented in this study are depicted in Figure 5.2.

Figure 5.2 Pictorial representation of the phases of the vertical hop (top), forward hop
(middle) and lateral hop (below), as described in this study: A) Start of eccentric phase;
B) Start of concentric phase; C) Flight phase; D) Landing phase

100



Chapter 5. Multiplanar Hop-Landings

Peak jump-landing forces were collected for the hop-landings ‘with instruction’ and
with ‘instruction withdrawn’ at 400 Hz using a portable AMTI (Advanced Mechanical
Technology Inc., Watertown, Massachusetts) Accupower (ACP) force plate (length
101.6 cm x width 76.2 cm x height 12.4 cm). Participants remained stationary on the
force plate for five seconds after landing and each hop was separated by a 30 - second
rest interval. The participants performed two practice hops (on each leg), followed by
two hops (on each leg) where they were cued to jump maximally in the vertical
direction for each hop type, and force plate data was collected using AMTI version
1.5 software (Athletic Republic, Fargo, North Dakota). Hops were performed in a
randomised order which was replicated in the second testing session. Data was

analysed as an average of the two hops (for each leg).

For the second testing session the same protocol was followed, however, no instruction
or cueing was given (instruction withdrawn) for how the participant was to perform
the hops. All testing for this study was undertaken at a similar time of day with
participants instructed to maintain their normal dietary intake before and after each
testing session. Participants completed activity diaries to monitor physical activity to
ensure that inter-session physiological status was similar. We did not control for
nutrition, or hydration levels but participants were told not to make any changes in the
above during the testing period. All jump testing was performed indoors in a

temperature-controlled Sports Science testing facility.

5.3.2 Participants

Twenty-one healthy premenopausal women (31 - 50 yr), volunteered to participate in
this study (Appendix 3). It was calculated using G*Power, that a target sample size of
21 participants will allow for the detection of changes in jump performance (o= 0.05,
1-p=0.80) between jumps with and without instruction. A summary of the participant
characteristics is presented in Table 5.1. All participants were considered healthy as
determined by a Physical Activity Readiness Questionnaire (PAR-Q) and a Pre-
exercise questionnaire (Appendix 4a), and inclusion criteria required participants to
be between 30 and 50 years of age, in conjunction with the participants reporting a

regular menstrual cycle to determine premenopausal status. Participants were
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excluded if any medical problems were reported that compromised their participation
or performance in this study, including; having a recent or current musculoskeletal
injury, osteoarthritis and any condition of impaired balance or coordination. The
methods and procedures used in this study were approved by the Institutional Review

Board Committee (R14/17) (Appendix 2).

Table 5.1 Baseline characteristics of the participants (mean + SD)

All Participants

(n=21)

Demographics

Age (yr) 43359
Height (cm) 167+5.5
Body mass (kg) 69.4+9.6
BMI (kg'm™2) 249+3.4
Body fat (%) 27.5+8.7
Maximal Countermovement Jump

Jump height (cm) 355+9.3

5.3.3 Data Analysis

The force-time data was calculated in Microsoft Excel 2013 (v 15.0.5179.1000,
Microsoft, California, USA) and presented as peak values. Forces in the x and y axis
were calculated as medial (positive) and lateral (negative), and anterior (propulsive)
and posterior (braking), respectively. Peak GRF magnitude was presented in respect

to body weight (BW), and was calculated as peak GRF, (N)/ body mass, (N). Peak

resultant forces were calculated as \/m and used to determine the rate of
force development (N-s™' * 100/ body mass, N; body weight per second, BW/s) over
10 ms taken from the steepest part of the slope between the end of the flight phase and
the peak landing force (Bassey & Ramsdale, 1994). All force-time data were filtered
using a second order low-pass Butterworth filter (cut off frequency 20 Hz) with zero
lag. A pictorial representation of the force profile of the hops utilised in this study are

presented in Figure 5.3.
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Figure 5.3 A typical vertical force profile of the vertical hop (left), forward hop (middle) and lateral hop (right). Dashed lines represent the
various phases of the hops. The circles indicate peak landing forces.
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5.3.4 Statistical Analyses

Stem and leaf plots were used to ascertain whether there were any outliers in the data
for each variable. All values three or more box lengths from upper or lower edges of
box were considered extreme outliers and were investigated carefully before being
considered extreme outliers and were removed (Kwak & Kim, 2017). After extreme
outliers were removed descriptive statistics were calculated and reported as mean and
standard deviations. A 2-way (jump type x instruction type) ANOVA with
Bonferroni’s post hoc tests was used to determine if significant differences existed
between the jump type and whether instruction was provided. A Shapiro-Wilk’s test
was used to show all data was normally distributed and met the assumptions associated
with the 2-way ANOVA. Significance was accepted at the p < .01 level. All statistical
analyses were carried out using Data Desk 6.01 for Windows (Data Description Inc.,
Ithaca, NY, USA). Effect sizes (ES = mean change/standard deviation of the sample
scores) were calculated to quantify the magnitude of the effects associated with
landings ‘with instruction withdrawn’. Cohen (1998) applied qualitative descriptors
were used for the effect sizes with ratios of 0.2, 0.5 and 0.8 indicating small, moderate

and large changes, respectively (Cohen, 1988).

5.4 Results

The range of peak magnitudes (4.17 to 5.12 BW’s) and peak rates of strain (239 to
334 BW/s) for vertical and resultant forces for the unilateral jump-landings in this
study exceed previously defined osteogenic thresholds (>3 BW’s and 43 BW/s)
(Bassey et al., 1998) (Table 5.2).

No significant interactions were observed between jump type and instruction type
(Table 5.3). Jump type was found to have a significant main effect (p <.01), with the
vertical hop producing consistently higher GRF than the forward and lateral hop at all
axes (except posterior) (110% to 192%; N and BW, respectively). Significantly higher
(p <.001) posterior forces were observed for the forward hop and lateral hop when
compared to the vertical hop (171% and 169%, respectively). In addition, lateral
GRF’s were significantly larger (p <.0001) for the lateral hop and vertical hop, when
compared to the forward hop (135% and 142%, respectively). Peak rate of force
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development (12% to 120%; p <.0001) also showed a significant effect (p <.01) for
jump type with the vertical hop producing higher rates of strain than the lateral hop
and forward hop (12% to 120%; N and BW, respectively).

No significant main effects for ‘Instruction’ were observed. Decreases in force for all
axes (except medial) were observed for the vertical hop (ES =-0.04 to -0.79), and the
forward hop (ES = -0.06 to 0.59), with instruction withdrawn. Although trivial and
small decreases in GRF’s were found for the lateral hop in the vertical, posterior and
medial direction (ES = 0.02 to -0.42), small to large increases were observed in the
anterior (ES =-0.79 and -0.78) and lateral (ES = 0.32 and 0.37) directions (N and BW,

respectively).
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Vertical Hop Forward Hop Lateral Hop
Peak Force WI WO ES WI WO ES WI WO ES
Parameters
Vertical
PVF (N) 3386 +£947 3183 +£762 0.24 3085+ 775 2705 £ 755 0.50 2809 + 680 2794 +£ 919 0.02
PVF (BW) 5.07 £ 1.55 476 +1.19 0.23 4.62 +1.30 3.83+1.40 0.59 4.19+£1.09 417+ 1.46 0.02
Anterior
PAF (N) 176 £ 91 170 £ 97 0.07 209 + 150 156 £ 90 0.44 7+4 12+9 -0.79
PAF (BW) 0.26+0.14 0.26+0.15 0.05 0.32+0.24 0.24 £0.15 0.44 0.01 £0.01 0.02 £0.01 -0.78
Posterior
PPF (N) -84 + 31 =76 £ 26 -0.28 -301 £59 275+£79 -0.38 274 £ 76 249 £ 71 -0.33
PPF (BW) -0.12 £ 0.04 -0.11 £ 0.04 -0.23  -0.44+0.07 -0.41+0.12 -0.28 -0.40 £0.10 -0.36 £0.10 -0.42
Medial
PMF (N) 485 £ 220 497 + 203 -0.06 86 + 34 91 +£41 -0.15 396 £ 177 391 +£234 0.02
PMF (BW) 0.73 +£0.34 0.74 £ 0.30 -0.04 0.12+0.06 0.12 +£0.09 -0.06 0.60 +£0.29 0.60 +£0.40 0.02
Lateral
PLF (N) -239 + 68 -195+43 -0.79 -139 + 66 -114 + 61 -0.39 -186 + 25 -202 + 82 0.32
PLF (BW) -0.36+0.11 -0.30 £ 0.08 -0.63 -0.21+0.12 -0.17+0.10 -0.39 -0.27 £0.04 -0.30+0.13 0.37
Resultant
PRF (N) 3417 £959 3213+ 774 0.23 3091 £ 779 2711 £ 757 0.49 2839 £ 690 2822 +£938 0.02
PRF (BW) 5.12+1.57 480+1.21 0.23 4.63 +£1.30 3.84+1.41 0.58 424 +£1.11 422 +1.49 0.02
RFD
RFD (kN.s™) 2152 + 869 1940 + 830 0.25 2211+1075 1861 £ 1054 0.33 1572 +732 1641 £ 958 -0.08
RFD (BW.s™) 319+ 131 287 +£122 0.25 333+ 169 277 £160 0.34 238 +£122 245 + 149 -0.05

Key: Data expressed as mean + SD
WI With Instruction; WO Without instruction; ES Effect size; N Newtons, BW Body weight; kN.s™! kilo Newtons per second; BW.s™' Body weight per
second. RFD Rate of Force Development.
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Table 5.3 Results of analysis of variance main effects of jump type on force variables

Peak Force Variables Mean values Mean values Mean values df F-ratio p-value
VH FH LH
Vertical force (N) 3285 29507 2832F (2,99) 9.69 <.001
Vertical force (BW) 4.82 4.35 4.17 (2,93) 10.3 <.001
Anterior force (N) 175 183* 13.97 (2,97) 56.5 <.001
Anterior force (BW) 0.26 0.27¢ 0.02f (2,96) 51.7 <.001
Posterior force (N) -80.9 -288" -2667 (2,93) 217 <.001
Posterior force (BW) -0.12 -0.427 -0.397 (2,93) 191 <.001
Medial force (N) 491% 1107 4008 (2,95) 77.6 <.001
Medial force (BW) 0.758 0.17¢ 0.587 (2,94) 89.0 <.001
Lateral force (N) 2178 -127 -1993 (2,97) 31.4 <.001
Lateral force (BW) -0.33% -0.19% -0.29 (2,98) 30.3 <.001
Resultant force (N) 3315 29567 28627 (2,99) 9.87 <.001
Resultant force (BW) 4.86 4.36" 4217 (2,93) 10.5 <.001
RFD (kN.s™) 2094 2036¢ 1692F (2,97) 6.07 .003
RFD (BW.s™) 311 295 2497 (2,95) 6.63 .002

Key 7 significantly different to VH; § significantly different to LH; § significantly different to FH

RFD Rate of Force Development. VH Vertical hop; FH Forward hop; LH Lateral hop;
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5.5 Discussion

This is the first study to quantify the GRF’s across all planes of motion associated with
multidirectional hop-landings in premenopausal women ‘with instruction’ and
‘instruction withdrawn’. The main findings of the current study with respect to the
proposed hypotheses were: 1) Vertical osteogenic thresholds for GRF magnitude and
rate previously shown to improve bone mass at clinically relevant sites for
premenopausal women were achieved and exceeded for vertical and multidirectional
hop landings; i1) The hypothesis that vertical landing forces would be greater (p <.01)
for the vertical hop was supported, with significantly (p < .01) different medio-lateral
and anterio-posterior GRF’s observed for the multidirectional hops; and, iii) In
contrast to the original hypothesis, smaller (p = .015) magnitudes and rates of GRF

occurred for hops performed with ‘instruction withdrawn’.

The current study presents a range of GRF magnitudes (4.02 to 4.93 BW’s) and rates
of strain (237 to 319 BW/s) for vertical and resultant hop-landing forces, which easily
exceeds previously defined vertical osteogenic thresholds (>3 BW’s and 43 BW/s)
(Bassey et al., 1998) developed using bilateral jump-landings with premenopausal
women. Interestingly, although Bailey and Brooke-Wavell (2010) reported GRF’s for
vertical hops performed maximally which do not achieve the stated osteogenic
thresholds (2.5 and 2.8 BW) they reported femoral BMD gains of nearly 2% for the
female participants [34.6 (7.9) yr]. They speculated however that the single-leg
landing forces may be equivalent to a total landing force of 5 - 6 BW’s due to forces
being transmitted through one leg only, and therefore easily exceeding the bone

stimulation threshold.

The variability that exists when quantifying peak vertical landing forces (2 to 6 times
body weights) for vertical jumps (bilateral and unilateral) in different studies (Bassey
et al., 1998; Clissold et al., 2018; McKay et al., 2005; Tucker et al., 2014; Weeks &
Beck, 2008), highlights the need to explore different aspects of jump technique and
the way instruction can influence jump-landing GRFs. The Bailey and Brooke-Wavell
study reported utilising a ‘countermovement’ style of jumping, however they were

referring to knee flexion prior to jumping and provided no instructions for arm swing
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or landing mechanics. We believe cueing our participants to use a vigorous arm swing
in a ‘countermovement’ style enhanced jump height and may have contributed to the
substantially greater impact forces we observed for our participants (Lees et al., 2004).
In addition, we cued our participants to ‘land stiffly’, with minimal knee flexion,
which potentially enhanced the osteogenic potential of the hops (Clissold et al., 2018;
Lees, 1981).

Interestingly, although no significant main effects were observed for instruction, we
demonstrated that in contrast to the original hypothesis, smaller (p = .015; ES = 0.02
to -0.79) magnitudes and rates of GRF occurred in jump-landings performed one week
later, with ‘instruction withdrawn’. Instruction was of interest to this study to
determine whether similar or greater GRF’s could be achieved when instruction was
withdrawn, as this could influence programming considerations. Although the current
study reported reduced GRF’s at most axes for the non-instructed session, the landing
forces for the hops (with instruction and with instruction ‘withdrawn’), exceeded
magnitudes and rates of strain previously shown to improve femoral BMD in

premenopausal women.

In spite of the small decreases in peak force production observed across all axes
(except medial) for the forward hop (16% and no change) and the vertical hop (13%
and 11%) with instruction withdrawn, small to large increases were observed for the
lateral hop in the anterior (171% and 1100%; ES = -0.79 and -0.78) and lateral (19%
and 111%; ES =0.32 and 0.37) direction (N and BW, respectively). These results may
indicate that participants are more likely to improve their jump-landing ability hops in
more unusual or unaccustomed directions (medial and lateral) when practiced over
time due to initial unfamiliarity. This proposition was evident in the recent ‘Hip-Hop’
study which reported baseline GRF’s of 2.7 BW for hops performed by older men (70
(4) yr), which increased to 3 BW after 6 months of performing the hop programme
(Allison et al., 2015). In addition to participants developing adaptations to both
generate and tolerate increased landing forces over time, multidirectional hopping
interventions have reported improvements in factors relevant to falls prevention, such

as muscle strength and balance, in addition to enhanced BMD for premenopausal
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women at clinically relevant sites for osteoporosis prevention (Bailey & Brooke-

Wavell, 2010a, 2010b).

Our study demonstrated that jump type had a significant effect, with greater forces
observed in the vertical hop for all force variables measured (except posterior). Jump
type was found to have a significant main effect (p < .01), with the vertical hop
producing consistently higher GRF than the forward and lateral hop at all axes (except
posterior) (110% to 192%; N and BW, respectively). Significantly higher (p <.001)
posterior forces were observed for the forward hop and lateral hop when compared to
the vertical hop (171% and 169%, respectively). In addition, lateral GRF’s were
significantly larger (p <.0001) for the lateral hop and vertical hop, when compared to
the forward hop (135% and 142%, respectively). Peak rate of force development (12%
to 120%; p < .0001) also showed a significant effect (p <.01) for jump type with the
vertical hop producing higher rates of strain than the lateral hop and forward hop (12%
to 120%; N and BW, respectively). A paucity of research exists in the area of
quantifying landing forces associated with hop exercises, with an exclusive
presentation of the vertical hop and vertical GRF’s only (Allison, Folland, Rennie,
Summers, & Brooke-Wavell, 2013; Bailey & Brooke-Wavell, 2009; McKay et al.,
2005; Weeks & Beck, 2008). Therefore, a limitation exists for the interpretation of the
force data across all planes of motion and the contribution of each vector to the overall
osteogenic stimulus for bone. However, it is well accepted that unusual or unfamiliar
directions of force application, as provided by multidirectional hops, may further
enhance the overall osteogenic potential of mechanical loading and warrant further

investigation.

Wolff’s Law, is well described in terms of bones ability to adapt to mechanical loads,
leading to bone formation, and Frost (1987) explored the forces to achieve skeletal
adaptation in the development of his ‘minimum effective strain’, or ‘mechanostat’
theory, hypothesising that mechanical forces exceeding this remodelling threshold
would therefore stimulate bone formation and increase bone mass and bone strength
(Frost, 1987, 1992, 2003). Furthermore the ‘error strain distribution hypothesis’
suggests that unusual or novel directions of force application may have a greater

osteogenic effect than magnitude and therefore vital to osteogenesis (Lanyon, 1987,
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1996). Thus, the intention of quantifying multidirectional single leg landings in the
current study was to provide unique and variably distributed forces to the skeleton,
and specifically the femoral neck, and to provide opportunity for exercise progressions

(i.e. variation and progressive overload) with respect to osteogenic programme design.

5.6 Conclusion

In conclusion, our results show that the multidirectional hop-landings, once cued to
land ‘stiffly’, and to utilise a flat-footed ground contact, easily exceeded osteogenic
thresholds previously shown to increase bone mass in premenopausal women. This
has implications for multidirectional hops, as part of a wider osteogenic programme,
to be performed effectively in the home-setting, after only one instructed session. As
research has predominantly focussed on minimising postmenopausal BMD losses and
risk factors associated with falling, exercise regimes for improving bone mass in adults
are generic and lack specific recommendations for the premenopausal age group. Thus
jump-landing exercises, including hopping and jumping, which have been quantified
using premenopausal women could be utilised to develop a periodised jump-landing
programme specifically relevant to this population. However, multidirectional hops,
such as those described in the current study, may require pre-conditioning exercise,
and the performance of bilateral jump-landings first, as part of a programme designed
to safely optimise the impact stimulus required to promote bone formation in

premenopausal women.
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CHAPTER 6. THE DEVELOPMENT OF A LONGITUDINAL
PERIODISED JUMP-LANDING PROGRAMME FOR
PREMENOPAUSAL WOMEN

6.1 Prelude

The previous biomechanical studies (presented in Chapters 3 to 5) are the first to
present force kinetics at all planes of motion for a series of bilateral and unilateral
multidirectional jump-landings performed by premenopausal women. We were able
to demonstrate that by utilising a reactive jump (defined as jumping immediately after
the first jump landing) with a selection of bilateral jumps, and by cueing to land
“stiffly” (for all jumps and hops), we were able to easily and consistently achieve the
osteogenic thresholds for GFR magnitude and rate which have stimulated gains in
bone at clinically relevant sites with premenopausal women. In addition, we
considered the influence of loading direction variation which may be a particularly
important consideration for osteogenic jump-landing programmes and for special
populations such as older adults unable to tolerate high magnitude and rate of GRF.
Thus, future research is required to develop a longitudinal periodised osteogenic jump-
landing programme specifically for pre-menopausal women using a resource of
quantified jump-landing exercises (bilateral and unilateral), with consideration for
different loading activity variables (including; strain magnitude, strain rate and strain
direction). Therefore, the purpose of this study was to develop a bone health exercise
programme specifically for pre-menopausal women, utilising previously quantified
jump-landing force data obtained from premenopausal women, whilst integrating
current bone health guidelines, research and concepts of best practice strength and

conditioning.

Clissold, T. L., Cronin, J. B., De Souza, M. J. & Winwood, P. W. (2019). The
development of a jump-landing programme for premenopausal women based on

quantified jump landings. Formatted for Strength and Conditioning Journal.
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6.2 Introduction

Jumping and hopping exercises have been researched for their role in the
achievement of peak bone mass in young people and for minimising age-related
bone loss in females (Bailey & Brooke-Wavell, 2009, 2010b; Bassey et al., 1997;
Bassey & Ramsdale, 1994; Bassey et al., 1998; Stiles et al., 2013; Weeks & Beck,
2008). Meta-analyses support exercise modalities which involve impact forces as
having the greatest ‘osteogenic potential’, suggesting hypothetical gains in bone
mineral density (BMD) of 3 - 5% for premenopausal women (30 - 50 years), during
a time when normal bone loss is 0.5 - 1% per year (Babatunde et al., 2012; Martyn-
St James & Carroll, 2010). However research has predominantly focused on
minimising bone losses in “high risk” postmenopausal women and as a consequence
exercise recommendations to improve bone health in adults are generic and lack
specific recommendations for women before they experience the accelerated bone
losses at menopause (Goémez-Cabello et al., 2012; Guadalupe-Grau et al., 2009).
Thus, a quantified periodised osteogenic jump-landing programme which targets
premenopausal women represent a “window of opportunity” to gain bone, and
prevent or delay the time before the fracture threshold is surpassed in the

postmenopausal years.

Based on human and animal studies, the measurement of ground reaction forces
(GRF’s), represented as body weight’s (BW’s) have been validated to estimate the
influence of loading on bone (Bassey et al., 1997; Hsieh et al., 1999; C. H. Turner,
1999; C. H. Turner & Robling, 2003). Bassey and colleagues (1998), developed
‘osteogenic thresholds’ to represent cut-points specific to mechanical loading which
correspond to 3 BW’s and mean peak loading rates of 43 bodyweights per second
(BW-s!) for premenopausal women, after achieving significant increases in femoral
BMD of 2.8% using countermovement jumps (50 jumps, 6 days/week).
Osteoporosis Australia, and more recently Exercise and Sports Science Australia
(ESSA), have published recommendations for moderate to high impact activities,
such as jumping, skipping and hopping, be performed 3 - 5 times per week to
promote bone health in adults (B. R. Beck et al., 2017; Ebeling et al., 2013).

However, although the ESSA position statement identifies the types of exercises to
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be utilised, it lacks detail about jump-landing technique, overall programme design

and the monitoring of daily and weekly loading.

Researchers recommend that an exercise regime should fulfil the following criteria
to achieve an adaptive bone response: a) provide sufficient magnitude and rate of
strain; b) deliver a range of diverse and unusual distribution patterns of strain; c)
provide a limited number of loading cycles at each distribution; d) be of short
duration; and e) provide adequate recovery periods (Bassey et al., 1997; Hsieh et al.,
1999; C. H. Turner, 1999; C. H. Turner & Robling, 2003). Other programme
variables to be considered include; jump-landing technique, instructions/cues
provided, progression and mesocycle design (including loading and de-loading
cycles), clinical bone site specificity, age-dependent response to loading and
individualisation, (Fleck & Kraemer, 2014; Kraemer & Ratamess, 2004; C. H.
Turner & Robling, 2005). Thus, a programme designed to safely optimise the impact
stimulus required to promote bone formation must provide specific cues for jump-
landings mechanics whilst adhering to best practice musculoskeletal programme
design (Fleck & Kraemer, 2014; Kraemer & Ratamess, 2004; Mansfield, 2006;
Mothersole et al., 2014). Therefore, the purpose of this review was to consider these
factors whilst utilising previously quantified kinetic data for a selection of bilateral
and unilateral jump-landings to develop a periodised jump-landing programme that
can be used to safely organise and optimise the impact stimulus required to promote

bone formation in healthy premenopausal women.

6.3 Osteogenic Programme Design

6.3.1 Bone Adaptation in Response to Mechanical Load

A review of the literature strongly supports that bone responds optimally to the net
effect of different loading activity variables (including; strain magnitude, strain rate
and strain direction). It is now well accepted that all of these loading variables
collectively contribute to the overall osteogenic effect of mechanical loading and are
as such interlinked and interdependent (Hart et al., 2017). In addition, the following
factors need to be considered to optimise bone mechanosensitivity; frequency and
number of loading cycles and rest and recovery between jump-landings and jump-

landing sessions. Thus, an understanding about the effect of mechanical loading on
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bone strength is of critical importance to clinicians, physical therapists and
researchers, given the incidence and severity of fractures related to osteopenia and
osteoporosis. This review provides a summary of the factors to be considered when
designing exercise programmes that will optimally stimulate an adaptive bone

response based on the bone adaptation in response to mechanical load:

1. Strain magnitude

Wolff’s Law states that bone has the ability to adapt to mechanical loads, suggesting
that mechanically-induced strain is a key factor which affects bone formation. Frost
(1987) explored the threshold of strain necessary to achieve skeletal adaptation in the
development of his ‘minimum effective strain’ (MES) or ‘mechanostat’ theory,
hypothesising that mechanical forces exceeding this remodelling threshold would
therefore stimulate bone formation and increase bone mass and bone strength. The
mechanical force required to stimulate bone uncoupling of bone remodelling to
achieve bone formation has been identified as about 6% of the normal fracture strain
threshold (1500-2000u€) (Frost, 1992). Studies using rat tibia and ulnar determined a
linear relationship between the magnitude of an externally applied load and bone strain
magnitude (Hsieh et al., 1999) which supports the measurement of GRF, represented
as BW, to be used to estimate the influence of this loading on bone. Ground reaction
forces 2 to 6 times BW’s have been previously shown to stimulate bone and result in
bone formation according to more recent meta-analyses (Babatunde et al., 2012; Zhao

etal., 2014).

2. Strain rate (Rate of force development)

Although magnitude of strain is considered an important factor to influence the
adaptation of bone, the strain rate is considered equally important (Lanyon, 1987;
Robling et al., 2006; C. H. Turner & Robling, 2003). Lanyon (1996), modified the
original MES theory to include other osteogenic factors such as the rate of strain
(MES-stimulus theory), proposing that the rate a bone is exposed to strain was more
important than the magnitude of the strain on influencing the adaptive response
(Robling et al., 2001; C. H. Turner & Robling, 2003). This suggests that the
mechanisms identified for providing the greatest influence for stimulating bone
formation are a function of both peak vertical force magnitude and peak rate of force

production (O'Connor et al., 1982), with the suggestion that if peak rate of force
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production is sufficiently high then bone adaptation can be stimulated without using
such high forces (Lanyon, 1987; O'Connor et al., 1982; C. H. Turner & Robling,
2003). Thus, both peak loading magnitude and peak loading rate are considered an

appropriate way to represent osteogenic thresholds.

3. Strain direction

As researchers state that bone adaptation is blunted by habitual patterns of loading
(e.g. walking and running), novel or diverse loading patterns are required and to
stimulate an adaptive bone response (Lanyon, 1996; C. H. Turner & Robling, 2003).
Therefore, exercises such as jumping and hopping, which are considered to provide
‘unusual’ or ‘unfamiliar’ patterns of strain in women who are habitually inactive and
not involved in high-impact sports, have been shown to have a greater osteogenic
effect than magnitude alone, with bone adaptation being observed at much lower
GRF’s when these non-habitual strains are applied (Lanyon, 1987; C. H. Turner &
Robling, 2003). Wolff’s Law, is well accepted in terms of bones ability to adapt to
mechanical loads, and subsequent bone formation. Furthermore the ‘Error Strain
Distribution’ hypothesis suggests that unusual or novel directions of force application
may have a greater osteogenic effect than magnitude and therefore vital to
osteogenesis (Lanyon, 1987, 1996). Hence, the influence of loading variation is a
particularly important consideration for osteogenic jump-landing programmes and for
special populations such as older adults unable to tolerate high magnitude and rate of

GRF.

4. Frequency and number of loading cycles

The number of impacts is also been shown to affect the rate of bone formation, with
animal studies showing a range of 5 - 100 loading cycles can stimulate bone formation
and maintain the mechanosensitivity of bone (Lanyon, 1987; Robling et al., 2001;
Umemura et al.,, 2002). Increases in BMD have previously been reported in
premenopausal women using jumping interventions of between 10 - 100 jumps
performed 3 - 7 times per week (Bassey & Ramsdale, 1994; Kato et al., 2006;
Vainionpdd et al., 2006; Winters-Stone & Snow, 2006). Although the optimal
frequency of loading bouts has not been established, a study using a multidirectional

hopping intervention concluded that hopping exercises need to be performed daily,
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when compared to other weekly frequencies, to increase femoral neck BMD (Bailey

& Brooke-Wavell, 2010b).

5. Rest-recovery periods

Rodent studies have shown that bone quickly becomes desensitised to impact exercise
as the loading bout continues without interruption (Robling et al., 2001; Umemura et
al., 2002). These researchers also report that the maximal osteogenic effect occurs in
the first few minutes of exercise, and that shorter exercise sessions are potentially more
beneficial to bone than exercise of extended duration. Providing adequate recovery
between loading cycles, and jumping sessions, has been shown to maintain the
mechanosensitivity of bone and optimise the osteogenic response, by enhancing the
surface area of bone actively forming new bone (Srinivasan et al., 2002). Studies using
animal models showed that skeletal tissue becomes desensitised after 40 - 50
repetitive loading cycles, and a rest period of 24 hours is sufficient to restore bone
mechanosensitivity (Robling et al., 2001). Furthermore, rest periods between loading
bouts of around 15 seconds and up to 8 hours, have been shown to increase bone
formation outcomes by 65% to 100% (Burr, 2003; Hart et al., 2017; Robling et al.,
2001; Robling et al., 2006; Srinivasan et al., 2002; Tucker et al., 2014). Interpretation
of this research suggests that the anabolic effect on bone could be enhanced with less
than 50 repetitions of loading, 15 - 30 second rest intervals inserted between jumps
and 24 hours between each jumping session. In addition, the design of the jump-
landing programme must not only consider the optimisation of bone growth, as
inserting appropriate rest periods is required to reduce the risk of bone micro damage,

fatigue and to prevent injury (Burr, 2011, 2015).

6.3.2 Musculoskeletal Training Programme Considerations

Other training variables reviewed for programme design include; neural adaptation
and progressive overload, specificity (bone site and life stage), individualisation,
mesocycle design (including loading and de-loading cycles) and periodisation.
Additional factors, such as jump-landing technique, the role of instructions and type
of footwear must also be considered. It is important that best practice musculoskeletal

programme design is adhered to at all times (Fleck & Kraemer, 2014; Kraemer &
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Ratamess, 2004). This review provides a summary of the factors to be considered
when designing exercise programmes that will optimally stimulate an adaptive bone

response:

1. Neural Adaptation and Preparation for Jump-landings

A 4-week phase of strength and conditioning (4-week neural adaptation programme)
would be necessary to implement prior to the introduction of a jump-landing
programme to adequately prepare the participants for the impact intensities prescribed
(Bompa & Haff, 2009; Haff & Triplett, 2015; Mansfield, 2006; Mothersole et al.,
2014). In accordance with ‘best practice’ strength and conditioning programming, the
first stage of a jumping or plyometric training programme should focus on developing
competent movement patterns, general strength and balance (Kritz et al., 2009;
Mothersole et al., 2014; Stone et al., 2006). It is recommended that the successful
completion of a progressive weight-bearing programme, including strength and
balance, will adequately prepare untrained individuals to tolerate the stresses involved
with jump-landings to maximise benefits to bone health and reduce risk of injury
(Clissold et al., 2018; Davies et al., 2015; Mansfield, 2006; Mothersole et al., 2014).
This phase should be performed in a supervised capacity, as the ability to provide
instruction and demonstrate proper technique is an important process for guiding
exercise prescription and progression in a safe manner (Ashley & Weiss, 1994; Wang
etal., 2016; Young et al., 1995). Taking into consideration the aforementioned factors
the specific 4-week neural adaptation programme developed for the bone training

study is presented in Table 6.1.
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Table 6.1 Four-week neural adaptation programmej

Movement Type Exercise Sets Reps Rest
1.8quat patterns Squat 2 10 30
(Body weight) sec
Lunge 2 10 30
(each leg) se¢
Squat jump* 2 10 30
sec
2. Balance Stork eyes open (20 sec) 2 1 30
sec
Stork eyes closed (20 sec) 2 1 30
sec
Left to right leg stork 2 2-3 30
Right to left leg stork (each leg) se¢
3.Gluteal work Hip Thrusts 2 15 30
(Body weight/bands) sec
Abduction 2 15 30
sec
Clams 2 15 30
sec
4. Core work Sit ups 2 10-15 30
sec
Plank 2 30 sec 30
sec
Ankle touches 3 10 30
(each side) sec
Back Extension 3 20 sec 30
“Superman’s” sec
5. Jump Countermovement jump 2 5 30
familiarisation® sec
Star jump 2 5 30
sec
Stride jump 2 5 30
sec
Drop jump (Low) 2 5 30
sec
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[ 6. Swreiches  |[Hip flexor/Quads || 2 |[30-60scc |[[Nil |
Hamstrings (of each) holds
Adductors/Abductors
Calves

Key: * Exercises performed sub-maximally in a controlled manner; ¥ Jumps performed with
single jump-landings, § Training variables (sets, reps, time), associated with the programme
may be progressed over the 4 weeks.

2. Progressive Overload and Periodisation

A jump-landing programme needs to progress in volume and technical difficulty over
a 12-month period, and its development should consider findings from previous studies
which have achieved BMD gains in premenopausal women over similar time periods.
The general training principle of progressive overload states that we must overload the
body beyond what it is normally required to stimulate the body to adapt to the new
demands (Haff & Triplett, 2015). This can be achieved by progressively increasing the
volume, intensity, frequency and variety of exercise (Haff & Triplett, 2015), however
this has not been well defined in the area of bone health exercise. Thus, bone health
programmes should be designed to increase in magnitude and rate of strain, number of
ground contacts and technical difficulty (i.e. bilateral to unilateral) in a progressive
manner. Therefore, it is necessary to utilise data obtained from studies which have
previously quantified the GRF’s for a variety of jump-landings specifically using
premenopausal women (Bailey & Brooke-Wavell, 2010b; Bassey & Ramsdale, 1994;
Bassey et al., 1998; Clissold et al., 2019; Clissold et al., 2018). A comparative analysis
of existing data was undertaken and the stress stimulus of each exercise was calculated
(see Table 6.2). Such data could determine the order these exercises may be introduced
into the osteogenic jump-landing programme (Clissold et al., 2019; Clissold et al.,
2018). In order for progression to be accomplished, it is well accepted that the loading
should be carefully planned so that all sets and repetitions can be completed and the
risk of overtraining or injury is minimised (Stone et al., 2006). Therefore, it is essential
that participants are loaded and progressed within a ‘Jump-landing Programme’
according to several factors including; strength, balance, movement and technical
proficiency, fitness level, injury status and comfort, to maximise potential for
adaptation and minimise risk of injury (Davies et al., 2015; Mansfield, 2006;
Mothersole et al., 2014).
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Table 6.2 Ground reaction forces for jump-landings for previously quantified jumping exercises

Jump Type Peak GRF Peak RFDP Stress Stimulus
¥
Magnitude (BW-s)
(BW)

Bilateral jump-landings

DIJ+RJ 5.04 308 1
CMJ+RIJ 4.97 299 2
SDJ+RIJ 4.43 245 3

SJ+RJ 4.29 226 4

Unilateral jump-landings

VH 4.80 303 5
FH 4.25 284 6
LH 4.15 241 7

Key: GRF Ground reaction force; RFD Rate of force development; BW Body weight; BW-s™
Body weight per second; ¥ mean values presented as a total stimulus (both jump-landings
combined); B resultant forces; CMJ+RJ Countermovement jump with a reactive jump-landing;
DJ+RJ Drop jump with a reactive jump-landing; SJ+RJ Star jump with a reactive jump-landing;
SDJ+RJ Stride jump with a reactive jump-landing; VH Vertical hop; FH Forward hop; LH
Lateral hop.

3a. Specificity (Bone-site)

Evidence from cross-sectional studies describe athletes in weight-bearing sports (i.e.
gymnastics, tennis, and volleyball) which involve high magnitude and rates of loading
and novel or diverse loading patterns, as having greater bone mass at loaded skeletal
sites compared to non-athletes or athletes in non-weight-bearing or lower-impact
sports (Alfredson et al., 1997; Kontulainen et al., 2003; Snow et al., 2001).
Researchers (Drake et al., 2015). Studies have demonstrated that the hip and lumbar
spine are fracture sites most frequently associated with postmenopausal osteoporosis,
which are primarily a consequence of trabecular bone losses due to oestrogen
deficiency, however the hip is considered the most severe osteoporosis complication
(Kanis, 2002). Therefore jump-landing programmes should be developed to be
specific to the lower extremities, with a primary target on the femoral neck and lumbar

spine regions. However, some researchers have suggested that jump-landings will not
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provide an effective stimulus for individuals aiming to improve bone strength at the
spine, and recommend upper body resistance exercises as a better option (Winters-
Stone & Snow, 2006). These researchers have suggested that jumping exercises fail to
generate sufficient osteogenic stimulus for bone formation at the spine, as the
mechanical load is attenuated before being translated to the lumbar area (Vainionpaa
et al., 2005; Winters-Stone & Snow, 2006). However, jump-landings performed whilst
utilising a reactive jump-landing, and ‘stiff’ landing mechanics (Clissold et al., 2019;
Clissold et al., 2018), have the potential to stimulate the lumbar spine, in addition to
the femoral region. As musculoskeletal adaptations are specific to the areas where the
stimulus is applied, future research is warranted to quantify a series of exercises (e.g.

upper body) which can be utilised in a total body osteogenic programme.

3b. Specificity (Life-stage)

The response to osteogenic stimulus observed in several animal and human exercise
intervention studies is age-dependent, with support for the hypothesis that the strongest
response to mechanical loading occurs in young bone. Babatunde (2013) proposed a
paradigm shift which identifies the need to consider life stage specificity for promoting
preventative measures to reduce risk factors for osteoporosis. If we consider the
concept that post-menopausal BMD is a consequence of peak BMD (achieved at
skeletal maturity), menopause and the rate of bone loss as the women ages, then the
period of bone growth during the pre-pubertal, pubertal and premenopausal years is
the optimal time to focus on positive interventions for maximising bone health.
Interestingly, a vertical jumping intervention in premenopausal women which
increased femoral neck BMD by 2.8%, failed to achieve a significant change for the
postmenopausal group when compared with the control group after 12 months (Bassey
et al., 1998). This finding indicates that the loading forces required to achieve an
osteogenic response in older (> 50 years) women may be higher than for younger
women (< 50 years) (Gomez-Cabello et al., 2012; Guadalupe-Grau et al., 2009;
Lanyon, 1996). However, other studies have shown that mechanical loading (i.e.
resistance training) after the menopause can play a role in preventing or slowing bone
loss which would normally occur during this time (Kemmler, Engelke, & von Stengel,

2015; Kemmler et al., 2007). Thus, the key message is to optimise bone health
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throughout all stages of life, however high-impact loading (i.e. jumping and hopping)

appears to be a beneficial approach in healthy premenopausal women.

4. Individualisation

A limitation of current exercise recommendations for osteoporosis management and
prevention, is the lack of consideration for individual difference, existing bone health,
movement competency and functional capacity. Therefore, a safe and effective
osteogenic jump-landing programme must consider risk factors which may
compromise the safety for performing such a programme such as; age, frailty, pre-
existing osteoporosis, musculoskeletal pain or injury, osteoarthritis and history of
fractures or falls (Gallagher & Tella, 2013). It is therefore recommended that before
individuals seek to undertake jump-landing exercises, pre-conditioning exercise may
be needed to tolerate the stresses involved with jump-landing exercises to maximise
benefits to bone health and reduce risk of injury. A position statement recently
published recommendations for exercise prescription for the prevention and
management of osteoporosis, in which they classify individuals into three levels of risk
for fragility fracture (low, moderate and high), using the World Health Organisation
(WHO) defined T-scores (B. R. Beck et al., 2017). According to this classification,
low risk individuals are defined as having normal BMD (T-score above -1.0 SD), and
no clinical risk factors for falls or fracture, and deemed safe to participate in a jump-
landing programme (as described in this article). Individuals classed as moderate and
high risk (T-score -1.0 to -2.5 SD and less than -2.5 SD, respectively), are
recommended to also perform jump-landings (2 - 3 BW), with an emphasis on
conditioning the musculoskeletal system, gradual loading increments, pain-free
competency and safety in terms of falls prevention (B. R. Beck et al., 2017). In
addition, the frequency of performing the jump-landings should be determined by the
recovery requirements of individual participants, with no more than two consecutive

jump training days permitted before a rest day must be taken.

5. Mesocycle design

A jump-landing programme must utilise a model of periodisation to ensure that
training principles are manipulated safely and effectively to achieve long-term benefit
to bone health. Hence the concept of clustering the jumps can be utilised to optimise

the osteogenic effect over time, whilst adhering to safe programming guidelines. The
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loading of the first mesocycle (4-week block of training) in a jump-landing programme
provided, could utilise a 3:1 structure involving a progressive increase in jumping
volume (loading) over the first 3 weeks, followed by a de-loading week characterised
by low volume to enhance musculoskeletal adaptations and provides opportunity for
bone to re-sensitise before introducing a new jumping stimulus (Bompa & Haff, 2009;

Fleck & Kraemer, 2014; Haff & Triplett, 2015).

6. Jump-landing technique

Researchers have suggested that jumping and hopping exercises may only be useful in
terms of osteogenic benefit, if aspects of jumping and jump-landing technique are
clarified for this purpose (Clissold et al., 2019; Clissold et al., 2018). It would seem
that cueing participants to jump maximally, minimise ground contact time and employ
vigorous arm-swing, can significantly influence this aspect of force production
(Bobbert et al., 1987; Bobbert et al., 1986; Clissold et al., 2019; Clissold et al., 2018;
Lees, 1981; Lees et al., 2004). Clissold and colleagues (2018, 2019), who recently
published a series of studies focussed on premenopausal women, suggested that jump-
landing technique is a major factor that can influence the osteogenic effectiveness of
jumps, and explored the effectiveness of repeated jump-landings to heighten bone
stimulation. They stated that providing specific cues for the jump-landings (i.e. think
of the ground as a hot plate) and therefore to ‘jump immediately after the initial jump-
landing’ (a “reactive jump”), will cause the participant to flex minimally upon landing
and push off quickly thereafter, thus preventing a “soft” landing and reducing the
absorption of impact energy by the leg musculature. By utilising this technique,
Clissold et al. (2018) reported easily achieving previously established osteogenic
thresholds for GRF magnitude and rates for all jump-landings, and significantly larger
landing forces (110 - 20%; p < 0.05) for the second jump-landing (post-reactive jump).
These findings support the importance of jump-landing technique on the osteogenic
effectiveness of jump-landings, and the value of cueing for a more ballistic jump-

landing to enhance bone stimulation.

7. Instructions provided

Researchers have shown that we can successfully employ a specific jumping style after
being instructed only once (Bobbert et al., 1986; Richter et al., 2011; Young et al.,
1995), which implies that being that once proficient, jumps do not need further
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coaching and can be performed in the home setting with the knowledge that the
appropriate GRF’s and subsequent osteogenic thresholds will be met. Although
existing literature documenting jump-landing impact forces utilises a variety of
different instructions for arm position and effort during jumping, Clissold and
colleagues (2018, 2019), believe that cueing participants to use a vigorous arm swing
in a “countermovement” maximises jump height and hence impact forces, and
consequently the osteogenic potential of the exercise. They also demonstrated the
importance of cueing participants to land quickly and stiffly, to enhance the osteogenic
effectiveness of the jump-landings. Their research showed that participants can achieve
similar or greater jump-landing forces after only one instructed session, due to learning
or practice effects, which has clinical implications for an osteogenic jump-landing
programme being delivered in an unsupervised setting (Clissold et al., 2019; Clissold

etal., 2018).

8. Type of Footwear

Early research by Bassey and Ramsdale (1994), compared jumping activities with
subjects ‘wearing’ and ‘not wearing shoes’ to assess the factors which could influence
the forces generated in bone and inform future studies in this area. They observed
nearly 20% increase in jump height when participants wore trainers, which
significantly increased both GRFs and rate of force development, but potentially
compromised safety (Bassey & Ramsdale, 1994). Further research involved a case
study where an instrumented titanium strain-gauge was implanted into the femur of a
hip replacement patient confirmed an increased magnitude and rate of compressive
loading of the femur whilst jumping wearing trainers (Bassey et al., 1997). They
concluded that the natural elastic components of the body provide a greater protective
effect than artificial footwear against excessive load during voluntary exercise and

recommend jump-landings to be performed on a firm surface in a barefooted condition.

6.4 A Periodised Osteogenic Jump-Landing Programme

The previously quantified jumping exercises to be included in the 12-month periodised
osteogenic jump-landing programme include a combination of vertical and

multidirectional bilateral and unilateral jumps; 1) Countermovement jump with
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reactive jump-landing (CMJ+RJ), 2) Drop jump with reactive jump-landing (DJ+RJ),
3) Star jump with reactive jump-landing (SJ+RJ), 4) Stride jump with reactive jump-
landing (SDJ+RJ), 5) Vertical hop (VH), 6) Forward hop (FH), and 7) Lateral hop
(LH). The 12-month jump landing programme (presented in Table 6.3) encapsulates
current bone health research guidelines, previously determined jump-landing stress
stimulus data and incorporates the principles of best strength and conditioning

practice.

Table 6.3 Jump-landing programme created for the 12-month training study.

Week Jump |[|Frequency“| Setsx || Volume Volume Rest Rest
Type (per week) | Reps (landings (landings (between || (between
per day) per week) jumps) sets)
Phase 1. CMIJ+RJ || 2x 4x4 32 64 5 sec 30 sec
Jll 3x 4x4 |[32 9%
(1-4)
4x 4x4 32 128
3x 4x4 32 96

B2. CMIJ+R]J 4x 2x4 32 128 5 sec 30 sec
(-8 SI+RJ 2x 4
B3. CMJ+RJ 4x 2x4 32 128 5 sec 30 sec
(0-12) SDI+RJ 2x 4
Phase 2. DIJ+RIJ 4-5x 2x4 32 128-160 5 sec 30 sec
B4 SIRJ 2x4
(13-16)
B5. DIJ+RIJ 4-5x 2x4 32 128-160 5 sec 30 sec
(17-20) \[SDI+RT 2x 4
Bé6. CMIJ+RIJ 4-5x 2x3 36 144-180 5 sec 30 sec
(21-23)  \["SiR7 2x3

SDJ+RJ 2x3
B7. DIJ+RJ 4-5x 2x3 36 144-180 5 sec 30 sec
(24-26)  |I'STHR] 2x3

SDJ+RJ 2x3
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Phase 3 CMIJ+RJ || 4-5x 2x4 32 128-160 5 sec 30 sec
BUL LH” 2x 4
(27-30)
BU2. DJ+RJ 4-5x 2x4 32 128-160 5 sec 30 sec
(1-39)  \Fr 2x 4
BU3. CMIJ+RIJ || 4-5x 2x4 32 128-160 5 sec 30 sec
(33-38  IVvu~ 2x4
Phase 4. SJ+RJ 4-5x 2x3 36 144-180 5 sec 30 sec
BU4 VH” 2x3
(39-42)

FH” 2x3
BUS. SDJ+RJ 4-5x 2x3 36 144-180 5 sec 30 sec
(43-46) ryp~ 2x3

LH” 2x3
BUEG. CMIJ+RJ || 4-5x 1x2 40 160-200 5 sec 30 sec
(47-32)  DrRJ 1x2

SJ+RJ 1x2

SDJ+RJ 1x2

VH” 2x2

FH” 2x2

LH” 2x2

Key: CMJ+RJ Countermovement jump with a reactive jump-landing; DJ+RJ Drop jump with a
reactive jump-landing; SJ+RJ Star jump with a reactive jump-landing; SDJ+RJ Stride jump with a
reactive jump-landing; VH Vertical hop; FH Forward hop; LH Lateral hop. B Bilateral jump-
landings only; BU Bilateral and Unilateral jump-landings; oo All unilateral jump-landings to be
performed on both legs; °The frequency of performing the jumps will be determined by the recovery
requirements of individual participants, with no more than two consecutive jump training days
permitted before a rest day must be taken. The shaded area depicts the initial 4-week mesocycle
including examples of progressive overload and a de-loading week before a new jump-landing
stimulus is introduced
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The following section gives detailed instructions on how to perform the jump-landing

exercises for participants in an unsupervised setting.

6.4.1 Bilateral Jumps (Vertical and Multidirectional)

For the CMJ+RJ, stand with feet shoulder-width apart with arms raised above the
head. Then flex the knees and hips with arms “swinging” downwards (during the
eccentric phase) and then jump upwards with arms “swinging” in the intended
direction of travel (in the concentric phase) to perform a maximal jump for height,
then immediately jump again after the initial jump-landing. For the DJ+RJ, step up
and off a 20 cm box and only allow a small downward knee movement after landing,
followed quickly by a second maximal jump. It is important to land as if the ground is
a “hot plate” (first jump-landing; reactive jump), and to immediately jump again for
maximal height before landing again (second jump-landing; post-reactive jump). A
pictorial representation of the phases of the bilateral vertical jumps utilised in this

programme can be observed in Figure 6.1.

Figure 6.1 Pictorial representation of the phases of the countermovement jump and
reactive jump (top row) and drop jump and reactive jump (bottom row), as described
in this programme: A) Start of the jump; B) First flight phase 1; C) First impact for
jump-landing 1; D) Second flight phase 2; E) Second impact for jump-landing 2.
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For the SJ combined with a reactive jump, stand with feet together and arms by your
side. First flex the knees and hips slightly (during the eccentric phase) then quickly
jump upwards (during the concentric phase) with arms ‘swinging’ upwards and legs
‘swinging’ outwards to land in a shortened ‘star’ position with feet flat on the ground.
Then immediately jump again after the initial jump-landing (i.e. think of the ground
as a hot plate), ‘pulling’ the arms and legs back to a stiff starting position. For the SDJ
combined with a reactive jump, started in a stride position with one leg forward and
one leg back with heels flat on the ground. Then bend the knees and hips slightly
(during the eccentric phase) to perform a maximal jump for height (during the
concentric phase) with legs ‘swinging’ to land with the opposite foot forward in a
shortened position, with feet flat on the ground (first jump-landing; reactive jump).
Then immediately jump again after the initial jump-landing (i.e. think of the ground
as a hot plate), and back to a stiff starting position (second jump-landing; post-reactive
jump). To combat the rotary actions of the hips, vigorously move the arms in opposite

directions to the legs. A pictorial representation of the phases of the bilateral

multidirectional jumps utilised in this study can be observed in Figure 6.2.

Figure 6.2 Pictorial representation of the phases of the stride jump and reactive jump (top
row) and stride jump and reactive jump (bottom row), as described in this programme: A)
Start of the jump; B) Flight phase 1; C) First impact for jump-landing 1; D) Flight phase 2;
E) Second impact for jump-landing 2.
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6.4.2 Unilateral Jumps (Vertical and Multidirectional)

For the VH, stand with feet shoulder-width apart with arms above the head, then flex
the knees and hips (during the eccentric phase) and quickly jump upwards (during the
concentric phase) with arms ‘swinging’ in a countermovement style, to land stiffly on
one leg. For the FH and LH, stand with feet shoulder-width apart before leaping
forward or sideways, and landing stiffly on one foot. Try to land with minimal flexion

of the hip and knee, and to utilise a flat-footed ground contact. A pictorial

representation of the phases of the hops included in this study are depicted in Figure
6.3.

Figure 6.3 Pictorial representation of the phases of the vertical hop (top), forward hop
(middle) and lateral hop (below), as described in this programme: A) Start of eccentric
phase; B) Start of concentric phase; C) Flight phase; D) Jump-landing phase
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6.5 Conclusion

Whilst osteogenic programmes are currently lacking and many diverse protocols
have been used in exercise and BMD research (Babatunde et al., 2012; B. R. Beck
et al., 2017; Ebeling et al., 2013; Weaver et al., 2016; Zhao et al., 2014), this 12-
month periodised osteogenic jump-landing programme consisting of quantified
jump-landing exercises provides a strong foundation for bone specific programming
with consideration to specific training principles i.e. progressive overload, novel
stress and technical progression. This periodised osteogenic jump-landing
programme has been designed to optimise and create a novel impact stimulus
required to promote bone formation in healthy premenopausal women. However,
before individuals seek to undertake the jump-landing programme, pre-exercise
screening, and/or undertaking a pre-conditioning exercise programme (i.e. 4-week
neural adaptation programme) may be needed to tolerate the stresses involved with
jump-landing exercises to maximise benefits to bone health and reduce risk of injury
in premenopausal women. As musculoskeletal adaptations are specific to the areas
where the stimulus is applied, a limitation of this osteogenic jump-landing
programme is the focus on the lower body and associated clinically relevant sites
(hip and lumbar spine). Therefore, identifying a need to investigate ways to apply
and quantify reactive forces associated with upper body focussed exercises, which

can be utilised in a total body osteogenic exercise programme.
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CHAPTER 7. RELIABILITY OF BONE MINERAL DENSITY AND
BODY COMPOSITION USING DEXA (DUAL ENERGY X-RAY
ABSORPTIOMETRY) IN PREMENOPAUSAL WOMEN
(TECHNICAL REPORT)

7.1 Prelude

It is well accepted that the measurement of bone mineral density (BMD), using bone
densitometry, is a valid and reliable method when defining the risk of osteoporotic
fracture. However, the ability to be able to determine whether a change in BMD over
time is statistically significant, is important when considering the statistical concept of
precision. The precision of dual x-ray absorptiometry (DEXA) is excellent, but not
perfect, and therefore as precision represents variability in the results, the smaller the
variability the better. It is therefore important to determine the change in BMD
required, relative to the precision error of the test, to conclude that a real biological

change has occurred in response to an intervention.

Although researchers have previously examined the reliability of DEXA technology,
most have only reported coefficients of variation (CV’s). In addition, these values of
absolute consistency (CV’s) have only been presented for BMD at the femoral neck
and lumbar spine, with most studies failing to report any consistency values for bone
mineral content (BMC), hip structural analysis or body composition. The International
Society for Clinical Densitometry recommends that a reliability/precision study be
performed by every densitometry facility to establish a specific precision value for
each skeletal site that is measured (Lenchik, Kiebzak, & Blunt, 2002), however this
may represent the in-house precision error of the laboratory rather than technician

precision using a specific population.
Therefore, the purpose of this study was to quantify the variability associated with

DEXA measurements of interest for premenopausal women, by providing measures of

absolute (CV) and relative consistency (ICC). Given the importance of the DEXA

132



Chapter 7. DEXA Reliability Study

derived variables to assess the effectiveness of the jump-landing intervention to be
implemented for 12-months (Chapter 8), this study sought to determine the intra-rater
test-retest reliability of a DEXA machine for assessing clinically relevant bone and

body composition variables in premenopausal women.

Clissold, T. L., Winwood, P. W., Cronin, J. B. & De Souza, M. J. (2020). Reliability
of bone mineral density and body composition measures using DEXA (Dual energy
x-ray absorptiometry) in premenopausal women. Formatted for Journal of Applied

Biomechanics. 2020
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7.2 Introduction

Currently, Dual Energy X-Ray Absorptiometry (DEXA) is considered the ‘gold
standard’ tool in the diagnosis and management of osteoporosis, and is used to define
fracture risk using WHO T-score criteria (Kanis & Kanis, 1994). DEXA can provide
measures of bone mineral density (BMD), bone mineral content (BMC), hip structural
analysis (HSA) and body composition. With regards to understanding the utility of
these measurements, it is important to quantify the variability associated with these
assessments. Previous researchers reporting BMD in premenopausal women have
reported coefficients of variation (CV’s) ranging from 0.5% to 2.0% for femoral neck
and lumbar spine (Bailey & Brooke-Wavell, 2010b; Bassey et al., 1998; Heinonen et
al., 1996; Kato et al., 2006; Winters-Stone & Snow, 2006), however these were not
always reported (Niu et al., 2010; Tucker et al., 2014; Vainionpii et al., 2005). A
further limitation is that only one study has reported CV’s for BMC, and this value
was only presented for the femoral neck (Bailey & Brooke-Wavell, 2010b).

In addition, some of these studies (Heinonen et al., 1996; Kato et al., 2006), provided
CV’s which represented in-house precision error values, rather than establishing test-
retest reliability of a particular technician quantifying the variability associated with a
particular sample. Furthermore, only one study has reported test-retest reliability
associated with hip structural analysis in premenopausal women, CV’s for hip
structural analysis variables (section modulus, Z, and minimal femoral neck width)
were 4.1% and 1.4%, respectively (Bailey & Brooke-Wavell, 2010b). However, no
CVs were reported for cortical thickness or cross-sectional area. For a full
understanding of the variability associated with measurements it is recommended that
the measures of absolute (CV) and relative consistency (intra-class correlation
coefficients - ICC) should be presented (Hopkins, 2000). Given these limitations, the
purpose of this study was to quantify both absolute and relative consistency for the
variability associated with: a) BMD and BMC at the femoral neck and lumbar spine
(L1 - L4); b) hip geometry variables (cortical thickness, cross-sectional area and
section modulus) at the femoral neck using hip structural analysis software (HSA);
and c) body composition variables (total mass, lean mass, fat mass and body fat

percentage).
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7.3 Methods

7.3.1 Experimental Approach to the Problem

A test-retest design was utilised to quantify the reliability of the DEXA variables of
interest (BMD, BMC, bone geometry variables and body composition). Data was
collected using specialised hip structural analysis (HSA) software (Hologic Discovery
QDR Series Bone Densitometer, Bedford, Massachusetts). Data was collected for each
participant over two testing sessions separated by no more than seven days as

recommended by the International Society for Clinical Densitometry.

7.3.2 Participants

Seventeen healthy premenopausal women (20 — 50 yr), volunteered to participate in
this study (see Table 7.1). All participants were considered healthy as determined by
a Physical Activity Readiness Questionnaire (PAR-Q) and inclusion criteria required
participants to be younger than 51 years of age, in conjunction with the participants
reporting a regular menstrual cycle, which was used to determine premenopausal
status. All participants provided written informed consent after having being briefed
on the potential risks associated with this research. The methods and procedures used
in this study were approved by the New Zealand Health and Disability Ethics
Committees (17/NTB/155).

Table 7.1 Baseline characteristics of the participants (mean + SD)

Demographics All Participants
(n=17)
Age (yr) 32.3+7.70
Height (cm) 166.5 +5.90
Body mass (kg) 69.1 £23.2
BMI (kg'm™2) 24.6 £7.70
Body fat (%) 27.5+6.70
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7.3.3 Testing Protocol

During the first session participants filled in a pre-screening questionnaire prior to
having their height (wall-mounted stadiometer to the nearest 0.1cm) and weight
measured using Tanita electronic floor scales (Cloverdale, Western Australia). Prior
to scanning, calibration was performed using a criterion phantom device in accordance
with the manufacturer guidelines. Procedures were standardised according to the
recommendations of the Australian and New Zealand Bone and Mineral Density
Society, to minimise any scanning errors. The participants were all positioned within
the scan range, with the leg position standardised, and secured with straps (hip scan
only) to reduce positioning error. The participants removed metal objects or jewellery
from their body prior to scanning and wore similar clothing for each scan. A fan beam
DEXA (Hologic Discovery QDR Series Bone Densitometer, Bedford, Massachusetts)
device was used, for both testing sessions, to perform the following scans; BMD and
BMC at the proximal femur (neck and trochanter), and lumbar spine (L1 - L4); hip
geometry (cortical thickness, cross-sectional area and section modulus) utilising
specialised HSA software; and body composition (total mass, lean muscle mass, fat
mass). Both DEXA testing sessions were performed using the same machine (see

Figure 7.1) by the same technician, at a similar time of day and testing order was

standardised for all participants.

Figure 7.1 Pictorial representation of the DEXA equipment utilised in this study
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7.3.4 Statistical Analyses

Descriptive statistics were used to describe the cohort characteristics. Reliability
of DEXA bone mineral density and body composition measures was evaluated by
intraclass correlation coefficients (ICC) using a two-way random effects model,
absolute agreement and average measures ICC (Shrout & Fleiss, 1979). ICCs were
classified as follows: 'poor' (< 0.40), 'moderate' (0.41 - 0.60), 'good' (0.61 - 0.80),
or 'excellent' (> 0.81) (Enderlein, 1988; Shrout & Fleiss, 1979). 95% confidence
intervals (95% CI) were calculated to assess relative consistency for all reliability
measures. Coefficients of variation (CV) were also calculated (CV = SD/mean *
100) for each dependant variable to assess absolute consistency. Although a CV <
10% is considered acceptable in clinical trials, the International Society for
Clinical Densitometry guidelines indicate acceptable precision to be 1.9% at the
lumbar spine and 2.5% at the femoral neck. Data analyses were conducted using
SPSS 22.0 for Windows (SPSS Inc., Chicago, IL, USA). Significance was set at p
<0.05.

7.4 Results

Cohort Characteristics

There were 17 participants that completed the DEXA scanning twice over the
seven-day period, with an average of 1.4 + 2.0 days between testing sessions.
Participants were between 20 and 50 years of age, with 59% also recruited for the

12-month jump-landing study (Table 7.1).

Bone Mineral Density and Bone Mineral Content

The test-retest reliability data for DEXA left hip and lumbar measures are reported
in Table 7.2. Relative consistency (ICC) for all measures ranged between 0.98 to
1.00, the lowest ICC was associated with femoral neck BMC. Absolute
consistency ranged between 0.70 to 2.01%, the greatest CV was also associated

with femoral neck BMC.

Hip Structural Analysis
The test-retest reliability data for DEXA left hip structural analysis measures can

be observed in Table 7.2. Relative consistency was excellent for all left hip
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structural analysis measures (ICC’s =0.91 to 0.99), the lowest ICC associated with
narrow neck cross-sectional area. Absolute consistency ranged from 1.45 to

1.88%, the highest CV was associated with the narrow neck section modulus.

Body Composition

The test-retest reliability data for DEXA body composition measures are detailed
in Table 7.2. Relative consistency for all measures was 1.00, and the absolute
consistency ranged between 0.32 to 1.23%. The greatest CV was also associated

with total body mass and total body fat percentage (1.23%).

Please note that the variables reported in this results section are the principle
variables of interest to this thesis and those reported the most in the literature. A
full analysis of all variables can be observed in the supplementary material in the

appendices.
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BMC, hip structural analysis (left hip only) and total body composition measures
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Test — retest reliability Mean +SD ICC 95% CI CV | Qualitative
Test 1 Test 2 AvgMea % Inference
Femoral Neck
Neck BMC (g) 4.74 £0.63 4.70 £0.76 0.98° | 0.94t00.99 | 2.01 | Excellent
Neck BMD (g/cm?) 0.95+0.11 0.96 £0.11 0.99° | 0.97t01.00 | 1.12 | Excellent
Total BMC (g) 37.2+46.25 37.2+6.27 1.00° | 0.99t01.00 | 1.12 | Excellent
Total BMD (g/cm?) 1.07 £0.12 1.07 £0.12 1.00° | 0.99t01.00 | 0.64 | Excellent
Lumbar Spine (L1 - L4)
Total BMC (g) 72.2 £8.91 73.5+9.02 1.00° | 0.99t01.00 | 0.70 | Excellent
Total BMD (g/cm?) 1.16 £0.15 1.15+0.15 0.99° | 0.98t01.00 | 1.08 | Excellent
Hip Structural Analysis
Narrow Neck CSA (cm?) 3.50 +£0.51 3.52 +£0.58 0.91°5 | 0.98t01.00 | 1.56 | Excellent
Narrow Neck Z (cm?) 1.64 £0.32 1.64 +0.31 0.99°5 | 0.97t01.00 | 1.88 | Excellent
Narrow Neck Cort. Thick. (cm) | 0.23 £0.03 0.23 +0.03 0.99°5 | 0.95t01.00 | 1.45 | Excellent
Body Composition
Total Body Fat Mass (g) 20630 £9019 20409 £9107 1.00° | 0.99to 1.00 | 1.23 | Excellent
Total Body Lean + BMC (g) 52021 £7793 52179 £7837 1.00° | 0.99t01.00 | 0.69 | Excellent
Total Body Mass (g) 72586 £15343 | 72588 £15441 1.00% 1.00to 1.00 | 0.32 | Excellent
Total Body Fat (%) 27.5+6.70 27.2+6.77 1.00° | 0.99t01.00 | 1.23 | Excellent

Key: ICC Intraclass correlation coefficient; AvgMea Average measures; * p < 0.001; CV
Coefficient of Variation, BMC Bone mineral content; BMD Bone mineral density; CSA Cross
sectional area; Z Section modulus; Cort Cortical; Thick Thickness

7.5 Discussion

The purpose of this study was to present a full understanding of the variability

associated with DEXA measurements of interest for premenopausal women, by

providing measures of absolute (CV) and relative consistency (ICC). Previously these

values have not been reported for femoral neck and lumbar spine BMC, bone geometry

variables and body composition in this population. In addition, test-retest reliability

has not previously achieved the rigour associated with presenting absolute and relative

consistency values for these measures, and these values can represent generic in-house

values rather than that of a specific technician using a study-specific population. The

main findings of this study were that reliability was excellent for all DEXA measures

(ICC’s=10.91 to 1.00; CV’s = 0.32 to 2.01%)).
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The test-retest reliability data for DEXA left hip and lumbar BMD and BMC measures
were excellent, and relative consistency ranged between 0.98 to 1.00. Absolute
consistency for BMD ranged between 0.64 to 1.12%, which is comparable to values
(1.0 to 1.4%) reported by researchers who utilised a sub-sample of the premenopausal
participants in their intervention (Bailey & Brooke-Wavell, 2010b; Bassey et al., 1998;
Winters-Stone & Snow, 2006). Absolute consistency ranged between 0.70 to 2.01%
for BMC with the greatest CV associated with femoral neck. As only one study has
presented test-retest reliability for BMC in premenopausal women (Bailey & Brooke-
Wavell, 2010b), and only at the femoral neck (CV = 1.7%), future studies need to

report on this variable.

The DEXA left hip structural analysis reliability data was excellent for all measures
(ICC’s =0.91 to0 0.99; CV’s = 1.45 to 1.88%). Any variability may have arisen from
technical error generated by the failure to standardise the positioning of the participant
in exactly the same position to replicate the rotation at the hip joint, however our
results are favourable in comparison to values previously presented (1.4 and 4.1%; for
femoral neck width and section modulus respectively) (Bailey & Brooke-Wavell,
2010b). Further research is required to gain a better understanding about the variability
associated with HSA, as currently only one study to our knowledge has presented such

data in premenopausal women (Bailey & Brooke-Wavell, 2010b).

Participant positioning has also been suggested to influence DEXA estimates for body
composition in addition to biological variation, including hydration status and the
effects of diet, exercise, food and fluid in the hours prior to the scan (Nana, Slater,
Hopkins, & Burke, 2012). However, the test-retest procedures used for determining
DEXA body composition measures of premenopausal women produced stable data
over two testing occasions. Relative consistency for all measures was 1.00, and the
absolute consistency ranged between 0.32 to 1.23%. Although CV values for body
composition were either not assessed or not presented for most DEXA studies
involving premenopausal women, Winters and colleagues (2006) reported absolute

consistency values of <1.5% which are similar to our results, all CVs < 1.25%.

As previously only measures of absolute consistency have been presented for the

variability associated with DEXA measurements, the purpose of this study was to
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improve the rigour of test-retest reliability by presenting both absolute and relative
consistency values for these measures in premenopausal women. It is therefore
recommended that both CV and ICC values should be presented to describe a full
understanding of the variability associated with DEXA measurements in this specific
population. In addition, it is recommended that test-retest reliability values presented
must represent the error associated with a specific technician using a study-specific

population, rather than generic in-house values.

7.6 Conclusion

We have provided a comprehensive description of the reliability (relative and absolute
consistency) associated with DEXA measurements not previously presented for
premenopausal women. In addition, we have reported excellent reliability results for
BMC, HSA and body composition, which are values not reported in previous studies.
It is therefore recommended that future research using DEXA should provide
precision error values for these variables to enable acceptable precision ranges to be
established for this population. Furthermore, it is advised that test-retest reliability
should represent the variability associated with a specific technician utilising a specific

population rather than in-house precision error values.
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CHAPTER 8. THE CHRONIC EFFECTS OF A QUANTIFIED JUMP-
LANDING PROGRAMME ON BONE HEALTH, BODY
COMPOSITION AND PERFORMANCE PARAMETERS IN
PREMENOPAUSAL WOMEN

8.1 Prelude

While the first five studies (Chapters 3 - 7) in this thesis gave insight into the
development of a periodised osteogenic jump-landing programme specifically
designed for premenopausal women, currently no evidence exists about the chronic
effects of utilising such a programme. Authors of meta-analyses proposed that jump-
landing programmes that; utilised brief jumping protocols (10 - 100 jumps/day, 3 - 7
days/week), are 4 - 18 months duration, and present loading magnitudes of between 2
- 6 BW, can result in significant gains in femoral neck BMD of 0.5 - 3% in
premenopausal women during a time when normal bone loss is 0.5% - 1% per year.
However, limitations exist for these jumping protocols, in terms of jump-landing
technique, monitoring of the daily and weekly loading and adherence to best practice
musculoskeletal programme design. In addition, the focus on jump-landing technique
and utilising a reactive jump component within a 12-month periodised osteogenic
training programme has not been previously presented. Furthermore, future research is
required to describe the geometry of bone, as limitations exist for using a two-
dimensional imaging technique (DEXA) to assess a three-dimensional structure. Thus,
this study will utilise additional software (hip structural analysis) to provide an
opportunity to assess variables used to describe the overall strength and fracture
resistance of bone in response to the jump-landing intervention. Therefore, the purpose
of this final study was to determine the effects of a periodised osteogenic jump-landing
programme on functional performance parameters, body composition and bone
remodelling at clinically relevant sites in premenopausal women. Such information
will provide clinicians, primary carers, strength and conditioning coaches and the
general population with a greater understanding of the benefits and limitations of
utilising a brief (2 - 3 min), jump-landing programme to improve bone health in this

population.
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Clissold, T. L., Winwood, P. W., Cronin, J. B. & De Souza, M. J. (2021). The chronic
effects of a quantified jump-landing programme on bone health, body composition
and performance parameters in premenopausal women. Journal of Bone Mineral

Research Plus (under second review).
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8.2 Introduction

Osteoporosis has been described as a silent epidemic responsible for fractures in
50% of women and 20% of men worldwide (Lippuner et al., 2009). In the United
States approximately 52 million women and men have osteoporosis or osteopenia
(low bone mass) and it is predicted to increase to more than 61 million by 2020 if
additional efforts are not made to address this disease (Weaver et al., 2016). It is well
accepted that women have less total bone mass than men and experience rapid bone
loss during menopause. Generally women experience bone losses of approximately
1% per year after the fourth decade of life, however annual losses of 3 - 5% bone
mineral density (BMD) can be experienced during early post-menopause
("Consensus development conference: Diagnosis, prophylaxis, and treatment of
osteoporosis," 1993). The National Osteoporosis Foundation of America estimate up
to 20% of BMD can be lost in the 5 - 7 years after menopause, with lifetime bone
losses estimated to be 30 - 40% of peak bone mass ("Consensus development
conference: Diagnosis, prophylaxis, and treatment of osteoporosis," 1993; Sipila &

Poutamo, 2003).

Wolff’s Law states that bone has the ability to adapt to mechanical loads, suggesting
that mechanically-induced strain is a key factor which affects bone formation. Frost
(1987) explored the threshold of strain necessary to achieve skeletal adaptation in
the development of his ‘minimum effective strain’ or ‘mechanostat’ theory,
hypothesising that mechanical forces exceeding this remodelling threshold would
therefore stimulate bone formation and increase bone mass and bone strength.
Although the magnitude of strain is an important factor to influence the adaptation
of bone, strain rate, frequency and distribution are also recognised as integral
determinants to be considered (Lanyon, 1987; Robling et al., 2006; C. H. Turner &
Robling, 2003). The measurement of ground reaction forces (GRF’s), represented as
body weight’s (BW’s) have been used to estimate the influence of loading on bone
(Bassey et al., 1997; Hsieh et al., 1999; C. H. Turner, 1999; C. H. Turner & Robling,
2003), and researchers have suggested that to achieve an adaptive bone response an
exercise regime should satisfy the following criteria: a) be of sufficient magnitude
and rate of strain; b) present its strain in a range of diverse and unusual distribution

patterns; ¢) provide a limited number of loading cycles at each distribution; d) be of
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short duration; and e) provide adequate recovery periods. However, research has
predominantly focused on “high risk” postmenopausal women and as a
consequence, exercise regimes for minimising bone loss in adults are generic and
lack specific recommendations for women before they experience accelerated bone
losses during and post menopause (Goémez-Cabello et al., 2012; Guadalupe-Grau et

al., 2009).

Jumping and hopping exercises have been researched for their role in enhancing
bone mass in young people and for minimising age-related bone loss in females
(Bailey & Brooke-Wavell, 2009, 2010b; Bassey et al., 1997; Bassey & Ramsdale,
1994; Bassey et al., 1998; Stiles et al., 2013; Weeks & Beck, 2008). Exercises, with
emphasis on the jump-landing, may be of special interest given their role in
increasing peak bone mass in premenopausal women and minimising age-related
bone loss (Babatunde et al., 2012; Bassey et al., 1998; Kato et al., 2006; Zhao et al.,
2014). A study involving untrained premenopausal women (Bassey et al., 1998)
reported peak landing vertical forces which corresponded to 3 BW’s and mean peak
loading rates of 43 bodyweights per second (BW-s™!), using countermovement jumps
(50 jumps at 8 cm, 6 days/week), and resulted in significant increases in femoral
BMD of 2.8%. Furthermore, authors of meta-analyses concluded (Babatunde et al.,
2012; Zhao et al., 2014) that jump-landing programmes that; utilised brief jumping
protocols (10 - 100 jumps/day, 3 - 7 days/week), are 4 - 18 months duration, and
present loading magnitudes of between 2 - 6 BW, can result in significant gains in
femoral neck BMD of 0.5 - 3% in premenopausal women during a time when normal
bone loss is 0.5% - 1% per year (Babatunde et al., 2012; Martyn-St James & Carroll,
2010).

Recently researchers investigated the vertical and resultant GRF’s associated with
bilateral vertical jumps, countermovement and drop jumps combined with a reactive
jump (defined as ‘jumping immediately after an initial jump-landing”) as a potential
osteogenic-stimuli for premenopausal women (Clissold et al., 2019; Clissold et al.,
2018). The authors reported peak vertical landing forces (4.6 - 5.5 BW) which were
substantially higher (1.2 to 1.8 times greater) than the values previously reported for
the same jump-landings performed by a similar population (Bassey et al., 1998; Kato

et al., 2006; Tucker et al., 2014). The use of repeated jumps requires the participant
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to flex minimally upon landing and push off quickly thereafter, thus preventing a
‘soft’ landing and the absorption of impact energy by the leg musculature (Bobbert
etal., 1986; Lees, 1981; McNitt-Gray, 1993). Clissold and colleagues suggested that
the jump-landing technique employed is a major factor that can influence the
osteogenic effectiveness of jumps, and that repeated jump-landings may provide
enhanced bone stimulation. Clissold et al. (2018), also reported that significantly
larger landing forces, (110 - 20%; p < 0.05) were observed for the second jump-
landing (post-reactive jump), and GRF’s increased (ES = 0.22 to 0.42; p = 0.06) after

only one instructed session indicating a learning and practice effect occurred.

Recent exercise prescription guidelines for the prevention and management of
osteoporosis have been published by Exercise and Sports Science Australia (ESSA),
according to level of risk of fragility fracture (B. R. Beck et al., 2017). Individuals
classified as ‘low risk’ (T score < -1.0), are recommended to perform moderate to
high-impact weight-bearing activities (50 jumps per session), defined as greater than
two body weights (BW) (moderate impact), to greater than four body weights (high
impact) of ground reaction forces, four to seven times each week. Although the
position statement identifies the types of jumps to be performed, it lacks specific
detail in terms of jump-landing technique, programme design, and monitoring of the
daily and weekly loading. Therefore, a programme to safely optimise the impact
stimulus required to promote bone formation needs to provide specific cues for
jump-landings and adhere to best practice musculoskeletal programme design (Fleck
& Kraemer, 2014; Kraemer & Ratamess, 2004; Mansfield, 2006; Mothersole et al.,
2014). Programme variables to be considered include; force magnitude, rate of force
production, direction of force application (medio-lateral, anterio-posterior, vertical
and resultant), progressive overload, specificity, variation, individualisation, and
mesocycle design (including loading and de-loading cycles) (Fleck & Kraemer,

2014; Kraemer & Ratamess, 2004; C. H. Turner & Robling, 2005).

Although the effects of jumping exercises on bone health in premenopausal women
have been documented by several research groups, many diverse protocols are used in
exercise and BMD research, making it challenging to compare outcomes. In addition,
the focus on jump-landing technique and utilising a reactive jump component within

a 12-month periodised osteogenic training programme has not been previously
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presented. Given the limitation identified, the primary outcome this study sought to
determine was whether the jump group (JL) would achieve and exceed gains in bone
mass, and improved aspects of bone geometry at the femoral narrow neck (cortical
thickness, cross-sectional area, section modulus). We were also interested in
secondary measures associated with the reduction of falls risk, including; lower body
explosive power, muscle reactivity, balance performance parameters and body
composition. Due to the scope of the study, several hypotheses were generated; 1) Bone
mineral density and bone mineral content will increase at the femoral neck, total hip
and lumbar spine in the JL and age-predicted BMD losses (< 1%) will occur in the
control group (CON); i1) Bone geometry variables will increase at the femoral neck in
the JL and decrease in the CON; iii) Improvements in functional performance
parameters (i.e. lower body explosive power, muscle reactivity and balance), will be
observed in the JL only; and, iv) The JL will achieve improvements in body
composition (i.e. increased fat free mass and decreased fat mass and body fat

percentage), with no improvements in the CON.

8.3 Methods

8.3.1 Experimental Approach to the Problem

A longitudinal controlled trial was implemented for a period of 12-months to
determine the effects of a quantified jump-landing programme on measurements of
bone health in premenopausal women. Eighty premenopausal women (30 - 51 years)
were assigned to either the JL or CON. Participants utilised an online registration form
in which they could indicate a preference for treatment, control or either. Fifty percent
(n=40) chose either and were randomised (Excel) into the control or treatment groups.
The remaining participants were allocated based on their choice and willingness to
participate in the daily jump-landing program (in their own homes), and attend jump-
landing group classes regularly. Such methodology was deemed necessary as
previously published longitudinal exercise studies involving premenopausal women
have reported high drop rates 38% to 50% (Tucker et al., 2014; Vainionpdi et al.,
2006; Winters-Stone & Snow, 2006). Our study design sought to improve the
adherence to the jump-landing training program (Winters-Stone & Snow, 2006) and
to determine the true effect of the mechanical stimulus. Although it was not possible

to blind the intervention providers due to their specific expertise in the field of this
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research, blinding was applied for the process of data entry and analysis. Participants
in the CON were asked to maintain their normal activity level and to attend 3-monthly
testing sessions. No significant differences for any physiological measures were

observed between the CON and JL group at baseline.

Dual energy x-ray absorptiometry (DXA) was used to measure body composition,
bone mineral density and bone mineral content at the proximal femur (femoral neck
and total hip), and lumbar spine (L1 - L4). Additional analysis included cross sectional
area, cortical thickness and section modulus of the femoral narrow neck. Functional
performance parameters (vertical jump, reactive jump, and single leg balance) were
measured in conjunction with DXA variables to help give insight into other factors
(i.e. strength, balance, reactivity) that may contribute to reducing the risk of falls and
fracture incidence (Lusardi et al., 2017; Vellas et al., 1997). All testing was performed
at baseline, 3, 6, 9 and 12-month intervals in a Sports Science laboratory at a local
Institute of Technology. All participants provided written informed consent after being
briefed on the potential risks associated with this research. The methods and
procedures used in this study were approved by the New Zealand Health and Disability
Ethics Committees (17/NTB/155), and registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12617001145392p) (Appendix 2).

8.3.2 Participants

Eighty healthy premenopausal women (30 - 51 years), from the Bay of Plenty
community, New Zealand (including; Toi Ohomai Institute of Technology and Sport
Bay of Plenty), New Zealand volunteered to participate in this study in response to
intra and inter-institution advertisement. This sample size is comparable to other
studies which have used a similar design and length of study (Babatunde & Forsyth,
2013; Bassey et al., 1998; Niu et al., 2010). A flow diagram depicting the recruitment
and retention of participants during the study is presented (Appendix 22). Of the eighty
participants, eight did not meet the inclusion criteria due to regular participation in
sport or exercise involving high impact activities (n = 8). A further fifteen women
were removed from the study due to either; becoming pregnant (n = 4), sustaining an
unrelated injury (n = 6), leaving the region (n = 3), or withdrawing for personal reasons

(n=2). The results from this study are based on the data obtained by the remaining 57
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participants. A summary of the participants baseline characteristics are presented in

Table &.1.

All participants were considered healthy as determined by a Physical Activity
Readiness Questionnaire (PAR-Q) (Appendix 4b and 4d) and inclusion criteria
required participants to be between 30 and 51 years of age, which was used in
conjunction with a regular menstrual cycle (9 - 12 menstrual cycles in the previous 12
months) to determine premenopausal status. Although menstrual cycle was not
formally monitored, no participants reported any change in menstrual status
throughout the study. According to statistics the average woman reaches menopause
at 51 years of age (Lawton et al., 2008). Participants were excluded if any medical
problems were reported, using a comprehensive online medical and pre-exercise
questionnaire, that compromised their participation or performance in this study:
including having a recent or current musculoskeletal injury; osteoporosis,
osteoarthritis; and, any condition of impaired balance or coordination. Participants
were also excluded if currently (or in the past 12 months), engaged in regular physical
activity involving impact exercise (i.e. playing sports such as tennis, squash and
netball), and if taking corticosteroids. In addition, pregnant women were excluded

from the study due to contraindications related to DEXA testing.
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Table 8.1 Baseline characteristics of the participants (mean + SD)

Jump (n=32) Control (n = 25)

Demographics

Age (yr) 43.0+5.30 41.5+5.8

Height (cm) 165 +0.10 165 +£0.10

Body mass (kg) 70.8+11.0 68.9+12.6

BMI (kg'm™) 25.9+3.70 25.4+£4.20
Nutritional Status

Calcium intake (mg)€ 867 + 368 838 £260

Protein (g) € 97.4+33.3 952+274
Bone Mineral Density (g cm?)

Femoral neck* 0.877+0.15 0.839+0.10

Total hip* 1.008 £0.14 0.979 £ 0.09

Lumbar spine (L1 - L4) * 1.104 £0.14 1.059 £ 0.09
Body Composition

Fat free mass (kg)* 48.0£5.90 47.0 £6.85

Fat mass (kg)* 23.1+7.32 22.0+7.20

Body fat (%) * 31.9+£6.50 31.3+5.80
Performance Tests

Jump height (Vertec, cm) 352+7.70 354+£5.40

Ground contact time (ms) 0.309 +0.10 0.261 £0.11

Balance Measures

Path length (cm) 111 £37.5 128 £35.2

Mean sway velocity (m/s) 3.78 £1.22 428 +£1.17

Key: Data expressed as mean + SD. * DEXA; € Determined using 3-day food diary

and Foodworks software analysis. No significant differences were observed between
the JL and CON at baseline.

8.3.3 Testing Procedures

During the first session, less than one month after recruitment, participants filled in
pre-screening questionnaires (Appendix 4b and 4d). Both JL and CON groups were
subjected to the same testing protocol (DEXA, balance, muscle reactivity and
maximal vertical jump) at the same time of day. A 3-day food diary (including 2-
week days and 1 weekend day), was used to assess dietary status at baseline. Dietary
assessment software Foodworks Professional 8 (Xyris Software, Australia), was
used to determine average estimated energy intake (KJ/day), protein and calcium
intake (mg/day), from food, fluids and supplements (Appendix 8). An information
sheet was provided to all study participants describing the role of calcium for bone

health and to promote the recommended dietary intake (RDI) of 1000mg
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("Calcium," 2014). In addition, participants in both groups completed a 7-day
activity diary (Appendix 7) to determine participation in regular high-impact
physical activity and eligibility to participate in this study.

8.3.3.1 Anthropometry and Bone Mineral Density

Participants had their height measured (wall-mounted stadiometer to the nearest
0.1cm) (Appendix 17a) prior to having BMD assessed (g-cm?) at the proximal femur
(femoral neck and total hip) and lumbar spine (L1 - L4) using dual energy x-ray
absorptiometry (DEXA) utilising specialised hip structural analysis (HSA) software
(Hologic Discovery QDR Series Bone Densitometer, Bedford, Massachusetts) (Figure
8.1) (Appendix 5 and 14). The measurement of BMD, using bone densitometry, is
well accepted as a major determinant when defining the risk of osteoporotic fracture
and currently the tool considered the ‘gold standard’ in the diagnosis and management
of osteoporosis due to the strong correlation with fracture risk using WHO T-score
criteria (Kanis & Kanis, 1994). However, BMD represents an important but not
exclusive dimension of bone strength (describes 50 - 70% of the strength of bone)
(Ammann & Rizzoli, 2003; Cheng et al., 1997; Kanis, 2002), with geometric
properties relating to the complex three-dimensional nature of bone also playing an
important role in determining the strength of bone and predicting fracture risk
(Kaptoge et al., 2008). Due to limitations resulting from the two-dimensional analysis
provided by DEXA to determine BMD, a complex biomechanical index was derived
based on hip structural analysis (HSA) (T. J. Beck et al., 1990). This programme not
only measures BMD of the hip area, but also estimates the geometrical and mechanical
properties using cross-sections traversing the proximal femur at sites of clinical
significance. Geometric properties relating to the complex three-dimensional nature
of' bone include; bone girth (cross-sectional area), cortical bone thickness and sectional
modulus (a geometric index of bone bending strength. Researchers comparing HSA,
computed tomography (CT) and quantified computed tomography (QCT), suggested
that the geometry of the proximal femur is well described by DEXA (Ohnaru et al.,
2013; Prevrhal et al., 2008). For example, data from these studies using
postmenopausal women used both CT and DEXA (using HSA), to scan the proximal
hip, and reported a favourable comparison for these scanning techniques (1> = 0.67 and

> =0.60 — 0.90, p <0.001 for femoral neck BMD), supporting the validity of using
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DXA for assessing the key structural parameters (Ohnaru et al., 2013; Prevrhal et al.,

2008).

Body mass and composition (total tissue mass, lean muscle mass, fat mass) was also
measured using DXA, as this technology is one of the methods considered as “Gold
Standard” for this measurement (Borga et al., 2018; Branski et al., 2010). Precision
and calibration were carried out in accordance with manufacturer instructions.
Participants were instructed to standardise clothing (workout clothing without metal),
and nutrition (maintain hydration and not be fasted), for each scanning session. Prior
to the start of the study 17-participants performed two DEXA tests within 7-days
(Chapter 7). Test-retest reliability was evaluated by intra-class correlation coefficients
(ICC) using a two-way random effects model, absolute agreement and average
measures. Coefficients of variation (CV) were also calculated (CV = SD/mean * 100)
for each dependant variable. Significant correlations (p < 0.001) were observed for all
measures and reliability was excellent for all bone mineral density (ICC’s =0.99 - 1.0;
CV’s = 0.31 — 2.13%), bone mineral content (ICC’s = 0.98 - 1.00; CV’s = 0.43 -
1.53%), hip structural analysis of the narrow neck (cortical thickness, cross-sectional
area and section modulus) (ICC’s = 0.99 - 1.00; CV’s = 0.76 - 1.47%) and body
composition measures (ICC’s =1.00; CV =0.32 - 1.23%). All statistical analyses were
carried out using SPSS 25.0 for Windows (SPSS Inc., Chicago, IL, USA) and
Microsoft Excel (version 9.0; Microsoft, Seattle, WA).
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Figure 8.1 Pictorial representation of the DEXA testing equipment

8.3.3.2 Performance Testing

For each testing session, participants performed a ten-minute standardised warm up
prior to testing that consisted of easy cycling on a stationary Wattbike (Wattbike
Trainer, Nottingham, United Kingdom) followed by dynamic stretching and
bodyweight mobilisation exercises. Testing commenced five minutes after the warm
up. All instructions, and order of performing tests was standardised for every
participant. All testing for this study was undertaken at a similar time of day with
participants instructed to maintain their normal dietary intake before and after each
testing session. Participants completed an activity questionnaire between testing
sessions to monitor physical activity and ensure that inter-session physiological status
was similar (Appendix 7). We did not control for nutrition, or hydration levels but

participants were told not to make any changes in the above during the testing period.
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All jump testing was performed indoors in a temperature-controlled Sports Science

testing facility.

8.3.3.2.1 Static Balance

A 30 second one-leg static balance test was used to measure postural sway using an
Accusway force plate (AccuSway, AMTI, Watertown, MA, USA) (Figure 8.2)
(Appendix 15). This test has been shown to be a significant and easy-to-administer
predictor of injurious falls (Vellas et al., 1997). Each participant completed two trials
on each leg (alternating legs), with 1-minute rest between each trial, and force plate
output variables were represented as an average of the two trials. Within session
reliability of balance measures was evaluated by ICC using a two-way random effects
model, absolute agreement and average measures ICC. Coefficients of variation (CV)
were also calculated (CV = SD/mean * 100) for each dependant variable. Of the
balance data collected, path length, and average sway velocity were the only balance
measures to have acceptable reliability (ICC’s = 0.72 to 0.82; CV’s = 8.4 to 10.1%)
for analysing performance changes over time in both legs, with significant correlations
(magnitude; p <0.001) observed for these measures. See Appendix 20 for the technical
report detailing the within-trial reliability of the AMTI Accusway force plate.
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Figure 8.2 Pictorial representation of the balance test utilised in this study

8.3.3.2.2 Muscle Reactivity

Participants were instructed to step off a 20 cm step and land with both feet together
on a contact mat (Swift Performance Equipment, Queensland, Australia), and jump
again as quickly as possible (i.e. to think of the mat as a ‘hot plate”) (Figure 8.3). Each
participant performed two practice jumps, followed by two jumps, where ground
contact time (ms) was collected. Each jump was separated by a 30-second rest interval.

The best ground contact time of the two jumps was used for analysis.
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Figure 8.3 Pictorial representation of the muscle reactivity test utilised in this study

8.3.3.2.3 Leg Extensor Power

The Vertec Yardstick (Swift Performance Equipment, Queensland, Australia), a
portable device used to measure vertical jump height, was used to determine jumping
ability and as a surrogate measure for tracking change in lower body explosive power
(Leard et al., 2007; Wulf & Dufek, 2009) (Figure 8.4) (Appendix 16). Before jump
commencement the participants reach height was determined, then they were
encouraged to use a countermovement arm swing to jump and touch the highest vane
of the Vertec device. Each participant performed three maximal vertical jumps, with
each jump separated by a 30-second rest interval. The maximum jump height was

used for analysis.
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Figure 8.4 Pictorial representation of the leg extensor power test utilised in this
study

8.3.4 Introduction to the ‘Jump-landing Programme’

A 4-week phase of strength and conditioning (neural adaptation programme) was
implemented prior to the introduction of the jump-landing program to adequately
prepare JL participants for the impact intensities prescribed (Mansfield, 2006)
(Appendix 11). Participants were required to attend weekly group exercise sessions
(jump-landing classes) and perform the jump-landing programme in a group
environment. These were instructional sessions for participants to demonstrate proper
technique for each of the jumps in the jump-landing programme. This requirement was
expected to positively affect compliance to the programme by creating a ‘club like
environment as well as providing regular opportunities to monitor participants

jumping proficiency (Wang et al., 2016). Please refer to Chapter 6. for details.
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8.3.5 ‘Jump-landing Programme’

Participants were introduced to the bilateral vertical and multidirectional jumps
combined with a reactive jump which had previously been quantified and shown to
easily exceed osteogenic thresholds which achieved BMD gains premenopausal
women (Clissold et al., 2019; Clissold et al., 2018). The unilateral jumps were
implemented six months into the jump-landing programme, and were demonstrated
and practiced before they were introduced. For bilateral jumps, participants were
instructed to land as if the ground was a “hot plate” (first jump-landing; reactive
jump), and to immediately jump again for maximal height before landing again
(second jump-landing; post-reactive jump). For unilateral jumps, participants were
asked to land stiffly and to minimise knee flexion. Participants in the CON were

asked to maintain their normal activity level.

The jump-landing programme was designed to progressively increase in magnitude
and rate of strain, number of ground contacts (32 - 42 per day), frequency (2 - 5
sessions per week), and technical difficulty (i.e. bilateral to unilateral) over the 12-
month period (see supplementary content; Appendix 23). Therefore, it was necessary
to utilise data obtained from previously quantified jump-landings to determine the
order these exercises should be introduced into the osteogenic jump-landing
programme (Clissold et al., 2019; Clissold et al., 2018). A stress stimulus rating was
developed based on previously determined jump-landing force variables for each of
the jumps utilised in the 12-month periodised programme. The minimum adherence
threshold determined for performing the jump-landing programme was set at an

average of 3-times each week over the 12-month study period.

Each jump was separated by a 5-second interval, with 30-seconds rest inserted
between each set (4 - 5) of jumps, as adequate recovery between loading cycles has
been shown to maintain the mechano-sensitivity of bone and optimise the osteogenic
response (Robling et al., 2001; Umemura et al., 2002). All jumps in this study were
performed barefooted as researchers have suggested the natural elastic components
of the body provide a greater protective effect than artificial footwear against

excessive load during voluntary exercise (Bassey et al., 1997; Bassey & Ramsdale,

1994),
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Website and social media

The JL were emailed their exercise programmes (Appendix 6a and 6b), and were
provided additional resources via a ‘Bone health study’ website (Appendix 9 and 12).
Compliance to the exercise regime during the intervention period was monitored via
a ‘Jump-tracker’ feature on the website (Appendix 4¢), which was filled in weekly and
uploaded to a group spreadsheet that was accessed online. Regular feedback was
provided using weekly infographics (Appendix 10), emails, phone calls and text
messages (eTXT), with participants encouraged to contact the researcher any time
about any concerns or issues they might have. The use of social media platform
‘Facebook’ was also utilised to allow social interaction among participants to promote
greater ‘buy in’ and thus adherence to the training study over the 12-month period

(Appendix 13).

8.3.6 Statistical Analyses

A restricted maximum likelihood linear mixed model (LMM) with fixed effects was
performed to investigate the effect of the variables ‘group’ (JL and CON) and ‘time’
(baseline, 3-months, 6-months, 9-months and 12-months) for all clinically relevant
dependant variables. The linear mixed model with fixed effects could accommodate
for correlated data, unequal variances and missing data points encountered in the
longitudinal dataset. Basic analytic assumptions were met: data were of normal and
equal variance. The Sidak confidence interval adjustment was used to compare all
main effects. Significance was accepted at the p < 0.05 level. Percentage changes and
modified effect sizes (ES = mean change/standard deviation of the sample scores)
using ratios of 0.10 - 0.19, 0.20 - 0.29, > 0.30 indicating small, moderate and large
changes, respectively, were calculated to determine the magnitude of change of bone
from baseline to 12-months. The modified effect size classification was calculated
based on significant improvements (ES = 0.15 to 0.26) on BMD previously reported
in this population (Bassey et al., 1998; Vainionpai et al., 2005; Winters-Stone &
Snow, 2006) (Appendix 18). Cohen’s classifications of effect size (0.2 to 0.5, 0.51 to
0.8 and >0.8) (Cohen, 1988) were calculated to determine the magnitude of the change
differences for all other variables (body composition and performance parameters)
between the two groups. The smallest worthwhile change (%) for each dependant
variable was calculated (SWC = ES * Standard Deviation) (Appendix 19).
Coefficients of variation (CV) were also calculated (CV = SD/mean * 100) for each
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dependant variable. Significant correlations (p < 0.001) were observed for all
measures and reliability was excellent for all bone mineral density (ICC’s =0.99 - 1.0;
CV’s = 0.31 — 2.13%), bone mineral content (ICC’s = 0.98 - 1.00; CV’s = 0.43 -
1.53%), hip structural analysis of the narrow neck (ICC’s = 0.99 - 1.00; CV’s = 0.76
- 1.47%) and body composition measures (ICC’s = 1.00; CV = 0.32 - 1.23%). All
statistical analyses were carried out using SPSS 25.0 for Windows (SPSS Inc.,

Chicago, IL, USA) and Microsoft Excel (version 9.0; Microsoft, Seattle, WA).

8.4 Results

All JL participants performed the jump-landing program an average of 3-times each
week over 12-months, as determined using a self-reported online jump tracker. The
required minimum adherence for participating in the JL program was 3-times each
week, which equated to 80% adherence to the JL program. Although all JL participants
met this inclusion criteria for analysis in this study, eight participants were removed
due to participation in additional high impact physical activity, as determined by 3-
monthly activity questionnaires (Appendix 22). Data obtained from these
questionnaires reported no injury or adverse effects relating to performance of the
jump-landing program. Changes in habitual physical activity were evident for study
participants (JL and CON), during the course of the 12 months, with trends observed
for increased participation in low impact activities (i.e. walking and resistance

training) as determined using activity questionnaires completed 3-monthly.

Total Body BMD and BMC

No significant main effects were observed for total body BMD, however a small
increase occurred in the JL (12.34%; E = 0.17) compared to a trivial loss in the CON
(10.12%; ES =-0.01). Both groups reported a loss in total body BMC, with a moderate
bone loss occurring in the CON (|2.49%; ES = -0.26) compared to a trivial loss in the
JL (10.82%; ES = -0.05).

Femoral Neck
Significant group effects (p <0.01) in favour of the JL for femoral neck BMD (13.44%
versus [0.19; df =263, F=11.1, p=0.001), BMC (12.61% versus |0.11; df =252, F

= 6.65, p = 0.011), femoral narrow neck cross-sectional area (CSA) (12.78% versus
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10.64; df =247, F = 6.65, p =0.004) and cortical thickness (13.84% versus 10.84; df
=261, F =9.77, p = 0.002) were observed. Small to moderate positive changes (based
on modified ES classifications) were observed for all femoral neck variables between
baseline and 12-months (ES = 0.13 to 0.20) for the JL. A graphical representation of
the changes in bone at the femoral neck and femoral narrow neck, is presented in
Figure 8.5. The expected age-related losses (based on initial baseline data) were

calculated and presented for BMD and BMC.

A significant group effect in favour of the JL for section modulus (a geometric index
of bone bending strength at the femoral narrow neck) (13.22% vs [0.43, df =265, F =
7.15, p = 0.008) was observed. The effect size between baseline and 12-months
demonstrated a small worthwhile change (ES = 0.15) in section modulus. A graphical

representation of the changes in section modulus is presented in Figure 8.6.

Total Hip BMD and BMC

A significant group effect in favour of the JL for total hip BMD (12.34% vs |0.12%;
df =257, F = 7.20, p = 0.008) and total BMC (13.72% vs 11.26; df =257, F =4.96, p
=0.027) was observed. Small to moderate increases were observed for the JL for total
hip BMD and BMC baseline and 12-months (ES = 0.17 to 0.19). A graphical
representation of the changes in bone at the hip (with age-expected losses) is presented

in Figure 8.7.

Total Lumbar Spine BMD and BMC (L1 - L4)

A significant group effect in favour of the JL for total lumbar BMD (10.41% vs
10.15%; df =253, F = 13.21, p < 0.001) and total lumbar BMC (13.13% vs 10.45%;
df =236, F =7.57, p = 0.006) were observed. Small worthwhile increases (ES = 0.15)
in total lumbar BMC were observed for the JL between baseline and 12-months. A
graphical representation of the changes in the bone at the total lumbar spine (L1 - L4)

(with age-expected losses) is presented in Figure 8.8.

Body Composition

A significant time effect (df =263, F =3.08, p =0.017) was observed for fat percentage
with moderate losses being observed in both the JL (|13.8%; ES = -0.68) and CON
(19.56%; ES = -0.52) over the study duration. While small increases in fat free mass
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(15.44% and 14.63%, ES = 0.43 and 0.32) and small to moderate reductions in fat
mass (|15.0% and |8.86%; ES = -0.50 and -0.40) were identified between baseline
and 12-months for both the JL and CON (respectively), no significant main effects

were observed over the 12 months.

Performance Parameters

A significant group X time interaction (df =244, F =3.27, p = 0.012) and a significant
effect for time (df =244, F = 2.92, p = 0.022) was observed for ground contact time.
Significant group effects in favour of the JL were observed for ground contact time
(121.9% vs 18.86%; df = 244, F = 6.10, p = 0.014), representing large reductions (ES
=-0.91) in ground contact time achieved over the 12-month study. A significant effect
for time (df =244, F =2.92, p = 0.022) and a significant group X time interaction (df
=244, F =3.27, p = 0.012) was also observed. No significant effects were observed
in the vertical jump, however group effects that approached significance were in
favour of the JL (17.54% vs [0.24%, df = 244, F = 3.22, p = 0.074). No significant
main effects were observed for any balance measures (path length and average sway
velocity) over the 12-month study duration. A graphical representation of the
performance changes in ground contact time and vertical jump performance is

presented in Figure 8.9.
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Jump (n =32) Control (n =25)
Baseline 12-months Percentage SWC ES Baseline 12-months Percentage SwWC ES
Change (%) (%) Change (%) (%)
Total body
Bone mineral density 1.01+0.14 1.03+0.14 2.34 0.19 0.17 0.98 £ 0.09 0.98 £ 0.09 -0.12 0.19 -0.01
(g-cm?) (0.96 — 1.06) (0.98 - 1.08) (0.94-1.02) (0.94-1.02)
Bone mineral content 2344 + 369 2324 + 348 -0.82 0.14 -0.05 2323 £ 225 2265 + 227 -2.49 0.16 -0.26*
(g) (2216 - 2472) (2203 - 2445) (2235-2411) (2176 - 2354)
Femoral neck
Bone mineral density 0.88 £0.15 0.91+£0.15 3.44 0.19 0.20" 0.84 £0.15 0.84+£0.10 -0.15 0.34 -0.01
(g-cm?) (0.83-0.93) (0.86 - 0.96) (0.78 -0.90) (0.80-0.88)
Bone mineral content 4.31+0.84 4.42 +0.83 2.61 0.36 0.13t 4.14 +0.59 4.13+0.55 -0.11 0.40 -0.01
(g) (4.02 - 4.60) (4.13-4.71) (3.91-4.37) (3.91 4.35)
Cross-sectional area 3.26 £ 0.60 3.35+0.60 2.78 0.19 0.15! 3.11+0.44 3.09+0.42 -0.64 0.33 -0.05
(cm?) (3.05 - 3.47) (3.14 -3.56) (2.94-3.28) (2.93 3.25)
Cortical thickness 0.21+0.04 0.22+£0.04 3.84 0.45 0.20" 0.20+0.03 0.20+0.03 0.84 0.55 0.06
(cm) (0.20-0.22) (0.21-0.23) 0.19-0.21) (0.19-0.21)
Section modulus, Z 1.54+0.32 1.59+0.33 3.20 0.51 0.15! 1.47 £0.26 1.46 £ 0.26 -0.40 0.49 -0.07
(cm3) (1.43 - 1.65) (1.48 - 1.70) (1.37-1.57) (1.36 -1.56)
Total hip
Bone mineral density 1.01+0.14 1.03+0.14 2.30 0.19 0.17 0.98 £ 0.09 0.98 £ 0.09 -0.12 0.19 -0.01
(g-em?) (0.96 - 1.06) (0.98-1.08) (0.94-1.02) (0.94-1.02)
Bone mineral content 34.2+£6.23 35.5+7.01 3.72 0.45 0.19 33.0+4.77 33.4+4.73 1.26 0.36 0.09
(g) (32.0-36.4) (33.1-37.9) (31.1-34.9) (31.6-35.3)
Lumbar spine (L1-L4)
Bone mineral density 1.11+£0.12 1.11+£0.13 0.41 0.26 0.04 1.05+£0.09 1.05+£0.09 -0.15 0.33 -0.02
(g-cm?) (1.07 - 1.15) (0.98 -1.24) (1.01 - 1.09) (1.01 - 1.09)
Bone mineral content 67.2+14.2 69.3+13.5 3.13 0.37 0.15! 63.8+8.34 64.1+8.31 0.45 0.41 0.03
(g) (62.3-72.1) (53.7-80.7) (60.5-67.1) (60.8-67.4)

Key: Within group baseline and 12-month data expressed and mean = SD with percentage changes and effect sizes for each variable. ES = Effect size,
small ES; * moderate ES, SWC = Smallest worthwhile change (SWC = ES 0.1 * Standard Deviation). Values in brackets denote 95% Confidence Intervals.
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Table 8.3 Within group changes and effects in body composition and performance parameters from baseline to 12 months

Jump (n =32) Control (n = 25)
Baseline 12-months Percentage  SWC (%) ES Baseline 12-months Percentage SWC ES
Change (%) Change (%) (%)

Body Composition

Fat free mass (kg)# 48.1+5.9 50.7 £6.2 5.44 0.72 0.43t 47.0+6.9 49.2+7.0 4.63 0.72 0.32
(46.1 -50.1) (48.6 - 52.9) (44.3 - 49.7) (46.5 - 51.9)

Fat mass (kg)# 229+7.3 19.5+6.4 -15.0 -2.20 0.50* 229+7.3 20.1+6.8 -8.86 -2.18 -0.40
(20.4 -25.4) (17.3-21.7) (20.0 - 25.8) (17.4-22.8)

Body fat (%)# 31.7+6.6 27.4+6.1 -13.8 -1.79 0.68* 31.3+5.8 28.3+5.8 -9.56 -1.82 -0.52%*
(29.4-34.0) (25.3 - 29.5) (29.0 -33.6) (26.0-30.6)

Vertec

Vertical Jump (cm) 349+7.4 37.5t6.4 7.54 3.35 0.38t 354+5.4 353+7.1 -0.24 3.11 -0.01
(32.3-37.5) (35.3-39.7) (33.3-37.5) (32.5-38.1)

Contact Mat

Ground contact time (ms) 0.31+0.10 0.24 £ 0.05 -21.9 -5.62 0.917 0.27 £0.10 0.30+0.09 8.86 -5.41 0.26'
(0.28 -0.34) (0.22-0.26) (0.23-0.31) (0.26 -0.34)

Balance Force plate

Path length (cm) 111.0+37.5 109.7 £34.1 -1.20 -2.82 0.04 128.4+35.1 123.9+49.4 -4.22 -3.19 0.13

(98.0 - 124.0) (97.9-121.5) (114.6 - 124.2) (104.5 — 143.3)

Average velocity (m/s) 3.78+1.22 3.98+1.30 5.29 -2.81 0.16 428 +1.17 4.58 +3.47 7.01 -3.12 0.13

(3.36 -4.40) (3.53-4.43) (3.82 - 4.74) (3.22 - 5.94)

Key: Within group baseline and 12-month data expressed as mean = SD with percentage changes and effect sizes over the 12 months presented for each
variable. # DEXA, ES = Effect size, ! small ES; * moderate ES, » large ES, SWC = Smallest worthwhile change (SWC = ES 0.2 * Standard Deviation).
Values in brackets denote 95% Confidence Intervals.
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Figure 8.5 The jump and control group average time course of change for femoral neck bone mineral density (top left), bone mineral
content (top right), and femoral narrow neck cross sectional area (bottom left) and cortical thickness (bottom right) across the 12-month
study duration. P values depict significant group main effects. Error bars represent standard error.
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Figure 8.6 The jump and control group average time course of change for section modulus at the

femoral narrow neck (Z cm3) across the 12-month study duration. P values depict significant
group main effects. Error bars represent standard error.
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Figure 8.7 The jump and control group average time course of change for total hip bone mineral
density (top) and bone mineral content (bottom), across the 12-month study duration. P values
depict significant group main effects. Error bars represent standard error.

167



Chapter 8. Chronic Effects of a Jump-Landing Programme

1.14
1.12
1.10 p <0.001
g
S 108
=20
[
=
= 1.06 -
1.04 T ' ‘
1.02
Baseline 3 Month 6 Month 9 Month 12 Month
el Treatment e Control Expected change
73.00
71.00
69.00
C: p <0.001
&)
s 67.00
2]
65.00
63.00 T ‘ 1 ‘
61.00
Baseline 3 Month 6 Month 9 Month 12 Month
el Treatment @ Control Expected change

Figure 8.8 The jump and control group average time course of change for total lumbar spine (L1
- L4) bone mineral density (top) and bone mineral content (bottom), across the 12-month study
duration. P values depict significant group main effects. Error bars represent standard error.
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Figure 8.9 The jump and control group average time course of change for ground contact time
(top) and vertical jump height (bottom), across the 12-month study duration. P values depict
significant group main effects. Error bars represent standard error.
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8.5 Discussion

This study is unique in its presentation of a quantified periodized, jump-landing
program on parameters of bone strength and overall fracture resistance for
premenopausal women over a 12-month period. The main findings of the current study
support the initial hypotheses and demonstrate that a quantified jump landing
programme performed over 12-months can; (i) Improve bone health (compared to the
CON) with significant (p < 0.05) worthwhile improvements being observed in lumbar
spine BMD and BMC (10.41 to 13.13%; ES = 0.04 and 0.15, respectively), and
femoral neck BMD and BMC (13.44% and 12.61%; ES =0.20 and 0.13, respectively)
measures; (i) Significant (p < 0.01) improvements in bone geometry variables at the
femoral neck (12.78 - 13.84%; ES =0.15 - 0.20) in the JL with losses (0.64 - |0.84%;
ES =-0.05 to -0.07) being observed in the CON, except a trivial increase for cortical
thickness (10.84; ES = 0.06); (ii1) Improve jump performance parameters with
significant increases (p < 0.05) in muscle reactivity ([21.9%; ES = -0.91) and non-
significant increases in vertical jump performance (17.54%; ES = 0.38), for the JL, in
contrast to the performance decrements observed in the CON (18.86% and |0.24%;
respectively); (iv) Improve body composition changes, however contrary to the initial
hypothesis a significant time effect (p = 0.017) was observed for body fat percentage
with moderate fat losses observed in both the JL ([13.8%; ES = -0.68) and CON
(19.56%; ES =-0.52).

The current study primarily focused on measuring changes in bone at the hip and
lumbar spine over 12-months. Researchers (Drake et al., 2015), have demonstrated
that the hip and lumbar spine are fracture sites most frequently associated with post-
menopausal osteoporosis, which are primarily a consequence of trabecular bone losses
due to oestrogen deficiency, however the hip is considered the most severe
osteoporosis complication (Kanis, 2002). In the current study, we observed significant
(» <0.01) BMD gains at the femoral neck (13.44%) and the total hip (12.34%) for the
JL, compared to the CON, where a reduction in BMD was observed (}0.11 to |0.15
%). Our findings have important clinical implications with reference to the 1% per
year expected bone loss at this site for women between 40 and 50 years old
("Consensus development conference: Diagnosis, prophylaxis, and treatment of

osteoporosis," 1993). The significant (p < 0.05) gains also observed for BMC for
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femoral neck and total hip (12.61% and 13.72%, respectively) in our JL suggest that
the increase of bone mass at the femoral neck site are an ‘actual’ gain and not just a
reallocation of existing hip bone mineral. In comparison, the CON experienced small
losses in BMC at the femoral neck (]0.11%), suggestive that the stimulus provided by
the jump-landings was effective in targeting the hip region, and specifically the
femoral neck. Our study demonstrated that a brief (2 - 3 min) quantified osteogenic
jump-landing programme performed at least 3-times a week can not only maintain
bone health but can reverse the trend of expected age-related bone loss at these

clinically relevant sites.

As the jump-landing exercises in our periodised programme primarily involved the
lower body, it was unclear as to whether gains in BMD and BMC would be observed
in the lumbar spine region. Researchers have suggested that jump-landings would not
provide an effective stimulus for individuals aiming to improve bone strength at the
spine, and recommend upper body resistance exercises as a better option (Winters-
Stone & Snow, 2006). We however observed significant (p < 0.001) gains in BMD
(10.41%) at the lumbar spine (L1 - L4) for our JL, with BMD losses occurring in the
CON (]0.15%). Our JL also amassed significantly (p < 0.01) greater BMC than the
CON at the lumbar spine (L1 - L4) (13.13% vs 10.45%, respectively). Such results
demonstrate that the lower body focussed jump-landings utilised in this study were
able to provide the required stimulus for positive bone adaptation at this additional
clinically relevant site. The authors propose that the utility of a reactive jump (to jump
again immediately after the first jump-landing), and instruction provided to use a
vigorous arm swing and land stiffly, was effective in transmitting greater landing

forces to the hip and lumbar spine (Clissold et al., 2018).

Osteoporosis is characterised by decreasing bone strength leading to an increased risk
of fracture, however bone density is only one of the contributors to bone strength
(Kanis, 2002). Several factors have been identified to describe bone quality including;
bone micro and macro architecture, bone material properties and bone remodelling
levels (Asikainen et al., 2004; Chopin et al., 2012). In this study, the JL achieved
significant (p < 0.01) increases in bone geometry variables at the narrow neck
(narrowest section of the femoral neck) including; cross-sectional area (CSA) (12.78%

vs 10.64), cortical thickness (13.84% vs 10.84) and section modulus (a measure of
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bone stiffness closely related to the bending and torsional strength of bone) (13.22%
vs 10.43), when compared with the CON.

A paediatric study reported gains in femoral neck BMD (12.6%), CSA and section
modulus (14.0%) in prepubertal girls (10.0 = 0.6 yr), in response to a 7-month jumping
program (50 - 100 jumps, 3 times/week) (McKay et al., 2005). These increases in
aspects of bone strength observed for the JL participants relating to bone girth and
quality are proposed to translate directly to overall bone strength and increased
fracture resistance (Petit et al., 2002; C. H. Turner & Robling, 2003). Interestingly,
studies showing large increases in BMD and BMC resulting from pharmacologic
therapy result in very small increases in fracture resistance (Kohrt et al., 2009). In
comparison, mechanical loading as determined using animal studies achieved smaller
gains in BMD and BMC, which translated to very large increases in bone strength and
resistance to fracture (64 - 94%) (C. H. Turner & Robling, 2003). Although limitations
exist for using a two-dimensional imaging technique to assess a three-dimensional
structure, the hip structural analysis utilised in this study provided an opportunity to
assess variables used to describe the overall strength and fracture resistance of bone in

response to our jump-landing intervention.

Loss of musculoskeletal mass and function has been described as “a natural ageing
trait, reinforced by an unhealthy lifestyle” (Nedergaard et al., 2013). Researchers have
suggested that targeting exercises that reduce the likelihood of falling by improving
muscle strength, balance, mobility & posture should also be included in an
osteoporosis prevention programme (de Vreede, Samson, van Meeteren, Duursma, &
Verhaar, 2005; Guadalupe-Grau et al., 2009). Our JL improved their maximal jumping
ability (17.54%), in contrast to the CON who experienced a reduction in lower body
explosive power (]0.24%). Similarly, improvements (p < 0.05) were observed in the
JL for lower body muscle reactivity (determined by reduced ground contact time when
performing a drop jump) when compared with the CON (121.9% vs |8.86%,
respectively). The reduction in ground contact time observed in the JL participants
may be attributed to adaptations induced from performing the reactive jump and
thereby the stretch shortening cycle (Lees, 1981; van Ingen Schenau et al., 1997).
Interestingly, no significant main effects were found for balance measures (i.e. path

length, and average sway velocity) between the groups. It may be that the use of a
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static single-legged balance test, as utilised in this study, may not have captured the
potential coordinative adaptations resulting from the dynamically applied jump-

landing programme.

All participants in the current study experienced favourable body composition
changes, with moderate body fat percentage losses observed in both the JL (]13.8%;
ES =-0.68) and CON (]9.56%; ES = -0.52). In addition, JL and CON participants
experienced small increases in fat free mass (15.44% and 14.63%, respectively), over
the 12-month study period. Previous research has associated lean mass with linear
increases in hip bone strength (BMD and CSA) in postmenopausal women (Leslie et
al., 2014; Shi et al., 2019), and in premenopausal women (BMD and section modulus)
(Bailey & Brooke-Wavell, 2010a), suggesting that gravitational loading, muscle-
contractions and associated hormonal factors may be responsible for the positive
relationship between skeletal muscle and bone. In addition, a recent study
investigating the relationship between body composition and osteoporosis including
premenopausal women (n = 10, 884) concluded that individuals with low strength and
low muscle mass were two times more likely to have osteopenia or osteoporosis (He

etal., 2016).

Our original hypothesis posed that gains in muscle and losses in body fat would only
be observed in the JL, and therefore our results possibly obscure the training effect we
expected from the jump-landing programme. However, activity questionnaires
completed at each testing session (3-monthly intervals), showed that physical activity
levels (walking, cycling and resistance training) had increased substantially from
baseline for the CON and may explain the changes observed. We concluded that
sharing DEXA body composition results with the participants (both JL and CON)
during the study period, whilst potentially helpful in improving study adherence, was
a limitation to the study design with participants stating this increased their motivation
to make positive lifestyle changes. Interestingly, although improvements in body
composition were observed for the CON, their increased participation in non-weight
bearing exercise did not translate into gains in BMD. In addition, the initial assignment
of some participants to either group (JL or CON) based on their choice, may be need
to be considered when interpreting the findings from this study. This limitation is

acknowledged by using a controlled trial experimental design, as the primary focus
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was to determine the “true effect” of the mechanical stimulus provided by the jump-

landing programme, which required long-term adherence.

The jump-landing programme utilised in the current study was specific to the lower
extremities, with a primary target on the femoral neck and lumbar spine regions. As
musculoskeletal adaptations are specific to the areas where the stimulus is applied,
future research is required to quantify a series of exercises (e.g. upper body) which
can be utilised in a total body osteogenic programme. This will require further
investigation into ways to incorporate the use of reactive forces, utilised in the current
study, to be applied to the upper body. In addition, researchers have suggested that
once participants stop performing the jumps regularly and the osteogenic thresholds
are no longer achieved, bone gains will regress back to baseline (Winters & Snow,
2000). Thus, future studies are required to gain a better understanding about how to
achieve long-term bone adaptations, maintenance of bone gains and the time-course

of reversibility.

8.6 Conclusion

To the authors knowledge, this is the first study to assess the effect of a 12-month
periodised and quantified osteogenic exercise programme using low repetition, rapid-
onset, high-intensity jumps offering unusually distributed strains, and utilising a
repeated jump-landing technique. This study has shown that a brief (2 - 3 minute) jump
programme, with a specific focus on the jump-landing technique has been shown to
easily achieve the osteogenic thresholds for magnitude and rate (>3 BW and
>43BW-s) required to stimulate bone at clinically relevant sites (Clissold et al., 2018).
Thus, it can be concluded that such preventative interventions which are cost-effective
and easily implemented in the home setting represent a “window of opportunity” for
premenopausal women to prevent or delay the time before the fracture threshold is
surpassed in the postmenopausal years. In addition to improving overall bone health
during a life-stage normally associated with progressive bone losses, the regular
performance of jump-landings with a reactive component may also contribute to a

reduced falls risk by improving muscle strength and reactive muscle qualities.
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CHAPTER 9. SUMMARY, PRACTICAL APPLICATIONS,
LIMITATIONS, FUTURE RESEARCH DIRECTIONS AND
CONCLUSIONS

9.1 Summary

The overarching question of this thesis was “Can a periodised osteogenic jump-
landing programme improve bone health, body composition and performance
parameters in premenopausal women”? To answer this question, three main areas were
investigated: 1) What are the effects of instruction, jump type and jump-landing
techniques on ground reaction forces for a selection of bilateral and unilateral jumps,
whilst utilising a reactive jump, across all planes of motion? 2) Can a periodised
osteogenic jump-landing programme be developed specifically for premenopausal
women based on quantified jump-landings? And, 3) What are the chronic effects of a
periodised osteogenic jump-landing programme on bone health, body composition and

performance parameters in premenopausal women.

The basis for the overarching question was formulated and guided by gaps identified
in the literature. Specifically: 1) no study had quantified the full spectrum of ground
reaction forces associated with jump-landings for a selection of bilateral and unilateral
vertical and multidirectional jumps in premenopausal women; 2) no study had
investigated the use of reactive jump-landings to optimise the osteogenic stimulus for
jump-landings when performed by premenopausal women.; 3) no study had attempted
to develop a quantified 12-month periodised osteogenic jump-landing programme to
be specifically utilised by premenopausal women to improve bone health; and, 4) no
study had investigated the chronic effects of a 12-month periodised osteogenic jump-
landing programme on functional performance parameters, body composition and
bone remodelling at clinically relevant sites in premenopausal women. Therefore,

addressing these gaps in the literature has provided the foundation for this thesis.

From Chapter 2 it was apparent that very little research had investigated the factors
that influence jump-landing ground reaction forces in premenopausal women. The
main jumping and jump-landing factors deemed important in achieving greater GRFs

included the cueing of participants to; (i) use a vigorous arm swing in a
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“countermovement” style; and, (ii) ‘land stiffly’ and ‘immediately jump again for
maximal height’ (reactive jump). However, a clear understanding about these
variables had yet to be established. With these instructions provided, GRF’s for all
CMJ and DJ jump-landings for magnitude (4.6 to 5.5 BW’s) and rate of strain (264 to
359 BW:s™), easily exceeded the previously defined vertical osteogenic thresholds (>3
BW’s and 43 BW-s™!), shown to improve bone mass at clinically relevant sites for
premenopausal women (Chapter 3). In addition, we observed greater magnitudes and
rates of GRF’s (ES = 0.22 to 0.42), for jump-landings performed with ‘instruction
withdrawn’, one week later after only one instructed jump-landing session. As mean
values for peak landing forces of both jump-landings in this study were substantially
higher than the values previously reported for this type of jump in the same population,
it would seem that the jumping and jump-landing techniques utilised in our study
significantly influenced this aspect of force production. As the focus of jump-landing
forces had been in the vertical direction only, the quantification of multiplanar jumps

across all planes of motion required investigation.

From the findings in Chapter 4, GRF’s for all jump-landings for the star jump and
stride jump easily achieved the previously defined vertical osteogenic thresholds, for
magnitude (3.87 to 5.33 BW’s) and rate of strain (192 to 329 BW-s™), respectively.
Significantly greater forces were observed in the second jump-landing (post-reactive
jump), for the majority of the force variables measured in all force axes (111% to
149%), for both the star and stride jump. Although vertical landing forces were similar
for both jumps, substantially different medio-lateral (185% to 1466%, for star jump)
and anterio-posterior (1103% to 1316%, for stride jump), GRF’s were observed
between the jumps. The multidirectional nature of these jumps presented an
opportunity to maintain and enhance mechanical bone stimulation after the bone
becomes saturated to vertical loading cycles, however this is poorly understood for

unilateral jump-landings.

Chapter 5 was the first study to report GRF’s across all planes of motion associated
with multiplanar hop-landings in premenopausal women. Our results showed that
when instructed to land ‘stiffly’, and to utilise a flat-footed ground contact, the
multiplanar hop-landings (4.17 to 5.12 BW’s, and 239 to 334 BW-s ), easily exceeded

osteogenic thresholds for GRF magnitude and rate, previously established using

176



Chapter 9. Summary and Conclusions

bilateral jump-landings. As we expected, significant differences in jump-landing
forces were observed for the hops based on directional focus including; highest
vertical GRF’s for the vertical hop (110% to 192%, compared to lateral and forward),
highest posterior GRF’s for the lateral and forward hop (171% and 169%, compared
to the vertical hop), and higher lateral GRF’s were observed for the lateral hop and
vertical hop (135% and 142%, compared to the forward hop).

Chapter 6 was the first study to utilise kinetic data, previously quantified for a selection
of bilateral and unilateral jumps (Chapters 3 - 5), to develop a 12-month periodised
osteogenic jump-landing programme for premenopausal women. The data was
organised into a bone-specific ‘stress stimulus rating’ based on GRF magnitude
(>3BW), GRF rate (>43 BW-s™"), and technical difficulty (i.e. vertical bilateral to
multiplanar unilateral) in a progressive manner over a 12-month period. We
demonstrated the effectiveness of repeated or reactive jump-landings to increase
GRF’s (magnitude and rate), thus provided instruction for “stiff” and “flat-footed”
jump-landings and cued participants to ‘jump immediately after the initial jump-
landing’, for bilateral jumps. The 12-month periodised osteogenic jump-landing
programme was defined by; a limited number of ground contacts per session (< 50 per
session), rest intervals inserted between each jump (15 seconds), and adequate

recovery between daily (3 - 5 times per week) sessions (at least 24 hours).

While the first four studies (Chapters 3 - 6) in this thesis provided insight into the
development of a periodised osteogenic jump-landing programme specifically
designed for premenopausal women, no evidence currently existed as to the
effectiveness of such a programme. The chronic findings for Chapter 8 have clearly
shown that a brief (2 - 3 minute) jump programme, with a specific focus on the jump-
landing technique has provided the required stimulus to improve bone at clinically
relevant sites. Generally, women experience bone losses of approximately 1% per year
after the fourth decade of life, however our jump participants (versus control group)
increased BMD (10.41 to 13.44% versus [0.12 to |0.15%) and BMC (12.61 to 13.72%
versus 11.26% to [0.11%) at the femoral neck, total hip and lumbar spine (L1 - L4).
In addition, the jump group improved bone geometry variables, at the narrow neck
(narrowest section of the femoral neck) in comparison with the control group (12.78

to 13.78% versus 10.84 to |0.64%). Furthermore, moderate body fat percentage losses
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were observed in both the jump and control group (| 13.8% versus |9.56%; ES =-0.68
and -0.52), with all participants experiencing small increases in fat free mass (15.44%
and 14.63%, ES = 0.43 and 0.32). The excellent test-retest reliability demonstrated for
BMD, BMC, bone geometry and body composition provided the ability to determine
that the changes we detected over time were statistically and clinically significant

(Chapter 7).

9.2 Practical Applications

The following practical applications have been developed from the research in this

thesis:

1) Jumping and hopping are valuable exercises which can be used for improving bone

health in premenopausal women.

2) Jumping and hopping, when performed regularly, can be considered as possible
non-pharmacologic alternatives to help prevent and delay osteoporosis in

premenopausal women.

3) Jump-landing technique is a major factor that can influence the osteogenic
effectiveness of jump-landings. To maximise the osteogenic training stimulus clients
should be instructed to land stiffly with minimal flexion at the hip, knees, ankle and

foot (i.e. flat foot landing).

4) To further enhance landing forces for bilateral jumps (CMJ, DJ, SJ and SDJ) clients
should be instructed to perform a repeated jump-landing (a reactive jump). Providing
instruction for the first jump-landing (i.e. think of the ground as a hot plate) to ‘jump
immediately after the initial jump-landing’ (a “reactive jump”), will cause the

participant to flex minimally upon landing and push off quickly thereafter.

5) To maximise jump height, jump-landing impact forces, and consequently the
osteogenic potential of the exercise, clients should be instructed to use a vigorous arm

swing in a “countermovement” style.
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6) To maintain and enhance mechanical bone stimulation after the bone becomes
saturated to vertical loading cycles, we recommend that multiplanar jumps and hops
(i.e. star jump, forward hop) should be utilised. This has implications for osteogenic
programme design in terms of clustering of jumps to enhance mechanosensitivity and

for long-term adaptation to the jump-landing stimulus.

7) We recommend that clients are provided initial instruction for how to perform the
jump-landing technique we have utilised in our research. Instructions such as to “land
stiffly”, “flat-footed” and to “minimise ground contact” between jump-landings can
help participants to optimise GRF’s and achieve similar or greater jump-landing forces
one week after only one instructed session. We proposed that this was due to learning
or practice effects, which has clinical implications for an osteogenic jump-landing

programme being delivered in an unsupervised setting.

8) Jumping and hopping exercises which achieve the osteogenic thresholds for
landing forces (magnitude and rate) need to be organised and periodised when
programming for chronic adaptation in premenopausal women. Factors to be
considered to determine how the jumps would be introduced and clustered within a
12-month periodised osteogenic jump-landing programme include; GRF magnitude,

GRF rate, GRF direction and technical difficulty (i.e. bilateral to unilateral).

9) Multidirectional hops, such as those utilised in our research, may require pre-
conditioning exercises, and the performance of bilateral jump-landings first, as part of
a periodised osteogenic programme designed to safely optimise the impact stimulus

required to promote bone formation in premenopausal women.

10) We recommend the completion of an ‘introductory’ progressive weight-bearing
programme (4-weeks), which includes strength and balance, for adequate preparation
of untrained individuals to be able to tolerate the stresses involved with jump-landings,

to maximise the benefits to bone health and reduce any risk of injury.

11) A jump-landing programme needs to be designed to load and progress participants

within the jump-landing programme according to several factors including; strength,
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balance, movement and technical proficiency, fitness level, injury status and comfort,

to maximise potential for adaptation and minimise risk of injury.

12) To maximise the osteogenic potential of jump-landing exercises, we recommend
less than 50 repetitions of loading in one session, with a 15 - 30 second rest interval
inserted between short sets of jumps and 24 hours between jumping sessions. We also
suggested participants should perform the 2 - 3minute jump-landing programme at

least three times per week.
13) We recommended that all jumps should be performed in the barefooted condition

on a firm surface such as a firm mat, carpeted floor or grass, however further research

is required in this area.

9.3 Limitations and Delimitations

Some of the limitations and delimitations of the work in this thesis are acknowledged.

1) Osteogenic thresholds for jump-landing GRF’s (>3BW’s and >43BW-s !,
magnitude and rate of strain, respectively), have been previously determined based on
gains in bone mass observed in premenopausal women. Currently only a small number
of studies have explored bone health in premenopausal women, therefore a limitation

exists for the use of these thresholds.

2) Given that the existing literature documenting vertical jump-landing impact forces
for premenopausal women provided a variety of different instructions for arm swing
and effort during jumping, and little if any focus on jump-landing technique, it was

difficult to make comparisons between the studies reviewed.

3) Many different methods have been developed to calculate rate of force production,
and thus a factor which must be acknowledged in terms of the validity of comparison
with osteogenic thresholds. We chose to use the calculation method described by
Bassey et al. (1998), to enable comparisons to be made to the osteogenic thresholds

defined by these researchers using premenopausal women.
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4) We observed significantly greater landing forces for the second jump-landing
(post-reactive jump), for most of the force variables measured using bilateral jumps
(CMJ, DJ, SJ and SDJ). However, we acknowledge that by not collecting single jump-

landing GRF data, provided a limitation to the interpretation of our findings.

5) Although we were unable to establish a significant effect for ‘Instruction” on jump-
landing forces after one week, there were indications that ‘Instruction’ and test-retest
effects may have had some influence on vertical and resultant forces. Non-significant
increases in these forces were measured with ‘Instruction withdrawn’. In light of these
observations, it may have been of value to have carried out additional retesting
sessions to determine the effect of the ‘instruction withdrawn’ condition on jump-

landing forces after longer periods of time (i.e. 1 month).

6) Although it was observed that greater forces were associated with the second jump-
landing for all bilateral jumps, we were unable to clarify the mechanism responsible

as this would have required videography, which was not utilised in this study.

7) This is the first research in this area to have presented jump-landing forces across
all planes of motion, thus a limitation exists as to the interpretation of the multiplanar
force data and the contribution of each vector to the overall osteogenic stimulus for
bone. As clinical data reporting force thresholds required to increase BMD are
typically in the vertical direction only, it is therefore unknown whether the same
conclusion can be drawn from the resultant, medio-lateral and anterio-posterior forces

without further research.

8) We utilised a longitudinal quasi-randomised controlled trial experimental design to
determine the effects of our 12-month jump-landing programme on measurements of
bone health in premenopausal women. This meant participants were assigned to either
the jump or control group based on their choice and willingness to participate in the
daily jump-landing programme (in their own homes), and to attend jump-landing
group classes regularly. Although this experimental design may be considered a
limitation, as participants were not randomised using a blinded or double-blinded
method, such a design was deemed necessary to improve the adherence to the jump-
landing training programme (Winters-Stone & Snow, 2006) and to determine if the

jump-landing programme could be successful in an unsupervised context.
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9) Limitations exist for using a two-dimensional imaging technique to assess a three-
dimensional structure, however the hip structural analysis software (HSA) utilised in
this study provided an opportunity to assess variables used to describe aspects of bone

geometry, which translate to the overall strength and fracture resistance of bone.

10) Other technologies such as computerised tomography (CT) and quantitative
computed tomography (QCT) are considered a more accurate method of representing
the three-dimensional structure of bone, however these deliver the equivalent of two
years of background radiation per scan, compared to only three hours for bone

densitometry (DEXA) thus the reason for using DEXA in our design.

11) We observed increases in bone geometry variables at the narrow neck (narrowest
section of the femoral neck), including; cross-sectional area, cortical thickness and
section modulus (a measure of bone stiffness closely related to the bending and
torsional strength of bone) using HSA technology. However, a limitation exists for
the interpretation of this data, as to our knowledge, only one study has utilised HSA
or 3-dimensional bone scans in their description of overall bone strength, for
premenopausal women. In addition, there is currently an absence of normative data
or value thresholds identified for bone geometry measurements for this specific

population.

12) Although researchers have previously examined the reliability of DEXA
technology, most have only reported coefficients of variation (CV’s). In addition,
these values of absolute consistency (CV’s) have only been presented for BMD at the
femoral neck and lumbar spine, with most studies failing to report any consistency
values for bone mineral content (BMC), hip structural analysis or body composition.
Although we presented a full understanding of the variability associated with DEXA
measurements of interest for premenopausal women, we were limited in our
interpretation of our precision error values for these variables in the absence of

acceptable precision ranges for this population.

13) Although we conducted a reliability study for the AMTI Accusway balance force
plate (Appendix 20), to provide focus on the variables we could use in our training
intervention, we acknowledge there were limitations to the methodology we utilised

for this purpose. Although our within-trial reliability study provided focus for the
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measures that were reliable within-trial, we recognise that we did not conduct the
testing methodology required to determine test-retest reliability for these balance

variables.

14) Interestingly, no significant main effects were found for balance measures (i.e.
path length, and average sway velocity) between the groups. It may be that the use of
the static single-legged balance test we utilised in this study is a limitation, and may
not have captured the potential coordinative adaptations resulting from the

dynamically applied jump-landing programme.

15) To determine the clinical significance of small changes in BMD to overall bone
strength, we developed modified effect sizes (ES = mean change/standard deviation
of the sample scores). We used ratios of 0.10 - 0.19, 0.20 - 0.29, > 0.30 which
indicated small, moderate and large changes, respectively, to calculate and determine
the magnitude of change of bone from baseline to 12-months. The modified effect
size classification was calculated based on significant improvements (ES = 0.15 to
0.26) on BMD previously reported in this population (Bassey et al., 1998; Vainionpaa
et al., 2005; Winters-Stone & Snow, 2006). We acknowledge that this classification
is new and further research is required to establish validity and utility in this

population.

16) We concluded that sharing DEXA body composition results with the participants
(both groups) during the 12-month study period, whilst potentially helpful in
improving study adherence, was a limitation to the study design with participants

stating this increased their motivation to make positive lifestyle changes.

9.4 Directions for Future Research

The findings from this research have highlighted several considerations for future

research:

1) Although osteogenic thresholds (GRF magnitude and rate) are useful for describing
effective jump-landing intensities, the variability that exists between individuals when

determining a safe effective dose of impact exercise requires further investigation.
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2) Researchers have predominantly focused on minimising bone losses in “high risk”
postmenopausal women and as a consequence, exercise recommendations to improve
bone health in adults are generic and lack specific recommendations for women before
they experience the accelerated bone losses at menopause. Further research is required
to determine optimal exercise recommendations to improve bone health across all life-

stages, including specific guidelines for males.

3) To the authors knowledge, this is the first periodised osteogenic jump-landing
programme designed specifically for premenopausal women. Although this research
provides a strong foundation for bone specific programming with consideration to
specific training principles i.e. progressive overload, novel stress and technical
progression, continued research in this area is warranted to continue to optimise the

programme design for this ‘at risk’ population.

4) As musculoskeletal adaptations are specific to the areas where the stimulus is
applied, future research is required to quantify a series of exercises (e.g. upper body)
which can be utilised in a total body osteogenic programme. This will require future
biomechanical investigation into ways to incorporate the use of reactive forces,

utilised in the current study, to be applied to the upper body.

5) We recommend that future research using DEXA technology should provide
precision error values for BMC, HSA and body composition, to enable acceptable

precision ranges to be established for this population.

6) We also recommend that future research using DEXA technology should provide
test-retest reliability values for relative (ICC’s) and absolute (CV’s) consistency
values for BMD, BMC, HSA and body composition, for studies using premenopausal

women.

7) Researchers have suggested that once participants stop performing the jumps
regularly and the osteogenic thresholds are no longer achieved, bone gains will regress
back to baseline. Future studies are required to gain a better understanding about how
to achieve long-term bone adaptations, maintenance of bone gains and the time-course

of reversibility.
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8) Researchers should investigate the long-term chronic adaptations associated with
performing a periodised osteogenic jump-landing programme using larger cohorts of
women of different ages and representing different ethnic groups. These studies need
to be implemented for at least 12-months and should incorporate exercises targeting
all clinically relevant bone sites (hip, lumbar spine and radius). Such studies would
build on the findings of this research and provide health providers and practitioners
with an evidence base on the long-term benefits of performing these jump-landings to

enhance bone health for everybody at every stage of life.

9) We have already shown that our periodised osteogenic jump-landing programme
positively influences markers of bone health, in pre-menopausal women in a clinical
setting. Future research is required to determine efficacy and scalability of this
programme across the age span in females in multiple community settings, by
designing resources and systems to engage and improve adherence to a preventative
health intervention. Therefore, the effects of specifically designed website and app
resources for improving functional performance parameters, falls risk predictors, body
composition and bone remodelling at clinically relevant sites among women during
various life stages (i.e. adolescent, young adult, pre- and post-menopausal) is

warranted.

9.5 Conclusions

This thesis provides original academic research into the use of specific jump-landings
as an effective way to improve bone health and contribute to the field of preventative
health care. It is important that clinicians, physical therapists, strength and
conditioning practitioners and the general population are informed about scientific
evidence describing the benefits and potential risks associated with performing
jumping and hopping exercises to improve bone health in premenopausal women.
Furthermore, we recommend that serious recommendation needs to be given for
implementing such a programme as we have described for premenopausal women,

across all life-stages, with consideration for the earlier the better.
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ABBREVIATIONS AND GLOSSARY
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ABBREVIATIONS

Al
ANOVA
BDJ
BIA

BJ
BMD
BMI
BMC
BSPAQ
BTM
BW
CA
CMDJ
CMJ
CSA
CVlJ
CT
CTx
DEXA/DXA
df

DJ

e.g.

EMG

Appendices

Adequate intake

Analysis of variance

Bounce drop jump

Bioelectrical impedance analysis
Bounce jump

Bone mineral density

Body mass index

Bone mineral content

Bone specific physical activity questionnaire
Bone turnover marker

Body weight

Cronbach’s Alpha
Countermovement drop jump
Countermovement jump

Cross sectional area
Countermovement vertical jump
Computed tomography

Type I Collagen C-Telopeptide
Dual energy x-ray absorptiometry
Degrees of freedom

Drop jump

For example

Electromyography

Fishers distribution value
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FH Forward hop

FRAX Fracture risk assessment tool

GCT Ground contact time

GRF Ground reaction force

HRT Hormone replacement therapy
HSA Hip structural analysis

1.e. That is

IL 1-6 Interleukin 1 and 6

IFCC International Federation of Clinical

Chemistry and Laboratory Medicine

IOF International Osteoporosis Foundation
L1-L4 Lumbar 1 - lumbar 4 vertebrae

LH Lateral hop

LMM Linear mixed model

MES Minimum effective strain

N.B. Nota bene “note well”

NZ New Zealand

PINP Procollagen Type I N-Propeptide

PAF Peak anterior force

PAR-Q Physical Activity Readiness Questionnaire
PLF Peak lateral force

PMF Peak medial force

PPF Peak posterior force

PRF Peak resultant force

PRFD Peak rate of force development

PVF Peak vertical force
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QCT
RANKL
RDI
reps

RJ

ROM
SDJ
SJ

T-score

TNF-a
UTPSTF
VH
VGRF
V max
V min
WHI
WHO
WI
WO

X axis
Y axis
Z axis

Z-score
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Quantitative computed tomography
Receptor activator of nuclear factor B ligand
Recommended dietary intake

Repetitions

Reactive jump

Repetition maximum
Range of motion
Stride jump

Star jump

BMD score for the patient's age, sex and
ethnicity

Tumor necrosis factor

U.S. Preventive Services Task Force
Vertical hop

Vertical ground reaction force
Velocity maximum

Velocity minimum

Women’s Health Initiative
World Health Organisation
With instruction

Without instruction

Medial and lateral axis
Anterior and posterior axis
Vertical axis

BMD score compared to a healthy 30-year-old
adult of the same sex and ethnicity as the patient
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UNITS OF MEASUREMENT

%

BW
BW-s!
CI

cm

cm

cm
Ccv

ES
g-cm?

gkg

ICC

U

kN-s-1

mg

min

msS

msS

ng.ml!

Percentage

Body weight

Body weight per second
Confidence interval
Centimetre

Centimetre squared
Centimeter cubed
Coefficient of variation

Effect size

Gram per centimeter squared

Gram per kilo of body weight

Hertz

Intraclass correlation coefficient

International unit
Kilogram

Kilonewton per second
Meter

Milligram

Minute

Millimeter
Millisecond

Millisecond
Newton

Nanogram per milliliter
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SD

wk

yr

Degrees

nanogram per milliliter
Correlation coefficient
Coefficient of determination
Seconds

Standard deviation

Watts

Week

Year
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GLOSSARY

Amenorrhoea The absence of a menstrual period in
a woman of reproductive age.

Anterio-posterior force Forces in the Y axis relative to the
front and back of the body
(anterior'/posterior’).

Anthropometry The science of measurement applied
to the human body and generally
includes measurement of height,
weight, and selected body and limb
girths.

Basic Multicellular The region of cells on the bone

unit (BMU) surface responsible for bone
remodelling.

Bilateral ground The force exerted on the ground

reaction force from both legs.

production

Bilateral jump-landing Both feet landing on the ground
simultaneously.

Biomechanics The application of the laws of
mechanics to biological systems.

Body composition The percentages of fat, bone and

muscle in human bodies.
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Bone

Bone cross-sectional area

(femoral sites)

Bone cortical thickness

(femoral sites)

Bone formation

Bone remodelling

period

Bone remodelling

cycle

Bone microarchitecture

Appendices
A combination of type 1 collagen
bone matrix (organic) and
hydroxyapatite crystals (inorganic).
Two types of bone are cortical and

trabecular (cancellous).

Equivalent to the amount of (cortical
equivalent) bone surface area in the
cross-section after excluding all

trabecular and soft tissue spaces.

Estimate of mean cortical thickness

at femoral site.

Process by which cells differentiate,
proliferate, mature and mineralise

into osteocytes (mature bone cells).

The average total duration of a
single cycle of bone remodelling at
any point on a bone surface (120-

200 days).

A continuous lifelong process in the
skeleton where mature bone tissue is
removed (resorption) and new bone

tissue is formed (formation).

The structural geometry of bone
contributing to bone strength,

including width, shape and porosity.

206



Appendices

Bone mineral content A measurement of bone mineral
(BMCO) found in a specific area (g)

Bone mineral density The amount of bone mineral per
(BMD) square centimeter of bone (g/cm?).

Derived using BMC divided by

arca.

Bone resorption The process by which osteoclasts
break down the tissue in bones and
release the minerals, resulting in a
transfer of calcium from bone tissue

to the blood.

Bone section modulus A geometric index of bending

strength at the bone site.

Bone turnover markers Bone turnover markers (BTMs) are a

(BTM) series of protein or protein derivative
biomarkers released during bone
remodelling by osteoblasts or

osteoclasts.

Calcium The most abundant mineral in the
human body. Stored mostly in the

teeth and bones.

Corticosteroid Steroid medications have major
effects on the metabolism of
calcium, vitamin D and bone. This
can lead to bone loss and

osteoporosis.
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Cortical bone The solid outer shell of bone
comprising of about 80% of the
mature skeleton. It is typically found
in the long bones and outer region

of the vertebrae.

Countermovement The jumper starts from an upright

jump (vertical jump) standing position, makes a
preliminary downward movement by
flexing at the knees and hips, then
immediately extends the knees and
hips again to jump vertically up off
the ground.

Drop jump The jumper steps off a box (i.e.
20cm used in these studies), and

lands with two feet.

Dual energy x-ray A quantitative imaging technique
absorptiometry that uses a radiation soured to
(DEXA) measure bone mineral density.
Epidemiology The study of patterns of health and

illness and associated factors at the

population level.

Femoral DEXA scan A scan that measures three regions
of interest: the femoral neck, inter-
trochanter, and the greater

trochanter.
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Force profile A pictorial representation (graph) of
the forces involved in a jump-

landing developed using excel data.

Forward hop The jumper leaps forward from two

feet to land on one foot.

Ground reaction force The force exerted by the ground on

the body in contact with it.

Histomorphometry (of The qualitative analysis of
bone) microstructure morphology and

organisation of bone.

Hop Defined as used in this study to

mean leaping from two feet to land

on one foot.
Hormone replacement The use of hormone therapy (tablets,
therapy patches or cream) to replace the

oestrogen that your ovaries no
longer make during and after

menopause.

Interrelationships The relationships between dependent

and independent variables.

Jump-landing The technique utilised by the jumper
on landing.
Kinematics The characteristics of motion from a

spatial and temporal perspective
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without reference to the forces

causing that motion.

The examination of forces acting on

a system, such as a human body.

The jumper leaps sideways from two feet

to land on one foot.

In biomechanics, bones act as lever arms,
joints act as pivots and muscles provide

the effort forces to move loads.

A scan that measures the lower 4

lumbar vertebrae (L1 - L4).

Forces in the X axis relative to the

sides of the body (medial/lateral’).

The specific response to mechanical
stimulation, is common to a wide
variety of cells in many different
organisms ranging from bacteria to
bone. Mechanical stress can
modulate physiological processes at
the molecular, cellular, and systemic

level.

A term describing the way in which
mechanical loading influences bone
structure by changing the mass
(amount of bone) and architecture (its

arrangement) to provide a structure
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that resists habitual loads with an

economical amount of material.

Menopause A normal condition that all women
experience as they age. The term
"menopause" can describe any of the
changes a woman goes through either
just before or after she stops
menstruating, marking the end of her

reproductive period.

Minimum effective A hypothesis since 1964, has

strain (MES) achieved experimental support.
Strains below the MES apparently
do not evoke adaptive
architectural bone modelling, but

those above it do.

Musculoskeletal Provides form, stability, and movement to
system the human body. It consists of the body's
bones, muscles, tendons, ligaments, joints,

cartilage, and other connective tissue.

Oestradiol/ Estradiol It is the main oestrogen found in women
and is used to prevent osteoporosis (bone

loss) in menopausal women.

Oestrogen/ Estrogen It has an important role in the growth and
maturation of bone as well as in the
regulation of bone turnover in adult bone.
Oestrogen deficiency leads to increased
osteoclast formation and enhanced bone

resorption.
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Osteoarthritis Sometimes called degenerative joint
disease or degenerative arthritis,
osteoarthritis (OA) is the most common
chronic condition of the joints. OA can
affect any joint, but it occurs most often in
knees, hips, lower back and neck, small
joints of the fingers and the bases of the
thumb and big toe.

Osteogenic Derived from or made up of bone-forming
tissue.
Osteogenic threshold Forces or stresses (magnitude and rate)

imposed on bone in excess of this will

stimulate bone growth.

Osteoblasts Cells which make new bone and aids its

mineralisation. A bone-forming cell.

Osteoclasts A large multinuclear cell associated with
absorption and removal of bone:

responsible for bone resorption.

Osteopenia A condition where bone mineral density is
lower than normal however not yet as low
as osteoporosis and falls in the “T score”

range of -1.1 to -2.4.
Osteoporosis Osteoporosis is a systemic skeletal disease

characterised by low bone mass and micro

architectural deterioration of bone tissues,
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with a consequent increase in bone

fragility and susceptibility to fracture.

These fractures are a result of osteoporosis,
a condition in which the bones become
more fragile due to bone deterioration or
low bone mass. Bones that are weaker or

more fragile are at greater risk for fractures.

The amount of bone tissue in the skeleton,
known as bone mass, can keep growing
until the late 20s. At that point, bones have
reached their maximum strength

and density.

The variation of training stimuli over
periods of time to allow for a proper
progression in the exercise stress and

planned periods of rest.

Using pharmaceutical drugs, as
distinguished from therapy using surgery,

radiation, movement, or other modes.

The years after menopause. As a result of a
lower level of oestrogen, postmenopausal
women are at increased risk for a number
of health conditions, including

osteoporosis.

The rate at which mechanical work is
performed

(Power = force x distance/time).
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Premenopausal It's the time when the ovaries gradually
begin to make less oestrogen. It usually
starts in a woman's 40s, but can start in her

30s or even earlier.

Quantify To determine, express, or measure the

quantity of something (i.e. GRF’s).

Rate of force development Calculated by dividing peak force by the
(rate of strain) time taken to reach peak force.
Reactive jump To jump again immediately after the initial

landing (as defined in the current

research).

Reliability The extent to which an experiment, test, or
measuring procedure yields the same

results on repeated trials.

Resistance training Training that uses a resistance to the force

of muscular contraction.

Star jump The jumper starts from an upright standing
position, then jumps up whilst
simultaneously swinging their arms and
legs outwards to land in a star position,
then jumping back into the starting

position to finish.
Strength and conditioning coach A coach whose job is the physical and

physiological development of athletes for

elite sport performance.
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The use of resistance to muscular

contraction to build the strength.

Stretch reflex initiated by a fast-eccentric
muscle contraction followed immediately

by a fast-concentric muscle action.

The jumper starts from an upright standing
position, in a split stance with opposite
arms and legs forward and back. Then
jumps up whilst simultaneously swinging
their arms and legs in opposite directions,
and then jumping back into the starting

position to finish.

Porous bone composed of an intricate,
latticed network of fibrous, calcified
mineral. It is typically found at points of
compression, such as lumbar vertebrae,
femoral head, etc. Preferentially affected

by osteoporosis.

The difference between the patient’s BMD
and the mean young adult value of the
reference population, divided by the
reference standard deviation (SD). A T-
score of -2 means the patient is 2 SDs

below the reference population.

The force exerted on the ground from a

single leg.
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Unilateral jump-landing Landing on the ground with one foot only.

Validity This gives an indication of how sound
your research is. More specifically,
validity applies to both the design and the
methods of your research. Validity in data
collection means that your findings truly
represent the phenomenon you are

claiming to measure.

Vertical hop The jumper leaps forward from two feet to

land on one foot.

Vitamin D Vitamin D helps the body absorb calcium.
Calcium and phosphate are two minerals

that you must have for normal bone

formation.
Unilateral ground reaction The force exerted on the ground from a
force production single leg.
Velocity The rate of change of displacement with

respect to time. Expressed as the ratio of

displacement and time (d/t).

Weight-bearing These types of exercise force you to work
exercise against gravity. They include walking,
jogging, climbing stairs, playing tennis,

and dancing.
Z- score The difference between the patient’s BMD

and the mean age-matched value of the

reference population, divided by the
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reference standard deviation (SD). A Z-
score of - 2 means the patient is 2 SDs
below the reference population (age and

gender matched).
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Appendix 1: Abstracts of Descriptive and Experimental Chapters

Chapter 3: DO BILATERAL VERTICAL JUMPS WITH REACTIVE
JUMP-LANDINGS ACHIEVE OSTEOGENIC THRESHOLDS WITH
AND WITHOUT INSTRUCTION IN PREMENOPAUSAL WOMEN?

Abstract

Jumps have been investigated as a stimulus for bone development,
however effects of instruction, jump type and jump-landing techniques
need investigation. This study sought to identify whether ground reaction
forces (GRF’s) for bilateral vertical jumps (countermovement jumps and
drop jumps) with reactive jump-landings (i.e. jumping immediately after
initial jump-landing), with instruction and with instruction withdrawn,
achieve magnitudes and rates of strain previously shown to improve bone
mass among premenopausal women. Twenty-one women (Mean + SD:
43.3 £5.90 years; 69.4 + 9.60kg; 167 + 5.50cm; 27.5 £+ 8.70% body fat)
performed a testing session ‘with instruction’ followed by a testing session
performed one week later with ‘instruction withdrawn’. The magnitudes
(4.59 to 5.49 BW’s) and rates of strain (263 to 359 BW:s™!) for the jump-
landings, performed on an AMTI force plate, exceeded previously
determined thresholds (> 3BW’s and > 43BW-s!). Interestingly,
significantly larger peak resultant forces, (110%; p = 0.002) and peak rates
of force development (120%; p < 0.001) values (in relation to BW and
BW:-s!, respectively) were observed for the second jump-landing (post-
reactive jump). Small increases (ES = 0.22 to 0.42) in all landing forces
were observed in the second jump-landing with ‘instruction withdrawn’.
These jumps represent a unique training stimulus for premenopausal
women and achieve osteogenic thresholds thought pre-requisite for bone

growth.

Keywords: bone, impact exercise, biomechanics, ground reaction forces
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Chapter 4: BILATERAL MULTIDIRECTIONAL JUMPS WITH
REACTIVE JUMP-LANDINGS ACHIEVE OSTEOGENIC
THRESHOLDS WITH AND WITHOUT INSTRUCTION IN
PREMENOPAUSAL WOMEN.

Abstract

Background Currently jump-landing ground reaction forces have only
been quantified in the vertical direction as a stimulus for bone
development. This study quantified the full-spectrum of jump-landing
force magnitudes, body weights (BW’s) and rates of strain (BW-s) of
bilateral multidirectional jumps (star jump and stride jump) with reactive
jump-landings (i.e. jumping immediately after initial jump-landing)
among premenopausal women. It was also of interest to quantify the
influence of instruction on the magnitude and rate of the jump-landing
ground reaction forces. Methods Twenty-one women [Mean (SD): 43.3
(5.90) yr; 69.4 (9.60) kg; 167 (5.50) cm; 27.5 (8.70) % body fat] performed
a jump testing session ‘with instruction’ followed by a jump testing
session performed one week later with ‘instruction withdrawn’. Findings
The resultant magnitudes (3.90 to 5.38, BW’s) and rates of strain (192 to
329, BW-s) for the jump-landings, performed on an AMTI force plate,
exceeded previously determined osteogenic thresholds (> 3BW’s and >
43BW-s !, respectively). An instruction effect was observed for resultant
(18% and 112%; P < .01) and vertical (18% and 17%; P < .01) ground
reaction force’s (N and BW, respectively) indicating learning/practice
effects for these exercises. A jump-landing effect was observed, with
larger peak rates of strain (129%; P < .0001, BW-s!) and peak forces
(112% to 148%; P < .01, BW) for the second jump-landing (post-reactive
jump). Interpretation These multidirectional bilateral jumps represent a
unique training stimulus for premenopausal women and achieve
osteogenic thresholds thought pre-requisite for bone growth and could be

utilised in the development of osteogenic exercise programmes.

Keywords: Bone, impact exercise, jump-landing, ground reaction forces.
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Chapter 5: MULTIDIRECTIONAL HOP-LANDINGS EXCEED
OSTEOGENIC THRESHOLDS WITH AND WITH INSTRUCTION
WITHDRAWN IN PREMENOPAUSAL WOMEN

Abstract

The purpose of this study was to quantify the full spectrum of ground
reaction forces and influence of instruction associated with vertical,
forward and lateral hop landings in premenopausal women. Bilateral
jump-landings have previously been the focus in this population with
forces quantified primarily in the vertical direction. Twenty-one women
[Mean (SD): 43.3 (5.90) yr; 69.4 (9.60) kg; 167 (5.50) cm; 27.5 (8.70) %
body fat] performed a testing session ‘with instruction’ followed by a
testing session performed one week later with ‘instruction withdrawn’.
The resultant magnitudes (4.02 to 4.93 body weights, BW’s) and rates of
strain (237 to 319, body weights per second, BW/s), exceeded previously
determined jump-landings thresholds (>3BW’s and >43BW/s,
respectively) that have achieved bone gains in this population. Jump-type
effects were observed, with larger peak vertical and resultant forces (110%
to 114%; p < .001, BW) produced for the vertical hop. Significant
differences (p < .001) were detected for hop landings across the full
spectrum of ground reaction force’s (19% to 93%) suggesting that each
landing type provides a different type of force distribution as required to
optimise bone stimulation. These multidirectional hop-landings represent
a unique training stimulus for premenopausal women and exceed

osteogenic thresholds thought pre-requisite for bone growth.

Keywords: Bone, impact exercise, unilateral, ground reaction forces.
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Chapter 6: THE DEVELOPMENT OF A LONGITUDINAL
OSTEOGENIC PERIODISED JUMP-LANDING PROGRAMME FOR
PREMENOPAUSAL WOMEN.

Abstract

The purpose of this research was to develop a longitudinal periodised
osteogenic jump-landing programme for pre-menopausal women.
Previously quantified jump-landing force data (from bilateral and
unilateral, multidirectional jumps and hops) were utilised whilst
integrating current bone health guidelines, a bone-specific stress stimulus
rating system, research and concepts of best practice strength and
conditioning. To provide an adaptive bone response the programme
considers: a) magnitude and rate of strain; b) distribution patterns of strain;
¢) loading cycles; d) duration; and, e) recovery. The programme needs to
be; 1) site specific, ii) safe, ii1) easy to administer, iv) cost effective, and v)

be performed in the home setting.

Keywords: Bone; impact exercise; periodised, quantified
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Chapter 7: A TEST RETEST RELIABILITY STUDY OF BONE
MINERAL DENSITY AND BODY COMPOSITION MEASURES
USING DEXA (DUAL ENERGY X-RAY ABSORPTIOMETRY)

Abstract

Purpose The purpose of this study was to determine the precision and
reliability of a dual energy x-ray absorptiometry (DEXA) device for
assessing bone mineral density (BMD), hip geometry and body
composition in premenopausal women. Test-retest reliability of DEXA
was determined in conjunction with a 12-month bone health intervention
to determine the reliability for measurements of key variables and
therefore define the smallest worthwhile change. Method Seventeen
woman (age, 32.3 £ 7.70y; body mass, 69.1 + 23.2kg; height, 166.5 +
5.90cm; body fat, 27.5 + 6.70%) received two DEXA scans within a 7-day
period using the same machine and performed by the same technician.
Results Significant correlations (p < 0.001) were observed for all measures
and reliability was excellent for all body composition measures (ICC’s =
0.92 to 1.00; CV’s = 0.32 to 1.23%). Significant correlations (p < 0.001)
were observed for all measures and reliability was excellent for all left hip
measures (ICC’s = 0.83 to 1.00; CV’s = 0.64 to 2.13%). Significant
correlations (p < 0.001) were observed for all measures and reliability was
excellent for all lumbar spine measures (ICC’s =0.94 to 1.00; CV’s=0.56
to 1.87). Conclusion The excellent reliability results reported for BMD,
hip geometry and body composition support the use of DEXA to assess
the therapeutic effectiveness of an exercise intervention to be used for

osteoporosis prevention in premenopausal women.

Key Words: precision, premenopausal, bone health, osteoporosis

prevention
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Chapter 8: THE CHRONIC EFFECTS OF A QUANTIFIED JUMP-
LANDING PROGRAMME ON BONE HEALTH, BODY
COMPOSITION AND PERFORMANCE PARAMETERS IN
PREMENOPAUSAL WOMEN.

Abstract

The primary purpose of this study was to determine the effects of a 12-
month quantified jump-landing program on bone remodelling at clinically
relevant sites in premenopausal women. Secondary measures of interest
included; lower body explosive power, muscle reactivity, balance
performance parameters and body composition. A longitudinal controlled
trial was implemented to determine the effect of utilizing previously
quantified jumps and hops with specific cues provided for jump-landings.
Fifty-seven women (age, 42.4 + 5.50y; body mass, 70.2 + 11.5kg; height,
165.4 £ 0.10cm; body fat, 31.5 £+ 6.20%) were assigned to a jump (JL) or
control (CON) group. The JL performed periodized jumping-landing
exercises up to five times per week for 12-months. Performance testing
and dual energy x-ray absorptiometry (DXA) was performed at baseline,
3, 6,9 and 12 months. Linear mixed model regression analysis was used
to determine if differences existed between the JL and CON. Significant
group main effects (P<0.01) in favour of the JL (10.41 - 13.72%) were
observed for bone mineral density and bone mineral content at the femoral
neck, total hip and lumbar spine. Significant group main effects (P<0.01)
for cross-sectional area, cortical thickness and section modulus at the
femoral narrow neck were also in favour of the JL (12.78 - 13.84%). For
ground contact time, improvements in the JL over the CON between
baseline and 12-months were apparent (121.9% vs [8.86%) with
significant group and time effects (P<0.01) being observed. Group main
effects that approached significance were towards the JL for vertical jump
(17.54% vs [0.24%). A longitudinal quantified periodized jump-landing
program performed 2-3 mins/day, 4-5 times a week is osteogenically
effective in improving bone strength at clinically relevant lower body sites

associated with osteoporosis in premenopausal women. Improvements
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observed in muscle reactivity and explosive strength indicate additional

musculoskeletal adaptations associated with the jump-landing program.

Keywords: Bone health, impact exercise, reactive jump-landing, bone-

mineral density, osteoporosis prevention.
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Appendix 2: Ethics Approval Forms

TAIORANGAHAU Private Bag 12007 Tauranga 3143 Mew Zealand
. FhO7 Bad DFZ0 Fax 07 544 2386 Email infe@boppoly.ac.nz
Pacific Coast Applied Research Centre 0800 BOPPOLY www.boppoly.ac.nz

15 September 2014

Tracey Clissold
school of Applied Science

Dear Tracey

Research Proposal - The design and implementation of osteogenic exercise programmes for
premenopausal women (R14/18)

Thank you for your application for funding which was considered by the Research Committee on 11
September 2014,  The Research Committee has supported and approved your project.  The funding
approved for your project was 54,750.00 plus GST as requested,

When accessing your research funds, the following procedures should be followed:

* To purchase goods and equipment — Please request order numbers from Julle Bradley. all invoices and
expense claims need to be sent through Julie for signing off.
If you are purchasing capital asset items over 51,000 your order should be requested through Finance

[Christine Dean).
The project code for charging research expenses for this project Is 0000151 = 02 — 200 — xxxx.

* To hire research assistants — your Manager should complete a New Employee Start/Change form

(available on the Hub)
* To use BoPP employees outside their normal hours for research — This does not require another
contract, A timesheet should be filled out for the hours they have worked on the research project

Congratulations and best wishes for the successful conduct and completion of this wark,

Yours sincerely

Heahf D fer /.

Heather Hamerton
Chair
Research Committee
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“~ Health Health and Disabilty Ethics Committees
and Miniziry of Health

. Disability
Ethics
g Committees

133 Molesworth Street
PO Box 5013

Wellington
6011

0800 4 ETHICS

hdecsi@moh.govinz

07 September 2017

Ms Tracey Clissold

Toi Ohomai Institute of Technology
School of Sport and Recreation
Windemere Campus

Private Bag 12001

Tauranga 3143

Dear Ms Clissold

Re: Ethics ref: 17TINTB/M55

health in premenopausal women.

Study title: The chronic effects of a quantified jump-landing programme on bone

| am pleased to advise that this application has been approved by the Morthem B Health
and Disability Ethics Commitiee. This decision was made through the HDEC-Expedited
Review pathway.

Conditions of HODEC approval

HDEC approval for this study is subject to the following conditions being met prior to the
commencement of the study in New Zealand. It is your respansibility, and that of the
study’s sponsor, to ensure that these conditions are met. Mo further review by the
Morthem B Health and Disability Ethics Committee is required.

Mote from Chair: This approval does not cover the proposed addition of video footage of
home exercises (your reply letter, comment 3) which has not been disclosed in the
Paricipant Information Sheet.

Standard conditions:

1. Before the study commences at any locality in New Zealand, all relevant
regulatory approvals must be obiained.

2. Before the study commences at any locality in New Zealand, it must he registered
in a clinical trials registry. This should be a WHO-approved (such as the Australia
New Zealand Clinical Trials Registry, www.anzctr.org.au). However
https-iiclinicaltials. govl is acceptable provided registration occurs prior to the
study commencing at any locality in New Zealand.

3. Before the study commences at a given locality in New Zealand, it must he
authorised by that locality in Online Forms. Locality authonsation confirms that
the locality is suitable for the safe and effective conduct of the study, and that
local research govemnance issues have been addressed.

MNon-standard conditions:

— Please remove the YES/NO options from the consent form unless that statement
refers to something that is an optional part of the study.

A- 1T/NTBMSS - Appeoval of Application — 07 Septemier 2017

Page 1074
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— Please remove imelevant statements such as communication participation to
GPs.

Mon-standard conditions must be completed before commencing your study. Non-
standard conditions do not need to be submitted to or reviewed by HDEC before
commencing your study.

If you would like an acknowledgement of completion of your non-standard conditions
letter you may submit a post approval form amendment. Please clearly identify in the
amendment that the changes relate to non-standard conditions and ensure that
supparting documents (If requested) are trackedfighlighted with changes.

For information on non-standard conditions please see section 128 and 129 of the
Standard Operating Procedures at hitpfethics health govt nzfhome.

After HDEC review

Please refer to the Standard Operating Procedures for Health and Disability Ethics
Commitfees (availahle on www _ethics_health .govt.nz) for HDEC requirements relating to
amendments and other post-approval processes.

Your next progress report is due by 6 September 2018.

Paricipant access to ACC

The MWorthermn B Health and Disability Ethics Committee is satisfied that your study is not
a clinical trial that is to be conducted principally for the henefit of the manufacturer or
distributor of the medicine or item being trialled. Paricipants injured as a result of
treatment received as part of your study may therefore be eligible for publicly-funded
compensation through the Accident Compensation Corporation (ACC).

Please don't hesitate to contact the HDEC secretariat for further information. We wish
you all the best for your study.

Yours sincerely,

N (C—

Mrs Kate O'Connor
Chairperson
Morthem B Health and Disability Ethics Committee

Encl: appendix &  documents submitted
appendix B:  statement of compliance and list of members

A- 17/NTBI155 — Appeoval of Application — 07 Septemier 2017 Page 2 of 4
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Document Version Date

Protocol: Anthropometry Testing 2 26 July 2017
Protocol: Balance Testing 2 26 July 2017
Protocol: DEXA Testing 3 04 August 2017
Protocol: Food Diary Testing 2 26 July 2017
Protocol: Maximal Vertical Jump Testing 2 26 July 2017
Survey/questionnaire: Pre-Exercise Questionnaire 3 04 August 2017
CV for CI: CV Primary Investigator 1 18 July 2017
Investigator's Brochure: Bone Study Advertisement 4 04 August 2017
Investigator's Brochure: Bone Study Advertisement {Control Group ) |3 04 August 2017
PISICF: Consent form 3 03 August 2017
Participant Information Sheet 4 03 August 2017
Participant Information Sheet {Control group) 2 26 July 2017
Protocol: Bone Study Protocol{overview) 2 04 August 2017
Declined letter for previous application in respect of the same (or 1 18 July 2017
substantially similar) study: AUTEC Declined Ethics Letter

CWs for other Investigators: Co-Investigator CV Winwood 1 19 July 2017
CWs for other Investigators: CV Professor Cronin 1 26 July 2017
Evidence of scientific review: PGRS AUT Doctoral confimation 2 26 July 2017
Evidence of scientific review: Toi Chomai Ethics committee funding |2 26 July 2017
approval

Covering Letter: Covering letter 2 04 August 2017

Covering Letter: Revisions requested by HDEC

30 August 2017

Survey/questionnaire: Food Diary Collection Template

30 August 2017

A- 1TINTBrM55 - Appeoval of Application — 0T Septemoer 2017

Page 3 of 4
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- Health Health and Disability Ethics Committees
and Ministry of Health
" =1, 133 Moleswarth Street
. Disability PO Box 5013
Ethics Wellington
' Cﬂmmittee& 0800 4 ETHICS
hdacsiBhealth.govtnz
27 September 2019
Ms Tracey Clissold
Toi Ohomai Institute of Technology
School of Sport and Recreation
Windemere Campus
Private Bag 12001
Tauranga 3143
Dear Ms Clissold,
Re:  Ethics ref: 1TINTBM55/AMO1
Study title: The chronic effects of a quantified jump-landing programme on bone health in
premenopausal women.

| am pleased to advise that this annual progress report has been approved, following
review by the Chairperson of the Northem B Health and Disability Ethics Committee on 9
September 2019, Existing approval remains valid.

Your next progress report is due by 6 September 2020,

Please don't hesitate to contact the HDEC secretanat for further information. We wish
you all the best for your study.

Yours sincerely,

N —

Mrs Kate O'Connor
Chairperson
Morthem B Health and Disability Ethics Committee

Encl:  appendix A:  documents submitted

© - 1TMTENS5 — Progress Report Approved — 27 Seplember 2019
Page 1 042
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T I HO MAI T QBOC 86 46 46 | E ntoeflicechomalac.nz | toiohomal.ac.nz
Tavranga, Mew Zealand. Private Bag 12001, Tauranga 3143

Institute of TECh-ﬂD]DgT Holovua | Tauranga | Taupd | Tokoroa | Whakalane

13 December 2016

Tracey Clissold
School of Applied Science

Dear Tracey

Chronic effects of an osteogenic jump-landing programme on bone health in premenopausal women
(R16/56)

Thank you for your application for funding which was considered by the Research Committee on & December
2016, The Research Committee has supported and approved your project.  The funding approved for your
project was 55,000 exclusive of GST as requested,

When accessing your research funds, the following procedures should be followed:

» The code for charging research expenses for this project is project code 0000256 - 02 - 250 - 3230,

= To purchase goods and equipment — Please request order numbers from Julie Bradley and provide her
with the relevant information or quote for the purchase.
If you are purchasing capital asset iterns over 51,000 your order should be reguested through Finance

(Marie Karaka).

= To hire research assistants — your Manager should complete a New Employee Start/Change form
(available on the Hub)

= To use BoPP employees outside their normal hours for research — This does not reguire another
contract. A timesheet should be filled out for the hours they have worked on the research project

Congratulations and best wishes for the successful conduct and completion of this work.

Yours sincgrely

/
s

Dr Amanda Torr
Chair
Research Committee

o
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H®O s Your ACTRN (registration number): ACTRN1Z617001145392p - Message (HTMU) ?E -
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Your ACTRN (registration number): ACTRN12617001145392p
To M Tracey Clissold

Dear Tracey Clissold,

Re: The chronic effects of a quantified jump-landing programme on bone health in premenopausal women.

Thank you for submitting the above trial for inclusion in the Australian New Zealand Clinical Trials Registry (ANZCTR).

Your trial has now been successfully registered and allocated the ACTRN: ACTRN12617001143392p

Web address of your trial: hitp:/www ANZCTR org aw/ACTRN12617001145392p aspx

Date submitted: 28/07/2017 10:18:31 AM

Date registered: 7/08/2017 10:20:15 AM

Registered by: Tracey Clissold

Principal Investigator: Tracey Clissold

If you have already obtained Ethics approval for your trial, please send a copy of at least one Ethics Committee approval letter to info@actr.orz.au or by fax to (+61 2) 9565 1863, attention to ANZCTR.

Note that updates should be made to the registration record as soon as any trial information changes or new information becomes available. Updates can be made at any time and the quality and accuracy of the information provided is the responsibility of the trial's primary
sponsor or their representative (the registrant). For instructions on how to update please see hitp:/www.anzctr.org. aw/ /HowToUpdate.aspx.

Please also note that the original data lodged at the time of trial registration and the tracked history of any changes made as updates will remain publicly available on the ANZCTR website.

The ANZCTR is recognised as an ICMIE acceptable registry (http:/www icmie org/faq pdf) and a Primary Registry in the WHO registry network (http:/www who. i dexhtml).

£ you have any enquiries please send a message to info(@actr oro au or telephone +61 2 9562 5333

Kind regards,

ANZCTR Staff

T:+61 29562 5333
F:+61 29365 1863

E: info@actr.org.au

W: www ANZCTR org.au

{JANZCTR

Australian New Zealand Clinical Trials Regjstry

232



Appendices

Appendix 3a. Participant Information Letter and Consent Form (Study’s 1, 2 and 3)

Information for Participants

Participant Information
Sheet BAY OF PLENTY

POLYTECHMIC
TAURAMNGA

Te Huratini o Polke

Participant Information Sheet 31/08/16

To quantify and the osteogenic benefit of jumping exercises with and without

instructions.

An Invitation

My name is Tracey Clissold. I would like to invite you to participate in a study
that will investigate the ground reaction forces for a selection of jumping and
hopping exercises shown to benefit bone.

Your participation is voluntary and will provide an opportunity to investigate
parameters of bone health considered important during the critical premenopausal
period. You may withdraw from the study at any time prior to the completion of
data collection with no adverse consequences. The goal of the researchers is to
have the results of this study published in a peer-reviewed journal and presented
at a national conference. The data collected for this study may also be used in a

future study.

What is the purpose of this research?

Osteoporosis is a silent epidemic responsible for bone fractures in 56% of NZ
woman from 60 years of age. Resistance exercise programmes are a way of
preventing and reducing osteoporosis and have the advantage of being an
efficient, safe and inexpensive way of improving bone strength.

The purpose of this study is to quantify the ground reaction forces associated with
a countermovement jump and other jumping and hopping exercises, combined

with a reactive jump, after one session of instruction in premenopausal women.
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Am I eligible to participate in this research?
You are invited to participate in this study if you meet our eligibility requirements.
To be included you must:
e Be female.
e Be between the ages of 30 and 55 years (with a regular menstrual cycle).

e Be in good health, free of injury and chronic illness.

What will happen in this research?

You will be required to participate in two testing sessions scheduled one week
apart, and a familiarisation session scheduled several days prior to the first testing
session. You will maintain your normal activity and diet regimen for the duration
of the study. Testing involved in the study will take place in the Bay of Plenty
Polytechnic Sports Science laboratory located in Te Pare a Ruahine (Aquatic
Centre). These procedures include performing a variety of jumping exercises,
getting weighed, having your body fat percentage measured and filling out
questionnaires. In addition, you will be required to wear an accelerometer device
for the 7 days between testing sessions to collect information about your habitual

activity levels.

Familiarisation & Pretesting Data collection:
The exercise intervention and anthropometric testing will be done at the Bay of
Plenty Aquatic and Fitness Centre and Sports Science laboratory.
Pre-testing data collection:
1. Height & Weight
2. Total tissue mass, lean mass and fat mass (Bioelectric Impedance
Analysis)
Muscle girths (thigh, calf, upper arm)
Peak power using maximal vertical jump (Force platform and Vertec).

Physical Activity Readiness Questionnaire (PAR-Q)

S »w kW

Written Informed Consent
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Measurement of your height, weight and body composition:

Your body weight will be measured without shoes using a calibrated scale, while
your height will be measured with a stadiometer. Your body composition will be
estimated using Bioelectrical Impedance Analysis (BIA). You will stand on the
foot electrodes with bare feet whilst simultaneously holding the hand electrodes.
This machine measures the resistance of the low-level electrical current to your
body tissues, and it can determine the amount of fat and lean body mass on your
body from this measurement. This test will take approximately 2 - 3 minutes to
complete. BIA is a non-invasive completely pain-free technique for determining
body composition using low voltage electrical currents which are not detectable.
The researchers will ensure safety during the use of this equipment and warn
participants that they cannot use this equipment if they have metal implants or a

pacemaker.

Health and Training History Questionnaires:

You will be asked to fill out a questionnaire regarding your health/medical history
and your exercise training history. This will take approximately 15 - 20 minutes
for you to complete. You do not have to answer all the questions. You will have

the opportunity to see the questionnaires before signing this consent form.

Familiarisation Protocol:

After completing the assessment of body composition and other measurements
you will be familiarised with the jumping protocol which will be used in this
study. This will occur after the collection of pre-testing information. The jumping
protocol will require you to perform a standardised warm-up consisting of cycling
for 5 minutes followed by 5 minutes of dynamic movement exercises, such as
marching. After warming up you will rest for 5 minutes and then perform a series
of different jumps. For example, the counter movement jump in which you squat
down and jump up as quickly as possible, followed by another jump for maximum
height. After completing these jumps, you will rest for 5 minutes. After resting
for 5 minutes you will perform a maximal vertical jump in which you squat down
and then jump as high as possible. Instruction will be given on how to perform

the various jumping activities.

Appendices

235



Jumping Session Data Collection (1 & 2):

Each participant will perform no more than 10 repetitions for each of the jumping
activities. The order of the different jump tests will be randomly assigned but the
basic procedure for testing will be similar to the familiarisation session.

Peak and mean vertical ground reaction forces (BW) and rate of force application
(BW/sec) using force platform and g forces using accelerometer devices for the
selected exercises will be collected.

Video footage may be collected for some participants for some aspects of the jump
sessions. Each participant will wear several accelerometer devices in a variety of
positions for all jumps, to determine reliability.

Each session is preceded by 5 - 10 minutes of warm-up and mobilisation

exercises, participants will warm down and stretch to complete the session.

You will come into the laboratory on three occasions for no more than 2hr for the

familiarisation session and 1 hour for each jumping session to complete the

following:
1. Familiarisation session & baseline data collection (no more
than 2 hours).
2. Jumping session 1 (approx. 1 hour).
3. Jumping session 2 (approx. 1 hour).

In addition, participants will be required to wear an accelerometer device for the
7-day period between testing sessions to collect data about habitual activity levels.

Please see the separate accelerometer information sheet.

What are the benefits of my participation in this research?

By participating in this study, you will help increase our knowledge about
preventative health care management that in the long term has the potential to
reduce the direct and indirect costs of osteoporosis to the health sector. The

proposed studies will inform practice and facilitate the development of
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educational resources. It is envisaged that the evidence from these studies will
provide a unique approach for the management of bone health and the
development of safe and effective training practices with additional health
benefits. In addition, you will benefit from this study as you will have your body
fat, girths, and strength and power levels measured. In return for your
participation, you will receive a complete report of your scores on the tests and

procedures and information about the results from this study.

What are the discomforts and risks and how will they be alleviated?

The following factors have been identified and discussed:

1. Anthropometry testing:

Bioelectrical Impedance Analysis (BIA) is a non-invasive completely pain-free
technique for determining body composition using low voltage electrical currents
which are not detectable. The primary researcher will ensure safety during the use
of this equipment and warn participants they cannot use this equipment if they

have metal implants or a pacemaker.

2. The actual jump testing: will carry minimal risk, as exercises selected are
initially achieving the minimal threshold identified as producing osteogenic
benefit to bone. All testing will be preceeded by warm up and mobilisation
exercises, and these same exercises will be used to warm down the athlete (to

minimise any chance of post exercise muscle soreness).

3. The questionnaires: used during pre-screening may provide questions to the
participants which some potentially could find personal in nature. However,
surveys will be self-administered, and will only be identified by the participant’s
encoded number, not by personally identifiable information. We encourage you
to answer all questions in the screening questionnaires as accurately as possible.
However, we acknowledge that some questions may make you may feel
uncomfortable or embarrassed. Please be reassured that you do not need to answer

any question that you feel uncomfortable with.
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We encourage you to discuss any queries or concerns that you may have with the
researchers and remind you that, up to the completion of data collection, you are

able to withdraw from the study for any reason.

What compensation is available for injury or negligence?

In the unlikely event of a physical injury as a result of your participation in this
study, rehabilitation and compensation for injury by accident may be available
from the Accident Compensation Corporation, providing the incident details

satisfy the requirements of the law and the Corporation's regulations.

How will my privacy be protected?
Your privacy will be maintained and conflicts of interest avoided by the following
procedures:

e All electronic information will be kept strictly confidential on a password
protected computer.

e All written information will be kept in a single file and held in a locked
storage cupboard.

e Information about you (i.e. name, training schedule, place of residence)
will not be disclosed in written or electronic format utilised for conference
presentations or reports.

What are the costs of participating in this research?

The only cost to you in this research is your valuable time and effort.

What opportunity do I have to consider this invitation?

It is the researcher’s intention to collect data for the jumping interventions before
the Christmas break (Friday December 5 —Monday December 15). Therefore,
there is only a short time frame for you to consider participating in the study.
Please discuss any queries, including cultural needs, you may have about the study
with the researchers and remember your participation is voluntary and, up to the
completion of data collection you may withdraw from the study without any

adverse consequences of any kind.
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How do I agree to participate in this research?
If your eligibility is confirmed during the screening and baseline phases and you
would like to participate in the study, please read and sign the consent form and

hand it back to Tracey Clissold.

Whom do I contact for further information about this research?

Researcher: Tracey Clissold
tracey.clissold@boppoly.ac.nz 0212097022,
0800BOPPOLY ext.8681

Research Supervisor: Dr Paul Winwood

paul.winwood@boppoly.ac.nz 0800BOPPOLY

ext.8580

Approved by the Bay of Plenty Polytechnic Research Committee on 11
September 2014
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Consent Form

Project title:  To quantify and the osteogenic benefit of jumping exercises with and without
instructions.

Project Supervisor:  Dr Paul Winwood paul.winwood@boppoly.ac.nz

Researcher: Tracey Clissold tracey.clissold@boppoly.ac.nz
Please tick (V)
O I have read and understood the information provided about this research project in the

Information Sheet.

O I have had an opportunity to ask questions and to have them answered.

O I understand that my data will be recorded during testing for research purposes only.

O I understand that [ may withdraw myself or any information that I have provided for this
project at any time prior to completion of data collection, without being disadvantaged in
any way.

©) I am not suffering from any illness, high blood pressure, or injury that impairs my physical
performance to perform resistance training.

©) I understand that my participation in this study is confidential and that no material, which
could identify me, will be used in any reports on this study.

©) I have been verbally informed and fully understand the procedures and potential risks of

the tests in which [ am a subject.

©) I understand that my participation in this study is confidential and that no material, which
could identify me, will be used in any reports on this study.

I agree to take part in this research.
I consent to the indefinite storage of my data (tick one): Yes O No O

I consent to be contacted in future in the case of a follow up study (tick one): Yes O No O

O O O O

I wish to receive a copy of the report from the research (tick one): Yes O No O

Participant’s Signature:
Participant’s name:

Participants Contact Details:

Date:
Approved by the Bay of Plenty Polytechnic Research Committee on 11 September 2014

Note: The Participant should retain a copy of this form.
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Appendix 3b. Participant Information Letter and Consent Form (Study’s 5 and 6)

UNIVERSITY

TOI-OHOMAI N]F

Institute of Technology

Participant Information Sheet

Study title: Bone health in

premenopausal women

Locality: Tauranga Ethics committee ref.:
17/NTB/155
Lead investigator: Tracey Clissold Contact phone number:

021 2097022

You are invited to take part in a study starting in November 2017.
Whether or not you take part is your choice. If you don’t want to take part,
you don’t have to give a reason. If you do want to take part now, but
change your mind later, you can pull out of the study at any time.

This Participant Information Sheet will help you decide if you'd like to take
part. It sets out why we are doing the study, what your participation would
involve, what the benefits and risks to you might be, and what would
happen after the study ends. We will go through this information with you
and answer any questions you may have. You do not have to decide
today whether or not you will participate in this study. Before you decide
you may want to talk about the study with other people, such as family,
whanau, friends, or healthcare providers. Feel free to do this.

If you agree to take part in this study, you will be asked to sign the Consent
Form on the last page of this document. You will be given a copy of both
the Participant Information Sheet and the Consent Form to keep.

This document is 8 pages long, including the Consent Form. Please
make sure you have read and understood all the pages.

WHAT IS THE PURPOSE OF THE STUDY?

My name is Tracey Clissold and | teach on the AUT Bachelor of Sport and
Recreation at Toi Ohomai Institute of Technology at Windemere campus.
My goal is to have the results of this study published in a peer-reviewed
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journal and presented at national and international conferences. This
research will also contribute towards an AUT Doctoral qualification for the
primary researcher. Research scholarships from Toi Ohomai and AUT
have been awarded to enable this research to take place.

The purpose of this study is to determine the effects of a jump-landing
programme on bone health in premenopausal women for a period of 12
months. The measurement of bone mineral density and bone geometry,
will provide an opportunity to determine the time course of the bones
response to factors which contribute to overall bone strength and fracture
resistance. Researchers have shown exercise regimes involving impact
forces to be a powerful bone stimulus resulting in mineralisation in areas
where the stress is applied, however specific protocols to optimise bone
health are currently lacking.

You will be assigned into either the training (doing the jump-landing
programme) or control (maintain normal activity levels) groups (based on
your willingness to participate in the daily jump-landing programme (in
your own home), and attend jump-landing group classes (at Toi Ohomai
campuses) regularly. The purpose of the control group is to track the
normal age-related changes occurring to bone and provide baseline
measures for the study. Evidence from this study has potential to inform
future exercise recommendations used to improve bone health during the
critical premenopausal period, and both reduce and delay the incidence
of osteoporotic fracture in the years post menopause.

Any questions or concerns regarding the nature of this project should be
notified in the first instance to the Coordinating Investigator, Tracey
Clissold, tracey.clissold@toiohomai.ac.nz (07) 557 8681, or 021 2097022

Approved by the Health and Disability Ethics Committee on
September 7, 2017. Reference number 17/NTB/155.

WHAT WILL MY PARTICIPATION IN THE STUDY INVOLVE?

You are invited to participate in this study if you meet our eligibility
requirements. To be included you must:

» Be female.

» Be between the ages of 30 and 50 years (with a regular menstrual
cycle).

» Not be pregnant.

» Be in good health, free of injury and chronic illness (including not
having a recent or current musculoskeletal injury, osteoarthritis and any
condition of impaired balance or coordination).

» Not currently (or in the past 12 months), engaged in regular physical
activity involving impact exercise.

242


mailto:tracey.clissold@toiohomai.ac.nz

Appendices

All Participants: You will be required to attend five testing sessions
scheduled at baseline, 3, 6, 9 and 12 months (approx. 1 hour). Testing
will take place in the Sports Science laboratory, DEXA clinic and “Fun
House” located in the Aquatic Centre at Toi Ohomai Institute of
Technology.

Testing procedures are detailed below and will be made available to
participants on request. You will be asked to maintain your normal activity
and diet regimen for the duration of the study.

1. Height and Weight: During the familiarisation session participants will
fill in pre-screening questionnaires and have their height measured in
bare feet, using a wall mounted stadiometer. Weight will be measured
using scales.

2. Jump height: The Vertec Yardstick, a portable device used to measure
vertical jump height, will be used to determine baseline jumping ability.
Participants will be encouraged to touch the highest rung of the Vertec
device.

3. Balance: Balance test (i.e. the Stork), using a balance force plate, will
be used to measure baseline and progressive improvement in balance
throughout the course of the study.

4. Food Diary: A 3-day food diary (including 2-week days and 1 weekend
day), will be used to measure dietary status at baseline. This will involve
writing down everything you eat and drink for a period of 3 days. You will
be asked to provide descriptions of food (brands, cooking method etc),
and amounts (standard household measures, cups, tsp, Tbs etc). Food
diary collection sheets and an information sheet to outline the procedure
will be provided. Dietary assessment software will be used to determine
average estimated energy intake and calcium intake, from food, fluids and
supplements. Supplemental calcium may be provided to ensure the
recommended dietary intake of 1000mg is achieved for all participants.

5. Training Diaries and Activity Logs: You will be required to complete
training diaries that will be uploaded to a group spreadsheet to be
accessed online. Activity logs will be completed to determine activity
levels. All templates will be provided.

6. Bone Mineral Density (BMD) and Body Composition (DEXA): Bone
mineral density will be measured at the proximal femur (neck and
trochanter), and lumbar spine (L1 - L4) using DEXA scanning. This
scanning procedure will involve lying still in a supine position on the
scanner for 15 - 20 minutes. This will allow for scanning for BMD and body
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composition to be performed. The amount of radiation used for this
scanning is extremely small; less than one-tenth the dose of a standard
chest x-ray, and less than a day's exposure to natural radiation. The
measurements will be carried out by licensed technicians.

Summary of testing during 12-month study:

Name of test How often? How much | What’s the cost?
time?

1. Weight and Height| 5 times (at the 2 minutes No cost
start, 3, 6, 9 and
12 months).

2. Jump Height 5 times (at the 2 - 3 minutes No cost
start, 3, 6, 9 and
12 months).

3. Balance 5 times. At the 2 - 3 minutes No cost
start, 3, 6, 9 and
12 months

4. Food Diary 3 times. At the 10 - 15 minutes | No cost

(3-day) start, 6, and 12 (each day)

months

5. Activity Diary 3 times. At the 5-10 minutes | No cost
start, 6, and 12 (each day)
months

6. Bone Density 3 times. At the 15 - 20 minutes | No cost
start, 6, and 12
months

Texts & Facebook

Communication will be maintained via phone calls, text messages and
emails, with participants encouraged to contact the researcher any time
about any concerns or issues they might have. The use of social media
(i.e. Facebook) will be an option to provide social interaction among
participants.

The Jump-Landing Programme (Treatment group only):

You will be required to participate in two familiarisation training sessions
where you will get to practice proper technique for each of the jumps (1
hour). In addition, you will be required to attend weekly group exercise
sessions (jump-landing classes) (20 - 30 min) and perform the brief jump-
landing programme five times each week in your own home (15 - 20 min).

The training programme will include combinations made from the
following jumps; 1) countermovement jump, 2) drop jump, 3) star jump, 4)
stride jump, 5) vertical hop, 6) lateral hop, and 7) forward hop. It is
proposed that this programme will increase in number of ground contacts
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and technical difficulty in a safe progressive manner over the 12-month
period. You will be required to perform the daily (5 times/ week), jump-
landing programme (in your own homes), and attend jump-landing group
classes regularly (ideally weekly).

The jump-landing exercise programme is expected to take about 20
minutes to complete including a brief warm up and cool down, and can be
performed at a time and place that suits you. Two of the exercises you
will be performing are shown in the picture below, including; the
countermovement jump (on left), and 20cm (standard step height) drop
jump (on right).

WHAT ARE THE POSSIBLE BENEFITS AND RISKS OF THIS STUDY?

By participating in this study, you will help increase our knowledge about
preventative health care management that in the long term has the
potential to reduce the direct and indirect costs of osteoporosis to the
health sector. In addition, you will benefit from this study as you will have
your body composition, leg strength, diet and bone mineral density
measured. You will receive a complete report of your test results and
information about the results from this study.

We are confident that all testing and jumping will be safe with minimal
discomfort or risk, however we encourage you to discuss any queries or
concerns that you may have with the researchers and remind you that, up
to the completion of data collection, you are able to withdraw from the
study for any reason.

WHO PAYS FOR THE STUDY?

There will be no costs incurred by the participants, just your time and
effort!

WHAT IF SOMETHING GOES WRONG?

If you were injured in this study, which is unlikely, you would be eligible
for compensation from ACC just as you would be if you were injured in an
accident at work or at home. You will have to lodge a claim with ACC,
which may take some time to assess. If your claim is accepted, you will
receive funding to assist in your recovery. If you have private health or
life insurance, you may wish to check with your insurer that taking part in
this study won't affect your cover.

245



Appendices

WHAT ARE MY RIGHTS?

Your participation is voluntary and will provide an opportunity to
investigate bone health during the critical premenopausal period. You
may withdraw from the study at any time prior to the completion of data
collection with no adverse consequences.

In return for your participation, you will receive a complete report of your
test results and information about the results from this study. All data will
be safely stored in the researchers locked office and any data used for
research purposes will be de-identified, to maintain strict confidentiality.

WHAT HAPPENS AFTER THE STUDY OR IF | CHANGE MY MIND?

Individual results will be provided to participants and a report of the
findings (with de-identified data) will be communicated to the participants.
An academic publication from the findings will also be sought.

Research findings will be used to develop resources and workshops for
study participants, the wider Institutions (Toi Ohomai Institute of
Technology and Auckland University of Technology), and the
communities via Regional Sports Trusts. Media exposure will also be
organised to spread the information to a wider audience.

Your privacy will be maintained and conflicts of interest avoided by the
following procedures:

» All electronic information will be kept strictly confidential on a password
protected computer.

» All written information will be kept in a single file and held in a locked
storage cupboard.

» Information about you (i.e. name, training schedule, place of
residence) will not be disclosed in written or electronic format utilised for
conference presentations or reports.

WHO DO | CONTACT FOR MORE INFORMATION OR IF | HAVE CONCERNS?

If you have any questions, concerns or complaints about the study at
any stage, you can contact:
Tracey Clissold (Coordinating Investigator)
0212097022
tracey.clissold@toiohomai.ac.nz

If you want to talk to someone who isn’t involved with the study, you can
contact an independent health and disability advocate on:

Phone: 0800 555 050

Fax: 0800 2 SUPPORT (0800 2787 7678)

Email: advocacy@hdc.org.nz
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For Maori health support please contact : Dr Ana Morrison
(ana.morrison@toiohomai.ac.nz)

You can also contact the health and disability ethics committee (HDEC)
that approved this study on:

Phone: 0800 4 ETHICS
Email: hdecs@moh.govt.nz
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TOI-OHOMAI [M]ﬁ

Institute of Technology

UNIVERSITY

Consent Form

* If you need an INTERPRETER, please tell us and we will do our best to provide one.

Please tick to indicate you consent to the following:

| have read, or have had read to me in my first language, and |

understand the Participant Information Sheet. Yes No L
I hayg beer] given sufficient time to consider whether or not to Yes [ No O
participate in this study.

| have had the opportunity to use a legal representative, whanau/

family support or a friend to help me ask questions and understand Yes O No O
the study.

| am satisfied with the answers | have been given regarding the Yes [ No O
study and | have a copy of this consent form and information sheet.

| understand that taking part in this study is voluntary (my choice) Yes [ No O
and that | may withdraw from the study at any time.

| consent to the research staff collecting and processing my Yes O No O

information, including information about my health.

If I decide to withdraw from the study, | agree that the information
collected about me up to the point when | withdraw may continue to Yes O No O
be processed.

| understand that there may be risks associated with DXA testing in
the event of becoming pregnant. | undertake to inform my partner of Yes O No O
the risks and to take responsibility for the prevention of pregnancy.

| agree to an approved auditor appointed by the New Zealand

Health and Disability Ethic Committees, or any relevant regulatory

authority or their approved representative reviewing my relevant Yes O No O
medical records for the sole purpose of checking the accuracy of

the information recorded for the study.

| understand that my participation in this study is confidential and
that no material, which could identify me personally, will be used in Yes O No O
any reports on this study.

| understand the compensation provisions in case of injury during Yes O No O
the study.
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| know who to contact if | have any questions about the study in

Yes O No O
general.
| understand my responsibilities as a study participant. Yes O No O
| wish to receive a summary of the results from the study. Yes O No O

Declaration by participant:
| hereby consent to take part in this study.

Participant’'s name:

Signature: Date:

Declaration by member of research team:

| have given a verbal explanation of the research project to the
participant, and have answered the participant’s questions
about it.

| believe that the participant understands the study and has given
informed consent to participate.

Researcher’'s name:

Signature: Date:
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Appendix 4a: Pre-exercise Questionnaire (Study’s 1. 2 and 3)

BAY OF PLENTY
POLYTECHNIC
TAURANGA

Te Kurabini o Polke

Pre —Exercise Questionnaire
(Adapted from the Bay of Plenty Polytechnics pre-screen questionnaire)

Personal Information:
Note: All the following information will be treated with the strictest of confidence and is being
collected as part of this research only.

If you require a photocopy of this pre-exercise questionnaire please indicate: circle. Yes/No

Name Age*

Email contact Phone

Emergency contact person and phone number

Doctor’s name and phone number

Medical History:

Are you currently on any prescribed medication?
No

Yes (please specify)

Do you have any current or recent injuries (eg. muscle, joint or bone) that may affect your
ability to take part in this research study?
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No

Yes (please specify)

Do you suffer from any of the following - Neck, back, knee or ankle pain?
No

Yes (please specify)

Do you, or have you ever had any of the following?
(Please indicate by circling)

Respiratory problems (asthma, bronchitis) Heart trouble (pain or tightness in chest)
Diabetes Epilepsy

Stroke Circulatory problems Blood pressure problems

Anaemia Dizziness or fainting

Hernia Rheumatic fever

Are there any conditions not listed above that you would like to mention?
No

Yes (please specify)

Fitness Profile:

Briefly describe any planned physical activity you participate
in each week.

type of activity (hours)

type of activity (hours)

type of activity (hours)
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Pre-screening tests: (Taken by researcher)

Height* cm

Current weight* kg’s
BMI

Blood pressure mmHg
Body fat percentage* %

Note: Fields with a * will be entered into the participants’ data and the mean values of all
participants will be recorded in the final report
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Appendix 4b. Pre-exercise Questionnaire (Study’s 5 and 6)

TOI-OHOMAI &[ﬂ]'ﬁ‘

Institute of Technology

UNIVERSITY

Pre —Exercise Questionnaire

(Adapted from Toi Ohomai Aquatic Centre Pre-Exercise Questionnaire)

Personal Information:
Note: All the following information will be treated with the strictest of confidence and is being
collected as part of this research only.

If you require a photocopy of this pre-exercise questionnaire please indicate: circle. Yes/No

Name Age*

Email contact Phone

Emergency contact person and phone number

Doctor’s name and phone number

Medical History:
Are you currently on any prescribed medication?

No

253



Appendices

Yes (please specify)

Do you have any current or recent injuries (eg. muscle, joint or bone) that may affect your
ability to take part in this research study?

No

Yes (please specify)

Do you suffer from any of the following - Neck, back, knee or ankle pain?
No

Yes (please specify)

Are you pregnant?
No
Yes

Do you, or have you ever had any of the following? (Please indicate by circling)

Respiratory problems (asthma, bronchitis) Heart trouble (pain or tightness in chest)
Diabetes Epilepsy

Stroke Circulatory problems Blood pressure problems

Anaemia Dizziness or fainting

Hernia Rheumatic fever

Are there any conditions not listed above that you would like to mention?
No

Yes (please specify)
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Fitness Profile:

Briefly describe any planned physical activity you participate
in each week.

type of activity (hours)

type of activity (hours)

type of activity (hours)

Pre-screening tests: (Taken by researcher)

Height* cm

Current weight* kg's
BMI*

Blood pressure mmHg
Body fat percentage* %

Note: Fields with a * will be entered into the participants’ data and the mean values of all
participants will be recorded in the final report
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Appendix 4c. Online Expression of Interest and Registration Form (Study’s 5 and 6)

Introprogramme  Study Registration i

A

(R

women to help them investigate: &@F TOI-OHOMAI

Bone hedalth in premenopausal women Taatike € Tachndlogy

Toi Ohomai and AUT researchers seek ] \ | /
.
_\ ] 1,

Welcome  The Jump-Landing Programme  Previous Jump-Landing Program. Tracker & Videos  Pre Exercise Questionnaire

Would you like to be part of an exciting
new Bone Study at Toi Ohomai Institute of
Technology?

We are looking for women to participate in our bone study. Our general criteria are:
You are aged between 30-50 years.

You have a regular menstrual cycle.

You are not currently pregnant.

You are healthy and injury free.

You are not currently participating in regular high impact exercise.

If you are interested to learn more about participating in this study, please click the blue button below.

EXPRESS YOUR

INTEREST HERE
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Tai Ohomai and AT 1

women to help them | "R ﬁ@ﬂ‘ TOI -I(?HOMAI

Bone health in premencpausal women
f |

Expression of Interest Form

You are invited to take part in a study starting in November 2017.

When you have completed this online registration form, | will send you a Participant
Information Sheet which will help you decide if you'd like to take part. It sets out why we are
doing the study, what your participation would involve, what the benefits and risks to you
might be, and what would happen after the study ends. We will go through this information
with you and answer any questions you may have. You do not have to decide today whether
or not you will participate in this study. Before you decide you may want to talk about the
study with other people, such as family, wh@nau, friends, or healthcare providers.

Mote: Please answer as many questions as you can. Don't worry if you don't know the
answers to some questions as we can add in any missing details at a later date.

*Required

Email address *

Your email address

AU ToI-oHOMAI

OISR Instituie of Technology
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Appendix 4d. Online Medical and Pre-exercise Questionnaire (Study’s 5 and 6)

Section 2 of 6

Personal Details £

o)
-

Description (optional)
Section 1 0of 6
Name *
B : . : b4 H Short ansv
Medical & Pre-Exercise Questionnaire : ‘
Please complete this questionnaire before you start the Women's Bone Health Study.
Note: Please answer as many questions as you can. Don't worry if you dont know the answers to some
questions as we can add in any missing details at a later date Phone (work)
Short ansv

Email address

alid email a

email add

This form is c

Phone (mobile) *

. Short ar
Image title

Age

Short answer text

Emergency Contact s

Description (optional)

Emergency Contact Person

Short a ext

Date of Birth ©

Month, day, year Relationship to you

short ans) ext

Weight (kg)

Short answ
Emergency phone number
Short a ext

Height (cm)

Short a

Name of Doctor

short ans) ext

Ethnieity

Shorta

Doctor's phone number

Short answer text
After section2  Continue to next section - = .
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MenStrua| CyC|e |nf0rmati0n » ¢ Are you or is there any chance you could be pregnant? *

This section will be used to provide information which is relevant 1o your bone health. Yes

No
What age did your menstrual cycle start? *
Maybe
1012
1315
Do you have a regular menstrual cycle (10-13 cycles per year)? *
16+
ves
No
Have you ever missed your menstrual cycle for mere than 6 months in a row (not including -
pregnancy)?
After section 4 Continue to next section -
Yes

No
Section 5 of 6

Medical Information S

This section is required to determine whether it is appropriate for you to be participating in a regular exercise

How many full pregnancies have you had? *

0 programme.

1

2 Are you currently on any prescribed medication? *
3 No

4 Yes

) ook
Have you ever taken, or are taking any of the following Have you had a previous hip or vertebral fracture? *

z
5

Previously Taken Currently Taking Yes

Steroids (prednisone, cor D D No

Anticonvulsants (for seiz..

Glucocorticoids Have you had any fractures that did not result from significant trauma (e.g. car accident) ©

Yes
Hormone Replacement T...

No
Thyroid Medication

Osteoporosis Medicatio...
If you answered yes to the previous question, please give details

Calcium Supplements
Short answer text

0O00o0ooaoao
0O00o0ooaoao
0O00O0o0oooaoao

Vitamin D Supplements

Did either of your parents ever have a hip fracture? *

Have you ever broken a bone? ™

Yes
No
No
Yes
Do you have a family history of osteoporosis? ™
If you answered yes to the previous question, please give details Yes

Short answer text No
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Have you had any surgical implants (plates. pacemaker)? ©

Yes

No

If you answered yes to the previous question, please give details

Short answer text

Do you, or have you ever had any of the following? (Please indicate by selecting/ check box) *

Yes No

Respiratory problems (asthma, br...

Diabetes

Stroke Circulatory problems

Anaemia

Hernia

Osteoporosis

Heart trouble (pain or tightness in

0Oo000o00o0o0ooao
0Oo000o00o0o0ooao

Epilepsy

Section 6 of 6

Fitness and Lifestyle Profile

>¢

This section ...

Rate your current energy levels out of 10
1 2 3 4 5 6 7 8 9 10

ow O O O O O O O O O O hin

‘On average, how often do you accumulate at least 30 minutes of physical activity over a day? ©

None

12 Days
3-4 Days
56 Days

everyday

What type of exercise do you regularly do (e.g. brisk walking, circuit training, social netball)
Please list all activities and the activity time in hours

Appendices

Do you have a recent or current musculoskeletal injury, osteoarthritis

Yes

No

If you answered yes to the previous question, please give details

Short answer text

Do you have any condition of impaired balance or coordination? *

Yes

No

If you answered yes to the previous question, please give details

short answer text

Are you currently (or in the past 12 months), engaged in regular physical activity involving impact ©
exercise?

Yes

What type of exercise do you regularly do (e.g. brisk walking, circuit training, social netball)
Please list all activities and the activity time in hours

Short answer text

Do you perform weight bearing exercise regularly? *

Yes

No

If you answered yes to the previous question, please provide details below.

Short answer text

Do you perform high impact exereise regularly? *

ves

If you answered yes, please provide details below.

Short answer text
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Do you regularly consume dairy products? *

Yes

No

Do you regularly consume caffeinated beverages? ©

Yes

No

Do you smoke? ©

Yes

No

Do you drink alcohol? *

Yes

No

Appendices
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Appendix 4e. Online Weekly Jump Tracker Questionnaire (Study 6)

IntgéProgramme Sty R

\ )
Toi Ohomai and AUT researchers seek \ ( v
women to help them investigate: &[mﬂ" TOI-OHOMAI \ "‘\)
Bone health in premenopausal women Tnstitute of Technology \

L

Tracker & Videos

Please CLICK HERE to
record your weekly
completed sessions

Dl]n@

Weekly Jump-Landing Programme
Tracker

*Required

Please enter your name below (full name) *

Your answer

Please select the week you are recording your "Jump-Landing’ sessions for

complete the ‘Jump-Landing’ programme this week? *
1time

2 times

3 times

. 4 times

Meve ogle Forms
5 times
ated inside Toi Ohomai Institute of Technology. Report Abuse
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Appendix 4f. Adherence Questionnaire (at 3 months and 9 months) Jump Group (Study 6)

‘Jumping for our Bones’: Quick Questions after 3 months (Jump
Group)

1. Was it easy to remember do the required jump sessions each week?
YES NO SOMETIMES (Circle one)

2. If YES...what was your strategy?

3. If NO...what was your main reason?

4. How would you describe doing the jumps?
ACHIEVABLE CHALLENGING DIFFICULT (Circle one)

5. Did the regular emails help you to achieve the required jumping sessions each
week?

YES NO (Circle one)

6. Would you be happy to receive text messages to remind you to do the jumping
sessions?
YES NO (Circle one)

7. If YES...How often... DAILY (Number of sessions)...WEEKLY (Circle one)

8. Would you be happy to join a Facebook group with all the jumping participants?
YES NO (Circle one)

9. Have you changed the way/amount of exercise you are doing since starting the
study? Briefly describe.

10.Have you changed your nutrition since you started the study? Briefly describe.

11.Has the DEXA scan motivated you to stay in the study?
YES NO (Circle one)
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‘Jumping for our Bones’: Quick Questions after 9 months (Jump
Group)

Was it easy to remember do the required jump sessions each week?

1.

©

YES NO SOMETIMES (Circle one)

If YES...what was your strategy?

If NO...what was your main reason?

How would you describe doing the jumps?
ACHIEVABLE CHALLENGING DIFFICULT (Circle one)

Did the regular emails help you to achieve the required jumping sessions each
week?
YES NO (Circle one)

Would you be happy to receive text messages to remind you to do the jumping
sessions? This is planned for the last 3 months!

YES NO (Circle one)
If YES...How often... DAILY (Number of sessions)... WEEKLY (Circle one)

A) Did you join the Bone Study Facebook group?
YES NO (Circle one)

B) Did the Facebook page help you to achieve the required jumping sessions
each week?
YES NO (Circle one)

Have you changed the way/amount of exercise you are doing in the past 3
months? Briefly describe.

Have you changed your nutrition in the past 3 months? Briefly describe.

10. Does the DEXA scan motivate you to stay in the study?

YES NO (Circle one)
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Appendix 4g. Adherence Questionnaire (Control Group) (Study 6)

‘Jumping for our Bones’: Quick Questions (Control Group)

1. Have you changed the way/amount of exercise you are doing in the last 3
months? Briefly describe.

2. Have you changed your nutrition in the last 3 months? Briefly describe.

3. Does the DEXA scan continue to motivate you to stay in the study?

YES NO (Circle one)

4. Would you recommend a DEXA scan to other people?

YES NO (Circle one)
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Appendix 5: Sample DEXA Report

Toi Ohomai Institute of Technology
Windemere Drive

Tauranga 3110
Telephone: OBOO 264 6408 E-Mail: campbell.macgregor@toichomai_ac.nz
Mame: Sex: Female Heaght: 168.8 cm
Patent ID: Ethmcity: White Weght: 708 kg
DOB: 05 May 1986 Age: 13

Referring Physician: Tracey Clissald

Scan Information:

Scan Date: 17 July 2019 ID: AQTIT1908

5Scan Type: a Whole Body

Analysis: 17 July 2019 09:44 Version 13.6.03
Auto Whole Body Fan Beam

Operator:

Miodel: Dhiscovery A (5 85814)

Comment:

DXA Results Summary:

Region Area BMC BAMD T- z- [

(o) (E) (=/omf) SCOre SCOTE
L Amm 21988 19383 08182
F. Arm 12180 164.01 0,734
L Ribs 134.16 73.30 0.580
F. Rib= 12216 T73.88 0.505
T Spine 134.18 11290 0824

L Spine 61.68 T 1194
Pelvis 4151 31582 1.308
Tmage not fior disgmostic nse LLeg 384.10 447.23 1.154
W=li ELeg ITI6R  458.00 1.213
Subtotal 188824 191261 1012
Total Haad 11340 47779 2138

Total 11273 239040 1131 01

L
Total BMD OV 107

1

BMI

Comment:

~scoze wi. White Fumale. Source 3012 BMDICETELANES. Z-soomw vi. White Fumale.
rerea:2012 BMDCESHHAMES.

HOLOGIC
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Toi Ohoemai Institute of Technology
Windemere Drive

Tauwranga 3110
Telephone: 0OB00 264 6408 E-Mail: campbell macgregor@ioichomaiac.nz
Mame: Sex: Female Heaght: 168.8 cm
Patent ID: Ethmcaty: Whate Weght: 708 kg
DOB: 05 May 1986 Age: 33

Referring Physician: Tracey Clissold ;

Scan Information:

Scan Date: 17 Tuly 2018 ID: AQTIT1908

Scan Type: 3 Whole Body

Analysis: 17 July 2019 09:44 Version 13.5.0.3
Anto Whole Body Fan Beam

Orperator:

Mipdel: Discovery A (5 85814)

Comment:

Taotal

B
t

Image mot for dagnastic ns Hge
Tz 150
T-scome i Witte Famale. Source:2012 BMDCENHANES. Z-score vi White Famals.,
Sourcec20121 BMDCENHANES.
DXA Results Summary:
Scan Diate Age EAID T- EMD Change (g/c I
(g/om™) SCOTE v: Baseline vz Previoms
17.07.2019 33 1131 -0.007 (-0.5%) 0004 (-0.4%%)
04.12 2018 32 1.136 0003 (0.3%) -0.006 (-0.6%%)
11.09.2018 32 1142 00005 {10.3%) 0012 (1.0%%)
12.06.2018 32 1.130 0008 (0.7%) -0.003 (-0.3%%)
20.03 2018 31 1133 0005 (0.5%) -0.005 (-0.5%%)
24.11.2017 31 1.138

* Diemotes significance 2t 95% confdence level, 15 is 0.014 giom®

HOLOGIC
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Toi Ohomai Institute of Technology
Windemere Drive

Tauranga 3110
Telephone: 0B00 254 644 E-Mail: campbell macgregon@toichomai_ac.nz
Mame: Sex: Female Heght: 168.8 cm
Panent IDx Ethmcity: White Weaight: 708 kg
DOB: 05 May 1986 Age: 33
Fat Mass/Helght*

Emagus mot for Eagnostic we

T

Body Composition Results

FLLNE

Source: NELIAMES White Faxmla

Wond Heaith Organization Sody Mass Index Class fication
EMI = 24.E WHO Classificaion Mormal

Lnceneeigh Monral Owepieight Obesy | Obesiu I Obesiiy 1

1w 1= aul =) 20 2k <0 4k

2hdl has some Briabions and an acunl diagnosis of ovenweight of obesity should be made
by & hesaith professional. Cbesty b5 assodated with Feart doease, cerain Gpes of ancer,
fpee 2 diabetes, and other healh risks. The Righer a person’s EM s above 25, the grealer
Beir welghi-reisted risks.

Adipose Indices

Fegion Far _Lean+ Todal Vi Far %Fat Percencle
(g BAIC({g) Nl g) R AN

L Arm 533 139 3823 o 2 -3 3
K Amm 1033 1820 3854 55 B 6§
Trunk ST 13324 31332 191 3 4
LLsg IME 5630 13578 =1 3 3
K Lag 4008 BTE3 13773 ol | 3 d
Subtotal 17531 031 B6362 Be & 3
Fiaad SEE 3158 2167 bt}

Taial 16519 53330 0749 139 3 3
Android (4] 582 3138 £020 e

Gyooid (&) 3702 8430 12342 300

Scan Darte: 17klyX18  IDx AD717190B

Scan Tips: 2 Whols Body

Analyiis: 17 Fely 2019 084 Vemuion 13.6.0.3

Auto Whole Body Fan Beam

Uparator:

lodal: Ciscovery A (S E3ELS)

Commant

BARL209 - HEIAMES BCA calibration

Aeacure Eezult Percentls

W AN
Toml Body %= Fat Pl 3 3
Fait MazsHeizght (lp/or) 54 1§ n
Androéid Grnoid Batic (VK |
%% Fat Trunk s Fat Lags 4.3 i | 15
Trunk/Limh Far Mas: Fatio 0él 3 o
Est VAT Mz () 116
Est VAT Vol (cm") 13
Est VAT Araa {cor) 4.7

Lean Indices

Aleacure Eerzult Perventile

N AN
LaanFlaight® (kg/ne) 181 38 B3
Appan. Leam Haight® (kg'm®) E37 83 el

Est VAT = Estimated Visoaral Adipose Tiivae
T =Y oemg Momsal
AM = Ape Maxiched

HOLOGIC
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Toi Ohomai Institute of Technology
Windemere Drive

Telephone: 0BO0 B84 648

E-Mail: campbell macgregon@itoichomai.ac.nz

Tauranga 3110

Tame:
Patent ID:

DHOB: 05 May 1986

Sex: Female
Ethmeity: White

Heaght: 168 8 em
Weught: 708 kg
Age- 33

Beeferring Physician: Tracey Clissold

Total Body % Fat

T I. at

-
]
2
.'.-I
."::_"A.'
Sourse: 2008 MELANES White Fazeals
Fat MazsiHeight
u
]
]

Fhdh’

A ot

Source: NELANES White Famala.

Total Body % Fat Results

Sran Dane Az SaFar Fercemile Chamee vz
%) s AM Baseline  Previous
17.07.2019 33 39 3 3 42 14
04122018 32 3 1 2 1.6 Q3
11.02.2018 32 pak 1 1 -19 4.5
12.062018 32 ng 1 2 74 a7
10032018 31 83 3 2 4.7 47
24112017 31 Wz 20 ]
Fat Mass/Height®* Results
Sran Dane Az FAL™ Percemiile Chamge vz
{Ig-'ur'h N AN Baseline Previens
17.07.2019 33 194 16 11 -1B Q3
04122018 32 362 13 8 <21 ol
11.08201B 32 337 11 7 24 02
12.06.2018 32 557 13 9 22 03
20032018 31 3E] 1§ 11 -9 -19
24112017 3l 1.73 £ k|
Total Fat Mass Results
sran Diane Age Fai Change Monch v Chamee vz
ll'.us{;j EBaseline  Previows  Baseline  Previeus
17.07.2019 33 1891 -2 124 -5102 914
(4122018 32 16005 450 155 S016 &7
11.082018 32 1 -TRZ -181 4713 -343
12.06.2018 32 935 -2183 4148 -TES
10032018 31 7 -1407 -5362 -5342
24.11.2017 31
Total Lean Mass Results
Sran Diane Age Lesm Change Monch v Chamee vz
i) Bazeline  Previom:  Baseline Previon:
17.07.2019 33 31439 146 -168 %73 -1133
(4122018 32 T2 334 = 4105 1633
11.08.2018 32 Jla9 138 -143 M3 4k
12.062018 32 J1451 41 -172 2895 478
20032018 31 51935 234 384 370 3
24.11.2017 31 4E556

TN ="Young Nermml

HOLOGIC
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Toi Ohomai Institute of Technology
Windemere Drive

Tauranga 3110
Telephone: DB0D B04 548 E-Mail: campbell macgregen@itoichomai.ac.nz
Hame: Sex: Female Heaght: 168.8 em
Patient ID: Ethmacity: White Weght: 708 kg
DOB: 05 May 1986 Age: 33

Referring Phyzician: Tracey Clissold

Scan Information:

Scan Date: 17 July 2019 ID: AQTIT19407
Sean Type: fLeft Hip

Amalysis: 17 July 2019 09:44 Version 13.6.0.3

Hip
Orperator:
Miodel: Discovery A (507 85814)
Comment:
DXA Results Summary:
i Area  BMC  BMD T- Z- |
Region {cmr) (= (g SOOTE SOOTE
MNeck 488 452 0025 0.8
Troch 10,85 8497 0.827 2
= Inter 1783 2172 1218 0.8
EF:-;‘ﬁ' fagmac u Total 3356 3521 1048 0.4
E{fﬁ 48515 Ward's 110 0as 0772 0.5

Toal BMD OV 1.0%

MNeck

FRART W0 ot B S psarw Tos

10-vear Fracture Risk*

Major Ostesporotic Fractuore 1.7%4h
Hip Fracture = 0.1%
Beported Fisk Factors:

US (Comcasian), Neck BMD=0 915, BAMI=148
Inpat outiide FRANE linits. Admsted to:Age=40

* FRAN® Varsion 3.03. Frachre probabdlity calcalied for an unteased patient.
Fractare probabdlity may be Jowsr if the patient has mosived seament

BN

Comment:

ANl rrestment decisions require climical judement and consideration of
individual patient factors, including pafent preferences, comorbidities,
previous dmee use and risk fctors not capnrad in the FRAY model

(e g frailty, falls, vitsmin D deficiency, increased bone temover,
“szome va. White Fazmale, Sommesc2012 BMDCS MELENES Whiss Fazmla, Z-scors ve, WiESrval significans decline in ELID).

armale. Source:2012 BEMDOS MIZANES Wiite Famals.

HOLOGIC
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Toi Ohomai Institute of Technology
Windemere Drive

Tauranga 3110
Telephone: 0800 BE4 646 E-Mail: campbell macgregor@toichomai_ac.nz
T ame: Sex: Female Heaght: 1688 cm
Patient ID- Ethmicity: White Warght: 70.8 ks
DOB: 05 May 1986 Age: 33

Peferring Physician: Tracey Clissold :

Scan Information:

5Scan Date: 17 Tuly 2019 Iy AQ7171907
5Sean Type: fLefi Hip

Analysiz: 17 July 2019 09:44 Version 13.6.03

Hip
Crperator:
MAodel: Discovery A (50 85814)
Comment:

T-scome vs. White Famals, Sourcec 3012 BMDCESMELANES Whis Famlo. Z-scom w.
TWhite Famale. Somrra:2012 BMDCSNHANES White Fanale,

'L:;f:;“"’ in gacnic wem 10-vear Fracture Risk*
NECE: 49 x15 Major Osteoporatic Fracture 1704
Hip Fracture <iL.1%
Feported Fizk Factors:
S {Concasian], Heck BMD=0 915, BMI=)4.8
Tnprat outide FRANE limits. Adinsted to:Age==0
* FRAY® Versien 3,07, Fractme probabdlity caleslind for an unimsated patians.
Fractore probatdlity may be Jower if the patient hes moaived oeament
DXA Results Summary:
Scan Date Age EMD T- BMD Changs g/t I
(o) sCore vs Bazeline v= Previow:
17.07.2019 33 0025 0024 (2.6%) U040 (4.6%)
04.12.2018 32 0.885 0,017 (-1.8%) 0031 (-3 4%
11.09.2018 32 0015 0014 (1.6%) 0000 (0.1%5)
12.06.2018 32 0.015 02014 (1.5%) 0028 (3.2%)
20.03.2018 E] | 0.887 0014 (-1.5%) 0014 (-1.4%%)
24.11.2017 31 0.001

* Dhenotes sipnificance st 95% confdence level, L5C is 0.029 glon®

HOLOGIC
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Toi Ohomai Institute of Technology
Windemere Drive

Telephone: 0800 B84 644

E-Mail: campbell macgregon@itoichomai ac.nz

Iame:
Patient ID-
DHOB: 05 May 1986

Tauranga 3110
Sex: Female Heght: 168.8 cm
Ethnacity: White Weight: 70.8 kg
Age- 13

Feeferring Physician: Tracey Clissold

Scan Information:
Scan Date: 17 July 2019
Sean Type: £ Left Hip

ID: AQT171907

Analysiz: 17 July 20019 0944 Version 13.6.0.3
Hip
Orperator:
Mipdel: Dhiscovery A 5/ 85814)
Comment:
Imge not for diagnostic me
100 x 28
HSA™ Results Summary:
Region Sub Peri Endao Cort. C54A CSAO A Cart. ER I
Widthicm) Vindth cm) {cmr) {cm) (o) Thick {cm)
NN 312 268 334 259 1.57 22 75
T 531 441 411 1525 5.18 045 6.4
Fs 333 226 4.68 434 . 0.53 33
Meck Shaft Angle: 127
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Toi Ohomai Institute of Technology
Windemere Drive

Tauranga 3110
Telephone: 0800 B4 G648 E-Mail: campbell. macgregon@toichomai.ac.nz
MName: Sex: Female Height: 168.8 cm I
Patient ID: Ethmcity: White Weight: 708 kg
DOB: 05 May 19586 Age- 33
: Tt
DXA Results Summanry:
- N I
Haen Scan Date — @:ﬂ 5r-1£re 1%5]'3?25111':1?EE %s?r-lm
17.07.2019 33 142 0.034 G 4%)* 0.031 3.0%)*
_ 04.12.2018 32 1.018 0,004 (0.3%) -0.007 (-0.7%)
11.09.2018 32 1025 0.011 (1.1%) 0.003 (0.3%)
12.06.2018 32 1.022 0.008 (0.7%) 0.011 (-1.0%)
Age 20.03.2018 31 1033 0018 (1.8%) 0.018(1.8%)
24.11.2017 31 1015
Trothanies 'IDEm‘Ies.sign.i.f_-:m:e.n 05% comfidemce lewel, L5C &5 0.027 glor®
- 5 I
] Scam Date = (g:.]'acﬂﬁli_’]flI sr-ﬁre 1%3]'3?55:;@! IL1:Es‘:1'-i-|':e:|ﬂuvulls
_ 17.07.2019 33 0827 0.020 2.5%)* 0.034 (4.3%)*
04.12.2018 32 0.793 -0.004 (-1.7%) -40.002 (-0.2%)
11.09.2018 32 0.794 -0.002 (-1.5%) -0.003 (-0.4%)
12.06.2018 32 0.7a7 -0.010 (-1.2%) -0.016 (-2.0%)
g 20.03.2018 31 0814 0.007 (0.8%) 0.007 (0.8%)
24.11.2017 31 0.807
Inier 'IDEm‘Ies.ﬂgn.Lf_-:m:e.n 05% comfidence [eve], T 1= 0.01F gl
EXint Scam Date Aze (g.]?:% sr-gr-e 1%?5&%1:’13913 [ﬁcﬁlm
_ 17.07.2019 33 1.218 0.037 G.1%)* 0.025 (2.1%)
04.12.2018 32 1.193 0.011 {1.0%) <0.005 (<04%%)
11.09.2018 32 1.198 0.017 (1.4%) 0.003 (0.2%)
12.06.2018 32 1.194 0,004 (1.2%) -0.018 (-1.5%)
- 20.03.2018 31 1.213 0.032 . 7%)* 0.032 2.7
24.11.2017 31 1.182
Waras "Dmles.ﬂgm.f_-:m:e.n U3 comtidence level, Lo & 0003 BT
| _ = ;
g Scan Date s (g.]?:% erre 1%?3?:511%3 IL1:Es‘:1'-i-|':e:|ﬂuvulls
‘ 17.07.2019 33 0772 0.013 (1.7%) 0.050 (6.9%%)*
04.12.2018 32 0722 -0.036 (-4.8%) 0,041 (-5.4%)
11.09.2018 32 0.763 0004 (0.6%) 0.021 (-2.6%)
g 12 06.2018 32 0.783 0025 (3.3%) 0.045 (6.1%)
20.03.2018 31 0.738 -0.020 (-2.6%) 0,020 (-2.6%)
24.11.2017 31 0.758

Tesoors s, TWhins Fazmls * Diemotes siznificance at 75%: confidence leved, L5C 15 00435 gy
Soerce: 2012 BMDCENHANES
White Famale. Z-scom 15 White Scam Type: § Laft Hip - ADT171807
Famak. Souma 2012

BMDCENHANES Whits Famia
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Toi Ohomai Institute of Technology
Windemere Drive

Tauranga 3110
Telephone: 0800 864 548 E-Mail: campbell macgregon@toichomai.ac.nz
Mame: Sex: Female Heaght: 1688 em
Fatient 1D Ethmicity: Whate Wearght: 708 kg
DOEB: 05 May 1986 Age- 33

Feferring Physician: Tracey Clizsold

Scan Information:

Scan Date: 17 Tuly 2019 IDv: AOQ7171906
Scan Type: fLumbar Spine

Analysis: 17 July 2019 09:45 Version 13.6.03

Spine
Orperator:
Mipdel: Discovery A (3] 85814)
Commeant:
DXA Results Summary:
Region (ﬁ% Bl& @B&E sr-gre st%re
L1 1383 1520 1.104 1.0
Lz 1378 1584 1.150 11
L3 1518 1710 1.127 0.4
L4 18.66 1819 0875 0.7
Total 6144 34 1.080 03

Tonl BND OV 1P

BMI

Comment:

T-soome ws. White Famala. Sourcec2011 BMDCS Helegic Z-wcare w. Whit Famale.
Seremoe2012 BMDCE Helogic

HOLOGIC
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Toi Ohomai Institute of Technology
Windemere Drive

Tauranga 3110
Telephone: 0300 B84 648 E-Mail: campbell macgregon@itoichomai.ac.nz
Mame: Sex: Female Heaght: 1688 cm
Patient ID: Ethmcaty: Whte Weght: 708 kg
D¥OE: 05 May 1936 Age: 33

Feferring Physician: Tracey Clissold

DXA Results Summary: L1-L4

Scan Information:

Scan Date: 17 Tuly 2019 IDy: ADT171904

Scan Type: f Lumbar Spine

Ampalysiz: 17 July 2019 09:45 Version 13.6.0.3
Spins

Orperator:

Mopdel: Discovery A (50 858146)

Comment:

L1L4

B

T-scome vs. Wiste Pamale. Sounce- 2011 BMDCS Hologic Z-score ws. Whits Femle
Somrrec201 2 BMDCE Hologic

Scam Date BAD

At (g/omr)
17.07.2019 i3 1.080
04.12.2018 32 1043
11.00.2018 iz 1.067
12.06.2018 E ¥ 1.050
20.03.2018 i1 1080
24.11.2017 31 1.059

T- BMMD Changze (='c
SCOrE vs Baseline x?gretium
00020 {1.9%4) 0L0LG (1.5%)

0.004 (0.4%)
0.007 (0.7%)

£0.010 (-0.9%)
0.030 (2.9%)*

£0.003 (-0.3%)
0.017 (1.6%)

0,040 (-3.7%)*
0.030 (2.9%)*

* Dengtes significance st 95% confidence level, LSC is 0.022 giond

HOLOGIC
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Appendix 6a. Jump-landing Programme Infographic (weeks 9-12)

Jump Programme

2

How many times do we perform the
programme each week?

at jumps are we doing for the next 4 weeks?

The Countermovement jump + Stride Jump

How many jumps do we do How do we perform the jumps?
each session?

Perform 4 MAXIMAL jumps at

8 CMJ+8 Stride jumps A

and perform 2 sets of each jump
in the session.

(this means 32 jump-landings) )
* see the 4 week programme for detaul

* Countermovement jump = CMI

How much rest do we have?
Take a couple of seconds between each jump,

and around 30 seconds between each set.
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Appendix 6b. Jump-landing Weekly Overview Programme (weeks 48 - 52)

The Jump-Landing Programme (PHASE 4):

Appendices

PUT THIS ON YOUR WALL/FRIDGE (Tick box each day you perform the jumps)

Jump Type Freq Sets x Reps || Week 1 2 3 4
(times X Rest (49-52)
per week)
Vertical Hops * 4-5x 2x7 Week 49
A Vertical Hop || Nov 26-2
a 3 oa 2x7
: ' Forward Leap
2x7 Week 46
: Lateral Leap || Dec 3-9
Forward Leaps ** *1 set for
= & each leg
e % 2-5 sec Week 47
v & Between Dec 10-16
* > each
Lateral Leaps*** jump/hop
Y R 30 sec Week 48
Between Dec 17-23
i n i each set

Nov 26 —Dec 23

*=x \/ertical Hop Instructions:
1. Stand on one leg, and as you lower down you will simultaneously swing your arms down.

2. Then quickly jump upwards and forwards, with arms also swinging in the upwards direction.

3. Then land on the same leg.

** Forward Leap Instructions:
1. Stand on one leg, and as you lower down you will simultaneously swing your arms down.

2. Then quickly jump upwards and forwards, with arms also swinging in the upwards direction.

3. Then land on the opposite leg.

** | ateral Leap Instructions:
1. Stand on one leg, and as you lower down you will simultaneously swing your arms down.

2. Then quickly jump upwards and sideways, with arms also swinging in the upwards direction.

3. Then land on the opposite leg.

All hops & leaps need to be performed using both legs (right and left sides).
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Appendix 7. Sample Activity Diary

TOI-OHOMAI &@F

Institute of Technology

UNIVERSITY

Bone Health in Premenopausal Women Name . ,
How to fill in the Activity Diary

We would appreciate it if you could please complete the tables on the following pages. Please try to complete the table daily, rather
than from memory at the end of the week.

Thank you very much for your participation in this study. If you have any questions please don't hesitate to contact Tracey Clissold
(tracey.clissold@toiohomai. ac.nz

Please complete the table as accurately as you can.
Week beginning: | "/"/ l// 2.0(?

[ Monday | Tuesday Wednesday | Thursday | Friday Saturday | Sunday
| 0500-0600 \
"0600-0700 ) ] ‘ |
0700- 0800 WALY

| D0a %
0800-0900

flecved

0900-1000
l | -fW Gepue GYM !
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71000-1100

SO MG
CESSON

&YM

E

100-1200

GYM

VAC Y
ate14

&NM e

1200-1300

CoMipS

JACQuMER)

CALIIVED

1300-1400

' 1400-1500

1500-1600

lm&‘“z S MNG,,

1600-1700

1700-1800

Piuaes cug

1800-1900

1900-2000

WALLD D

WALL DB [WAUS DO

2000-2100

WAK

2100-2200

2300-2400
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Appendix 8. Sample Participant 3-Day Food Diary and Foodworks Report

FOODS

15%-now-17

650

m

Bresd,ry=, commiercal dark, bossted

Flom Fro Activ Light

Jam oerry fruit

T o bwck, regular, plsin, withouwt milk

Milk, Ccow, remdy o dink reduosd fat, 15 fat,reguiar

10zm
Muftin, bran home made without dried froit, Homemsde bran mutfin withou

12prn

Wrao,plain,white,fresh

Salsd, Mesciun e s e

Capsioum, red fresh res

Camrot repuler fresh pesled, raw

Cokes Australisn Shced Bestroot

Chicken, oresst without skin, snooeted beked, other

1jpn

Epaifruit preen [hayward |, peeled
irapes, othar red
Pear, fresh packhams triumph,unpesied

.LF, 7
Mixed ruts, without dried frui or sesds, +almord+oashewswainut

&:30pmn

Sohnitzel, st Fried, olive oil, Besf sty
Brooooli, fresh, boiled, mo sdded fat
Springs omion, fried, w0 added fat
Cowpette, Green unpesisd, rew
SmuCE Oystar

Sauce, sy, reguiar salt
Singer e sh res

Saric frash rew

Chilli Nakes

il sEsame

Ripe, white, Ensmati, boiled, undramnsd

2pm

¥aghurt, Greek styls, FresknFrsty
Voe!'s Fremium Owven Crisp Muesli Frst & Kt

17-now-17

&:45am

Uncle Tooys Daks Quick

Sanara,fresh, cavendish

Milk,cow, ready to dnnkreduced fat, 1% fat,reguiar
T nbwck, regular, plsin, without milk

Milk,cow, ready to dnnkreduced fat, 1% fat,reguiar

10am

Z repuler shice
1tsp

1tsp

T30 mi

Stsp

1 medium muttin

1 repular toetilla
3o

23 cup

23 oup

.3 madium b=etroot

a0g

3 frust
4 frust
-5 medium fruit

ELT

100g

1 cup

1 spring onion
5 oo chopped
e i}

Sto

e i}

Pl

1 pinch

Sto

1 cup

.25 cup
25 .cup

1/3 cup

-5 madium fruit
23 oup

230 milL

Stzp
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Wuffin, bran home mace, without dried fruit, Homemsde bran mutfin withou
12pm

¥umara, flesh, boiled, draired, no sait added

Asparmgus,fresh,baked,no added fat

Capsioum,red, fresh, baked, ro sdded fat

Onion, mature, red, fresh, osked

Courgette, Greenunpesisd, row

£, chicken,white & yolk,milk added, scramaled

Cheess Fetn

Salsd Mesciun lsaves ras

Camot oaby,fresh, pesied, rew

CUCUMDEr, Com man, Lnpeeied

Spring onion mw

Juice, 100% juice lemon, home squeezed

2pm
oraipes, ok her red
Targsio, fesh,rew
Pear, fresh packhams tiumph,urpeeled
Tz, lack, regular, plain, without milk
Bdilk, cow, ressly to drimk reduced fak, 1% fatregular
6 30pm
Fish snapper, fried, coated
Courgette, Greenunpesisd, row
Asparsmues,fresh, fried no added fak
Camot repular freshpeeled, frisd, utter
ChilliNakes

730pm

Licorice, chooolate coated
19-mow-17

dam
Egps, chicken, whole, posdhed, o added fat
Abbotts Village Bakery Sourdough
Coffes beverage, brewed from grounds,plungsr prepsred
Bdilk, cow, ressly to drimk reduced fak, 1% fatregular

12pm
Bread,french stickwhite fresh

Floma Fro Activ Light
Apoile fresh,royel gala, unpeeied

3pm

Yoghurt,Gresk style, Fresh nErity

WVogel's Fremium Owven Crisp hMuesli Frat & Rut
6 30pm

Fatak's Butter Chicken Simmer Sauce

Baywiew Crumbed Chicken Tenderoins

E¥umara, flesh, soiled, draired, no 2t added
Rice, white, Easmati, boiled, undramned

2pm
Sresd, barans homemsde fresh, Homemrade barsra oran oresd
¥aoghurt, Greek styls, FreshmFruity

1 magium miutfin

73 oup whole [230mi)

1 spear
1 slice
-5 smadll omion

3 slice {3.9 x 3._2cm dismeter]

29 cup

2 cuioe [2cm)
73 cup

30z

4 madium slice
5 spring omion
g

& fruik

29 fnat

-5 madium fruit
230 mL

Stsp

1 magium fillet
4 o chopped

1 spear

-5 madium camot
1 pinch

10z

2 reguler egg

1 reguler shice <33
30 mL

1 dushi

3 regulsr besuetts
Zitso
1 magium fruit

23 cup
23 cup

3o
2 finger
100g

1 cup

1 reguler & thick slios
25 oup
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RECOMMENDED DIETARY INTAKES (RDI)

Energy
Protein
Thizmin
Ribsafizsin
Himcin.Eq
Witamin C
Wit.BE

Wit Biz
Folste-DFRE
Tot Wit.a.Eg
MBERESIT
Calcium
Fhosphons
Irom

Zinc
SElapium

ldirs

Protein (g)

Thiamin [mg)

Riboflavin [mg]

Miacin equivalents (mg)
Vitamin C (mg)

Vitamin B& (by analysis) (mg)
Vitamin B12 {ug)

Folate total OFE [pe)

Total vitamin & eguivalents (L)

Magnesiurm (mg)
Calcium (mg)}
Phosphorus (mg)
Irgm {mg)

Zint (mg]
Salenium [uel
lodine pg)

Aves Day
81

1.35
1.74
3558

97 20
1.76

3.25
861,20
106259
32E.TE
70538
1655.13
11.75
E.6d
81.25
166,08

RDI

46

1.10
1.10
14.00
45.00
1.30
2.40
400,00
T0.00
320.00
100000
100000
18.00
2.00
&0.00
150.00

NS msed o Female, 43 years, 60T I, 1643 om, Heswy Acthaty

RDI(%)
177%
122%
158%
254%
216%

111%
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Appendix 9. Bone Study Website

Welcgme T jous J i i fonnaire  IntgdfProgramme  Stiitiy

Toi Ohomai and AUT researchers seek ‘ AN

women to help them investigate: &@F TOI-OHOMAI

Bone hedalth in premenopausal women Instituts of Technology

Welcome to the home page for the Women's Bone Health
Study

| am pleased to announce that the Women's Bone Health Study has officially completed it's first year! <

Now due to popular demand...we will not only be rolling out a second year of JUMPING programmes for
the original jJumping group, but also opening up the successful first 12 months of JUMPING programmes
to our control group participants (& anyone else who wants to start increasing bone mineral density in
under 5 minutes per day)!

1 will be sharing the amazing results achieved by our nearly 40 jumping participants as soon as the
numbers have been crunched...however | am pleased to say the preliminary results have shown
outstanding gains in bone mineral density and overall bone strength for all of our jumpers!

PHASE 5: We are now in PHASE 5 of the Bone Study (First 4 weeks of 2019)! This programme introduces

Ana Af nnre harn nowr avarcicac (tha CTORADY Aand A ~Aninla af inimne and hane fram tha lack nraarammac
VVE WIHISUHEUUIINE LCAASLANNTNE T JULT LU LIVIDLIN LD yEdal LU HITIP Ud LU gdillul uiet
understanding about the dose/response relationship between jumping frequency and bone response...so
HUGE thanks for sticking with the study in whatever capacity this might be!

NEW FRIDGE/ WALL CHECKER! You can print this for
each 4-weeks

*Tick/Smiley face/Star Friendly

To view the NEW JUMPING programme WEEK 1-4 PART 2 (will be the same for these four weeks) Jump-
Landing' programme, please click here
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Appendix 10. Sample Jump Tracker Reports

Jump
Tracker

Week 8 Update!

Achieved

I T T T 1
0 1 2 3 4 Jump sessions

Well done! Go you!

...almost there!

Week 9

a

Sessions

Appendices
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Jump Tracker

Update
Week 1

We didn't
receive any
jump data from
you this week

No worries!
It's easy to
add in your
sessions for
previous
weeks

Just head over
to the jump
tracker page
below

https://sites.google.com/g.toiohomai.ac.nz/bonestudy/tracker-videos
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Appendix 11. Online Introduction to the Jump-landing Programme (Videos)

Intro programme:

Toi Ohomai and AUT researchers seek

women to help them investigate: TOI-OHOMAI

Bone health in premenopausal women Institute of Technology

The 4 Week 'Introduction to Jumping' Programme

To view the 4-week 'Introduction to Jumping' Programme click here

This programme is designed to prepare you for the 'Jump-landing' Programme. You are advised to do this 30 minute session 3 times
aweek for the first 4 weeks before you start the ACTUAL Jumping Programme.

Below is a video taking you through the 'Introduction to Jumping' programme. You can just press play on the video and follow along
with the programme anytime that works for you!

In addition we will be running several 'Intro programme’ group classes to teach and familiarise you with the JUMPS in the
programme. These will take place early in the new year (2019) at the "Fun House" at the Aquatic Centre at Windemere campus, Toi
Ohomai. Information about these sessions will be posted on this page.

It would be FANTASTIC if you could complete the 'Introduction to Jumping' programme 'Jump Tracker' form each week, so we can
keep a record of how many of these sessions you complete. This can be accessed by clicking the blue button below.

) Familiarisation Programme

Recovery!

b Up next:

m-Countermovement
jump
-Star jump
7 -Stride jump
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Appendix 12. Online Videos Jump-landing Exercises

Jump Videos

Below are videos that you
can check out for demonstrations

of desired technique for each jump!

sCountermovement

® | Counter Movement Jumy (Y
@ &

Watch later._ Sharg.

(6]
[6)
‘ Lateral hoP
]
6]

Appendices
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Appendix 13. Bone Study Facebook Page

Bone Study - Jumping Group “%- Tracey  Home

Bone Study -
Jumping Group

About
Discussion
Members

Events

Tol Ohomal and AUT researchers seek
Viaeos women to help them Investigate:
Frotes Bone heaith In premenopausal women

Files

Watch Party
Joined v+ Nofifications # Share More

Moderate Group

Group Quali
p Quality # Write Post  [&] PhotolVideo  [D Live Video [ More

Search this group Add tepics to posts te help group members find
@ the information they're interested in.

@ Bone Study - Jumping . Embed Invite
= Y B Photoivideo  {fg Watch Party  G& Tag Friends e

Enter name or em:

() Nametests
38 members
. O e oW
Aneka Seerden i ev & =
L * Founding Member - November 14, 2018 Hide
Hey ladies Friends
| would like to say a massive THANKYOU for being a part of my project aver ‘;ﬁl Rulh Naidoo Invite Member
this year! It has been wonderful working with you all and | hope you have all i
enjoyed your goodies and enjoyed what | was trying to do & é,ﬁ Liz Apperiey (i3 =TT
Thankyou for all being a part of my last assessment of my degree § § .. éa 1 Kouwenhoven Invite Member
See More -
See More
Q0 5 Comments Seen by 32
Edit
1l Like (3 Comment This bone study group page has been created to

keep you informed... See Mere
View 3 more comments

- . - . e . General
s

Bone Study Y %" Founding Member - July 31, 20138
Jumping Group Remember this! Keep up the jumps ladies

https:/, w_facebook com/sportbayofplenty/videos/1903975369617053/

About
Discussion
Members
Events
wideos
Photos
Files

Watch Party .

Moderate Group

Group Quality

Sport Bay of Plenty Toi Ohomai Institute of Technology
January 4, 2018 - Windermere

Search this group Q

have on the bone health of pre-menopausal women?

That' e gues! racey Clissold for her PhD at Tol Chomai Institut...
See More

( Bone Study - Jumping..

) Mametesis O Seen by 12

o’y Like (I Comment

a Tracey Clissold e

July

Hi Guys, this is the last week for the programme below. We will be
introducing a new jump starting next week

Appendices

288



Appendices
Appendix 14. DEXA Testing Protocol

TOI-OHOMAI &[ﬂ]'ﬁ‘

Institute of Technology

UNIVERSITY

||
Dual Energy X-Ray Absorptiometry (DEXA)

Testing Protocol

What is DEXA (dual energy X-ray absorptiometry)?

The DEXA measurement technique is the most accurate and precise measurement of your bone
mineral density and body composition. At present it is the gold standard technique throughout
the world. DEXA bone density tests are non-invasive meaning that no needles or instruments are
placed through the skin or body. You can remain fully dressed and the tests usually take no more
than 20 minutes.

Protocol:

e The patient lies on the surface of the scanner table. An x-ray generator is located below
the patient and an imaging device, or detector, is positioned above.

e To assess the spine, the patient's legs are supported on a padded box to flatten the pelvis
and lower spine. To assess the hip, the patient's foot is placed in a brace that rotates the
hip inward. In both cases, the detector is slowly passed over the area, generating images
on a computer monitor.

e The DEXA bone density test combined with DEXA Body composition test is usually
completed in 20 minutes.

e The measurements will be carried out by licensed technicians. Precision and calibration
will be carried out in accordance with in-house procedure.

DEXA Bone and Body Composition scan: Important Information:

« Limit activity before your scan (no exercise please!).

Please inform the technician if you are pregnant.

% Do NOT come in dehydrated.

You do NOT need to fast for a DEXA scan.

Please wear workout clothes without any metal.

You will be asked to empty your pockets and remove any significant amounts of metal
(watch, belt, glasses, jewellery, etc.).

Small buttons or zippers that cannot be removed from clothing are fine

Please wear socks!

Do not have any gastrointestinal contrast, barium or other contrast medium, or
radionuclides within 48 hours of your appointment.

The amount of radiation used is extremely small—less than one-tenth the dose of a
standard chest x-ray, and less than a day's exposure to natural radiation.

X/
°e

RS

X/
°e

X3

*

X/
°e

X/
°e

X3

*

X/
°e

X/
°e
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Appendix 15. Balance Testing Protocol

TOI-OHOMAI &[ﬂ]'ﬁ‘

Institute of Technology

SPORT+
RECREATION

UNIVERSITY

Balance Testing Protocol

Stork Balance Stand Test
The stork balance test requires the person to stand on one leg.

Purpose: To assess the ability to balance on one foot for 30-seconds.

Equipment required: This test will be performed standing on an AMTI Accusway Force
Platform.

Procedure: Remove the shoes and place the hands on the hips, then position the non-supporting
foot against the inside knee of the supporting leg. The subject is given one minute to practice the
balance. The subject raises one leg to balance on one foot. The stopwatch is started once this
position is initiated. The stopwatch is stopped if any of the follow occur:

the hand(s) come off the hips

o

the supporting foot swivels or moves (hops) in any direction

o

the non-supporting foot loses contact with the knee.

O

o the heel of the supporting foot touches the floor.

=

gt

o The test is repeated twice on each leg
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Appendix 16. The Maximal Vertical Jump Testing Protocol

TOI-OHOMAI &[ﬂ]'ﬁ‘

Institute of Technology

UNIVERSITY

I
Maximal Vertical Jump Test Protocol

Vertical jump height measurement is a commonly used test of leg power. There are many
techniques and various equipment used for measuring vertical jump height, with the Vertec one
of them.

Equipment: The Vertec is one of the most common apparatus for measuring vertical jump
ability. It is the vertical jump-testing device of choice for many college and professional teams.
It is of steel frame construction with horizontal vanes which are rotated out of the way by the
hand to indicate the height reached. Each vane is in 1¢cm increments, and the height of the vanes
is adjustable to test elite athletes as well as beginners.

b Figure 1. Performing a maximal vertical jump using the Vertec
Instructions:
1. Warm up: Participants will perform a ten-minute standardised warm up prior to testing that

consists of easy cycling on a stationary cycle followed by dynamic stretching and
bodyweight mobilisation exercises. Testing will commence five minutes after the warm

up.

2. Take the standing height of the subject with one arm fully extended upward

3. Participants will be instructed to stand with feet shoulder-width apart with their arms raised
above their head, then to bend their knees and hips with arms swinging downwards to
perform a maximal jump for height, and touch the highest possible vane.

4. The jump height is the difference between standing height and jumping height.

5. Participants will be asked to perform 3 maximal vertical jumps with 30-seconds rest between
each jump.
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http://www.topendsports.com/resources/store-product.htm?item=B000K8YO6S&name=Vertec
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Appendix 17a. Height Testing Protocol

TOI-OHOMAI &[ﬂ]'ﬁ‘

Institute of Technology

UNIVERSITY

Height Testing Protocol (Wall Mounted
Stadiometer)

Height Definition: The perpendicular distance between the top of the head (the vertex) and the
bottom of the feet.
Equipment: SECA 214 portable stadiometer.

Step 1.

Ask the subject to stand on the centre of the base with their back to the stadiometer. Ask them to
put their feet together and move back until their heels touch the bottom of the stadiometer
upright. Their buttocks and upper part of their back should also be touching the stadiometer
upright. Their head does not have to touch the stadiometer.

The respondent’s head should be in the Frankfort plane. This is achieved when the lower edge of
the eye socket (the Orbitale) is horizontal with the Tragion [see Figure 1]. The vertex will be the
highest point on their head. If their head is not aligned properly, (and for most respondents it
probably won’t be), ask them to raise or lower their chin until it is in the Frankfort Plane.

Figure 1: Head in the Frankfort Plane

Step 2.

When you are happy that the respondent is in the correct position, ask them to take a deep breath
and hold it. Lower the blue headboard until it is in contact with the head. Compress the hair if
needed. Make sure you don’t bend the headboard from the horizontal, nor move the respondent’s
head. Hold the headboard firmly at its final position and take the reading to the nearest 0.1 cm.

Step 3.

When you have completed the reading, ask the respondent to step away from the stadiometer.
Move straight to the computer and record your reading.
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Appendix 17b. Weight and Body Composition Testing Protocol

TOIF-OHOMAI &[ﬂ]'ﬁ‘

Institute of Technology

UNIVERSITY

Weight and Body Composition
(Inbody Bioelectrical Impedance Analyser, BIA)

Step 1.

Step on the InBody to measure your weight. Make sure to align your feet with the foot
electrodes. Once the InBody confirms your weight, you will be asked to enter your personal
profile. Using a user ID will allow you to monitor and track your progress. Confirm your
personal profile. Then press enter to begin the InBody Test.

Step 2.
Grab the handles and place your thumbs on the oval electrodes. Keep your arms straight and
away from your body.

Step 3.

Relax and keep your body still until the test is completed (30 seconds).
Test Completion.

Your InBody results will print automatically once the test is completed.

Pre-test Guidelines (for increased accuracy in body composition testing)
Prepare for your BIA test by adhering to the following instructions:

* Do not eat for 4 hours prior to testing

* Do not exercise 12 hours prior to testing

* Do not consume alcohol for 24 hours prior to testing

* Hydrate well the day before

* Do not drink caffeine on the day of your test

* Insure access to both feet with removable footwear (no socks or pantyhose)
* Do not wear jewellery- all jewellery will have to be removed prior to testing
* Do not put lotion on your hands and feet

* Do not exercise or take a shower before measurement

* Measure after standing for at least 5 minutes

Please note:

Bioelectrical Impedance Analysis (BIA) has been selected as is a non-invasive completely pain-
free technique for determining body composition using low voltage electrical currents which are
not detectable. The researchers will ensure safety during the use of this equipment and warn
participants they cannot use this equipment if they have metal implants or a pacemaker.
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Appendix 18. Effect Sizes: Calculation and Development of Criteria Relevant to Bone

Mineral Density

Calculate Effect Sizes:

[Post-mean — Pre-mean (BMD in g/cm?) / 0.5 (SD1 + SD2)]

Proposed Effect Size Criteria

Trivial < 0.1
Small 0.1 - 0.2
Moderate 0.2 - 0.3
Large > 0.3

1. Bassey et al (1998) 5-month study

Site Pre-test Post-test ES
Mean + SD Mean = SD
Lumbar Spine (L2-4) 1.152 £0.117 1.142 +£0.021 0.15
Femur neck 0.992 +£0.132 0.972 +£0.023 0.26
Trochanter 0.845+0.113 0.821 £ 0.0665 0.18
Eg. Lumbar Spine (ES calculation)
1.152 - 1.142/ 0.5 (0.117 + 0.021)
ES =0.15
2. Vainionpaa et al (2005) 12-month study
Site Pre-test Post-test ES
Mean + SD Mean = SD
Femur neck 0.789 £ 0.097 0.797 £ 0.093 0.08
Trochanter 0.992 +£0.132 0.972 £0.023 0.08
Inter-trochanter 1.128 £0.129 1.136 £ 0.132 0.06
Eg. Femur neck (ES calculation)
0.797 — 0.789/ 0.5 (0.097 + 0.093)
= (.08
3. Winters-Stone & Snow (2006) 12-month study
Site Pre-test Post-test ES
Mean = SD Mean = SD
Femur neck 0.835+0.118 0.843 £0.118 0.07
Trochanter 0.690 + 0.096 0.707 £ 0.095 0.18
Lumbar 1.088 £ 0.107 1.085 £ 0.108 -0.3

Eg Femur neck (ES calculation)
0.843 -0.835/ 0.5 (0.118 + 0.118)

=0.07
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Appendix 19. Smallest Worthwhile Change Calculations (for bone variables)

The smallest worthwhile change (%) for each dependant variable was calculated using Effect
Sizes
(SWC = ES * Standard Deviation)

Using Effect Sizes:
[Post-mean — Pre-mean (BMD in g/cm?) / 0.5 (SD1 + SD2)]

Proposed Effect Size Criteria
Trivial < 0.1

Small 0.1 - 0.2

Moderate 0.2 - 0.3

Large > 0.3

The smallest worthwhile change (%) for each dependant variable was also calculated using
Coefficient of Varaiation (CV = Standard Deviation/ Mean) *100

The table below shows a comparison for two methods of determining the SWC (ES vs CV)

Site Using ES Using CV
Femoral neck (BMD) 0.19 1.63
Femoral neck (BMC) 0.36 0.21

Eg. Femoral neck BMD (ES calculation)
SWC =0.10 * 1.89 =0.19
Femoral neck BMD (CV calculation)

SWC =1.89/1.16 = 1.63
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Appendix 20: RELIABILITY OF BALANCE VARIABLES ASSOCIATED
WITH THE AMTI ACCUSWAY BALANCE FORCE PLATE IN
PREMENOPAUSAL WOMEN (TECHNICAL REPORT)

Prelude

Balance has been described as the ability to preserve the bodies centre of gravity over
its base of support whilst maintaining steadiness and minimising sway. The capacity
to maintain balance is complex, and it is estimated that 30 - 60% of older adults likely
to fall at least once a year, resulting in 10 - 20% of these falls ending up in hospital
with a fracture, it is important to gain a greater understanding about how to improve
balance throughout life. Therefore, the ability to assess balance, as a factor which
effects falls risk, is essential when evaluating the effectiveness of an exercise
intervention programme to be used for osteoporosis prevention in premenopausal

women.

Although force plates provide an ability to quantify balance variables such as centre
of pressure, postural sway lengths and postural sway velocities, these variables have
not been assessed on a sample of premenopausal women. Therefore, the purpose of
this study was to quantify the variability associated with AMTI balance force plate
measurements of interest for premenopausal women, by providing measures of
absolute (CV) and relative consistency (ICC). It was deemed important to identify if
any balance variables achieved the acceptable test-retest reliability required to be
included as a dependant variable to monitor change during the 12-month experimental
study (Chapter 9). Therefore, the purpose of this study was to determine if any balance
measures had acceptable reliability and therefore could be used in the ensuing training

intervention.

Introduction

Although studies have examined balance as a risk factor for sports injuries (Hahn,
Foldspang, Vestergaard, & Ingemann-Hansen, 1999; Han, Anson, Waddington,

Adams, & Liu, 2015), the focus of this research is on measuring balance in older
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adults, relating to falls risk and osteoporotic fractures. It is estimated that 30 - 60% of
older adults are likely to fall at least once a year, resulting in 10 - 20% ending up in
hospital with a fracture (Meshkati, Namazizadeh, Salavati, & Mazaheri, 2011;
Moghadam et al., 2011). These statistics also state that women will fall more often
than men and represent 75% of all hip fractures. Susceptibility to falls have been linked
to a variety of factors including; impaired musculoskeletal, neuromuscular, reduced
postural response and deconditioning linked to inactivity (Lusardi et al., 2017).
Balance has been described as the ability to preserve the bodies centre of gravity over
its base of support whilst maintaining steadiness and minimising sway (Hahn et al.,
1999; Horak, 1987). Hence the capacity to maintain balance is complex and involves
the interaction of the visual, vestibular, somatosensory systems with the coordination
of movement via muscle activity (Emery, 2003). Therefore, the ability to assess
balance is essential when evaluating the effectiveness of an exercise intervention

programme to be used for osteoporosis prevention in premenopausal women.

Tests have been developed to assess static standing balance (e.g. the stork), using time
to assess the ability to maintain a stable position, however force plates provide an
ability to quantify balance variables such as centre of pressure, postural sway lengths
and postural sway velocities. Previous researchers of osteoporosis prevention in
premenopausal women have assessed different types of dynamic balance tasks
(Bassey et al., 1998; Heinonen et al., 1996), however most studies have neglected to
measure any balance variables (Bailey & Brooke-Wavell, 2010b; Kato et al., 2006;
Niu et al., 2010; Tucker et al., 2014; Vainionpii et al., 2005; Winters-Stone & Snow,
2006). A further limitation is that no studies have utilised force plate technology or
have presented any test-retest reliability associated with balance variables in

premenopausal women.

The test-retest reliability of balance variables is crucial if balance is to be used as an
outcome variable to assess change, and to determine the degree of reproducibility of
the test result when performed under identical conditions. For a full understanding of
the variability associated with measurements it is recommended that the measures of
absolute (coefficients of variation - CV) and relative consistency (intra-class
correlation coefficients - ICC) should be presented (Hopkins, 2000). Previous

researchers have described the reliability of force plate balance measurements in
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elderly and athletic populations with ICC’s > 0.75, and CV’s < 15% as describing
acceptable and excellent reliability (Enderlein, 1988; Meshkati et al., 2011;
Moghadam et al., 2011; Shrout & Fleiss, 1979), however these values have not been
established in premenopausal women. Given these limitations, the purpose of this
study was to quantify both absolute and relative consistency for the variability
associated with the AMTI balance force plate measurements in premenopausal
women. It was hypothesised that some, but not all, of the balance variables measured
would achieve the acceptable test-retest reliability required to be included as a

dependant variable to monitor change for our 12-month experimental study.

Methods

Experimental Approach to the Problem

A test-retest reliability study design was utilised to assess the reliability of the balance
variables of interest. Data was collected using Accusway force plate (AccuSway,
AMTI, Watertown, MA, USA). Force platforms are used to measure the ground
reaction forces produced by the participant to provide an indirect assessment for
change in postural sway during the balance test. Variable of interest include; centre of
pressure, sway amplitude, sway path and sway velocity. Data was collected for each
participant during the baseline testing session, with each participant completing two
trials on each leg. A 30-second one-leg static balance test was used to measure postural
sway, as this test has been shown to be a significant and easy-to-administer predictor
of injurious falls (Vellas et al., 1997). The methods and procedures used in this study
were approved by the New Zealand Health and Disability Ethics Committees
(17/NTB/155).

Participants

Thirty-eight healthy premenopausal women, volunteered to participate in this study
(see Table 9.1). All participants were considered healthy as determined by a Physical
Activity Readiness Questionnaire (PAR-Q) and inclusion criteria required participants
to be younger than 51 years of age, in conjunction with the participants reporting a
regular menstrual cycle to determine premenopausal status. All participants provided

written informed consent after having being briefed on the potential risks associated
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with this research. The methods and procedures used in this study were approved by

the New Zealand Health and Disability Ethics Committees (17/NTB/155).

Table 9.1 Baseline characteristics of the participants (mean +SD)

Demographics All Participants
(n=38)
Age (yr.) 323+£7.70
Height (cm) 166.5 +£5.90
Body mass (kg) 69.1 £23.2

Testing Protocol

Participants performed a ten-minute standardised warm up prior to testing that
consisted of easy cycling on a stationary Wattbike (Wattbike Trainer, Nottingham,
United Kingdom) followed by dynamic stretching and bodyweight mobilisation
exercises. Testing commenced five minutes after the warm up. All instructions were
standardised for every participant. Participants were asked to stand on the force
platform on both legs, then asked to stand on one leg, for a timed 30-sec period.
Participants were asked to stand quietly while barefoot, with hands on their hips,
looking straight ahead at an image on the wall (Figure 8.1). Although foot positioning
was standardised using foot outlines drawn on the top of the force plate, participants
were free to place their foot within these confines. Interestingly, some researchers have
concluded that foot positioning was not important in eyes-open conditions for
protocols assessing balance (single and double-leg stance), and had minimal effect on

sway distance, area or velocity (Schneiders, Gregory, Karas, & Miindermann, 2016).

Each subject completed two trials on each leg (alternating legs), with 1-minute rest
between each trial, and force plate output variables were represented as an average of
the two trials. Both balance testing sessions were performed on the same day using the
same force plate by the same technician, with a 10-minute rest period interspersed
between testing sessions. All jump testing was performed indoors in a temperature-

controlled Sports Science testing facility.
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Figure 9.1 Pictorial representation of the balance test utilised in this study

Statistical Analyses

Descriptive statistics were used to describe the cohort characteristics. Reliability
of balance measures was evaluated by intraclass correlation coefficients (ICC)
using a two-way random effects model, absolute agreement and average measures
ICC (Shrout & Fleiss, 1979). ICCs were classified as follows: "poor' (< 0.40),
'moderate' (0.41 - 0.60), 'good' (0.61 - 0.80), or 'excellent' (> 0.81) (Enderlein,
1988; Shrout & Fleiss, 1979). 95% confidence intervals (95% CI) were calculated
to assess relative consistency for all reliability measures. Coefficients of variation
(CV) were also calculated (CV = SD/mean * 100) for each dependant variable to
assess absolute consistency. Data analyses were conducted using SPSS 22.0 for

Windows (SPSS Inc., Chicago, IL, USA). Significance was set at p < 0.05.
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Results
Cohort Characteristics
There were 38 participants that completed the force plate balance testing twice on
the same day. Participants were between 30 and 50 years of age, with 100% also

recruited for the 12-month jump-landing study (Table 9.1).

Test Retest Reliability (Left leg)

The test-retest reliability data of left leg balance measures are reported in Table 9.2.
Relative consistency (ICC) for all measures ranged between 0.60 to 0.98, the lowest
ICC was associated with a velocity measure (Vy min). Absolute consistency ranged
between 0.81 to 18.6%, the greatest CV was also associated with path length area. The
variables that demonstrated excellent reliability were path length, unit path (ICC =
0.92; CV =13.5 and 17.8%), and velocity measures (except Vy min) (ICC = 0.81 to
0.98; CV’s 0.81 to 10.7%)).

Test Retest Reliability (Right leg)

The test-retest reliability data of balance measures that were shown to have excellent
reliability for the left leg were calculated for the right leg (see Table 9.3). Relative
consistency was good to excellent for all of these balance measures (ICC’s = 0.72 to
0.82), the lowest ICC was associated with path length. Absolute consistency ranged
from 4.18 to 20.3%, the highest CV was also associated with path length.

Please note that the variables reported in this results section are the principle variables
of interest to this thesis and those reported the most in the literature. A full analysis

of all variables can be observed in the supplementary material in the appendices.
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Table 9.2 Test-retest reliability of left leg balance measures

Appendices

Test — retest Mean +SD ICC 95% CI CV | Qualitative
Reliability Trial 1 Trial 2 AvgMea % Inference
Path Length

Measures

Path Length 124 £36.0 120 £33.4 | 0.92¢8 0.85t00.96 | 13.5 Excellent
Unit Path 4.16+1.20 | 3.95+1.15 | 0.92¢ 0.84t00.96 | 17.8 | Excellent
Path Area 13.5+£3.39 | 129+2.77 | 0.74° 0.50t00.87 | 18.6 | Good
Velocity

Measures (V)

Vx Max 37.1+£20.5 | 37.0£19.5 | 0.98° 0.95t00.99 | 0.81 Excellent
Vx Min 99.9+24.6 | 99.6 +24.4 | 0.95° 090t00.97 | 1.34 | Excellent
Vy Max 16.5+8.25 | 16.6+8.64 | 0.81° 0.64t00.90 | 1.20 | Excellent
Vy Min 16.9+6.84 | 16.3+6.32 | 0.60° 0.22t00.79 | 10.1 Good

V Average 4.13+1.23 | 4.00+1.11 | 0.928 0.84t00.96 | 10.7 Excellent

Key: ICC Intraclass correlation coefficient; AvgMea Average measures; * p < 0.05;
CV Coefficient of Variation

Table 9.3 Right leg test-retest reliability balance measures that were shown to have
excellent reliability for the left leg

Test — retest Reliability Mean +SD ICC 95% CI CV | Qualitative
Trial 1 Trial 2 AvgMea % Inference

Path Length Measures

Path Length 111 £389 | 1194+40.1 | 0.72¢ 0.46t00.85 | 20.3 | Good

Unit Path 4.02+1.51 | 3.96=+1.34 | 0.77° 0.56t00.88 | 4.18 | Good

Velocity Measures (V)

V Average 3.89+£1.33 | 3.96+1.34 | 0.82° 0.66t0 0.91 | 5.18 | Excellent

Key: ICC Intraclass correlation coefficient; AvgMea Average measures; ° p < 0.05;
CV Coefticient of Variation

Discussion

The purpose of this study was to present a full understanding of the variability

associated with AMTTI force plate balance measurements of interest for premenopausal

women, by providing measures of absolute (CV) and relative consistency (ICC), as

previously these values have not been reported in this population. It was deemed

important to identify whether any balance variables achieved the acceptable test-retest

reliability required to be included as a dependant variable to monitor change during

the 12-month experimental study. Although studies have shown that balance variables
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assessed for the single-legged stance do not usually differ between dominant and non-
dominant leg, we were interested in assessing reliability for both limbs (Hoffman,
Schrader, Applegate, & Koceja, 1998). Our results showed that sway path length, unit
path and average sway velocity were the only balance measures to have acceptable
reliability for analysing performance changes over time in both legs. Significant
correlations were observed for these balance measures and reliability ranged from
good to excellent (ICC =0.72t0 0.82; CV’s 4.18 to 20.3%) when measured in a cohort

of premenopausal women.

According to Palmieri and colleagues (2002), the understanding of balance variables
is crucial to understanding what we are measuring and what aspects of the postural-
control system these represent, stating that the variables that provide the greatest
reliability should be the central focus for the clinical quantification of balance
(Palmieri, Ingersoll, Stone, & Krause, 2002). They propose that sway path length and
velocity measures represent the strategies utilised by the body to maintain stability,
and are therefore important variables to focus on in terms of fall prevention. It is
therefore favourable that of the balance data measured in this study, sway path length
(ICC =0.72; CV = 20.3%), unit path (ICC = 0.77; CV = 4.18%) and average sway
velocity (ICC = 0.82; CV = 5.18%) were the balance measures to have acceptable
reliability for analysing performance changes over time in both legs. Although
acceptable reliability ranges for these values are yet to be determined in
premenopausal women, previous researchers have described ICC’s > (.75, and CV’s
< 15% as acceptable and excellent reliability for force plate balance measurements in

elderly and athletic populations (Meshkati et al., 2011; Moghadam et al., 2011).

An increase in sway path length (the total distance covered by the centre of pressure
during the test duration), and an increase in sway velocity (sway path divided by the
test duration), represents a reduced ability to maintain balance by the postural-control
system (Ekdahl, Jarnlo, & Andersson, 1989). Although some studies have reported
these balance and stability measures using force plate technology in elderly and
athletic populations, none have utilised this technology in osteoporosis prevention
studies with premenopausal women. Furthermore, the measurement error and thus the
reliability of using force plates to evaluate balance as a risk factor for falling is poorly

understood in this population (Meshkati et al., 2011). It is therefore advised that future
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studies present both CV and ICC values to further advance understanding of the
variability associated with these identified force plate balance measurements, and to

enable acceptable error precision ranges to be established for this population.

Conclusion

We have provided a comprehensive description of the reliability (relative and absolute
consistency) associated with AMTI balance force plate measurements not previously
presented for premenopausal women. In addition, we have reported acceptable
reliability results for sway path length, unit path and average sway velocity, in both
legs, for the 30-second one-legged balance test. Thus, we have selected these three
balance variables to be included as a dependant variable to monitor change during the

12-month experimental study in a cohort of premenopausal women.
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Appendix 21. DEXA Reliability Tables

Table 9.4 Test-retest reliability of DEXA left hip measures (n = 17)

Appendices

Test — retest reliability Mean +SD ICC 95% CI (0)% Qualitative
Trial 1 Trial 2 AvgMea % Inference
Neck Area (cm?) 496 +0.30 | 4.88+0.31 | 0.91° 0.72t00.97 | 2.13 Excellent
Neck BMC (g) 4.74+0.63 | 4.700.76 | 0.98° 0.94t00.99 | 2.01 Excellent
Neck BMD (g/cm?) 0.95+0.11 | 0.96+0.11 | 0.99° 0.97t01.00 | 1.12 | Excellent
Neck Z score 1.13+1.04 | 1.24+£1.04 | 0.99° 0.96t01.00 | 3.75 | Excellent
Trochanter Area (cm?) 10.6 £1.18 | 10.2+1.16 | 0.98° 0.941t00.99 | 1.81 Excellent
Trochanter BMC (g) 9.10+1.60 | 8.97+£1.55 | 0.99% 0.97t0 1.00 | 2.07 Excellent
Trochanter BMD (g/cm?) 0.86+0.18 | 0.85+0.12 | 0.99% 0.96t0 1.00 | 1.27 Excellent
Trochanter Z score 1.59£1.18 | 1.501.15 | 1.00° 0.98t0 1.00 | 3.83 Excellent
Inter Trochanter Area (cm?) 18.9+2.39 | 19.1+£2.32 | 0.99% 0.97t0 1.00 | 1.50 Excellent
Inter Trochanter BMC (g) 23.3+4.47 | 23.5+4.52 | 0.99% 0.99t0 1.00 | 1.53 Excellent
Inter Trochanter BMD (g/cm?) | 1.23 £0.13 | 1.2240.13 | 1.00° 0.99t0 1.00 | 0.80 Excellent
Inter Trochanter Z score 0.96 +0.86 | 0.86 £0.85 | 0.99° 0.96t0 1.00 | 5.23 Excellent
Total Area (cm?) 34543.08 | 34.6+2.96 | 0.99% 0.98t0 1.00 | 0.95 Excellent
Total BMC (g) 37.2+6.25 | 37.2+6.27 | 1.00° 0.99t0 1.00 | 1.12 Excellent
Total BMD (g/cm?) 1.07+0.12 | 1.07+0.12 | 1.00° 0.99t01.00 | 0.64 | Excellent
Total Z score 1.21+1.06 | 1.16£1.05 | 1.00° 0.99t01.00 | 2.22 | Excellent

Key: ICC Intraclass correlation coefficient; AvgMea Average measures; * p < 0.001; CV

Coefficient of Variation, BMC; Bone mineral content; BMD Bone mineral density

Table 9.5 Test-retest reliability of DEXA lumbar measures (n = 17)

Test — retest Reliability Mean +£SD ICC 95% CI Ccv Qualitative
Tl Tl AvgMea % Inference
L1 Area (cm?) 143 £1.57 | 144+£1.60 | 0.99° 0.97t01.00 | 1.14 | Excellent
L1 BMC (g) 159+3.16 | 16.0+3.09 | 0.99° 0.98t01.00 | 1.45 | Excellent
L1 BMD (g/cm?) 1.11 £0.15 | 1.11+0.15 | 1.00° 0.99t0 1.00 | 0.92 Excellent
L1 Z score 1.25+1.45 | 1.25+1.51 | 1.00° 0.99t01.00 | 4.13 | Excellent
L2 Area (cm?) 15.0+1.34 | 15.1£1.34 | 0.99° 0.98t01.00 | 0.83 | Excellent
L2 BMC(g) 17.5+£3.24 | 17.5+£3.15 | 1.00° 0.99t01.00 | 0.95 | Excellent
L2 BMD (g/cm?) 1.16 £0.13 | 1.15+0.14 | 0.99° 0.98t0 1.00 | 0.97 Excellent
L2 Z score 1.36+1.32 | 1.36 £1.36 | 0.99° 0.98t01.00 | 1.54 | Excellent
L3 Area (cm?) 16.6£1.20 | 16.6£1.17 | 0.99° 0.97t01.00 | 0.77 | Excellent
L3 BMC (g) 20.0£3.99 | 21.4+£5.78 | 1.00° 0.99t01.00 | 0.92 | Excellent
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L3 BMD (g/cm?) 1.20+0.18 | 1.19+0.18 | 1.00° 0.99t01.00 | 1.24 | Excellent
L3 Z score 1.26£1.77 | 1.21£1.78 | 1.00° 0.99t01.00 | 9.41 Excellent
L4 Area (cm?) 18.6£2.06 | 19.0+2.60 | 0.98° 09410099 | 1.27 | Excellent
L4 BMC (g) 21.1£3.02 | 21.4+£3.26 | 1.00¢ 0.99t01.00 | 0.88 | Excellent
L4 BMD (g/cm?) 1.15+0.11 | 1.13+0.12 | 0.97° 0.90 to0 .99 | 1.87 Excellent
L4 Z score 1.01+1.14 | 0.83+1.18 | 0.97° 091t00.99 | 11.7 | Excellent
Total Area (cm?) 63.3+6.56 | 65.1 +4.56 | 0.99° 0.95t01.00 | 0.56 | Excellent
Total BMC (g) 7224891 | 73.549.02 | 1.00° 0.99t0 1.00 | 0.70 Excellent
Total BMD (g/cm?) 1.16 £0.15 | 1.15+0.15 | 0.99% 0.98t0 1.00 | 1.08 Excellent
Total Z score 1.28 £1.50 | 1.18+1.52 | 0.99° 0.98t0 1.00 | 10.2 Excellent

Key: ICC Intraclass correlation coefficient; AvgMea Average measures; * p < 0.001; BMC bone

mineral content; CV Coefficient of Variation; BMC bone mineral content; BMD bone mineral
density; L1 - L4 Lumbar spine (1 - 4)

Table 9.6 Test-retest reliability of DEXA left hip structural analysis measures (n = 17)

Test — retest Reliability Mean £SD ICC 95% CI CV | Qualitative
Trial 1 Trial 2 AvgMe % Inference
a
Narrow Neck CSA (cm?) 3.50+0.51 | 3.52+0.58 | 0.91° 0.98 to 1.0 1.56 | Excellent
Narrow Neck Z (cm?) 1.64 £0.32 | 1.64+0.31 | 0.99% 0.97t0 1.0 1.88 | Excellent
Narrow Neck Cort. Thick. (cm) 0.23+0.03 | 0.23+0.03 | 0.99% 0.95t0 1.0 1.45 | Excellent
Inter Trochanter CSA (cm?) 6.15+0.95 | 6.07+0.94 | 1.00° 0.97t0 1.0 1.08 | Excellent
Inter Trochanter Z (cm?) 546+1.13 | 5.74+1.69 | 0.98° 091t 1.0 2.13 | Excellent
Inter Trochanter Cort. Thick. (cm) | 0.50 £0.08 | 0.48 £0.06 | 0.99° 0.97t0 1.0 1.09 | Excellent
Femoral Shaft CSA (cm?) 4.72 £0.69 | 4.69 £0.67 | 1.00° 0.99t0 1.0 0.76 | Excellent
Femoral Shaft Z (cm?) 2.46 +0.53 | 2.48+0.47 | 0.94° 0.82 t0 0.98 1.47 | Excellent
Femoral Shaft Cort. Thick. (cm) 0.63+0.01 | 0.62+0.01 | 0.97% 0.93t00.99 | 1.35 | Excellent
Neck shaft Angle (°) 130 £5.58 129 +4.63 | 0.91° 0.75t00.97 | 1.29 | Excellent

Key: ICC Intraclass correlation coefficient; AvgMea Average measures; * p <0.001; CV
Coefficient of Variation; Cort Cortical; Thick Thickness
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Table 9.7 Test-retest reliability of DEXA body composition measures (n = 17)
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Test — retest Reliability Mean +SD ICC 95% CI CV | Qualitative
Trial 1 Trial 2 AvgMea % Inference
Total Body Bone Area (cm?) | 2132 £180 2134 +£186 1.00% 0.98to 1.0 0.62 | Excellent
Total Body BMC (g) 2546 +358 2549 +£360 1.00¢ 0.99to 1.0 0.36 | Excellent
Total Body BMD (g/cm?) 1.19 +£0.10 1.20+0.11 0.96° 0.891t00.99 | 0.87 | Excellent
Total Body Fat Mass (g) 20630 £9019 20409 £9107 1.00% 0.99to 1.0 1.23 | Excellent
Total Body Lean + BMC (g) | 52021 £7793 52179 £7837 1.00% 0.99to 1.0 0.69 | Excellent
Total Body Mass (g) 72586 £15343 | 72588 £15441 | 1.00° 1.0to 1.0 0.32 | Excellent
Total Body Fat (%) 27.5+6.70 27.2+6.77 1.00° 0.99t0 1.0 1.23 | Excellent

Key: ICC Intraclass correlation coefficient; AvgMea Average measures; * p < 0.001; CV
Coefficient of Variation; BMC bone mineral content; BMD bone mineral density
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Appendix 22: A flow Diagram Depicting the Recruitment and Retention of Participants
During the 12-Month Training Study (Chapter &.)

[ Enrollment ]

Assessed for eligibility
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* Excluded (n=0)

Cohort (n= 80)
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A 4 ( g )| v
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(n=6). Leavine the region (n=1) Personal reasons (n=2)
l Analysis l
Y
(participation in additional high
impact exercise) (n~ 8) Analvsed (n=23)
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Appendix 23. Sample Jump-landing Programme Templates Provided for the Chapter 8

Training Study Manuscript.

Weeks 1-4:
Weeks Jump Type Frequency|| Sets x Reps || Volume Volume Rest Rest
(times per (landings (landings (between (between
week) per day) per week) jumps) sets)
1-4 Countermovement || 2x 4x4 32 64 5 sec 30 sec
Jump*
, . 3x 4x4 32 96
N &
r m r m
Y| py| 4x 4x4 32 128
ad rv
11 14
- - -
3x 4x4 32 96
Weeks 17-20:
Weeks Jump Type Frequency|| Sets x Reps |l Volume Volume Rest Rest
(times per (landings (landings (between (between
week) per day) per week) jumps) sets)
17-20 || Drop Jump* 4-5x 2x4 32 128 -160 2-5 sec 30 sec
Stride Jump** 4-5x 2x4
*start each
set with
different leg
forward)

The jump-landing program was designed to progressively increase in magnitude and rate of strain,
number of ground contacts (32 - 42 per day), frequency (2 - 5 sessions per week), and technical
difficulty (i.e. bilateral to unilateral) over the 12-month period (see Tables above).
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