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ABSTRACT
Being physically active in older age is critical. An accelerated loss of muscle and strength in
later life, without intervention, can lead to reduced function and loss of independence. Sadly,
only a small proportion of older adults are currently meeting national physical activity
guidelines, which increases their risk of poor health outcomes later in life. My original
contribution to knowledge is demonstrating how kettlebell training can be offered to
community-dwelling older adults, to promote physical activity, social engagement, and
psychological wellbeing; to make life worth living. Critically, I will show that group-based
kettlebell training provides clinically meaningful increases in health-related physical fitness.
Training five days a week for four months, insufficiently active community-dwelling older
adults maintained an attendance rate over 90%, through the COVID-19 pandemic. Kettlebell
training resulted in large clinically significant improvements in grip strength, and significant
improvements in cardiovascular capacity, muscular strength and endurance, functional
capacity, and body composition, with no non-responders.
Strength training programs for older adults are often underdosed. Adults over 60 have a
different risk profile, but older age is not synonymous with fragility. This thesis shows that
older adults, with no strength training experience, can train safely with kettlebells. Until now,
hardstyle kettlebell training has been largely reserved for healthy younger adults, however,
older adults, up to 80 years of age, demonstrated considerable physical capacity, a
determination to succeed, and responded well to a program of high volume, high intensity
training. An embedded qualitative study revealed that participants felt fitter, stronger, and more
capable because of their kettlebell training, and thrived on the experience of exercising with
like-minded new friends.
This thesis reports several unanticipated discoveries: i) increases in muscle mass sufficient
to reverse a diagnosis of sarcopenia, ii) increases in bone mass sufficient to advance
osteoporosis to osteopenia, iii) improvements seemingly independent of “mastering” the
kettlebell swing, and iv) an extraordinary enthusiasm among previously untrained individuals,
to continue training, with one third of the participants independently still training together a
year after the trial.

iii

Resistance exercise remains one of the most effective standalone interventions for promoting
physical health and maintaining independence in later life. Common barriers for older adults
engaging in regular physical activity include: a perceived lack of time, disinterest, feeling too
“old”, fear, pain, and illness. For muscle strengthening activities in particular, barriers include:
a lack of age-appropriate programs, lack of knowledge, and a perception that resistance training
is too complex. Results of this thesis suggest that most, if not all, of these common barriers can
be overcome with kettlebell training.
The goal of this thesis was to establish whether kettlebell training could be used to promote
healthy ageing and exercise autonomy among insufficiently active community-dwelling older
adults. The results are resoundingly positive. This thesis makes a substantial contribution to the
field of healthy ageing. The findings, of the seven studies contained herein, may be used by
healthcare providers to implement similar programs of group-based kettlebell within their local
community. The importance of habitual exercise for older adults cannot be overstated. It is
incumbent upon all healthcare providers to support older adults in meeting physical activity
guidelines, to reduce the burden of preventable lifestyle-induced diseases, and to promote
wellness and health. Kettlebell training is a feasible and effective option to that end.
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CHAPTER 1
GENERAL INTRODUCTION

“What you do today can improve all your tomorrows.”
Ralph Marston
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1.1

PREFACE

The story of this thesis begins with a woman in her late 60s, distressed by the thoughts of
impending disability, and a community Physiotherapist, who, without high-quality evidence,
recommended kettlebell training. This chapter addresses the philosophical framework which
guided the research contained within this thesis, the challenge to society of a rapidly increasing
proportion of inactive older adults, and the role of physical activity in promoting wellness and
health. This chapter also introduces kettlebell training, and considers its role as a prophylactic
for ageing, which helped the woman in her 60s avoid two falls. This chapter concludes with the
aims of the thesis and a summary of the chapters contained herein.

Figure 1.1 BELL trial participants.
Photograph by author. Reproduced with permission.
A copy of the media release form is included in Appendix 1.
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1.2

BACKGROUND

This project was inspired by a petite 67-year-old woman, who, in 2016, walked teary-eyed
into a Gold Coast Physiotherapy clinic, worried that her prosthetic knees were about to crumble
beneath her. Advised by her surgeon that the prostheses would last about ten years, that date
was fast approaching. Shortly after that first encounter, she began using kettlebells under the
instruction of the Physiotherapist, progressing to training three times a week and completing
almost 200 classes.
In mixed-sex group kettlebell classes, with an age-range spanning more than 40 years, that
petite woman was the most regular and enthusiastic participant. Her change in physical function
over 18 months was remarkable. She progressed from struggling to rise from the floor unaided,
to deadlifting a 56 kg kettlebell, swinging 40 kg, perform one-arm rows with 24 kg, and hoisting
an 8 kg kettlebell overhead performing snatches and Turkish get-ups. On her 68th birthday, she
attained a programmed training load volume of 6,800 kg, in just 40-minutes. On two occasions,
she described tripping and avoiding a fall at home, which she attributed to the increased physical
capacity she had acquired from training with kettlebells.

1.3

RESEARCH PROJECT PARADIGM

The philosophical underpinnings of axiology, ontology, epistemology, methodology, and
methods, are the building blocks of a research project. These foundations inform study design,
determine how and why research work is conducted, and shape the interpretation of findings.
The paradigm of this thesis is one of critical theory

(1)

. The studies contained within the

following chapters sought to test beliefs which inform training practice and the conduct of
research, and to empower with knowledge and skills, the trial participants, and stakeholders in
healthy ageing –community-based healthcare provides, advocates for older adults, and
policymakers. The intent of this body of work was to impact society beyond academia; to
change how healthy ageing is promoted and supported within the community – action research
(2)

.
Healthcare providers want to give the people in their care the best possible support, advice,

and guidance. Providers for whom exercise prescription is a part of their practice, also want a
high degree of confidence that their recommendations are based on strong evidence, and that
the intervention will be safe and result in a clinically meaningful effect. Thus, if kettlebell
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training proposes to provide such outcomes, then it should be subjected to fair tests.
Furthermore, it would be suboptimal for healthcare providers to make strong recommendations
in the absence of appropriate evidence.
As a Physiotherapist using kettlebell training, and promoting evidence-based practice, I was
cognisant of not having any strong evidence to support my own practices. I did, however, have
practice-based evidence showing that group-training could be used to promote healthy ageing,
and kettlebell exercises could be used with good effect for common musculoskeletal conditions:
shoulder pain and instability, persistent back pain, and knee osteoarthritis. My own clinic bylines, referring to the use of kettlebells and a business philosophy of having an ‘interactor’
rather than ‘operator’ approach to patient-centred care (3), were: ‘doing things differently’, and
‘changing the face of physiotherapy’. This thesis embodies those philosophical ideals.
Motivated by learning, teaching, and a life-long desire to promote physical activity and
exercise, the BELL trial project sought to replicate and test the model which had “worked” in
practice.

1.4

AN AGEING POPULATION

Average life expectancy in Australia is 83 years; 22 years longer than it was in 1921

(4)

. The

United Nations has estimated that between 2015 and 2030, the number of people over 60
worldwide will increase by 56% (5); we are living longer but carrying a considerable burden of
mental and physical ill-health

(6)

. Twenty three percent of the global burden of disease is

attributed to adults over 60 years of age (7); older adults are the costliest consumer group with
the highest rates of healthcare attendance. Ageism in healthcare also reinforces negative
stereotypes of older adults being fragile and incapable (8). How older adults think, act, and feel
about ‘being old’, is also an important psychological contributor to their health and well-being,
with ageism a potential barrier to positive health behaviours, such as choosing to engage in
structured exercise and increasing social interaction (8).

1.5

HEALTHY AGEING

The concept of functional ability, that is, someone’s intrinsic capacity and how they interact
with their environment, is central to the World Health Organisation’s definition of healthy
ageing (9). Living longer is a valuable resource which enables older adults to rethink how they
might spend their extra years: further education and career opportunities, physical activity,
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travel, and pursuing neglected passions. But, being able to pursue these opportunities in later
life, is dependent upon having good physical and mental health (10).
Agency, in the psychological domain, refers to the feeling of being in control of our actions
and their consequences. Older adults have a significantly lower sense of agency than younger
adults, which is associated with poorer health and reduced quality of life (11). Declines in agency
begin around the age of 50, with losses occurring most rapidly after 60 years of age; a key factor
in loss of agency is the physical impairment caused by reduced intrinsic capacity (11) e.g., having
insufficient lower limb strength to confidently rise from a low chair.
Some of the factors which influence an individual’s trajectory of healthy ageing, such as the
social determinants of health (12-14), are non-modifiable, but many other factors are amenable to
change. Humans are incredibly adaptable, and older adults have the capacity to enhance their
intrinsic capacity and improve their functional ability. To slow or reverse age-associated
declines in intrinsic capacity, public health policies and healthcare must promote capacityenhancing behaviours and reduce barriers to participation. The world report on ageing

(9)

suggests that programs should build resilience, enhance mental health and wellbeing, bring
older people together for social participation, support self-management, and create
opportunities for lifelong learning and growth. The intent of this body of work was to meet
those objectives.
Allied healthcare providers have a key role working with older people to optimise their
health and wellbeing, and to ameliorate age-related and pathological changes amenable to
intervention (15). Healthcare providers can specifically address lifestyle changes, most notably
those involving physical activity and exercise, with interventions perhaps more beneficial for
the ‘young old’ (65-74 years) and those at lower risk of mortality (16). Older people receiving
care from a health professional should be encouraged that the benefits can be achieved
irrespective of age or comorbidities

(17)

, that prevention is always better than cure, and the

benefits of becoming more physically active, far outweigh the risks, even when living with
long-term conditions (18).
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1.6

PHYSICAL ACTIVITY AND EXERCISE

Physical activity, regardless of how it is defined or measured, is consistently associated with
healthy ageing (19) and exercise is arguably the single best intervention to alter a person’s ageing
trajectory and stave off the age-associated diseases of physiology

(20)

. Guidelines for older

Australians recommend being active every day in as many ways as possible, incorporating
aerobic, strength, balance and flexibility training

(21)

. ‘Exercise’ is defined as a subset of

structured physical activities, that are more specifically designed to improve cardiorespiratory
fitness, cognitive function, flexibility, balance, strength, and power

(22)

; ‘physical fitness’, is

defined as the characteristics which enable people to perform within each of these domains (23).
Physical fitness more strongly predicts health outcomes than physical activity, and
musculoskeletal fitness is especially important for older adults maintaining their independence
(24)

.

Less than half of Australian adults over 65 do sufficient physical activity for it to benefit their
health, and one in three who are insufficiently active, are completely sedentary (17). Data from
Norway shows that being sedentary doubles the risk of all-cause mortality, with a 2.7-fold
increased risk of death from cardiovascular disease (25). In the United States, among adults aged
40 to 69 years of age, 9.9% of deaths have been attributed to insufficient physical activity (26).
Physical inactivity is a major public health concern, which is fundamental in addressing the
burden of noncommunicable disease (27).
Adults over 60 years are the least active of any age group. Irrespective of geographic location
or income, older adults spend the greatest proportion of time each day spent sitting (28). Being
physically active has a profoundly positive impact; active older adults have a healthier ageing
trajectory, better quality of life, improved cognition, reduced risk of all-cause and
cardiovascular mortality, breast and prostate cancer, dementia, Alzheimer's disease, and
depression

(29, 30)

. Physical activity and resistance training also reduces the odds of acquiring

sarcopenia (31), which consequently improves physical function (32), and reduces the risk of falls,
fractures

(33, 34)

, and mortality

(35)

. With high certainty of evidence, exercise in community-

dwelling older adults, reduces the rate of falls by 23%

(36)

. Furthermore, a range of exercise

types have been shown to be effective in reducing disability (37); meaning it is not a case of onesize-fits-all in terms of exercise modes that must be performed. The most effective exercise is
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the one that gets done consistently, so enjoyment is likely to be a factor influencing attendance
rates in the long-term.
The metabolic demand and neuromuscular effort of an exercise influences its effect on
neuroplasticity and cognition. Aerobic and resistance training can indirectly improve cognition
via global improvements in fitness, whereas motor training - coordination, balance and
flexibility - has direct effects on cognition, with intensity and complexity being respective
mediators (38). A combination of physical and motor training, commonly referred to as dual task
training, may also be more effective than either one when used in isolation (39), which highlights
the value of different types of exercise.
Physical activity guidelines for older adults recommend at least two strength training
sessions each week. The impact of resistance training in later life is marked, with those who do
engage in strength training having better muscular strength, endurance, physical function,
balance, increased mobility, less body fat, and an improved perception of health and healthy
ageing, compared to those who do not

(40)

. Older adults who strength train also have an

improved health related quality of life (41). When conveying the benefits of strength training to
older adults, healthcare providers can also provide reassurance, that strength training programs
are safe (42).
Older adults report numerous barriers to engaging with planned exercise (43, 44). Adherence
is also influenced by program and personal factors; those with the lowest levels of physical and
mental health, are more likely to discontinue (45). The factors which *do* engage older adults,
such as increased physical autonomy, improved self-efficacy, social interaction, enjoyment and
feeling motivated (46), can be emphasised in program design as a strategy to promote positive
behaviour change (47). Intensity may be a moderator of exercises’ effect on improving cognition,
but fitness can still be improved from low-intensity exercise (48). Also, exercise is still beneficial
even when the volume falls below the recommended minimum (24); meaning something is better
than nothing, and ‘something’ can become a steppingstone for something more.
For many people with musculoskeletal conditions, optimal health outcomes may be
dependent upon behaviour change. Healthcare providers are increasingly recognising the need
to prioritise behaviour change, and support people in making lifestyle choices which promote
improved health, which includes exercise and increasing physical activity
8

(49)

. Improving

musculoskeletal fitness is especially impactful for older adults living close to their functional
threshold for dependence. Those with the lowest intrinsic capacity, i.e., individuals with the
lowest functional reserve, are likely to see the greatest improvements in their health status from
becoming physically active (24).

1.7

HARDSTYLE KETTLEBELL TRAINING

Hardstyle kettlebell training, which promotes a unique combination of tension and relaxation
in its techniques and was popularised by Pavel Tsatsouline throughout the 2000s, has emerged
as a novel training method; its proponents claiming that it can improve all measures of healthrelated physical fitness (HRFF) (50). A kettlebell is a simple but versatile tool, with the potential
to be tailored to meet the needs of a wide range of individual goals and needs, across a diverse
spectrum of settings. Kettlebells are small, portable, comparatively inexpensive, and relatively
easy to use.

Figure 1.2 Illustration of the two-handed kettlebell swing to chest-height
Photograph by author. Reproduced with permission.

A kettlebell ‘swing’ is the foundation of hardstyle practice and said to be the most beneficial
exercise

(50)

. The seminal publication on hardstyle kettlebell training, describes the sumo

deadlift, box squat, and vertical jump, as precursors to mastering the swing (50). The box squat
and deadlift movement patterns may also be seen in activities of daily living, such as: sitting
and rising from a chair, and lifting an object from the ground. It is anticipated therefore, that
kettlebell training which involves a large volume of swings, would have a beneficial carryover
effect to improving activities of daily living.
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A Turkish get-up, one of six foundational exercises in hardstyle training, is a series of
transfers while holding a kettlebell overhead: from supine lying to sitting, sitting to tall
kneeling, and tall kneeling to standing. The Floor Transfer Test, similar in pattern to a TGU, is
a valid and reliable measure of readiness for independent living among older adults (51) thus, it
is also proposed, that training the Turkish get-up would improve someone’s ability to rise from
the floor independently; an essential skill for older persons at risk of falling.
Training with kettlebells can be done individually or in a group, independently or with
instruction, as an isolated exercise, or as part of a broader program. As demonstrated by the 68year-old woman who inspired this thesis, under the right conditions, older adults have the
capacity to perform a very large training load volume in a short period of time. If people are
given the knowledge, skills, and confidence to train with kettlebells, it is proposed that older
adults can achieve a minimal effective dose

(44)

, whether that be a class or performed

independently at home. High rates of adherence have also been reported in community-based
strength and balance training programs lasting more than two years

(52)

thus, high rate of

adherence would be anticipated from a much shorter, albeit more intense, kettlebell program of
just three months duration.
The principles and practices of hardstyle kettlebell training offer a framework, which appears
to be safe and effective, and applicable to clinical practice. For example, an appropriately
trained healthcare provider observing someone perform a floor transfer, might use that visual
assessment to make a clinical judgement about the person’s physical capacity. As a self-limiting
functional activity, the floor transfer requires a threshold of movement competency and intrinsic
capacity, to enable the person to rise from the floor without compensation. For example,
transitioning from long-sitting to tall kneeling requires adequate hip mobility and upper limb
stability; transitioning from tall kneeling to standing requires lower limb strength. Observed
deficits which are amenable to change, may then be used to prescribe a program of therapeutic
exercise. Simply holding a kettlebell off the ground by its handle demonstrates grip strength.
Healthcare providers have a key role in providing supervised exercise programs for older
adults. There is presently however, a lack of appropriate guidelines or recommendations for
providers wanting to use kettlebells with older adults, and no studies investigating the effects
on HRFF in healthy but insufficiently active older adults. This project proposes that kettlebell
10

training can be used safely and effectively with older adults and could be an ideal cost-effective
prophylactic for ageing.

1.8

HEALTH COACHING

Health messaging focused on the harms of inactivity and benefits of meeting physical activity
guidelines, on a population level, has been largely ineffective for motivating people to exercise
more regularly i.e., changing their behaviour

(53)

. Instead, we are encouraged to focus on the

psychological wellbeing of exercise – how physical activity and exercise makes us feel. Positive
psychology, the study of what makes life most worth living (54), is a fundamental component of
effective health coaching. The endpoint of effective health coaching is that the client is
sufficiently intrinsically motivated, and empowered with knowledge and skill, that they act
autonomously

(55)

. Could group-based kettlebell training be incorporated into community

healthcare practices and “work” where other interventions have failed, to change older adults’
behaviour toward physical activity and exercise, and increase positive emotions toward health
and wellness?

1.9


KEY FINDINGS
A proficient hardstyle kettlebell swing has a consistent force-time curve, which is clearly
distinguishable from that of a novice. This may be helpful for providing instruction, and
future research of swing kinetics and kinematics.



There is a very strong positive but disproportionate correlation between ground reaction
force and kettlebell mass; peak ground reaction force increased from 0.85× BW to 1.3×
BW, with an 8.5-fold increase in kettlebell mass. This finding should influence training
practices and programming.



There is a strong negative correlation between rate of force development (RFD) and
kettlebell mass, with the highest RFD occurring with the lightest kettlebell. This should also
influence training practices and future research aimed at improving measures of lower limb
power, such as sprint and jump performance.
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The magnitude of forward ground reaction force is much smaller than suggested in practice
which, expressed as a ratio of vertical ground reaction force, increased from 9.2% to 20.5%.
This data should influence coaching practice.



There is negligible difference in normalised peak ground reaction force, between males and
females performing swings with the same kettlebell mass, with forward ground reaction
force being ≈5% of vertical ground reaction force.



Peak ground reaction force is greater during a swing with an 8 kg kettlebell, than a deadlift
with a 32 kg. These findings should greatly influence the training and coaching of older
adults using kettlebells.



Following 16 weeks of training, grip strength increased by 4.9 to 9.3 kg [95% CI] and 4.1
to 8.4 kg, in the right and left hands respectively.



Change in secondary outcomes included an increase in the 6-minute walk distance of 17.9
to 65.5 metres, an increase of 0.9 to 5.7 repetitions in 30s sit-to-stand performance, and a
decrease of 2.2 to 9.8 seconds in 5-times floor transfer test time.



A qualitative analysis of participants’ experiences kettlebell training, revealed four highorder themes:
i.

enjoying the physical and psychosocial benefits

ii. change in a long-term health condition
iii. overcoming challenges
iv. feeling part of a group/community
These findings highlight the physical and psychological benefits of older adults
participating in hardstyle group kettlebell training.


Clinically significant increases in bone mineral density were observed in two participants
with osteoporosis, sufficient for the status of one participant, to advance from osteoporosis
to osteopenia. At the femoral neck and lumbar spine, regional increases of 12.7% and 5.9%
were observed in a female over 70 years of age, and 2.5% and 6.0% in a male over 70 years
12

of age. Change in BMD (g/cm2) was 2.0 and 1.9 times larger than the least significant
change, for the female and male respectively. These findings warrant further investigating
and should encourage providers to promote kettlebell training for older adults with
osteoporosis.


Participants performed 3779 ± 802 swings during the trial, with only small changes
observed in their kettlebell swing force profile. This finding suggests that older adults can
expect clinically meaningful improvements in health-related physical fitness from kettlebell
training, but beyond safe and competent performance, striving to optimise hardstyle swing
technique may provide no additional benefit to clinical outcomes in older adults.

1.10 THESIS OVERVIEW
1.10.1 THESIS AIM
The aim of the PhD thesis was to test the feasibility and measure the effectiveness of groupbased hardstyle kettlebell training to promote healthy ageing in insufficiently active
community-dwelling older adults.

1.10.2 GUIDING RESEARCH QUESTIONS
The aim of this project will be achieved by answering a series of research questions, outlined
in the thesis workflow shown in Fig. 1.3.
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Question 1
What evidence is available to guide the therapeutic use of kettlebells in healthcare?
Chapter 2
Scoping Review
Question 2
What is the force profile of a kettlebell swing?
Chapter 3
Experimental study 1: force profile –
kettlebell instructor

Chapter 4
Experimental study 2: force profile –
novice older adults

Question 3
What are the effects of training on grip strength, health-related physical fitness, and QoL?
Chapter 5
Prospective protocol – the BELL trial
Chapter 6
Experimental study 3: pragmatic controlled trial
Question 4
Is kettlebell training enjoyable for older adults, and sufficient to increase physical activity?
Chapter 7
Qualitative study
Question 5
How does the kettlebell swing force
profile change with training?
Chapter 8
Multiple-case study: increasing bone mass
in participants with osteoporosis

Chapter 9
Experimental study 4:
change in force profile

Chapter 10
General discussion
Figure 1.3 Workflow of the thesis
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1.11 OUTLINE OF THESIS CHAPTERS
This thesis comprises nine chapters, of which the manuscripts within chapters two through
eight, have been submitted for publication in peer-reviewed journals or as pre-prints.
Chapter one provides an overview of kettlebell training and its potential role in promoting
healthy ageing. The story begins with a petite 68-year-old woman with two prosthetic knees,
kettlebell training three days a week in Physiotherapy practice, and ‘swinging’ more than half
her bodyweight. This chapter concludes with a discussion around general physical preparedness
in older age, and the need to reduce the threshold for dependence.
Chapter two reviews the literature around kettlebell training. This scoping review focuses
on the research evidence and clinical expertise which healthcare providers might use to inform
a prescription of kettlebell exercises for therapeutic purposes. The manuscript within this
chapter has been published in the journal BMC Sports Science, Medicine and Rehabilitation.
Chapter three investigates the force profile of a hardstyle swing performed by a certified
hardstyle kettlebell instructor. Findings provide a reference standard against which novice
swings can be measured. The findings may be used to inform exercise prescription of the
kettlebell swing, and challenge elements of street wisdom which currently inform kettlebell
training practices. The manuscript within this chapter has been published as a pre-print to the
online server bioRxiv.
Chapter four investigates the force profile of a hardstyle kettlebell swing and kettlebell
deadlift performed by novice older adults. Results highlight potential opportunities for training
and exercise prescription, with data and observation of participants used to inform the BELL
trial described in Chapter five and six. The manuscript within this chapter has been published
as a pre-print to bioRxiv.
Chapter five contains the BELL trial protocol which was prospectively registered with the
Australian New Zealand Clinical Trials Registry. The protocol was published to the Open
Science Framework online server prior to commencement of participant recruitment, and peer
reviewed through BMC Geriatrics.
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Chapter six is a pragmatic controlled trial of kettlebell training with insufficiently active
older adults. A 3-month kettlebell training intervention is compared with a 3-months control,
for change in handgrip strength and measures of health-related physical fitness. The manuscript
within this chapter has been accepted for publication by BMC Geriatrics.
Chapter seven is a qualitative study of older adults’ experiences participating in the BELL
trial. Interviews were conducted to identify factors influencing, enjoyment, motivations for
participation, change in physical and mental health, perceived positive and beneficial effects,
and negative and undesirable effects. The manuscript within this chapter has been accepted for
publication by BMC Geriatrics.
Chapter eight is a multiple-case study, showing clinically significant increases in bone
mass, in two participants with osteoporosis. Findings are presented together with the
participants change in outcomes measures from the BELL trial. The manuscript within this
chapter has been published as a pre-print to medRxiv.
Chapter nine shows change in the participant’s kettlebell swing force profile following 16
weeks of training. Findings are presented, together with the change in outcome measures from
the trial, to illustrate the relationship between the kettlebell swing and change in health-related
physical fitness. The manuscript within this chapter has been published as a pre-print to
medRxiv.
Chapter ten includes a discussion of the key findings of this thesis and the conclusions
which have been made. Strengths and limitations of the thesis, implications for clinical practice,
and recommendations for future research, are also included in this chapter.
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CHAPTER 2
SCOPING REVIEW

“An investment in knowledge pays the best interest.”
Ben Franklin
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2.1

PREFACE

A scoping review was conducted, to identify the types of available evidence in the emerging
field of kettlebell training, and key research concepts. Methodologically rigorous and robust, a
scoping review allowed the kettlebell literature to be examined and mapped, identifying key
data which might be used to inform clinical practice, and highlighting gaps with respect to
potential clinical use of the kettlebell. In this Chapter, results of the review are presented, which
provided valuable insight to shape the research questions, and to determine whether a more
precise systematic review was warranted. An additional systematic review was not indicated.

Published as:
Meigh, N. J., Keogh, J. W., Schram, B., & Hing, W. A. (2019). Kettlebell training in clinical practice:
a scoping review. BMC Sports Sci. Med. Rehabilitation, 11(1), 1-30.
Open access version at: 10.1186/s13102-019-0130-z
© The Authors 2021. This work is licensed under the Creative Commons Attribution 4.0 International
License. http://creativecommons.org/licenses/by/4.0/
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2.2

ABSTRACT

Background. A scoping review of scientific literature on the effects of kettlebell training.
There are no authoritative guidelines or recommendations for using kettlebells within a primary
care setting. Our review objectives were to identify the extent, range, and nature of the available
evidence, to report on the types of evidence currently available to inform clinical practice, to
synthesise key concepts, and identify gaps in the research knowledge base.
Methods. Following the PRISMA-ScR checklist, we conducted a search of ten electronic
databases from inception to 1 February 2019. There were no exclusions in searching for
publications. A single reviewer screened the literature and abstracted data from relevant
publications. Articles were grouped and charted by concepts and themes relevant to primary
care, and narratively synthesised. Effect sizes from longitudinal studies were identified or
calculated, and randomised controlled trials assessed for methodological quality.
Results. Eight hundred and twenty-nine records were identified to 1 February 2019. Four
hundred and ninety-six were screened and 170 assessed for eligibility. Ninety-nine publications
met the inclusion criteria. Effect sizes were typically trivial to small. One trial used a pragmatic
hardstyle training program among healthy college-age participants. Two trials reported the
effects of kettlebell training in clinical conditions. Thirty-three studies explicitly used
‘hardstyle’ techniques and four investigated kettlebell sport. Also included were six reviews, 22
clinical/expert opinions and three case reports of injury. Two reviewers independently
evaluated studies using a modified Downs & Black checklist.
Conclusions. Few longitudinal studies, largely underpowered and of low methodological
quality, provide little guidance to inform the therapeutic prescription of kettlebells within
primary care. Confidence in reported effects is low to very low. The strength of
recommendation, for kettlebell training improving measures of physical function is weak, based
on the current body of literature. Further research on the reported effects is warranted, with the
inclusion of clinical populations, and musculoskeletal conditions common to primary care.
There is a need for an externally valid, standardised approach to the training and testing of
kettlebell interventions, which better informs the therapeutic use of kettlebells in primary care.

2.3

BACKGROUND

2.3.1 HISTORY
The kettlebell is a round-shaped steel or cast iron weight (mass), commonly described as
resembling a cannonball with a handle

(56)

. In Russia, kettlebells are a matter of pride and a

symbol of strength, with a colourful history throughout the 20th Century, from circus strong
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men to the Red Army. Use of kettlebells as measures of weight, dates back to Russia in the
1700s (57) and the word girya (kettlebell) first appears in a Russian dictionary in 1704 (50), with
Polish excavations pre-dating early kettlebells to the 17th century (58).
Kettlebell sport, also referred to as Girevoy Sport, originated in Eastern Europe in 1948 (59).
The International Union of Kettlebell Lifting World Championship held in October 2018,
attracted more than 500 competitors from 32 countries, a testament to its popularity and growth.
Kettlebell sport uses steel competition kettlebells with standardised dimensions, most
commonly available from 8 kg to 32 kg, in increments of 2-4 kg. Kettlebell sport techniques
are the jerk and snatch in different timed events.
Kettlebells described as being ‘traditional’ in shape, are typically made from cast iron, with
their dimensions increasing with mass. Kettlebells are now widely available in an array of
construction materials, from 2 kg to 92 kg. With increasing popularity has come diversity in
use and adaptation of common exercises, however, only a limited number of styles are widely
recognised: Sport, hardstyle, juggling, and a small number of techniques associated with
CrossFit.
The popularity of kettlebells outside of Eastern Europe and kettlebell sport, can largely be
attributed to Russian émigrés former World Champion Valery Fedorenko, and former Soviet
Special Forces physical training instructor and Master of Sport, Pavel Tsatsouline. Valery
Fedorenko founded the American Kettlebell Club, and Pavel Tsatsouline, the hardstyle Russian
Kettlebell Challenge (RKC) which commenced training in 2001. Tsatsouline, more commonly
known as just ‘Pavel’, has been widely credited with introducing kettlebells to the West

(60)

,

which began with a publication in the December 1998, Vol. 6, No. 3 Issue of ‘MILO: A Journal
For Serious Strength Training Athletes’. That publication was followed by ‘Power to the
People’

(61)

, which outlines many of the training principles subsequently used in ‘Enter the

Kettlebell’ (50); a reference which remains a foundation of hardstyle kettlebell training courses
worldwide.
Enter the Kettlebell has been the most widely cited text in academic publications where a
hardstyle technique has been used. The six fundamental hardstyle techniques are the Swing,
Clean, Press, Squat, Snatch and Turkish get-up (TGU). Academic investigation of hardstyle
training represents around 50% of publications (refer to Results: report characteristics), with
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the two-handed kettlebell swing investigated most frequently. Neither kettlebell sport nor
hardstyle are limited to only the techniques listed.
A third person of note is former Master RKC, Kenneth Jay. A small unpublished Bachelor
of Science study, completed at the University of Copenhagen

(62)

, investigated the VO2 and

lactate effects from two weeks of dedicated hardstyle kettlebell snatch training in a group of
well-conditioned, kettlebell-trained, college-age males. Jay’s training protocols, later described
in ‘Viking Warrior Conditioning’ (63) and those from ‘Enter the Kettlebell’, are the basis of most
research study interventions used to date.

2.3.2 CONCEPTUAL AND CONTEXTUAL BACKGROUND
Exercise prescription is an integral part of Physiotherapy practice

(15)

. The prescription of

‘exercise as medicine’ has been recommended for a broad range of chronic diseases,
musculoskeletal conditions, and pain relief (16, 64), with many interventions show to be at least
as effective as drug therapy (65). Healthcare providers commonly seek to increase tissue capacity
and build physical and psychological resilience in their patients, from the young injured athlete,
to the elderly and frail, with older adults having the highest functional capacity being the most
resilient (66). The mechanisms of mechanotherapy have been described (67-69), with the effective
application of that knowledge, often critical to optimising a patient’s health outcomes (70).
Evidence-based Physiotherapy is an area of study, research, and practice, in which clinical
decisions are based on the best available evidence, integrating professional practice and
expertise with ethical principles (71). Where high quality clinical research does not exist, good
practice must be informed by knowledge derived from other sources of information. When
relevant and reliable data is not available, clinicians still need to make decisions based upon the
best available information (72).
In elite sport, there is a constant need to increase strength, power and endurance, with
kettlebells now contributing to that effort

(73)

. Kettlebells have been used in strength and

conditioning research, and injury prevention programs, for mixed martial arts (74), handball (75),
shot put (76), sprinting (77), and soccer (78). In clinical practice, kettlebells have been included in
programs for lower limb amputees
breast cancer

(79)

, metabolic syndrome in women

(81)

(80)

, early treatment of

, for osteoporosis and fall and fracture prevention
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(82)

, home-based

Physiotherapy with older adults showing signs of frailty and following hip fracture

(83)

, for

healthcare workers (84) and in programs for improving health-related physical fitness (85).
The potential benefits of kettlebell training to athletes, are also of interest to defence force
personnel. Military and law enforcement agencies have reported improvements in field
performance

(86)

and the Royal Air Force recommends kettlebells as part of the aircrew

conditioning programme

(87)

(88)

and for simulated military task performance

. The North

Atlantic Treaty Organization also recommends the kettlebell deadlift for its excellent content
validity and high inter-rater reliability against common military work tasks (89).
Interest in kettlebells has not been limited to its traditional practices. Kettlebells have more
recently been used in anterior cruciate ligament injury prevention programs (90), for improving
dynamic knee stability during netball

(91)

, and for reducing work related musculoskeletal

disorders of the low back (84). Researchers have studied muscle activity during the Turkish getup

(92)

, common training protocols have been modified with kettlebells

(93-95)

, and they have

been used, with good reliability, as a novel method of providing valgus stress to the elbow
during ultrasound examination (96).
Although kettlebells have been adopted by popular fitness programs such as CrossFit,
knowing how to use a kettlebell is not as intuitive as the more commonly seen barbells,
dumbbells, and machine weights. Despite this, kettlebells have been recommended for their
ease of teaching, cost effectiveness, and being less intimidating

(97)

. Kettlebells have already

been integrated into clinical practice, but does the current body of evidence support their use
for therapeutic purposes, and how does the evidence help inform clinical decision making?
The aim of this review is to identify what is presently known about the effects of kettlebell
training from published academic research, with the objective to systematically evaluate and
critically appraise the literature and highlight areas for further investigation.

2.3.3 KETTLEBELL SWING DESCRIPTORS
The hardstyle swing, as illustrated by Tsatsouline, has been described in the literature as a
‘hip-hinge swing’, a ‘Russian swing’, and a ‘swing to chest height’, which may be performed
with one or two hands on the kettlebell. The ‘hip hinge’ is used to describe posterior
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displacement of the hips, and the bottom position of the hardstyle swing. An ‘American swing’,
commonly associated with CrossFit, is a two-handed swing of the kettlebell to an overhead
position. Motion of the lower limbs during an American swing, when compared to the hiphinge, has been described as a ‘squatting’ motion. Some authors have described a ‘squat swing’,
referring to movement of the lower limbs, however, this descriptor is not representative of either
the American or Russian swings in the current body of literature. A ‘double-knee-bend’ motion
is associated with kettlebell sport techniques.

2.4

METHODS

A scoping review was conducted to synthesise current evidence of kettlebell training, as it
applies to healthcare providers working in primary care, where movement and loading are used
clinically for therapeutic purposes. As an evolving field of research, the scoping review was
chosen to provide an overview of kettlebell training, to identify key concepts, knowledge gaps,
and types of evidence currently available.

2.4.1 RESEARCH QUESTION
What is the available evidence to guide healthcare providers using kettlebells within a
clinical therapeutic framework?

2.4.2 PROTOCOL
This scoping review was conducted by a single researcher (NM) using the PRISMA
Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation

(98)

. An a priori

protocol was not developed.
2.4.3 STUDY DESIGN
The scoping methodology proposed by Arksey and O’Malley

(99)

was used to map the

concepts and types of science-based evidence that exists on kettlebell training. The
methodology was informed by later recommendations
Institute framework

(100)

and guided by the Joanna Briggs

(101, 102)

. This framework includes the following steps: 1) Identify the

research question by clarifying and linking the purpose and research question, 2) identify
relevant studies by balancing feasibility with breadth and comprehensiveness, 3) select studies
using an iterative approach to study selection and data extraction, 4) chart the data incorporating
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numerical summary and qualitative thematic analysis, 5) collate, summarise and report the
results, including the implications for policy, practice or research (103).

2.4.4 INFORMATION SOURCES AND LITERATURE SEARCH
A search was conducted, assisted by a health sciences librarian, on 10 electronic databases
(CINAHL, Cochrane Library, Embase, Medline, PEDro, ProQuest, PubMed, SportDISCUS,
Web of Science, Google Scholar) from inception to 1 February 2019, using search terms
‘kettlebell’, ‘kettle bell’, ‘kettlebells’, ‘kettle bells’ in the Title or Abstract. The search strategy
was not limited by study design, publication type, or language. Duplicate records were removed
in EndNote. Backward reference searching was performed, and additional studies were
identified by consultation with a subject matter expert; a kettlebell enthusiast, clinician, and
educator in Canada, who had compiled a personal record of kettlebell publications.

2.4.5 ELIGIBILITY CRITERIA
Eligibility criteria were defined by the Population (healthcare providers in primary care),
Concept (prescription of kettlebells for therapeutic purposes) and Context (evidence-based
practice: research evidence and clinical expertise). All types of study design and reviews were
included where kettlebells were the primary modality of investigation. Any population,
intervention, comparator, outcome, and setting were included, together with theses and
unpublished material from academic settings. Articles/publications were excluded if, a) they
were unrelated to kettlebell training (e.g., gave historical context only), b) were not specific to
kettlebell training (e.g., interventions involving kettlebells and other equipment where the
outcome(s) could not be attributed to the kettlebell), c) were unavailable in full text, or d) were
studies conducted on Eastern European Military populations. Studies emerging from countries
of the former Soviet Union were incompatible for synthesis due to the absence of standardised
reporting, as recommended by the Enhancing the QUAlity and Transparency Of health
Research network. The following were excluded from our review: books, patents, fitness
articles, web pages, blogs, and opinion pieces from non-clinical or non-academic authors.
Resource limitations precluded the translation of articles not published in English. One
exception was a clinical trial of hardstyle kettlebell training for people with Parkinson’s disease,
published in Portuguese with an English abstract; this was deemed to be specifically relevant
to the population, concept and context of the review and included but not translated. All levels
of evidence (104) were considered.
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2.4.6 DATA ABSTRACTION AND DATA ITEMS
A standardised data abstraction form was not utilised. A single reviewer (NM) independently
screened titles and abstracts for relevance and obtained full text articles of publications
potentially relevant. As the scope and nature of the available evidence was not known in
advance, the development of categories and grouping for mapping purposes was developed
iteratively as the data was extracted and tabulated. Effect sizes were extracted, or calculated, if
sufficient data was provided in the publication. Cohen’s d or standardised mean difference
(SMD) were used, and magnitude of effect compared based on participants’ resistance training
status: untrained, recreationally trained or highly trained (105).

2.4.7 METHODOLOGICAL QUALITY APPRAISAL
With the primary intent to inform clinical practice, the authors chose to critically appraise
the randomised controlled trials using a modified Downs and Black quality checklist (106). This
scoring system is based on a checklist of 27 questions and has been found to be valid and
reliable for critically evaluating experimental and nonexperimental studies. The checklist
included four categories for evaluation: reporting, external validity, internal validity/bias, and
internal validity/confounding

(107)

. Studies were appraised by a second independent reviewer.

Discrepancies were resolved by discussion and agreement reached. Quality of evidence and
strength of recommendation was based upon the GRADE criteria (108, 109).

2.4.8 SYNTHESIS
Data were narratively synthesised by author-defined category: (1) acute profiling, (2) athletic
performance, (3) health-related physical fitness, (4) injury & rehabilitation, (5) expert/clinical
option and (6) Review, with key characteristics and findings discussed. Publications were
grouped by nature of the study (acute vs longitudinal) and measures/outcomes. Acute profiling
studies were further categorised by outcome: ‘sEMG’, ‘motion analysis’, ‘hormonal response’,
‘cardiometabolic’, ‘mechanical demand’ or ‘performance’. Experiments and trials were
mapped based on the population profile (age, sex, training history, kettlebell experience), types
of exercise(s) used, style (hardstyle, sport or ‘other’), training format (work-to-rest ratio,
frequency, duration, intensity/load), measurements (sEMG, motion analysis, ground reaction
force, HR, RPE, VO2), outcomes, and study design.
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2.5

RESULTS

2.5.1 REPORT CHARACTERISTICS (EXTENT, RANGE, NATURE)
The literature search yielded a total of 829 citations (Fig. 2.1). Three hundred and thirty-two
records were removed as duplicates or not meeting the inclusion criteria. Upon completion of
the title and abstract screening, 170 were potentially relevant and screened. Subsequently, 99
publications fulfilled the eligibility criteria and were included. Study flow diagram Fig. 2.1.
Publications by category Fig. 2.2.

27

Figure 2.1 Study flow diagram (PRISMA-ScR flow chart)

Figure 2.2 Kettlebell publications by category

Report characteristics (extent, range, nature)
The number of academic publications relating to the use of kettlebells has steadily increased
since 2009 (Fig. 2.3) Sixty-eight publications were research studies, which include 47 studies
of acute training response, and 21 longitudinal investigations. Two longitudinal trials involved
clinical populations. Publications were categorised as ‘acute profiling’ (N = 47), ‘Athletic
performance’ (N = 11), ‘Health related physical fitness’ (N = 9), ‘Injury & rehabilitation’ (N =
4), ‘Opinion’ (N = 22) or ‘Review’ (N = 6) (Fig. 2.4). Included are a Systematic Review, a
Clinical Review, four Brief/Narrative Reviews, and three case reports from medical
practitioners of injury attributed to kettlebell training. Acute profiling studies, which represent
almost 50% of the publications, were further categorised based on outcomes: ‘sEMG’ (N = 11),
‘motion analysis’ (N = 6), ‘hormonal response’ (N = 3), ‘cardiometabolic’ (N = 16), ‘mechanical
demand’ (N = 6), ‘performance’ (N = 2) or ‘not categorised’ (N = 3) (Fig. 2.5).
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Figure 2.3 Academic publications by year involving kettlebells to February 1, 2019

Figure 2.4 Kettlebell publications by category
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Figure 2.5 Acute profiling studies by category

Ninety one percent of study participants were recreationally active (N = 62), 79% college
age (N = 54), and >80% novices, unfamiliar with kettlebell training (N = 55). Almost half of
the studies explicitly used hardstyle techniques and/or training principles described by
Tsatsouline (N = 33). Only four investigations (two acute, two longitudinal) involved kettlebell
sport. Of the 68 experiments and trials, 43 were published in peer-reviewed journals. The
remainder were un-published conference presentations (N = 5), Theses (N = 9), Pilot studies (N
= 3), papers accepted for publication (N = 4), and University publications (N = 4). Results
described herein as being significant were reported with p values ≤ 0.05.

2.5.2 ACUTE PROFILING
Forty-seven studies of acute training response were identified. Thirty-nine studies involved
healthy college-age participants (83%), seven involved adults not of college-age (15%), and
one study did not report participant age. Twenty-one studies involved only males (47%), five
involved only females (11%), and 19 had males and females (40%). One study did not report
sex. One study had participants who were not recreationally active. In 34 studies, participants
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were not kettlebell-trained i.e., novices (72%). Twenty-three studies explicitly used hardstyle
techniques (50%), and three involved kettlebell sport (6%). Training style/technique was
unclear or not reported in 21 studies (43%). Three studies were given two category allocations
(110-112)

and three were uncategorised, incompatible for synthesis (113-115).

2.5.2.1

ACUTE PROFILING - SURFACE ELECTROMYOGRAPHY (SEMG)

Eleven studies investigated sEMG. Muscles and regions investigated, with the
corresponding exercise(s) and load(s), used are shown in Table 2.1. It appears that the TGU
provides roughly equal mechanical challenge to both shoulder girdles; one acting to stabilise
the arm and kettlebell overhead, the other acting to support the body through transitions from
lying to kneeling and vice versa

(92)

. Among 14 common lower limb exercises used for

therapeutic purposes, a two-handed swing was found to have the highest peak sEMG (115 ±
55 %max), with greatest preferential excitation of the medial hamstring (Δ 22.5 ± 9.7% peak
nEMG)

(116)

. A similar observation was noted with mean medial activity ≈10% greater than

lateral activity across swing types (117), with mean sEMG greatest during the hip hinge swing
(35.74 ± 16.66), although the mean difference between styles was small (≈4-6%). In a dataset
with large variation, excitation of the hamstring muscles was also observed to occur before the
gluteal muscle during a one and two-handed swing, regardless of sex or range of movement
(111)

.

2.5.2.2

ACUTE PROFILING – MOTION ANALYSIS

Seven acute studies investigated the motion of joint segments or kettlebell trajectory (Table
2.2). Novices were found to perform a two-handed kettlebell swing differently to experts.
Significant differences in joint segment angles and angular velocities at the hip and shoulder
joint were reported during a two-handed hardstyle swing, with the order of movements reversed
between conditions. In hardstyle- certified practitioners (experts), the sequence of joint motion
during the up-swing (ascent), was reported to commence with the hips, followed by the
shoulders. During the down-swing motion (descent), the arms dropped (shoulder extension)
before the hips flexed. In novices, these joint segment sequences were reversed. Experts
demonstrated: ≈20o greater hip flexion at the bottom of the swing and ≈15o less knee flexion on
the descent (hip-hinge vs squat), ≈10o more hip extension (stood up straighter at the top), ≈15o
less shoulder flexion at the bottom and ≈20o less flexion at the top of the swing (‘swung’ the
kettlebell rather than ‘lifted’ it) (118).
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Among a cohort of 23 novices, none of the participants obtained neutral hip position while
performing any of the kettlebell swings, despite the notable availability of passive hip extension
ROM, and cueing during the instructional sessions. At the top of the two-handed swing, average
terminal hip extension lacked a mean of 9.7° (± 7.8°) from neutral. Of note, participants were
only allowed to perform a maximum of 10 repetitions of each swing during the instructional
session (111).
The kinematic similarities and differences between a swing to chest-height, a swing
overhead, and an Indian club swing have been reported (110), although the clinical utility of these
data is unclear. Cycle time for the overhead swing was 34% longer than the shoulder height
swing and Indian club swing, with no differences in peak joint angles between the movements
reported. No identifiable risk of injury from kinematic observation of the lumbar spine was
identified, when performing a two-handed swing to chest-height or overhead using a 16 and 24
kg kettlebells, although reliability of these data is unclear (119).
Kettlebell trajectory during a 32 kg single-arm snatch performed by four elite kettlebell sport
lifters, was reported to be similar between lifters, and highly consistent within lifters.
Anthropometric differences were suggested to influence movement and performance efficiency
most likely (120). On an unstable surface, reduction in trunk and knee flexion angles and reduced
shoulder range of motion were reported during an overhead swing

(121)

; an expected

compensation strategy to increase stability. Limited low-quality data suggested a possible trend
toward decreasing mean flexion angles at the ankle, knee and hip with increasing mass
kettlebells among male novices using very light kettlebells (122)
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Table 2.1 Study characteristics investigating acute sEMG with kettlebell exercise
Participants

Observing
(muscles /
region)

Exercise

Hardstyle
Sport
‘other’

Load
(kg)

Comparator

novice

trunk

2H swing

other

16

1H swing

Y

novice

serratus anterior

bottoms-up carry

other

12

deg. of abdn

M

Y

proficient

hamstring

2H swing

hardstyle

16 - 48

squat swing +
dbl knee bend

69.7 ± 20.4 (F)
79.2 ± 12.1
(M)

M/F

Y

novice

deltoid + pec. major

press

other

25% 1RM

dumbbell

22.5 ±3.3

70.82 ± 7.2

M/F

Y

novice

trunk + lower limb

2H swing

hardstyle

3

multiple

14

21.5 ± 2.03

85.53 ± 8.11

M

Y

novice

trunk + upper + lower
limbs

swing, clean + snatch

other

4.5 - 32

clean + snatch

Rajala et al (2016)

9

21.4 ± 1.8

67.4 ± 9.6

F

Y

novice

lower limb

2H swing

other

4.5

OH swing

St-Onge et al (2018)

12

31.6 ± 8.2

72.4 ± 13.2

M/F

Y

proficient

shoulder girdle

Turkish get-up

hardstyle

8 (F) 16
(M)

none

Van Gelder et al (2015)

23

24 ± 1.97

61.8 ± 8.79 (F)
80.5 ± 10.0
(M)

M/F

Y

novice

gluteal + biceps
femoris

2H swing

other

8 - 16

1H swing

Wu et al (2019)

19

22.2 ± 1.1

76.0 ± 13.3

M

Y

novice

lower limb

squat + lunge

other

20

-

Zebis et al (2013)

16

23 ± 3

66.2 ± 7.4

F

Y

novice

hamstring

2H swing

hardstyle

12 - 16

multiple

n

Age (yrs)

Weight (kg)

Sex

Active

Kettlebell
proficient
/ novice

Anderson et al (2016)

16

25 ± 6

80 ± 8

M

Y

Caravan et al (2018)

33

22.2 ± 3.5

91.8 ± 8.0

M

Del Monte et al (2017)

14

30.1 ± 3.9

89.89 ± 19.72

Dicus et al (2018)

21

21.4 ± 0.5 (F)
20.9 ± 0.7 (M)

Lim et al (2018)

24

Lyons et al (2017)

Author

1H = one-handed, 2H = two-handed, 1RM = 1 repetition maximum, OH = overhead, abdn = abduction, dbl = double
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Table 2.2 Study characteristics investigating acute motion analysis with kettlebell exercise
Participants
Measurements

Exercise

Hardstyle
/ Sport /
other

Load
(kg)

Control /
comparator

n

Age (yrs)

Weight (kg)

Sex

Active

Kettlebell
proficient
/ novice

Back et al (2016)

7

32 ± 1 (exp)
30 ± 1.41 (beg)

70.5 ± 1.8
78.33 ± 3.86

unknown

Y

proficient

joint segment angle and velocity at the
pelvis, hip, knee, ankle, shoulder,
elbow, and wrist

2H swing

hardstyle

16kg

expert

Bullock et al
(2017)

15

26.7 ± 4.3

77.6 ± 13.5

M/F

Y

proficient

cycle time + joint segment angle and
velocity at the ankle, knee, and hip

2H swing

other

12 - 20kg

overhead +
Indian club
swing

Oikarinen et al
(2016)*

5

28 - 50

unknown

M

Y

novice

joint segment angles at the shoulder,
elbow, and wrist + segment angle and
velocity at the lumbar

2H swing

other

16 - 24kg

overhead

Ross et al (2015)

4

29 - 47

68.3 - 108.1

M

Y

proficient

horizontal and vertical displacement +
velocity of the kettlebell

snatch

Sport

32kg

none

Silva et al (2017)^

1

25

72

M

Y

novice

joint segment ankles of arm-trunk,
thigh-trunk, and leg-thigh + time

OH swing

other

unknown

unstable
surface

Van Gelder et al
(2015)

23

24 ± 1.97

61.8 ± 8.79 (F)
80.5 ± 10.0 (M)

M/F

Y

novice

joint segment angle at the hip

2H swing

other

8 - 16kg

1H swing

Zin et al (2018)^

3

24 ± 0.82

70.2 ± 5.18

M

Y

novice

joint segment angles at the hip, knee,
and ankle

2H swing

hardstyle

4 - 8kg

load

Author
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2.5.2.3

ACUTE PROFILING – HORMONAL RESPONSE

Very limited data is available regarding acute hormonal response to kettlebell training (Table
2.3). Changes in serum testosterone, growth hormone, and cortisol have been observed
following 12 rounds of two-handed swings with 16 kg

(123)

. Heavier kettlebells had a larger

effect on testosterone and cortisol when performing 12 minutes of swings, in which workload
was matched, however, cadence was significantly different (8 kg at 42 SPM Vs 16 kg at 21
SPM) (124). In practice, cadence typically remains consistent irrespective of kettlebell mass. A
single 25-minute kettlebell training session had similar effects on acute post-exercise glucose
tolerance to high intensity interval running (125). The clinical utility of these data is unclear.

2.5.2.4

ACUTE PROFILING – MECHANICAL DEMAND

Six acute studies investigated mechanical demands of kettlebell exercise (Table 2.4).
Normalised to body mass, mechanical demands of a two-handed swing with 32 kg had the
largest impulse (3.0 (0.2) N.s.kg-1) when compared with peak back squat at 60% 1RM (2.1 (0.2)
N.s.kg-1) and jump squat at 40% 1RM (2.7 (0.4) N.s.kg-1) (126). A two-handed swing with 16 kg
produced similar impulse to the jump squat at 0% or 60% of 1RM, and a 24 kg swing produced
similar impulse to the 20% 1RM jump squat. The vertical jump has been used as a proxy for
measuring power output, with the swing purported to be effective for improving activities
associated with explosive hip extension, such as sprinting. A two-handed swing with 20%
bodyweight, produced a smaller average peak and time-to-peak rate of force development, than
a vertical jump (127), suggesting a lack of specificity to improve vertical jump performance.
During two-handed hardstyle swings, vertical braking force with a 24 kg kettlebell was
reported to be approximately 25% greater during braking (down-swing) than acceleration (upswing) (128). Horizontally, the swing appeared to create approximately double the force and fourtimes the power of a single-arm hardstyle snatch using the same load. These data must be
interpreted with caution however, as the start of the propulsion phase was an upright standing
position holding the kettlebell in front of the thighs and included the transition from upright
standing to terminal backswing (bell between the legs).
Vertical force, during the upward phase of the two-handed swing to chest height, was reported
to be roughly equal to the upward phase of a one-handed overhead snatch. Braking force during
the downward phase of the swing, was approximately 40% higher than the downward phase of
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the snatch, but the downward phase of the snatch involved approximately 15% more Work (128).
The swing has a significantly shorter braking phase (0.30s Vs 0.40s), larger Impulse ratio (time
under tension: 21% Vs 14%) and propulsion (26% Vs 14%) than the snatch likely attributable
to the bilateral vs unilateral nature of the exercises (128).
During a single arm swing with 16 kg, peak compression force of 3,195 N at the lumbar
spine was reported at the bottom of a swing. An active bracing strategy, described as the kime,
increased average compression by a further 1,054 N

(129)

. A unique property of the kettlebell

swing was reported as a posterior shear force (461N), said to be so unusual that potential risks
are unknown. The same study reported lumbar movement from 26o of flexion to 6o during a 2handed swing with 16 kg.
During an overhead two-handed swing, a transition from tensile to compressive force at the
shoulder was shown to occur in the upper 30% of the kettlebells’ arc, with the majority of force
and power reported to have derived from the posterior chain musculature (130). A peak resultant
ground reaction force (GRF) of 1,768 N (242) was reported among male amateur lifters, roughly
equal to 2× mean bodyweight (87.7 kg ± 11.6 kg) (59).

2.5.2.5

ACUTE PROFILING – PERFORMANCE

Two studies reported acute performance measures associated with kettlebell exercise (Table
2.5). One minute of two-handed swings performed with 16 kg was sufficient to induce fatigue
(defined as a reduction in torque production) in the lumbar extensor muscles, but was
significantly less than an isolated lumbar extension (MedX) exercise

(131)

. No significant

interactions or main effects, for any variable in countermovement jump performance, were
reported between kettlebell swings and kettlebell jump squats using a load equal to 20%
bodyweight (132).
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Table 2.3 Study characteristics investigating acute hormonal response to kettlebell exercise
Population
Measures

Exercise

Hardstyle
/ Sport /
other

Format

Load
(kg)

n

Age (yrs)

Weight (kg)

Sex

Active

Kettlebell
proficient
/ novice

Budnar et al
(2014)

10

19 - 30

78.7 ± 9.9

male

Y

novice

testosterone, growth hormone, and
cortisol

Swing

hardstyle

30:30 12

16

Greenwald et al
(2016)

6

24.3 ± 4.1

80.7 ± 10.2

male

N

novice

glucose tolerance

Circuit

other

25 mins

9 - 11.3

Raymond et al
(2018)

10

19 - 43

82.2 ± 14.6

male

Y

novice

testosterone and cortisol

Swing

hardstyle

12 min 30:30

8 - 16

Author

Table 2.4 Study characteristics investigating mechanical demand of kettlebell exercise
Participants
Exercise

Hardstyle
/ Sport /
other

Load
(kg)

Control /
comparator

2H swing

hardstyle

16 - 32kg

16, 24, 32kg

2H swing

hardstyle

24kg

snatch

n

Age (yrs)

Weight (kg)

Sex

Active

Kettlebell
proficient
/ novice

Lake et al
(2012a)

16

24 ± 2

90.2 ± 14.4

M

Y

novice

Lake et al (2014)

22

28 - 41

75.2 ± 14.6

M

Y

proficient

Mache et al
(2016)^

25

22 ± 6 (F)
23 ± 2 (M)

66.4 ± 9.2 (F)
78.3 ± 8.5 (M)

M/F

Y

novice

peak, average and time to peak rate of force
development

2H swing

other

≈20% BW

vertical jump

McGill et al
(2012)

7

25.6 ± 3.4

82.8 ± 12.1

M

Y

proficient

peak and average muscle excitation, lumbar
compression, and shear force

1H swing

hardstyle

16kg

swing with kime,
snatch, bottom-up
+ racked carry

OH swing

other

8 - 16kg

8, 12, 16kg

snatch

Sport

24kg

none

Author

Measures
impulse, peak, and mean force and power to
centre of mass, kettlebell displacement, peak
and mean velocity
impulse, mean force, displacement, magnitude,
rate of work, phase durations and impulse ratio

Mitchell et al
(2016)^

2

early 20’s

53 & 75

F

Y

proficient

position and orientation, joints, and centres of
mass of arm segments. Velocity and
acceleration, forces, and moments of the upper
limb

Ross et al (2017)

12

34.9 ± 6.6

87.7 ± 11.6

M

Y

proficient

ground reaction forces, velocity, and temporal
measures of resultant kettlebell force

^conference paper, 1H = one-handed, 2H = two-handed, OH = overhead, BW = bodyweight
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2.5.2.6

ACUTE PROFILING - CARDIOMETABOLIC RESPONSE

Establishing whether kettlebell training has the potential to increase aerobic capacity has
been of interest to researchers. Sixteen studies reported acute cardiometabolic responses to
kettlebell exercise (Table 2.6). The oxygen cost of completing as many two-handed swings as
possible in 12 minutes (range: 197 - 333) with 16 kg was reported and compared with a graded
treadmill test to exhaustion (133). Classified as hard by ACSM standards, average HR (165 ± 13
b·min-1 = 86.8 ± 6.0% HRmax) was significantly higher than average VO2 (34.31 ± 5.67 ml·kg1

·min-1 = 65.3 ± 9.8% VO2max). At matched RPE, 10 minutes of two-handed swings compared

with continuous treadmill running resulted in significantly lower VO2 (34.1 ± 4.7 Vs 46.7 ± 7.3
ml·kg-1·min-1), METS (9.7 ± 1.3) and energy expenditure (12.5 ± 2.5 Vs 17.1 ± 3.7 Kcal·min1

). This was reported sufficient to increase aerobic capacity (134).
Heart rate was shown to significantly increase with 12 successive rounds of two-handed

swings (67±0 at rest to 169±5 bpm). Significant post-exercise hypotension at 10 mins (~4
mmHg SBP, ~3 mmHg DBP) and 30 mins (~4 mmHg SBP, ~3 mmHg DBP) was also reported
(135)

however, a resting mean HR of 67±0 bpm among 17 participants raises concerns around

reliability. Performing as many two-handed swings as possible in 12 minutes was also reported
to be perceptually harder, with increasing feeling of heat stress, muscle pain and higher
sustained HR, that a kettlebell circuit workout completed at 90% 6RM (136).
A Tabata-inspired kettlebell circuit using a 2:1 work:rest ratio, was compared to 1:8
(30s:4min) sprint interval cycling in ‘very active’ males, with the kettlebell protocol proposed
to be more attractive and sustainable

(137)

. The authors concluded that the high intensity

kettlebell protocol would be effective in stimulating cardiorespiratory and metabolic responses,
which could improve health and aerobic performance (mean VO2peak 29.1 ± 0.09 ml·kg-1min1

= 55.7% VO2max).
At a controlled work rate of 20 two-handed swings (40 SPM) and 10 sumo deadlifts

performed every minute on the minute versus continuous cycling on an ergometer at 80rpm,
showed no significant differences in any physiological (HR, VO2), subjective (RPE) or
metabolic (RER, MET) response

(138)

. HR and RPE were significantly higher using the same

30-minute kettlebell protocol when compared with treadmill walking, at matched VO2, with no
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difference in RER, kcal.min-1, and BP (139). Both studies had male and female participants, with
very large variation in anthropometrics.
No post-exercise hypotensive response was observed in normotensive individuals
performing two-handed swings for 20 minutes (140). A statistically significant attenuation in BP
reactivity compared to control was reported, immediately following a cold pressor test, however
the clinical utility of this phenomenon is unclear. Significant reductions in post-exercise BP,
120 minutes post-exercise, were also reported following 12-minutes of discontinuous twohanded swings (88 to 486 swings completed), compared with a kettlebell circuit of 6 exercises
among hypertensive or pre-hypertensive males

(141)

. Comparisons of effect are limited due to

exposure bias, and a decrease of only 4 mmHg to reach clinical significance.
Jay’s VO2 snatch cadence test (cMVO2)

(63)

was modified by Chan

(142)

to simulate a

kettlebell sport event and measure VO2 over 10 minutes. Increasing snatch cadence with a 16
kg kettlebell, and multiple arm changes, was compared with a graded rowing ergometer with
increasing power output. HR was comparable (≈175 ± 8-10 b.min-1) but mean peak oxygen
consumption (37.5 ± 43.5 Vs 45.7 ± 6.6), respiratory exchange ratio (1.10 ± 0.060 Vs 1.18 ±
0.047), and minute ventilation (132.7 ± 19.2 Vs 157.1 ± 20.1), were significantly lower in the
snatch cadence test. VO2 response to the cMVO2 test was also reported to be significantly lower
than the Bruce treadmill protocol (40.3 ± 2.2 Vs 49.7 ± 6.6 ml·kg·min-1) among a small mixed
sex group with very large variation in anthropometrics

(143)

. Mean VO2 was 31.6 ± 3.71

ml·kg·min-1 however, the range in HR (128-180 bpm), %VO2max (67-91) and RPE (10-18)
suggest these data may be poorly reliable.
An incremental kettlebell swing test (IKT), showed a strong correlation in peak oxygen
uptake with the incremental treadmill test (3.27 ± 0.67 Vs 3.99 ± 0.71 LO2·min-1, r = 0.92) (144).
Mean peak values for the IKT were significantly lower for VO2, HR, BLa and VE. It was
reported that in most participants, muscle fatigue rather than cardio-respiratory factors caused
exhaustion in the IKT test. Clinical utility, validity, and reliability of the IKT are currently
unknown.
With respect to the modifiable factors of swing cadence, kettlebell mass and rest periods,
increases in kettlebell mass (8 kg,12 kg,16 kg) or cadence (32, 40, 48 SPM) were reported to
significantly increase cardiometabolic demand (HR, RPE & BLa)
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(56)

. It should be noted that

kettlebell proficient participants reported that a cadence of 32 SPM was ‘unnaturally slow’,
with the ballistic hip hinge eliminated, and dynamic swinging motion said to have become a
static resistive motion. Researchers suggested that the resultant shoulder-dominant exercise
likely inflated the physiological variables. In addition, swings have been reported to become
perceptually harder with increasing kettlebell mass

(112)

, and reduced rest periods have

significantly increased metabolic response when volume-matched with low load kettlebells (145).
The effect of different recovery strategies on lactate clearance following two-handed swings to
volitional failure has also been reported (146). A statistically significant difference in clearance
time and post-recovery performance occurred at ≈9-mins post-exercise, although this is unlikely
to be clinically meaningful.

2.5.2.7

ACUTE PROFILING – ‘UNCATEGORISED’

Three publications were not categorised as the outcomes were unique and incompatible for
synthesis (Table 2.7). Small effect size reductions in pain pressure threshold (PPT) have been
reported in lumbar and hip musculature following a Tabata-inspired (2:1) work:rest ratio, using
a low-load, load-volume protocol

(113)

. A bilateral kettlebell carry was shown to be highly

predictive of stretcher carry performance among Australian Army soldiers
mass determined to be the most influential physical characteristic (115).
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(114)

with lean leg

Table 2.5 Study characteristics investigating acute performance characteristics associated with kettlebell exercise
Participants
Author

Edinborough et al
(2016)
Ros et al (2016)*
*

Observing

Exercise

Hardstyle
/ Sport /
other

Format

Load
(kg)

n

Age (yrs)

Weight (kg)

Sex

Active

Kettlebell
proficient
/ novice

10

20 - 25

79.94 ± 11.4

M

Y

novice

muscular fatigue
(acute torque production)

2H swing

other

1 min continuous

16

7

19.14 ± 1.86

70.56 ± 7.25

F

Y

novice

post-activation potentiation on
countermovement jump performance

2H swing

other

5 reps, 1 min rest,
5 reps, 3 mins rest

20% BW

thesis, 2H = two-handed, BW = bodyweight
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Table 2.6 Study characteristics investigating acute cardiometabolic response to kettlebell exercise
Participants
Exercise

Hardstyle
/ Sport /
other

Format

Load
(kg)

n

Age (yrs)

Weight (kg)

Sex

Active

Chan et al (2018)

10

28.4 ± 4.6

95.1 ± 14.9

M

Y

proficient

VO2, HR, RER, VE, RPE

snatch

Sport

10 mins (cont.)

16

Duncan et al (2015)

16

23 ± 2.9

76.3 ± 14.7

M/F

Y

novice

HR, Bla

swing

hardstyle

2 mins, 40BPM &
80BPM

4-8

Farrar et al (2010)

10

20.8 ± 1.1

77.3 ± 7.7

M

Y

novice

VO2, HR

swing

hardstyle

12 mins

16

Ferreira et al (2018)

12

24.3 ± 7.0

74.1 ± 9.4

M/F

Y

novice

BP

swing

other

20 mins, 18s/min

unknown

Fortner et al (2014)

14

18 - 25

66.5 ± 6.9 (F)
81.7 ± 3.0 (M)

M/F

Y

novice

VO2, HR, Bla, RPE

swing

other

4 mins, 20:10

4.5 (F) 8 (M)

Hulsey et al (2012)

13

19 - 27

73.0 ± 9.2

M/F

Y

novice

VO2, HR, METS, RER,
ventilation, kcal, RPE

swing

other

10 mins, 35:25

8 (F) 16 (M)

Martin et al (2012)*

8

28.5 ± 5.5

86 ± 15

M

Y

novice

HR, BP

swing

hardstyle

12 mins

16

15

18 - 35

54.3 - 101.8

M/F

Y

novice

Bla

swing

hardstyle

volitional failure (RPE
15 or 95% HRmax)

14 - 16 (F)
20 - 24 (M)

10

29 - 46

59.9 - 116.6

M/F

Y

proficient

VO2, HR, kcal, RPE

snatch

hardstyle

5 mins, 15:15

12 – 20

10

29 - 46

59.9 - 116.6

M/F

Y

proficient

HR, Temp, Bla, pain,
thermal sensation, RPE

snatch

hardstyle

5 mins, 15:15

12 – 20

11

25.9 ± 4.0

73.1 ± 21.1

M/F

Y

novice

VO2, HR, Bla, ventilation

swing

hardstyle

to exhaustion

Unknown

swing +
deadlift
swing +
deadlift

hardstyle

3× 10mins, EMOM

8 (F) 16 (M)

hardstyle

3× 10mins, EMOM

8 (F) 16 (M)

Santillo et al
(2016)*
Schnettler et al
(2009)*
Schreiber et al
(2014)*
Šentija et al (2017)

*

Observing

Kettlebell
proficient
/ novice

Author

Thomas et al
(2014)*

10

23 ± 4.4

75.45 ± 20.1

M/F

Y

novice

VO2, HR, BP, RER, METS,
grip strength, RPE

Thomas et al (2014)

10

25.3 ± 4.3

60.98 ± 16.1 (F)
93.5 ± 16.1 (M)

M/F

Y

novice

VO2, HR, BP, RER, kcal, RPE

Wesley et al (2017)

18

30 ± 9.6

68.2 ± 9

F

Y

proficient

HR, Bla, RPE

swing

hardstyle

15:15, ×10

8, 12, 16

Williams et al
(2015)

8

21.5 ± 0.86

2.95 ± 11.62

M

Y

novice

VO2, HR, RER, TV,
breathing frequency, VE, kcal

circuit

other

20:10, 4 mins, ×3

10 – 22

Wong et al (2017)#

17

23 ± 1

74.1 ± 4.9

M/F

Y

novice

HR, BP

swing

hardstyle

30:30, ×12

8 (F) 16 (M)

thesis, # accepted for publication, EMOM = every minute on the minute, RPE = rate of perceived exertion, BPM = beats per minute
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2.5.3 LONG-TERM PHYSIOLOGICAL RESPONSE
Table 2.8 shows the study characteristics of two randomised controlled trials using pragmatic
hardstyle kettlebell training with older adults. Large effect sizes were reported in a mixed-sex
group with Parkinson’s disease following 15 weeks of training (147). Significant improvements
were reported for the Timed Up and Go, Sit and Lift, elbow flexion and lower limb strength
and torque measures compared to the ‘non-periodic activities group’ which performed
bodybuilding exercises and stretches. Very encouraging medium to large effect size increases
in handgrip strength, back strength, and sarcopenia index, were reported in a good-quality RCT
in elderly women with sarcopenia

(148)

. Improvements in axial skeletal muscle mass and

sarcopenia index were maintained at four weeks after cessation of training, with significant
reductions in the same measures occurring in matched controls.
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Table 2.7 Study characteristics investigating change in pain pressure threshold and task-related predictive test of a bilateral carry
Participants
Observing

Exercise

Hardstyle
/ Sport /
other

Format

Load
(kg)

n

Age (yrs)

Weight (kg)

Sex

Active

Kettlebell
proficient
/ novice

Keilman et al
(2017)

60

25.12 ± 2.86

70.49 ± 13.32

M/F

unknown

novice

pain pressure threshold

2H swing

hardstyle

8 rounds, 20:10

8 (F) 12 (M)

Beck et al (2016)

73

43.4 ± 9.7 (F)
40.9 ± 10.2 (M)

67.2 ± 9.6 (F)
90.3 ± 12.4 (M)

M/F

Y

n/a

carry distance to
volitional failure

farmer's walk

n/a

at 4.5 and 5.0 km/hr

2× 22

Beck et al (2017)

67

24 - 59

82.9 ± 15.7

M/F

Y

n/a

carry distance to
volitional failure

farmer's walk

n/a

at 4.5 km/hr

2× 22

Author

2H = two-handed

Table 2.8 Study characteristics investigating long-term physiological response to kettlebell training
Participants
Author

Chen et al
(2018)

Marcelino et
al (2018)

n

33

26

Age
(yrs)

66.7
± 5.3

64.94 ±
9.29

Weight
(kg)

66.3
± 12.1

74.85
± 13.94

Sex

F

M/F
(13M, 4F)

Active

N

N

Kettlebell
proficient
/ novice

Observing

Exercise

Hardstyle
/ Sport /
other

Duration

Format

Freq
/wk

Load
(kg)

Control/
comparator

Randomised

2

60-70%
1RM

Control

Y

-

60-85%
1RM

body building
and stretching
exercises

N

novice

skeletal and appendicular
x 11: swing, deadlift,
muscle mass, body fat mass,
goblet squat, squat
sarcopenia index, pulmonary lunge, row, single arm
function, grip strength,
row, biceps curl,
isometric back strength,
triceps extension,
chronic proinflammatory
two-arm military
cytokine concentration
press, Turkish get up

hardstyle

8

60 mins, 5
ex's, 3 sets,
8-12 reps,
2-3 mins
rest

novice

timed up and go, sit and lift,
bottom-up, first stages
elbow flexion, 6-minute
of Turkish get-up,
walk, lower limb peak
farmer walk, goblet
torque, Berg Balance Scale,
squat, dead lift and
static postural stability (COP
swing
displacement)

hardstyle

15

-
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2.5.4 LONG-TERM PERFORMANCE IMPROVEMENT
Table 2.9 shows study characteristics and reported long-term performance improvements
from kettlebell training. Changes in postural reaction time following kettlebell training have
been reported in a good-quality RCT

(149)

. A basic low-volume, low-intensity program of

kettlebell swings performed twice a week for 8 weeks, resulted in a large reduction in reaction
time to perturbation (-109 ms). In a separate publication with the same participant
demographics, relative reductions in mean musculoskeletal pain intensity of 57% and 46% in
the low-back and neck/shoulder regions respectively were also reported (150).
Moderate increases in upper limb endurance (bent arm hang time) have been reported in a
moderate-quality trial (151). Large improvement in trunk endurance (prone plank time), moderate
improvements in dynamic single leg balance, and leg press strength, and small improvement in
grip strength, were also reported from a moderate-quality hardstyle kettlebell circuit performed
twice a week for 8 weeks with young, heathy active participants (152). Compared to weightlifting
training, there was no statistically significant difference between groups for the power clean
and kettlebell training, and only a small significant difference for improvement in back squat
strength

(97)

. Changes in half squat strength and vertical jump height have been reported

(153)

,

although the effect size was small for a trained population. Small improvements in mean bench
press 1RM and moderate mean improvement in barbell clean and jerk were reported from a
comprehensive (>20 exercises) pragmatic hardstyle kettlebell program performed twice a week
for 10 weeks (154).
Meaningful conclusions cannot be made from studies with low methodological quality. The
authors of a pilot study of kettlebell swings and barbell back squats reported no significant
difference in vertical jump performance between groups, but suggested the findings were
‘practically significant’ (155). Another study involving eight weeks of kettlebell swings, in which
the authors describe the training volume as ‘inadequate’, unsurprisingly reported no significant
improvement in vertical jump and sprint performance in recreationally active females

(156)

.

Another study, involving kettlebell swings performed with a ‘kettleclamp’ device, reported an
increase in power and strength compared with explosive deadlift training, but the conclusions
were not supported by the data (157). Poor study design and reporting have affected studies of:
kettlebell training compared with battle ropes (158), investigation of trunk strength and endurance
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in volleyball players (159), physical performance of American Football (160) and handball players
(161)

, hammer throw performance in college-age females (162), and military fitness training (163).

2.5.5 INJURY AND REHABILITATION
Based on a large differential in vastus lateralis (VL) to semitendinosus (ST) sEMG preactivity during standardised side-cutting manoeuvres, a single case study was described, of a
female soccer player retrospectively identified post-injury, as a high risk of ACL rupture (164).
Risk was characterized by reduced sEMG pre-activity for the ST, and elevated sEMG preactivity for the VL, with a high-risk zone defined as one SD above the mean VL-ST difference
(165)

(Table 2.10). Ten months post-ACLR and standard post-surgical rehabilitation, the player

was deemed ready to return to play despite persistence of the high-risk neuromuscular pattern.
Based on the author’s previous work (116), a low-volume intervention (<1000 swings, <25 mins
total time) performed over six weeks, was reported to have reduced the player’s ACL risk
profile from high to low.
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Table 2.9 Study characteristics investigating mean long-term performance improvement from kettlebell training

27–32

unknown

F

Y

Beltz et al
(2013)

17

22.1 ± 2.80
(M)
21.5 ± 3.93
(F)

77.7 ±
10.86 (M)
64.5 ±
12.56 (F)

M/F

Y

Chen et al
(2018)

33

66.7 ± 5.3

66.3 ± 12.1

F

N

other

8

60 mins

3

unknown

VO2 +6.31 ml.kg-1.min-1
Average Power +8.30W
Maximum Power +20.53W
Bent arm hang +13sec

8

45-60 mins

2

unknown

Dynamic balance (PL) +7.2cm
VO2 +5.0 ml.kg-1.min-1
Leg press +41.7kg
Grip strength +1.7kg
Prone plank +45sec

8

60 mins, 5
ex's, 3 sets, 812 reps, 2-3
mins rest

2

60-70%
1RM

3

unknown

Exercise

novice

hand speed, flexibility,
explosive strength, strength
endurance, agility, VO2,
Wingate test

circuit (unknown)

novice

strength, aerobic capacity,
body composition, flexibility,
balance, and core strength.

circuit

hardstyle

novice

skeletal and appendicular
muscle mass, body fat mass,
sarcopenia index, pulmonary
function, grip strength,
isometric back strength,
chronic proinflammatory
cytokine concentration

x11: swing, deadlift,
goblet squat, squat
lunge, row, single
arm row, biceps curl,
triceps extension,
two-arm military
press, Turkish get-up

unknown

other

8

60 mins

hardstyle

Elbadry et al
(2018)

40

20.17 ± 0.4

75 ± 2.9

F

Y

novice

Standing LJ, softball throw,
grip, LL strength, hammer
throw

Falatic et al
(2015)

17

19.7 ± 1.0

64.2 ± 8.2

F

Y

novice

aerobic capacity (VO2)

Jay's MVO2 snatch
protocol

hardstyle

4

20 mins, 15:15

3

12

Holmstrup et
al (2016)

18

18 - 25

unknown

F

Y

novice

Sprint performance

swing

hardstyle

8

10:10 x8

2

9.1 - 13.7

swing

hardstyle

8

10-15mins,
30:60 to 30:30
×10

swing

hardstyle

8

Jay et al
(2011)

40

44 ± 8

68 ± 11

M/F

N

novice

self-reported pain
(neck/shoulders, back),
strength (back, trunk,
shoulder), VO2

Jay et al
(2013)

40

44 ± 8

68 ± 11

M/F

N

novice

postural reaction to external
perturbation, vertical jump
performance

47

10-15mins,
30:60 to 30:30
×10

Randomised

40

Load
(kg)

Observing

Control/
comparator

Active

Ambrozy et al
(2017)

Format

Freq/wk

Weight
(kg)

Duration (weeks)

Age (yrs)

Hardstyle
/ Sport /
other

n

Sex

Author

Kettlebell
proficient
/ novice

Participants

Minimally
active

Y

Moderate (SMD = 1.14, p≤0.05)
Trivial (d = 0.33, p≤0.05)
Moderate (d = 0.82, p≤0.05)
Small (d = 0.42, p≤0.05)
Very large (d = 1.32, p≤0.05)

Y

N

Sarcopenia index -0.26
Handgrip strength (L) +4.26kg
Handgrip strength (R) +4.71kg
Back strength +6.37kg
Peak expiratory flow +0.79L/s

Med/Lrg (d = 0.79, p≤0.05)
Very large (d = 1.2, p≤0.05)
Large (d = 0.88, p≤0.05)
Large (d = 0.83, p≤0.05)
Med/Lrg (d = 0.79, p≤0.05)

Y

Y

Standing long jump +11.37
Softball throw +6.94
Handgrip strength (L) +12.72
Handgrip strength (R) +6.82
Static strength (BS) +6.06
Static strength (LS) +9.76
Performance (hammer) +22.27

Medium (d = 0.66, p≤0.05)
Huge (d = 2.74, p≤0.05)
Huge (d = 2.92, p≤0.05)
Large (d = 0.94, p≤0.05)
Medium, (d = 0.64, p≤0.05)
Very large, (d =1.37, p≤0.05)
Very large (d = 1.20, p≤0.05)

Y

unknown

circuit
weight
training

N

Small (SMD = 0.48, p>0.05)
Trivial (SMD = 0.04, p>0.05)

N

N

Small (SMD = -0.94, p≤0.05)
Small (SMD = -0.89, p≤0.05)
Trivial = (SMD = 0.47, p≤0.05)
Trivial (SMD = 0.29, p>0.05)
Trivial (SMD = 0.39, p>0.05)
Trivial (SMD = 0.39, p>0.05)

Y

Y

Medium (SMD = 1.5, p>0.05)
Large (SMD = -2.87, p≤0.05)

Y

Y

Effect

VO2max +2.3 ml.kg-1.min-1
Vertical jump +2.4cm
Sprint -1sec

3

8-16

Neck/shoulder pain VAS -1.7
Low back pain VAS -1.6
Back extension MVC +19.6Nm
Trunk flexion MVC +12.0Nm
Shoulder elevation MVC +7.0Nm
VO2max +2.9 ml.kg-1.min-1

3

8-16

Vertical jump +1.5cm
Stopping time -109ms

Effect size

Trivial (d = 0.27, p≤0.05)
Trivial (d = 0.10, p≤0.05)
Trivial (d = 0.15, p≤0.05)
Moderate (d = 1.36, p≤0.05)

Medium (SMD = 0.72, p<0.05)

Table 2.9 continued.
Lake et al
(2012)

21

18 - 27

72.58 ±
12.87

M

Y

novice

half squat 1RM and vertical
jump height

swing

hardstyle

6

30:30 ×12

2

12-16

Half squat +18kg
Vertical jump +3cm

Manocchia et al
(2013)

37

40.8 ± 12.9

76.6 ± 14.4

M/F

Y

novice

transfers of strength and power
+ muscular endurance

>20

other

10

60 mins

2

unknown

Maulit et al
(2017)

31

23.1 ± 2.3

83.9 ± 13.8

M

Y

novice

strength and power

swing

other

4

4 sets × 5 reps
to 6×4

2

10-12.5%
MTP

Ooraniyan et al
(2018)

30

18 - 23

unknown

M

Y

novice

lower limb strength, muscular
strength

pistol squat, biceps
curl, row, front raise

other

6

unknown

3

unknown

Otto et al
(2012)

30

19 - 26

78.99 ±
10.68

M

Y

novice

strength, power, and body
composition

swing, accelerated
swing, goblet squat

other

6

1-3 sets
(3×6,4×4,4×6
then
4×6,6×4,4×6)

2

16

Parasuraman et
al (2018)

45

18 - 25

unknown

M

Y

novice

Max push-ups, plank
endurance

various

other

6

45 mins

3

unknown

Smith et al
(2014)

28

20 - 29

unknown

M/F

Y

novice

post-activation potentiation
and vertical jump

swing

other

8

×4-6 squat + ×5
CMJS

3

20-36

Vertical jump +4.62cm

Moderate (SMD = 1.17, p<0.05)
Small (SMD = 0.63, p<0.05)

N

N

Deadlift 1RM +8.2kg
Vertical jump +1.1cm

Moderate (SMD = 1.17, p>0.05)
Small (SMD = 0.63, p>0.05)

Explosive
deadlift

Y

Lower limb strength

Large (SMD = 0.40, p≤0.05)
Small (d = 1.02, p≤0.05)
Moderate (SMD = 1.02, p≤0.05)
Large (d = 0.99, p≤0.05)

Y

Y

N

N

Y + battle
ropes

Y

Y+
squat

N

Y + battle
ropes

Y

Nabraska Uni
fitness
protocol

N

KB + run
USAF

N

Muscular strength
**measures not described**
Vertical jump +0.18cm
Back squat +5.58kg
Power clean +3.35kg
Max push-ups +4
trunk endurance +57s

Kramer et al
(2015)

27

18 - 26

80.0 (M)
63.9 (F)

M/F

Y

novice

anaerobic power

various (x5)

other

4**

15:45 ×5 ×2

3

9-16

Kruszewski et
al (2017)

24

21.2 ±1.2

89.83 ± 9.62

M

Y

novice

40yrd run, agility, CM jump,
standing long jump, bench
press

various

Sport

32

Complex

4

16-72

Training effects not reported

6-14

Body fat (2.5%)
Max push-ups (6)
Max sit-ups (3)
1.5-mile run (12 sec)
Max grip strength (3.1kg)
Pro agility (0.1 sec)
Vertical jump (1.3cm)
40-yard dash (0.4 sec)

17

30.4 ± 6.9

81.4 ± 12.4

M/F

Y

novice

USAF fitness, speed, power,
and agility

swing

other

10

** discontinuous

48

5× 2 mins, 30s
rest

3

Y

Barbell clean & jerk +4.2kg
Barbell bench press +14.2kg

Mean Power
Peak Power
Rate of Fatigue

Wade et al
(2016)

Small (SMD = 0.82, p?)
Jump squats
Small (SMD = 0.60, p?)

Trivial (SMD = 0.05, p≤0.05)
Trivial (SMD = 0.18, p≤0.05)
Trivial (SMD = 0.18, p≤0.05)

KB>CON, p≤0.05
Very small (d = -0.04, p>0.05)
Trivial, p>0.05

Small (d = -0.37, p≤0.05)
Very small (d = -0.03, p>0.05)
Small (d = -0.47, p >0.05)
Medium/Large (d = -0.79, p >0.05)
Small (d = 0.10, p >0.05)
Small (d = -0.40, p >0.05)
Small (d = 0.36, p >0.05)
Small (d = -0.40, p≤0.05)

Table 2.10 Single case study characteristics investigating kettlebell swings 10-months post-ACLR surgery
Participants
Author

Zebis (2017)

n

1

Age
(yrs)

21

Weight
(kg)

Sex

unknown

F

Active

Y

Kettlebell
proficient
/ novice

novice

Observing

Exercise

Hardstyle
/ Sport /
other

Duration
(weeks)

Format

Freq/wk

Load
(kg)

differential in vastus lateralis
to semitendinosus
pre-activity
(% of max EMG)
Counter movement jump

swings

hardstyle

6

3-5 sets, ×20
reps, 20s rest
(×10 sessions)

2

16-20

ST = semitendinosus, BF = biceps femoris
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Effect

ST - 23% ↑ 61%
BF - 26% ↓ 17%
-0.3cm

2.5.6 CLINICAL OPINION
Twenty-two opinion pieces from primary care clinicians and academics were identified, and
three case reports of injury, which a primary care physician had attributed to kettlebell training.
The first publication was a summary of hardstyle training principles (166). This was followed by
a recommendation to include kettlebells in lower extremity sports rehabilitation (57) and a single
case report incorporating kettlebells in the late stages of shoulder rehabilitation following
rotator cuff surgery
purposes

(167)

. Two general articles about hardstyle training for rehabilitation

(168, 169)

, were followed by recommendations for using specific kettlebell techniques

as a method of ‘functional training’, proposed to ‘mirror the challenges one faces in day to day
activities’ (170).
The TGU was described for patient self-management to teach ‘the motor control needed for
daily activities, occupation, and sports’ (171), for integrating mobility, stability, symmetry (left,
right, front, back), coordination, balance and strength (172), as a therapeutic exercise for injury
prevention and performance enhancement (173), as a strength and conditioning tool for a variety
of athletes

(174)

, and as a component of kettlebell training to develop strength and power

(175)

.

Only one article, written for instructional purposes, illustrates each of the ‘big 6’ techniques as
descried by Tsatsouline

(176)

. Five kettlebell exercises have been individually described with

proposed clinical or performance benefits; a modified swing

(177)

, thruster

(178)

, arm bar

(179)

,

reverse lunge with overhead press (180) and a lunge clean (181).
In sports, the use of kettlebells within program design has been described as a safe and
effective modality that enhances the training experience

(73)

and discussed in a

point/counterpoint for inclusion in strength and conditioning programs

(182)

. A sample

periodised program for the clean and jerk, and snatch exercises, within an athlete’s general
conditioning for kettlebell sport has also been presented (183).
Three case reports of injury have been published. An onset of De Quervain's tenosynovitis
was attributed to repetitive trauma to the extensor pollicis brevis tendon (184), exercise induced
non-traumatic rhabdomyolysis without complication

(185)

, and a radial stress fracture

(186)

.A

clear mechanism is challenging to ascertain from the case report of De Quervain's tenosynovitis,
as ‘off-centre handle holding’ position and ‘triceps strengthening exercises’, do not reasonably
account for ‘repetitive trauma’. An off-centre hand position is typical of kettlebell sport, and
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repetitive impact on the forearm is most likely to be reported by novices learning to perform a
kettlebell clean and kettlebell snatch. This may occur irrespective of style (sport or hardstyle),
and the kettlebell clean and kettlebell snatch are not described as a ‘triceps strengthening
exercises’. An overhead press may be described as such, but the kettlebell would be resting
statically against the forearm with no repetitive impact, thus, the cause is unclear.
Exercise induced non-traumatic rhabdomyolysis is a case of ‘too-much too-soon’. This
condition is not unique to kettlebell training as numerous examples have been reported
involving other forms of resistance training

(188-192)

, stationary cycling

(187)

,

(193-195)

, CrossFit and

extreme condition programs (196, 197), and basic push-ups (198). The case report of a radial stress
fracture, describes an incident of mechanical overload, coinciding with an intentional increase
in training load intensity in a well-trained kettlebell sport athlete. Each case report appears to
clearly outline a technique or training load error. Broad risk management strategies for fitness
professionals using kettlebells have also been described (199).

2.5.7 QUALITY OF EVIDENCE STRENGTH OF RECOMMENDATIONS
Two reviewers independently evaluated randomised controlled trials using a modified
Downs & Black quality assessment checklist (106). Trials were excluded from quality assessment
for the following reasons: i) single participant (164), ii) effects could not be attributed to only the
kettlebell (163), iii) the trial was discontinuous (158) and iv) pre-intervention data was not captured
(160)

. The quality scores are illustrated in Figure 2.6.
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Figure 2.6 Modified Downs & Black quality assessment of Randomised Controlled Trials

2.6

DISCUSSION

We conducted a scoping review which included 99 publications. The current body of
evidence is represented by a small number of longitudinal studies, which are largely
underpowered and generally of low methodological quality (109). Three publications (149, 150, 161)
from two studies had participants randomised to an intervention or inactive control. With high
risk of bias, confidence in reported effects is low. Further research is very likely to have an
important impact on our confidence in the estimate of effects. Trial descriptions of exercise
interventions are suboptimal, and no publication has used the Consensus on Exercise Reporting
Template (CERT)

(200)

with only one RCT pre-registered. The validity of reported outcomes

likely to have clinical utility, have yet to be established with repeated trials. Largely based on
healthy college-age participants, the current body of research has limited applicability to
clinical or high-performance athletic populations.
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Our findings highlight a growing research interest, since 2009, in the effects of kettlebell
training. There have been no adverse events reported during clinical trials, and no clear or
quantifiable risk of harm from kettlebell training has been identified. It is unclear if the absence
of reported adverse events, is a true representation of kettlebell training, or a limitation in
reporting. Only one publication illustrates how to perform each of the fundamental hardstyle
exercises (176). Clinicians unfamiliar with kettlebell training, but wanting to prescribe them for
therapeutic purposes, would be wise to consult with trained practitioners. Anecdotal reports of
delayed onset muscle soreness, bruising, and discomfort from repetitive impact force to the
forearm among novices, are not unusual. As a dynamic skilled activity with a free weight, it is
advisable for a novice to receive appropriate instruction to mitigate avoidable error in execution
or inappropriate loading.
Kettlebells are increasingly being used to perform exercises typically associated with other
equipment, such as the one-arm bent over row and sumo squat. In these cases, the tool simply
becomes a weight with a handle and the exercise (or potentially the outcome), not unique to the
equipment. There may be instances where this is more desirable or necessary within a clinical
context, however, this becomes generalised exercise prescription and ‘training using a
kettlebell’ rather than ‘kettlebell training’. Kettlebells are also being used to augment traditional
exercises, such as hanging kettlebells by elastic bands to the end of an Olympic bar during a
squat or bench press (94), which bear no resemblance to kettlebell training.

2.6.1 KETTLEBELL SPORT
The differences between kettlebell sport and hardstyle could be summed up by a statement
made by Valery Fedorenko in 2013, “It’s not about 5 or 10 sets of 10, its 1 set of 100; that's
the principle” (201). In contrast, Jay described hardstyle training as ‘intermittent, high-powered
work at maximal or supramaximal intensity in the correct ratio of work and rest’ (63). There are
similarities and differences between kettlebell sport and hardstyle. For the primary care
therapist or strength and conditioning specialist, there is no indication that one technique or
style is better, more appropriate, or more effective than any other. Recommendation would most
likely be based upon the provider’s experience with or exposure to kettlebells, and the person’s
values, expectations, and preference about an exercise program they may wish to engage in.
Only four studies published in English have investigated kettlebell sport. Two studies involved
acute biomechanical analysis of kettlebell exercises (59, 120), one involved the development of a
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kettlebell snatch protocol for kettlebell sport that could be used in the laboratory (142), and one
was a University study showing medium to huge effect size changes in standing long jump,
strength and throw performance, although with high risk of bias the results are unreliable (162).

2.6.2 INTERPRETATION OF TSATSOULINE’S TRAINING PROTOCOLS
The U.S. Department of Energy ‘Man Maker’ protocol was described by Tsatsouline as
‘alternate sets of kettlebell swings to a comfortable stop, with a few hundred yards of easy
jogging for active recovery’. Performed twice a week for an arbitrary time of 12 minutes, it was
recommended that people also complete two days each week of five minutes continuous TGUs.
The program would continue until the person could perform 100 single-arm swings <5 mins
and 10 TGUs <10 mins, at a target weight. In the research literature, the Man Maker challenge
was first cited by Farrar

(133)

as a ‘popularly recommended kettlebell workout’, however the

study protocol used was 12 minutes of continuous two-handed swings. The same 12-minute
continuous format was subsequently used to measure blood pressure response
compared to a high-resistance circuit workout

(141)

, then later

(136)

. Whilst hardstyle techniques were cited,

these studies illustrate an evolution in the literature away from the principles and practices
described by Tsatsouline, based upon researcher’s interpretation of training practices.
Due to the variety of ways in which an exercise prescription could possibly include kettlebell
exercises for clinical and athletic populations, it is important that the exercise professional has
a clear idea of the acute stresses imposed on the body by this form of exercise, prior to its use.
An initial understanding of these acute stresses is being provided by studies assessing the acute
hormonal, kinetic, kinematic, cardiometabolic and electromyographic responses to kettlebell
exercise in a range of populations.

2.6.3 TRAINING VARIABILITY
The kinematic data reported from trained and expert practitioners performing a two-handed
hardstyle swing

(118, 129)

is consistent with practice. The skill acquisition of a hardstyle swing

appears to be reproducible, but its utility in clinical practice is unclear. The difference between
expert and novice is likely to apply to all kettlebell exercises, thus, the training experience of
participants in research studies should be considered when assessing validity of findings, and
the generalisability of outcome data to other populations. Other factors likely to influence
outcomes include kettlebell specific differences such as training style, kettlebell mass and swing
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cadence, and factors common to other training modalities such as work-to-rest ratio, peripheral
and central fatigue. Each of these should be assessed when prescribing kettlebell exercises and
their relative importance established for clinical populations on a case-by-case basis.
There is no indication that one type or style of swing has greater clinical utility than another.
No data suggests that swings performed in a manner which is inconsistent with the prescriptive
hardstyle pattern, is at an increased risk of harm, or are likely to have a reduced effect. When
performing a hardstyle swing in practice, much emphasis is placed on the production of power
(in the horizontal plane) and of developing ‘power-endurance’ (50) however, no published data
currently exists which quantifies or validates these claims. The potential for using movement(s)
associated with kettlebell training for therapeutic purposes has not been investigated.
Expert hardstyle practitioners performing a swing to chest-height, typically have a cadence
of 40 swings per minute (56). Swing cadence for the American swing and a ‘low swing’ in Sport
training would be lower, and cadence within Sport is typically well-controlled by the individual.
Further research using a kettlebell swing, should ensure that cadence reflects the practice or
discipline it seeks to inform, or make explicit why deviations from normal practice are being
investigated.

2.6.4

SEMG

Surface electromyography (sEMG) is a popular research tool which records the electrical
potential of skeletal muscle, with a wide variety of clinical and biomedical uses. Within
rehabilitation sciences, EMG signals are collected as participants perform the activity under
investigation, frequently using different loading conditions. Common methodology involves
the comparison of EMG amplitudes, with researchers making conclusions based on the neuroand electrophysiological correlation with muscle force. Hypotheses may be made, regarding
potential longitudinal adaptations in the characteristics and performance of skeletal muscle,
such as strength and hypertrophy. However, conclusions cannot be made about muscle
activation, force, and mechanisms of force production, or inferences made from longitudinal
outcomes based solely on sEMG amplitude
further complexity to the interpretation

(202)

. The use of unconventional exercises adds

(203, 204)

. With execution of a swing influenced by so

many variables, it is likely that the differences between swing types may not be clinically
meaningful, although considered important within their own discipline.

55

2.6.5 GROUND REACTION FORCE
Although limited, data from ground reaction force is clinically helpful, particularly where
the mechanical demands of a kettlebell swing are compared to other commonly used exercises,
or where quantifiable loading of tissues is indicated. Large increases in ground reaction force
relative to bodyweight

(59)

may be of interest to clinicians where manipulation of lower limb

load is needed, such as with symptomatic knee osteoarthritis. The load influence from kettlebell
training on specific joints, or with musculoskeletal conditions more generally, remains
unknown and warrants investigation.

2.6.6 LUMBAR SPINE
Lumbar motion, compression, and shear force data during a kettlebell swing offer
meaningful information, albeit limited to a single study (129). These data are encouraging, that
in the absence of spinal pathology, mechanical loads through the lumbar spine during a 16 kg
two-handed hardstyle kettlebell swing are low and not indicative of increased risk of harm.
Indeed, compression loads were reported below the National Institute for Occupational Safety
and Health action limit, and half that of lifting 27 kg on an Olympic bar. Resultant spine loads
were described as ‘quite conservative’ and ‘not be problematic’. How these forces might change
with increasing kettlebell mass is not known and clinicians should be cautious not to assume
they remain low. Biomechanical modelling identified a unique posterior shear force in the
lumbar spine during a kettlebell swing. Whether this is a consistent feature across individuals
remains to be seen, and the potential effect on pathological presentations such as
spondylolisthesis, a pars interarticularis defect, or osteoporosis is unknown.
More common resistance training exercises, such as a barbell deadlift, produce an anterior
shear force at the level of L4/5 with forces of much larger magnitude reported among
competitive power lifters

(205)

. Until further data is available, clinicians would be wise to use

caution if considering a kettlebell swing with someone who has a significant or unstable lumbar
spine pathology. Additionally, among kettlebell-trained participants, the lumbar spine was
reported to flex approximately half of its full range (up to 26o) at the bottom of the swing (129).
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2.6.7 MECHANICAL DEMANDS
Greater time-under-tension (impulse) may support the premise of enhancing power
endurance, however the clinical utility of impulse when compared with other forms of
resistance exercise is unclear

(126)

. Difference in impulse per repetition, compared with back

squat and jump squat, are unlikely to be clinically meaningful when compared with the
kettlebell mass and number of repetitions performed in a training session. Further research is
required to better understand the mechanical demands of kettlebell training, which may involve
several hundreds of repetitions and multiple exercises.

2.6.8 CARDIOVASCULAR RESPONSE
Kettlebell training appears to induce a cardiometabolic response sufficient to improve
cardiovascular fitness

(56, 112, 133, 134, 136, 137, 139, 142, 144, 145, 206)

provided that the dose (kettlebell

mass, volume load, and work:rest ratio) is appropriate for the individual, and sufficient to
provide an effective stimulus. Effects have often been over-reported, and reliable clinically
meaningful effects, remain to be demonstrated in a high quality randomised controlled trial.
Many of the same investigations have also demonstrated kettlebell training produces a lower
peak VO2 when other physiological and metabolic variables are matched (134, 139, 142, 144). These
data are consistent with suggestion that hardstyle kettlebell training is not the most effective
form of exercise for improving cardiovascular capacity. Physiological mechanisms for the
pressor response (disproportionately elevated HR when compared to oxygen consumption
during resistance training) have been proposed, however these claims have not been validated
in practice (62).
A basic kettlebell swing protocol has shown to produce a similar cardiometabolic demand
to other forms of physical activity such as walking (139) and cycling (138). For someone who is
home-bound with a cardiometabolic condition requiring a significant exercise stimulus, a single
kettlebell exercise may be a suitable alternative to walking and cycling. The long-term
cardiometabolic effects of kettlebell training remains equivocal. Further investigation with high
quality trials will help clinicians better understand the potential for kettlebell training to
improve cardiorespiratory fitness in clinical populations.
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2.6.9 PHYSICAL PERFORMANCE
The potential for kettlebell training to improve measures of physical performance has
received the most research interest to date. There is little evidence however to suggest that
kettlebell training, specifically, is likely to provide athletes with any marked improvement in
sports performance, with claims to the contrary remaining conjecture. Limited data comparing
effects of kettlebell training with weightlifting (97) showed only a small statistically significant
effect size difference in back squat strength, however, these data are unreliable due to a large
exposure bias in favour of the weightlifting group (80% 1RM vs 16 kg kettlebell and training
2/3 of the measures). That weightlifting training with an exposure bias did not significantly
outperform the kettlebell training, as might have been expected, perhaps warrants further
investigation.
Changes in half squat strength and vertical jump height were reported in another study (153)
although the effect size was small for a trained population. In a third comprehensive kettlebell
training program

(154)

, confidence that the reported improvements in bench press 1RM and

barbell clean and jerk are representative of the true training effect is low, due to a very large
variation in participant age, training history, and baseline physical capacity. The addition of a
reverse lunge with single arm snatch in the fourth microcycle (80-85% RPE) and TGU in the
fifth microcycle (85-95%), are technically complex exercises. Questions of external validity
may have been addressed had a CERT been provided. Combined, these data do provide limited
support for using kettlebells to improve health-related physical fitness. High-quality
randomised controlled trials are needed to increase confidence in the true effects.
Significant small-to-moderate effects have been observed in a range of physiological
parameters in active, healthy, college-age populations, which may represent opportunities for
the prescription of therapeutic exercise prescription within primary care. Applying the GRADE
criteria

(109)

to the current body of evidence however, confidence in reported effects remains

low, with strength of recommendation weakly in support of improving physical function or
performance. This is likely due to participants being largely under-dosed in experimental
conditions. Within primary care, the potential benefits of kettlebell training remain untested.
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2.6.10 TRAINING VARIABLES
The manipulation of resistance training variables is widely considered an essential strategy
to maximise muscular adaptations. There are guidelines to help make resistance training as
efficient as possible (207), but older adults are likely to require two days each week to maximise
strength gains (208). There is no consensus on a minimum volume of resistance training required
for anabolism (209), and these variable are likely to be different for kettlebell training.

2.6.11 CLINICAL USE
The clinical utility of reduced torque in the lumbar extensor muscles following swings is
unclear

(131)

. Consistent with temporal and kinetic data

countermovement jump performance

(127)

, no significant difference in

(132)

, indicates that kettlebell swings are unlikely to

provide any meaningful benefit to jump performance. Change in pain pressure threshold may
be used in clinical practice, however, there is no suggestion that this phenomenon would be
unique to a kettlebell swing, or that change in pain pressure threshold following kettlebell
swings (113) has a clinically meaningful effect. Loaded carries are also not unique to kettlebells,
so the utility of carry data for clinical practice in relation to the specific prescription of kettlebell
exercises remains limited (114, 115). Kettlebell carries (rack, bottoms-up, overhead, suitcase) have
been proposed as a good exercise to increase trunk stiffness and reduce ‘energy leakage’ when
transmitting power generated by the hips, in sporting and daily living tasks involving pushing,
pulling, lifting, carrying, and torsional exertions (210). These principles do have clinical utility
but have not been investigated.
Encouraging for the primary care clinician are improvements in axial skeletal muscle mass,
sarcopenia index, grip strength and back strength, from a good-quality randomised controlled
trial with sarcopenic elderly females (148). During the 8-week training period, the control group
had significant reductions in muscle mass and grip strength, with significant increase in visceral
fat area. These data need to be reliably repeated with trial descriptions using the Consensus on
Exercise Reporting Template to facilitate replication and to inform clinical practice. With an
ageing population and increasing importance placed on identifying effective strategies to
maintain musculoskeletal fitness, independence, self-confidence, and quality of life in primary
care, kettlebells could be an ideal prescription for older adults. Resistance training is considered
the best countermeasure for preventing sarcopenia, kettlebells have been recommended for their
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ease of teaching, cost effectiveness and being less intimidating to use than other resistance
equipment, and there are no non-responders in the older population (31, 44, 211).
In research and clinical practice, hand grip strength is one component of the algorithm used
to make a clinical diagnosis of sarcopenia
kettlebell training have been reported

(212)

, and improvements in grip strength from

(148, 152, 162, 163)

. This is encouraging as poor hand grip

strength is a consistent predictor of falls and fractures in both sexes among older adults

(213)

,

and an independent predictor of all-cause mortality and cardiovascular diseases in communitydwelling populations (214-217). Lower limb muscle strength is also independently associated with
elevated risk of all-cause mortality, regardless of muscle mass, metabolic syndrome, sedentary
time, or leisure time physical activity (218). Significant increases in lower limb strength (152, 161),
dynamic single leg balance

(152)

, and reductions in postural reaction time

(149)

from kettlebell

training, represent an interesting constellation of effects. If each of these are achievable for
older adults, kettlebell training may have the potential to reduce falls risk, improve physical
function and increase independence. Further research in this area appears warranted.
Similar data from pragmatic training among elderly adults with Parkinson’s disease is
equally encouraging

(147)

, especially following publication of a recent systematic review of

resistance training for Parkinson’s Disease, which reported that it is hard to establish a
correlation with improved physical parameters and quality of life (219). Qualitative data has not
been reported and so the potential uptake more broadly of kettlebell training with these older
populations in clinical practice remains unknown.
Numerous musculoskeletal conditions influence the functional capacity of the upper limb
and shoulder girdle. The clinical impact of improving bent-arm hang time from kettlebell
training

(151)

is unclear, and these data should be used with caution due to risk of study bias.

Similarly, improvements in trunk endurance, dynamic single leg balance, leg press strength and
grip strength among young healthy individuals should also be repeated to establish validity of
these effects
cMVO2 test

(152)

. A notable inclusion of this study was the reliability assessment of Jay’s

(63)

reported to be R = .94. For kettlebell practitioners this may be very helpful,

however, this test likely has little value in clinical practice. A noteworthy practical limitation
of the test is the need for the participant to have a high degree of proficiency in executing the
snatch, making it only suitable for well-trained kettlebell practitioners.
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Large relative reductions in self-reported musculoskeletal pain intensity following kettlebell
training (150) have been widely cited, although the effect size was only small, and within-group
change did not reach a minimum clinically importance difference of two points on a numeric
pain rating scale. In addition, participants did not need to have pain to enter the study. Claims
of reducing musculoskeletal pain in clinical practice are not currently well supported.
Kettlebell swings have been proposed to reduce the risk profile of ACL injury (164), due in
part, to the high excitation of the medial hamstrings (116). Kettlebell swings may have a place in
a person’s training and rehabilitation, however, there is currently insufficient evidence to
warrant their inclusion in clinical practice guidelines. Further research, pre- and post-ACL
injury, is required before clinicians should recommend kettlebell swings as a primary means
for managing risk of injury and return to sport. Unique to hardstyle kettlebell training, the TGU
is practiced widely and recommended with numerous claimed benefits, with clinical case
studies now emerging (220). As a loaded floor transfer exercise which is scalable, the TGU has
a range of potential uses in clinical practice, from geriatrics to athletes, but to date has been
almost entirely overlooked by research investigation. A recent descriptive analysis of shoulder
muscle excitation

(92)

provides some insight into its potential use in a rehabilitation context,

specifically for the upper limb and shoulder girdle, but its use remains anecdotal and
unsupported in the absence of clinical trials.
Current clinical guidelines

(221)

are not based upon studies in populations undergoing

rehabilitation, and the prescription for any form of musculoskeletal rehabilitation are currently
absent. One third of the 15 citations are fitness publications, and two are opinion pieces, from
authors

who

may

not

have

received

any

formal

kettlebell

training.

Contraindications/precautions refer only to ‘resistance exercise in individuals with and without
cardiovascular disease’. Physical examination recommendations are unrelated to prerequisite
physical capacity or movement competency which may be required to execute a kettlebell
exercise, and treatment summary recommendations from the fitness industry may be
inappropriate for individuals experiencing pain, of have functional limitations from disease or
disability.
In addition to the clinical review guidelines, five further reviews of varying breath and utility
have been published to date. The first review in 2014 discusses the effects of kettlebell training
on measures of strength and power, cardiovascular measures, and biomechanics (222). This was
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followed by a systematic review in 2015 of the effect of kettlebell training on strength, power,
and endurance, which included five studies (223). A brief review in 2016 had a broader scope,
which included 14 publications to summarise the efficacy of kettlebell training for increasing
muscular power, strength, muscular endurance, and aerobic capacity (224). A 2017 mini narrative
review sought to review the implications of kettlebell training for exercise programming

(225)

and finally, a 2018 review compared kettlebell training as a method of resistance training on
hypertrophy, strength and power, to a range of other resistance training methods (226).

2.6.12 INJURY
In each reported case of kettlebell injury during training

(184-186)

, a loading error may have

been the primary cause, so clinicians should have little cause for concern in using them. For
example, in the case of a female kettlebell sport competitor with a radial stress fracture, it is
stated that ‘she had recently increased her frequency and intensity of kettlebell workouts’ with
the onset of symptoms commencing after performing a single arm snatch with a 24 kg bell. The
potential for kettlebells to improve strength and cardiorespiratory fitness, or reduce
musculoskeletal pain, is not well supported by the existing body of evidence. Kettlebells could
be used clinically to address pathological pain conditions using inhibitory learning mechanisms
and expectancy violation, however that cannot be unique to the kettlebell. If the clinical goal is
to maximise exercise-induced hypoalgesia, current evidence does not indicate that kettlebells
would be most effective (227).

2.6.13 SUMMARY
There has been growing interest in, and academic exploration of, the effects of kettlebell
training in the last 10 years. However, the current body of evidence is challenged by limited
internal and external validity, high risk of bias due to lack of blinding, and underpowered small
sample sizes. Additionally, less than optimal study design, flaws in reporting, and inferences
from a typically homogenous population of your healthy participants unfamiliar with kettlebell
training, have limited application to conditions commonly managed in primary care. The
existing body of evidence provides little guidance to inform the prescription of kettlebell
exercises in clinical practice. Our review highlights only that insufficient data currently exists
to strongly support claims of improvements in performance, or measures of health-related
physical fitness from kettlebell training, rather than there being evidence of no effect.
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2.6.14 DIRECTIONS FOR FUTURE KETTLEBELL RESEARCH
For the clinician and therapist in primary care, there are many gaps in the research literature
for integrating kettlebells into practice. A common language is needed and clear standards for
clinicians and researchers to follow in teaching, performing, and dosing exercises, and in
measuring and reporting effects. Updated clinical practice guidelines are needed which better
reflect the populations and health conditions managed in primary care. Below are our
suggestions to future researchers in areas which may have clinical utility.
Pathological pain. Future research could investigate the utility of using kettlebells to help
people who have pain, arguably the most common presentation in primary musculoskeletal
care. In combination with other approaches, movement, and loading (mechanotherapy) is often
used to modulate non-nociceptive pathological pain states. As a tool which can replicate ADLs,
such as lifting and carrying tasks, the versatility of a kettlebell makes it a useful tool within a
clinic setting and could be a more effective option within an active rehabilitation plan than
current options. Other common musculoskeletal conditions for which kettlebell training may
be suitable include: shoulder instability, rotator cuff related shoulder pain, gluteal and elbow
tendinopathy, and non-specific low back pain.
Post-surgical rehabilitation. The hallmark of post-surgical rehabilitation in clinical care, is
the progressive loading of tissues, and restoration of movement and function. Future research
could investigate the utility of using kettlebells, for a wide range of post-surgical conditions,
compared with existing protocols and conventional equipment.
Knee osteoarthritis. Ground reaction force during a kettlebell swing suggests that this
exercise could be an effective means of improving function and reducing the pain associated
with knee osteoarthritis. An activity which commonly aggravates arthritic knees, is ascending
and descending stairs, however, vertical ground reaction force only reaches 1.4-1.6×
bodyweight on the descent (228). It appears that a kettlebell swing has the potential to far exceed
normal ground force when using stairs and could provide sufficient stimulus for a positive
adaptation. Future research could examine the utility of a kettlebell swing program to positively
influence symptoms and possibly delay the need for surgery. With the same clinical rationale,
future research could investigate the utility of a similar protocol to restore function following
knee arthroplasty.
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Mechanical demands and training load. Clinicians need to better understand the potential
influence that variations in sex, age, and training history may have on the mechanical demands
of kettlebell training, and how these factors may influence the therapeutic prescription of
kettlebells and training loads. More research is required beyond convenience samples of healthy
college students, with clinical practice guidelines providing data relating to appropriate internal
and external training loads, in different populations and health conditions. Claims of hardstyle
training relating to the development of ‘power endurance’ and the horizontal vs vertical
components need to be tested, and the validity and reliability of those measures established.
Pragmatic kettlebell training. More research is required which uses a pragmatic approach
to training with kettlebells. Whilst single exercises such as the swing may have clinical and
research utility, a pragmatic approach which is more inclusive of other exercises would be
helpful. Primary care clinicians would benefit from a better understanding of kettlebell training
in the context of clinical practice, rather than the use of isolated exercises. As primary care
practitioners are encouraged to promote physical activity generally, and resistance training
specifically, it is incumbent to understand its effectiveness at a population level compared with
other community-based exercise options.
Health-related physical fitness. Finally, promoters of hardstyle kettlebell training suggest
that it can improve measures of health-related physical fitness. Future research is required to
validate these claims and to establish associated training stimuli and effect sizes.

2.6.15 LIMITATIONS
There are some limitations to our scoping review methods. Firstly, scoping reviews have
inherent limitations because the focus is to identify knowledge gaps, inform future research,
and identify implications for decision-making (103). Formal reporting of methodological quality
was limited to only randomised controlled trials. The eligibility criteria defined by the context
(evidence-based practice: research evidence and clinical expertise) precluded commentary from
non-clinical, non-academic sources. Potentially valuable sources of information exist within
the fitness industry and subject matter experts e.g., certified kettlebell trainers, with this source
of information typically disregarded when synthesising higher levels of ‘evidence’ to inform
clinical practice. An a priori protocol was not developed. The review was limited to documents
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written in English to increase its feasibility. The data was abstracted and processed by a single
reviewer. Whilst the literature was comprehensive, it is possible that some publications may
have been missed. Since this is a rapidly evolving and emerging field, we expect that new
publications fulfilling our inclusion criteria will be released in increasing numbers, highlighting
a potential need to update our review and/or to conduct systematic reviews on more specific
kettlebell related questions in future.

2.7

CONCLUSIONS

Significant small-to-moderate effects from kettlebell training have been observed in a range
of physiological parameters among healthy, physically active college-age cohorts. Significant
clinically meaningful moderate to large effects, have been reported from pragmatic hardstyle
kettlebell training in older adults with Parkinson’s disease, and older females with sarcopenia.
Although confidence in reported effects remains low to very low, and strength of
recommendation is weak, the opportunities within primary care remain promising.
The current body of evidence is challenged by limited internal and external validity, high
risk of bias primarily due to lack of blinding, underpowered small sample sizes, and participants
largely under-dosed in experimental conditions. Less than optimal study design, flaws in
reporting, and inferences from a typically homogenous population, have limited applicability
to pathological conditions in primary care, or more broadly, to clinical populations.
Within primary care, the potential benefits of kettlebell training are currently based on
conjecture, with further research and high-quality clinical trials needed, to make a shift from
practice-based evidence to evidence-based practice. Presently, the therapeutic use of kettlebells
in primary care is more likely to be informed by the fitness industry and practitioners in nonclinical roles, with the current body of evidence offering little guidance for this type of
intervention. Applying the principles of mechanotherapy and a contemporary understanding of
pain, kettlebells could be used therapeutically in the management of a wide range of common
musculoskeletal conditions, although this remains to be demonstrated.

2.8

PLAIN LANGUAGE SUMMARY

There is currently insufficient high-quality data to inform healthcare providers about the use
of kettlebells in clinical practice. Data from clinical trials offers low certainty of small to
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moderate effects for improving measures of athletic performance in young healthy adults. Very
limited data relates to the use of kettlebells for older people or those with acute, sub-acute, or
chronic medical conditions, injuries, or disabilities. Studies have often only involved novice
participants, following protocols often not representative of typical kettlebell training practices.
While opportunities for using kettlebells remain promising, research is needed which healthcare
providers can apply to their clinical practice.

2.9

REVIEW

In this Chapter, an extensive investigation of the literature was conducted, to identify the
extent, range, and nature of the available evidence, which might be used by healthcare providers
to inform their prescription of kettlebell exercises for therapeutic purposes. Identified gaps
include: i) reference data of a proficient hardstyle swing, ii) force data from kettlebell swings
performed by older adults, iii) limited reporting of pragmatic trial interventions, and iv) trials
of kettlebell training to promote healthy ageing. To address these gaps, several experimental
studies were conducted which comprise this thesis. Force profiles of the hardstyle swing are
presented in Chapters 3 and 4. A pragmatic controlled trial of group-based kettlebell training is
presented in Chapter 6, with a qualitative study presented in Chapter 7. A multiple-case study,
of change in bone mass in two participants with osteoporosis, is presented in Chapter 8. Change
in kettlebell swing force profile following training is presented in Chapter 9.
Chapter 3 investigates the force profile of a proficient two-handed hardstyle kettlebell swing.
Technique defines the hardstyle swing, with many of the claimed benefits proposed to be
dependent upon optimal performance e.g., the ideal ballistic swing pattern is said to be an
expression of muscular power at the hips, which can be improved with training. The findings
provide reference data against which claims may be tested, clinical hypotheses formed, and
comparisons made with the previously published data which is presented in Chapter 2. Finally,
these data are compared in Chapter 4 with the kettlebell swing force profiles from novice older
adults, to quantify the magnitude of difference in the swing parameters believed to be
‘important’, and used to inform the training intervention presented in Chapter 6.
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CHAPTER 3
PROFICIENT SWING PROFILE

“The more technique you have, the less you have to worry about it.
The more technique there is, the less there is.”
Pablo Picasso
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3.1

PREFACE

Since the publication of ‘Enter the Kettlebell’ in 2006, kettlebell training has been widely
synonymous with Pavel’s Tsatsouline’s hardstyle swing. The influence of Tsatsouline on
kettlebell research is apparent, with numerous studies using interpretations of the hardstyle
swing, citing its claimed effect on lower limb power. The data, however, are largely
representative of novice young adults. The review presented in Chapter 2, identified only four
studies published by researchers who had disclosed having hardstyle-certification, and only one
study which provided normative data for the swing performed by hardstyle-certified
participants - those being joint angles and angular velocities. The aim of the experimental study
presented in this Chapter, was to provide a representative force profile of a proficient, twohanded hardstyle kettlebell swing. The findings, not previously investigated, challenge some of
the street wisdom which currently informs kettlebell practice. Chapter 4 investigates the force
profile of the kettlebell swing in novice older adults.

Published as:
Meigh, N. J., Hing, W. A., Schram, B. J., & Keogh, J. W. (2021). Force profile of the two-handed hardstyle
kettlebell swing performed by an RKC-certified Instructor. bioRxiv.
Open access preprint version at bioRxiv. DOI: 10.1101/2021.05.13.444085
© The Authors 2021. This work is licensed under the Creative Commons Attribution 4.0 International License.
http://creativecommons.org/licenses/by/4.0/
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3.2

ABSTRACT

Background. The effects of hardstyle kettlebell training are increasingly cited in strength
and conditioning research, yet reference data from a proficient swing is scarce. The aim of this
exploratory study was to investigate the force profile of a two-handed hardstyle swing
performed by a Russian Kettlebell Challenge (RKC) instructor.
Methods. The participant is a 44-year-old male, body mass 75.6 kg, height 173.5 cm, with
six years of regular hardstyle training experience. Two-handed hardstyle swings were
performed with a series of incremental mass kettlebells (8-68 kg). Ground reaction force
(GRFs) was obtained from a floor-mounted force platform. Force-time curves (FTCs), peak
force, forward force, rate of force development (RFD) and swing cadence were investigated.
Results. Data revealed the FTC of a proficient swing is highly consistent and dominated by
a single force peak (mean SD = 47 N), with a profile that remained largely unchanged to 24 kg.
Pearson correlation analysis revealed a very strong positive correlation in peak force with
kettlebell mass (r = 0.95), which increased disproportionately from the lightest to heaviest
kettlebells; net peak force increased from 8.36 ± 0.75 N.kg-1 (0.85 × BW) to 12.82 ± 0.39 N.kg1

(1.3× BW). There was a strong negative correlation between RFD and kettlebell mass (r =

0.82) that decreased from 39.2 N.s-1.kg-1 to 21.5 N.s-1.kg-1. There was a very strong positive
correlation in forward ground reaction force with kettlebell mass (r = 0.99), expressed as a ratio
of vertical ground reaction, that increased from 0.092 (9.2%) to 0.205 (20.5%). Swing cadence
exceeded 40 swings per minute (SPM) with all kettlebells.
Conclusion. Our findings challenge some of the popular beliefs of the hardstyle kettlebell
swing. Consistent with hardstyle practice, and previous kinematic analysis of expert and novice,
force-time curves show a characteristic single large force peak, differentiating passive from
active shoulder flexion. Ground reaction force did not increase proportionate to kettlebell mass,
with a magnitude of forward force smaller than described in practice. These results could be
useful for coaches and trainers wanting to improve athletic performance, and healthcare
providers using the kettlebell swing for therapeutic purposes. Findings from this study were
used to inform the BELL Trial, a pragmatic controlled trial of kettlebell training with older
adults. www.anzctr.org.au ACTRN12619001177145.

3.3

INTRODUCTION

Kettlebell training has received increasing interest since the first publications in 2009
166)

(143,

. Proponents of kettlebell training claim improvements in muscular strength, cardiovascular
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endurance, explosive power, weight management/fat loss, flexibility, and superior athleticism
(50)

. Many of the claimed benefits are believed to be attainable from the hardstyle swing

popularised by Pavel Tsatsouline. A hardstyle swing is said to have some kinematic similarities
with the barbell deadlift and countermovement vertical jump (50), but the kettlebell’s shape and
offset centre of mass, make the kettlebell swing unique, allowing it to be swung between the
legs.
National Strength and Conditioning Association (NSCA) standards and guidelines for
strength and conditioning professionals, state that knowledge of proper technique, is a cardinal
principle of coaching (229). There is, however, sparce quantitative data of a proficient swing to
better understand what McGill and Marshall called street wisdom (129) thus, confidence is low
that the current body of evidence is representative of a proficient swing. If hardstyle technique
is essential for achieving the claimed effects, it must be clearly defined, in execution and
measurement.
A recent review

(230)

identified the two-handed hardstyle swing as the most widely

investigated kettlebell technique. More than half of the published studies cited Tsatsouline,
however, over 80% of study participants were novices. Among 68 studies, it appeared that only
four had been conducted by certified hardstyle instructors

(56, 118, 139, 150)

and only one

(118)

provided data from hardstyle-certified practitioners. While certification is not necessary to
achieve proficiency, certification could be linked to increased accuracy and reliability, that
technique will be performed and assessed consistently. Much remains unknown about the
proficient hardstyle swing, especially how this may change as a function of kettlebell load.
Thus, a force profile of the proficient swing is warranted.
There are distinct kinematic differences between novice and expert performing a hardstyle
swing. A kinematic analysis by Back and colleagues

(118)

showed that experts used 20o more

hip flexion to perform a ‘hip hinge’, and 19o less shoulder range; the kettlebell being swung
upward rather than lifted. A sequence of movements at the hips, pelvis, and shoulders during
the upswing and downswing phases of a swing cycle was reported, with the sequence in both
phases reversed between expert and novice. During the upswing, experts lead with the hips,
followed by the shoulders, whereas novices lead with the shoulders with the hips following.
During the downswing, experts allowed the kettlebell to drop before flexing at the hips, while
novices flexed at the hips first, with the shoulders following. At the top of the kettlebells’ arc
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of motion, the experts stood upright in terminal hip and knee extension, but the novices did not.
A significant difference in angular velocity at the hips, of 223.8o/s between expert (635.5o/s)
and novice (411.7o/s), highlights the ballistic nature of a proficient hardstyle swing. As force is
a product of mass and acceleration, differences in ground reaction force (GRF) between expert
and novice are expected.
Lake and Lauder

(126)

were the first to quantify the mechanical demands of a two-handed

hardstyle swing. With a 24 kg kettlebell, peak force was reported to be 19.6 (1.4) N.kg-1,
impulse 2.5 (0.3) N.kg-1.s, and peak power 28.6 (6.6) W.kg-1. Horizontal forward force was
subsequently reported to be almost 30% of vertical force

(128)

. Contrary to typical hardstyle

practice, the start position was described as ‘standing still with the kettlebell held in both hands
at arm’s length in the finished deadlift position, with the kettlebell lightly touching the upper
thighs’. The impact of analysing a swing cycle starting from an upright standing position, as
opposed to the back or bottom position with the kettlebell between and behind the legs, may be
a potential reason that force appears to be decreasing throughout the ‘propulsive’ phase.
McGill and Marshall

(129)

presented sEMG data of Pavel Tsatsouline performing one and

two-handed swings with 32 kg. These data are of interest, but sEMG alone has limited value to
practitioners wanting to improve their coaching of the hardstyle swing. With this exception, the
study by Back and colleagues (118) remains the only observation of a hardstyle swing performed
by a certified instructor, and the only report of proficient swing kinematics. Prescribing an
exercise in the absence of reference standards is challenging for coaches and healthcare
providers. This is especially true with athletes, for whom improvements in physical
performance is critical, and for higher-risk populations with chronic health conditions. Typical
resistance training guidelines for intensity, sets, and repetitions, are not used in hardstyle
practice, thus reference standards will help to improve the accuracy and reliability of further
research using hardstyle techniques and training protocols.
The aim of this exploratory study was to investigate the force profile of the two-handed
hardstyle swing in a certified instructor across a range of kettlebell loads. A representative FTC,
peak ground reaction force, rate of force development (RFD) and swing cadence are reported.
Results were used to inform the BELL trial (www.anzctr.org.au ACTRN12619001177145).
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3.4

MATERIALS & METHODS

3.4.1 PARTICIPANT
The participant is a 44-year-old male, body mass = 75.6 kg, height = 173.5 cm. He had been
regularly training with kettlebells for six years since gaining RKC instructor certification in
2013, including a period of 20 months running group kettlebell classes from a Physiotherapy
practice six days a week. The participant was free from injury with no health or medical
conditions which would have influenced task performance. Consent was given for the data to
be used for scholarly submission, with ethical approval for this study granted by Bond
University Human Research Ethics Committee (NM03279).

3.4.2 PROTOCOL
Data were collected from the University biomechanics laboratory in a single session. The
participant performed two-handed kettlebell swings to chest-height on a floor-mounted force
flatform (AMTI, Watertown, NY, USA) recording GRF at 1000 Hz using NetForce software
(AMTI, USA). Participant body mass was captured by the force plate from a period of quiet
standing. Tri-plantar force variables were obtained from the floor-mounted force platform. The
variables of interest were peak GRF, forward force, dynamic RFD, and swing cadence. The
participant performed a single set of 12 repetitions with each kettlebell, with the middle ten
repetitions used for analysis. A custom program (Microsoft Excel, Version 2012) was used to
calculate peak force during each swing cycle, with values manually assessed and verified
against the corresponding FTC. To obtain net peak force, system weight (body mass + kettlebell
mass) was subtracted from the square root of squared and summed data:

𝐹2𝑧 + 𝐹2𝑥 + 𝐹2𝑦

(Fz = vertical force, Fy = horizontal force, Fx = medio-lateral force).

The back or bottom position of the swing was used as the start of each swing cycle. Dynamic
RFD (N.s-1) during hip extension (propulsion) was calculated as the change in GRF during
Phase one, divided by elapsed time and normalised to body mass (N. s-1.kg.-1), and reported as
the mean of ten swings. Cadence in swings per minute (SPM) was calculated from the average
time between the peak force during hip extension in each swing cycle – 60s / (Timepeak10 Timepeak1 / 9). Rate of perceived exertion (RPE) was captured for the lightest (8 kg) and heaviest
(68 kg) kettlebells. Peak force is reported as resultant force unless stated otherwise.
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3.4.3 PROCEDURE
Swings were performed as described in the RKC Instructor manual

(231)

. Data from our

laboratory indicated that different shod conditions (flat canvas shoes, trainers/sneakers, Oxford
lace-up shoes, barefoot), were unlikely to alter the outcome of the study (Appendix 2). Swings
were thus performed barefoot, as recommended. The participant performed a brief selfprescribed mobility drill, with the lighter kettlebells serving as a warm-up for the heavier sets.
All sets began and ended with the kettlebell in a dead-start position on the ground. The feet
were placed comfortably in the middle of the force platform, at a distance roughly equal to the
length of the foot behind the kettlebell, as previously described

(139)

. Swings were performed

with kettlebells from 8 kg to 68 kg. Kettlebell mass increased in increments of 2 kg from 8 kg
to 24 kg, then in increments of 4 kg from 24 kg to 48 kg, finishing with 56 kg and 68 kg
kettlebells. Kettlebells up to 32 kg were Force USA competition kettlebells of standardised
dimensions. Kettlebells 36-68 kg were the ‘traditional’ shape, from Force USA (36-40 kg),
Aussie Strength (44-48 kg) and Rogue (56-68 kg). The participant was sufficiently rested
between sets.

3.4.4 THE HARDSTYLE SWING
The two-handed hardstyle swing is illustrated in Figure 3.1, consistent with previous studies
(232) (139)

. Positions in the swing cycle are the ‘start’ (Fig. 3.1 A), ‘mid-swing’ (E) and ‘end’ (I).

The up- and down-swing portions of a swing cycle each have two phases. The first phase of the
upswing (propulsion) is described by its primary movement; hip extension. The second phase
is the float in which the shoulders passively flex. The first phase of the downswing, involving
passive extension of the shoulders, is the drop. The final phase in the cycle, described as braking
or deceleration, sees the kettlebell return to its start position. A ballistic movement, resulting in
periods of float and drop, distinguishes the hardstyle swing from the double knee bend swing
of kettlebell sport.
In the start position, the hips and knees are in terminal flexion (for the exercise), with the
kettlebell positioned between the legs and behind the body, mid-forearms in contact with the
upper thighs. The trunk is flexed at approximately 45o. Propulsion involves rapid extension of
the hips and knees to initiate the kettlebell’s forward and upward trajectory. ‘The hips drive
explosively from the back swing and then there is a momentary float as the kettlebell reaches
the apex of the swing’ (231). Propulsion ends when the hips and knees reach terminal extension.
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During float, the shoulders move through passive flexion until the kettlebell reaches its
highest vertical displacement, at mid-swing. Throughout drop, the hips and knees remain in
terminal extension, as the shoulders passively extend, gravity acting on the kettlebell to
accelerate it downward. ‘Drop’ ends when the hips and knees begin to flex, the kettlebell at
roughly hip height, and upper arms in contact with the ribs. The point at which the person
accepts the weight of the kettlebell through the upper limbs, immediately prior to braking, can
be described as the ‘catch’. Braking is intended to be borne by the lower limbs, predominantly
through eccentric action of the hip extensors. ‘at the back of the swing you use the elastic power
generated to immediately explode the kettlebell up for another rep. There is no need to swing
the kettlebell higher than your chest. The movement of the kettlebell is forward and back, not
up and down’ (231).
Hardstyle swing – RKC standards (231)
1.

The back must remain neutral. * At the bottom of the swing, the neck should be slightly
extended or neutral.

2.

The heels, toes, and balls of the feet must be planted. The knees must track the toes.

3.

The working shoulder must be packed [retracted and depressed].

4.

During the backswing, the kettlebell handle must pass above knee level.

5.

In the bottom position, the working arm must be straight, and elbow locked.

6.

There should be no forward movement of the knees or added flexion of the ankles during
the upswing.

7.

The body should form a straight line at the top of the swing. The hips and knees should be
fully extended, and the spine should remain neutral. *

8.

Biomechanical breathing should be maintained – exhale when the hips and knees lock out.

9.

The abs and glutes should visibly contract at the top of the swing.

10. The kettlebell should float for a moment at the apex of the swing while the hips remain
locked out.
11. The hips begin to move back after the upper arm has connected with the ribcage and not
before.
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Figure 3.1 A single two-handed hardstyle swing cycle.
A) The Start position of a swing cycle. A-C) Phase 1 - upward propulsion of the kettlebell, D-E): Phase 2 - the
float - passive shoulder flexion with hips and knees in terminal extension, E) Mid-swing (top of the swing). E-F):
Phase 3 – the drop - passive extension of the shoulders with hips and knees in terminal extension, G-I): Phase 4 deceleration (braking) of the kettlebell to the bottom of the swing, I) End of the cycle (bottom of the swing).
* Participant in the image has Scheuermann’s disease with exaggerated kyphosis. Photograph by author.

3.4.5 STATISTICAL ANALYSES
Measures of centrality and dispersion are presented as mean ± SD. Effect sizes (ES) were
calculated and interpreted using Lenhard and Lenhard

(233)

and Magnusson

(234)

. Effect sizes

were quantified as trivial, small, moderate, large, very large, and extremely large where ES <
0.20, 0.20-0.59, 0.60-1.19, 1.20-1.99, 2.0-3.99 and 4.0 respectively

(105)

. Probability of

superiority has been used to illustrate the Cohen’s d effect size, representing the chance that a
person from group A will have a higher score than a person picked at random from group B.
Linear regression was used to calculate the regression coefficients between the independent
variable load, and dependent variables, net peak force, rate of force development, and forward
force. Correlations were investigated using Pearson product-moment correlation coefficient,
with preliminary analyses performed to ensure no violation of the assumptions of normality,
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linearity, or homoscedasticity. Data were analysed and linear regression calculated in SPSS
(version 26.0; SPSS Inc., Chicago, IL, USA).

3.5

RESULTS

Force-time curves from swings with 8 kg, 16 kg, 28 kg, and 68 kg are presented in Fig. 3.2.
Profiles from all kettlebells are included in Appendix 3. The FTC of a proficient hardstyle swing
cycle is characterised by a tall, single narrow force peak, closely followed by a second distinct
force peak of smaller magnitude. The characteristic profile remained consistent from 8-24 kg.
It was apparent from the FTC of a 28 kg swing (Fig. 3.2 C), that the participant was unable to
maintain the same duration of float and drop, evident by the progressive merging of force peaks.
A visual change to the braking phase duration, was visually evident in the FTC of the 20 kg
kettlebell swing (Appendix 3). With cadence remaining relatively unchanged, the duration of
the propulsive phase increased with kettlebell mass, with the duration of float and drop phases
decreasing. The braking phase, shown as a relatively horizontal force approximating body mass
during swings with a 16 kg kettlebell (Fig. 3.3 A), was almost completely absent in the FTC of
a swing with 68 kg (Fig. 3.3 B). Within-set variability between swing cycles remained small,
regardless of kettlebell mass and change in FTC.

Figure 3.2 Force-time profiles with (A) 8 kg, (B) 16 kg, (C) 28 kg, (D) 68 kg.

A representative FTC of a single swing cycle with a 16 kg kettlebell is presented in Fig. 3.3
A. Phase location and durations have been approximated. Start and mid-swing positions can be
reached using a metronome at 80 beats per minute (cadence, 40 swings per minute (SPM)),
suggesting that the upward and downward portions of the cycle using light to moderate mass
77

kettlebells are approximately equal (47.5% and 52.5% respectively; Fig. 3.3 A). Phase 2 & 3
(float and drop) accounted for approximately one-third of the swing cycle with a 16 kg
kettlebell. Peak ground reaction force (1605.9 ± 29.7) was 2.17× BW during the propulsion
phase of the upswing, and less than body mass (741 N) for most of the braking phase. A
consistent FTC with light to moderate kettlebells (8-24 kg) suggest negligible change in
technique. Kettlebells above 24 kg however, influenced swing performance, such that the
duration of the float and drop phases progressively diminished.
Figure 3.3 B shows the considerably altered FTC with the heaviest kettlebell (68 kg). The
elapsed time difference in the presented swing cycles is 0.03s (Fig. 3.3 A = 1.4s, Fig. 3.3 B =
1.46s). Time to peak force (propulsion) with the 68 kg kettlebell however was 0.82s; >2.5×
longer than propulsion with the 16 kg kettlebell. This increased the proportion of the propulsive
phase in the swing cycle from 22.7% with 16 kg to 56.3% with 68 kg. A ‘double-peak’ appears
to correspond with an accessory effort to move the kettlebell vertically. Movement strategies
observed in novices, include active shoulder flexion to ‘lift’ the kettlebell, and excessive
extension of the trunk

(118)

. The braking phase illustrated in the FTC with 16kg (Fig. 3.3 A),

where GRF remains relatively constant, is almost entirely absent with the 68 kg kettlebell (Fig.
3.3 B). Horizontal forward force expressed relative to vertical force, increased from 0.11 (11%)
with 16 kg to 0.21 (21%) with 68 kg.

78

Figure 3.3 Representative force-time curves of a single two-handed hardstyle swing performed with a
16 kg (A) and 68 kg kettlebell (B). Time and duration of each phase within the 16 kg swing cycle (propulsion,
float, drop, braking) have been approximated from the corresponding sequence of images and kinematic sequence
of movements. Force = system weight (body mass (741 N) + kettlebell mass (157 N (16 kg), 667 N (68 kg)).
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Figure 3.4 A-E shows peak force, RFD, forward force, and swing cadence for all kettlebells.
There was a very strong positive correlation (r = 0.95) in net peak force with kettlebell mass,
increasing from 631.8 ± 56.4 N with the 10 kg kettlebell, to 968.4 ± 29.1 N with the 68 kg
kettlebell (Fig. 3.4 A). Net force normalised to body mass increased from 8.36 ± 0.75 N.kg-1 to
12.82 ± 0.39 N.kg-1; a 1.5× increase in net force, corresponding with an 8.5× increase in
kettlebell mass. Normalised net peak force increased from 0.85× BW to 1.3× BW. Participant
reported RPE (235) increased from very, very easy (1/10) with 8 kg, to very hard (7/10) with 68
kg. There was small within-set variability (SD) in peak force, ranging from 29.1 N with the 68
kg kettlebell, to 76.7 N with the 14 kg (Fib. 4, B), with a mean SD of 47.0 N. Variability in
RFD is larger with the 28 kg, 32 kg and 36 kg kettlebells due the change in FTC making the
start of hip extension less distinct. There was a strong negative correlation (r = 0.82) in RFD
with kettlebell mass, decreasing from 39.2 N.s-1.kg with the 8 kg kettlebell, to 21.5 N.s-1.kg
with the 40 kg kettlebell (Fig. 3.4 C). There was a very strong positive correlation (r = 0.99) in
forward force with kettlebell mass, from 0.092 (9.2%) to 0.205 (20.5%) (Fig. 3.4 D). There was
only a weak positive correlation (r = 0.41) in swing cadence with kettlebell mass, increasing
from 41.1 SPM with 20 kg to 44.0 SPM with 68 kg. Cadence for all swing sets was higher than
the participant’s self-reported usual training cadence (40 SPM).
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Figure 3.4 Change in force variables and swing cadence with increasing kettlebell mass.
A: net peak force, B: variability in net peak force, C: rate of force development, D: ratio of
forward horizontal force to vertical force (A = anterior, V = vertical), E: swing cadence (SPM).
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Force variables and cadence for 8-32 kg kettlebells are presented in Table 3.1 and Figure
3.5. Linear regression equations are presented in Table 3.2.

Figure 3.5 Magnitude of change with increasing kettlebell mass, from 8 kg to 32 kg.
Table 3.1 Force variables and cadence with increasing kettlebell mass
Most frequently used and commercially available kettlebells (8-32 kg).
Kettlebell
weight
(kg)

Peak force
(N)

RFD

-1

-1

Net peak force
-1

(N.kg ) (BW) (N.s .kg )

(N)

Net RFD

Force Cadence
(AP/V)
(SPM)
(N.kg ) (BW) (N.kg .s )
-1

-1 -1

8

1488.3
(53.6)

19.7
(0.7)

2.01
(0.07)

2960.5
(422.0)

668.8
(53.6)

8.85
(0.7)

0.90
(0.07)

39.2
(5.6)

0.09
(0.006)

42.8

16

1605.9
(29.7)

21.25
(0.4)

2.17
(0.04)

2911.4
(281.3)

708.0
(29.7)

9.37
(0.4)

0.96
(0.04)

38.5
(3.7)

0.11
(0.008)

41.5

24

1683.1
(33.4)

22.27
(0.4)

2.27
(0.05)

2696.6
(186.2)

706.7
(33.4)

9.35
(0.4)

0.95
(0.05)

35.7
(2.5)

0.12
(0.006)

41.1

32

1804.9
(61.5)

23.89
(0.8)

2.44
(0.08)

2344.2
(653.5)

750.0
(61.5)

9.93
(0.8)

1.012
(0.08)

31.0
(8.6)

0.15
(0.008)

42.9

Results reported as means (SD). BW = bodyweight. A/V = ratio of anterior (forward) horizontal to vertical
GRF.

There were very strong positive correlations between kettlebell mass and peak force, and
kettlebell mass and forward force. For each 1 kg increase in kettlebell mass, net peak force
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increased by 12 to 16.5 N.kg-1 and forward force by 2 to 3%. There was a strong negative
correlation between kettlebell mass and RFD; for each 1 kg increase in kettlebell mass, RFD
decreased by 11 to 39 N.s-1. Swing cadence remained relatively stable at 42.0 ± 0.6 SPM.
Table 3.2 Linear regression equations for net peak GRF, RFD, and forward force relative to
vertical force. 𝑥 = kettlebell mass in kg.

3.6

Net peak force (N)

y = 1350 + 14.3𝑥, r = 0.98 (p < 0.01), CI [12.0, 16.6]

Net peak force (N.kg-1)

y = 8.1 + 0.6𝑥, r = 0.98 (p = 0.02), 95% CI [0.03, 0.09]

RFD (N.s-1)

y = 3112.7 - 25.3𝑥, r = -0.81 (p = 0.03), CI [-39.2, -11.4]

RFD (N.s-1.kg-1)

y = 41.2 - 0.34𝑥, r = -0.81 (p = 0.03), CI [-0.52, -0.15]

Forward force (A/V)

y = 0.08 + 0.02𝑥, r = 0.97 (p = 0.02), CI [0.02, 0.03]

DISCUSSION

Reliable kinetic reference data enables coaches and healthcare providers to make informed
decisions about the potential benefits, or risks, of an exercise. These data can also provide
valuable insights which influence how exercises are coached and tested. A properly designed
program using resistance equipment, includes multi-joint exercises, such as the kettlebell
swing, is individualised, periodised, progressive, and includes appropriate technique instruction
(236)

. A recent review (230) was unable to identify data for any of these program variables, which

had either been derived from proficient swings, or were appropriate for healthcare providers.
Results from the present case study provide some insight, for coaches and healthcare providers,
to make more informed decisions about how to use the kettlebell swing for performance
enhancement or the prescription of therapeutic exercise.

3.6.1 PEAK FORCE
The magnitude of change in peak force with increasing kettlebell mass was surprisingly
small. Quadrupling the kettlebell mass, from 8 to 32 kg, increased peak force by only 81.2 N.
Net peak force increased by less than 30% (190 N) between the 8 and 56 kg swings. The
statement, ‘If your goal is more force production, swing a heavier kettlebell’ (231) appears to be
a somewhat misguided instruction. A strong correlation between GRF and kettlebell mass, all
the way up to 68 kg, was also surprising. The rate of increase in net force had been expected to
slow considerably with heavier kettlebells e.g., >32kg, but this was not the case.
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Lake and Lauder (126) reported peak force during swings with 16 kg, 24 kg, and 32 kg as 18.8
(0.5), 19.6 (1.4) and 21.5 (1.4) N.kg-1, respectively. Although absolute difference in mean
values between the instructor in the present study, and those reported by Lake were small (range
= 2.39 to 2.67 N.kg-1), the ES were large to very large (16 kg:  = 4.9, 24 kg:  = 1.91, 32 kg:
 = 1.71) with 88.7% to 100% probability of superiority in favour of the instructor. These data
suggest that proficiency (technique) is likely to alter ground reaction with large effect.
With kettlebells from 10-20% BW, Levine and colleagues (237) reported peak GRF from 1.53
(0.2) to 1.67 (1.7) BW. The ES with comparable kettlebells in the present study, was very large,
ranging from  = 2.09 (8 kg, 10% BW) to  = 2.72 (12 kg, 15% BW), with a mean probability
of superiority >95%. Bullock and colleagues (110) reported peak vertical force of 0.98 (0.1) BW,
however data was not reported as net of system weight. In the present study, vertical GRF was
2.15 (0.1) BW with the same kettlebell (20 kg). The ES difference between studies is so
unreasonably large, as to suggest that the data (or comparison) is unreliable. If the vertical force
reported by Bullock and colleagues was indeed net force, there would be a small effect size
difference in favour of the novices (12 kg:  = 0.36, 20 kg:  = 0.57). While not impossible, the
data from Lake and Lauder (126) suggests this scenario would be unlikely.
Among male kettlebell sport competitors, Ross and colleagues (59) reported peak GRF during
a 24 kg kettlebell snatch as 2.10 (0.31) BW. In the present study, peak force during the 24 kg
swing was 2.27 (0.05) BW. As force is a product of mass and acceleration, the small ES in
favour of the swing ( = 0.55) is most likely explained by the pronounced differences in
cadence; 13.9 (3.3) snatches overhead per minute vs 42.3 SPM to chest height. These data
appear otherwise comparable, suggesting that proficiency is more likely to influence the force
profile and its associated effects, than the ‘style’ of kettlebell training (hardstyle vs Sport). This
similarity in GRF also underscores the demands of a unilateral kettlebell exercise (swing, clean,
snatch). This highlights an opportunity for coaches and healthcare providers to increase the
physiological demand of the swing without increasing the kettlebell mass.

3.6.2 RATE OF FORCE DEVELOPMENT
Rate of force development, claimed to be a defining feature of the hardstyle swing, is
essential for sports performance. It is also an important consideration in rehabilitation, return
to sport following injury, and critical for trip and falls prevention (238). In older adults, RFD may
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be more important than strength, with respect to functional performance and maintaining
independence (239-241). If the intent of a kettlebell swing is to improve RFD, the findings of this
study suggest that even moderate-load kettlebells (16-24 kg) may be counterproductive, with
the lightest kettlebells (8 kg) producing the highest RFD (38.2 N.s-1.kg-1). In the present study,
swings performed with 40 kg (equal to 50% 10RM), resulted in a 45% reduction in RFD
compared to the 8 kg kettlebell.
‘When you cannot maintain your explosiveness any longer, it’s time to quit.’

(231)

. The

participant in the present study maintained desirable form up to 68 kg, yet the FTC and relative
‘explosiveness’ had evidently changed considerably. If explosiveness can be characterized by
the RFD and swing cycle phase duration, and maximising explosiveness is the training goal,
we propose that merging of the force peaks could be used to determine a maximum training
load. In this case, merging of the force peaks was evident with a 28 kg kettlebell. Kettlebells
under 25% body mass, appear to be most suited for improving RFD in a two-handed hardstyle
swing.

3.6.3 EXERCISE PRESCRIPTION AND COACHING
Tsatsouline (50) recommends that an average male beginner starts with a 16 kg kettlebell; 32
kg kettlebells being reserved for ‘advanced men’, stating, ‘unless you are a powerlifter or a
strongman, you have no business starting with a [24 kg]’. Tsatsouline suggests that an average
woman should start with an 8 kg kettlebell and a strong woman 12 kg, with most women
advancing to 16 kg. These starting kettlebells have frequently been used in research, but these
are general guidelines for kettlebell training which includes other exercises besides the swing
e.g., the military press, goblet squat, snatch, and Turkish get-up. A kettlebell best suited for a
swing is unlikely to be the most appropriate for pressing overhead or deadlifting. If the kettlebell
swing is to be performed explosively, with the aim to improve muscular power and functional
performance, the results of the current study may suggest that slightly lighter loads than
recommended by Tsatsouline

(50)

might provide the best outcomes for most individuals.

However, these recommendations might still need to be changed based on the size and strength
of the participant; such loads may be too light for a 110 kg strength athlete but too heavy for a
45 kg septuagenarian with osteoporosis. Choosing the most appropriate kettlebell for a person
performing a given kettlebell exercise, should be established at an individual level, with
consideration given to factors such as training age, physical capacity, and training goals.
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‘The swing is an expression of forward force projection such as found in boxing or martial
arts, like a straight punch.’ (242). A hardstyle swing is defined by its dominant movement - hip
extension. Instruction to drive the hips forward rapidly and aggressively, has translated to a
belief that the dominant ground reaction is also in the forward horizontal direction. These data
do not support that inference. Contrary to popular commentary, forward force ranged from 9%
to 21%, with the median being just 13%. The difference in magnitude of forward force during
swings with a 24 kg kettlebell, between the 30% reported by Lake and Lauder (126) and the 12%
reported in the present study, is most likely explained by the different starting positions.
These data suggest that centrifugal force acting on the kettlebell is the result of a predominant
(≈85-95%) vertical ground reaction. Training instruction encouraging a movement pattern
consistent with a vertical jumping motion, rather than attempting to project the kettlebell
forward, is likely to be more effective. Investigation of the influence of technique proficiency
on the hammer throw (243), shows a shift in centre of mass, significantly alters the pendular arc
of motion and resultant throwing distance. With similar observations in elite kettlebell sport
athletes (120), it appears that small changes in technique, are most likely to account for the large
differences in GRF observed between expert and novice, highlighting the role and potential
value of expert instruction and coaching.
An ideal hardstyle swing, can be visually identified, by observing the person’s body position
at the beginning of the float (Fig. 3.1 D) and the end of the drop (Fig. 3.1 F); they should look
the same with the direction of kettlebell travel not apparent from the body position. Use of slowmotion video analysis to provide feedback is encouraged as an effective teaching strategy (244).
Real-time biofeedback from a force platform could also be a useful tool for coaches and
healthcare providers. Previous published FTCs of the hardstyle swing

(126, 127)

show a wide

multi-peaked force profile, which is inconsistent with the single, narrow force peaks found in
the present study. We propose that a multi-peaked FTC is representative of the active shoulder
flexion described by Back and colleagues

(118)

. If phase durations are important and FTC

characteristics a reliable indicator of proficiency, an FTC might be helpful in establishing the
optimal swing load.
Proficient hardstyle practitioners perform swings at a cadence of around 40 SPM (56, 112, 139).
The participant in the present study also self-reported a usual training cadence of 40 SPM. The
slighter higher mean cadence of 42 SPM in the current study is attributed to the test conditions.
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While cadence may be intentionally increased or decreased, this is reported to feel ‘unnatural’
(56)

, requires greater effort (112), and is not recommended. ‘Don’t confuse a quick and explosive

hip drive with manic speed. Pulling the kettlebell down and releasing your hips too soon without
allowing the bell to float will give the sense that you are increasing speed, but it will not increase
power production’ (231).
To optimise outcomes, prescription of a kettlebell swing should be personalised. Coaches
and healthcare providers will need to determine for the individual, if it is necessary or beneficial
for kettlebell mass (intensity) to be increased, or whether the same training effect can be
achieved with a higher number of repetitions using a lighter kettlebell. Swings allow a large
volume of work to be performed in a short period of time. If the performance goal is simply to
get ‘Work’ done, heavier kettlebells are an attractive option; what can be achieved in 90 seconds
with a 40 kg kettlebell using a 1:1 work:rest ratio of 2×20 reps (1600 kg), would take 9m:30s
at the same continuous pace with an 8 kg kettlebell.
The difference in training loading volume between 5 sets of 10 swings with an 8 kg, 16 kg,
or 40 kg kettlebell, is a substantial 1,600 kg. The difference in cardiovascular response and
effort is also likely to be very high. Results from this study show a disproportionate increase in
effort relative to kettlebell mass and the net peak force. Training parameters of exercise, load,
sets, repetitions, and work:rest ratio are important variables for prescription, especially for
individuals with higher-risk health conditions such as cardiovascular disease. Resistance
training improves important metabolic parameters in people living with major noncommunicable diseases, including type 2 diabetes, cardiovascular disease and cancer, but data
are limited

(245)

. Further research is warranted to help coaches and healthcare providers

determine safe and effective parameters for prescribing kettlebell exercises with at-risk
populations.
Increasing kettlebell mass or cadence increases cardiovascular response

(56)

however, a

slower cadence can also increase effort (112) as ‘swing’ and ‘drop’ become a ‘lift’ and ‘lower’.
A metronome can be used as an external cue to optimise efficiency in the hardstyle swing.
Coaches and healthcare providers should also note that the cardiovascular demand of kettlebell
swings is greater than walking

(139)

, and anticipate that heart rate (HR) will increase with

continuous swings (133), potentially to a relatively high percentage of HRmax. Similar effects may
also occur when performing multiple sets of swings with short periods of rest between sets (135).
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The magnitude of these cardiovascular responses may also need to be considered, when
prescribing kettlebell swing training to different individuals, especially clinical patients with
compromised cardiovascular and/or respiratory function.

3.6.4 STRENGTHS AND LIMITATIONS
The strengths of this study include the use of an RKC-certified kettlebell instructor, and large
range in kettlebells. However, as this paper provides data from one certified kettlebell
instructor, the results cannot be generalised to all instructors; replication is necessary to increase
our confidence in the results. These data are from ground reaction only; concurrent motion
capture would elucidate the kinetic and kinematic changes imposed by increasing kettlebell
mass. Reliability in calculating RFD from an FTC may also be compromised where the onset
of propulsion is not clear, meaning a more reliable standardised measure of calculating RFD is
warranted. Ground reaction data from hardstyle swings cannot be generalised to the double
knee-bend (kettlebell sport) or overhead (American) swings which are kinematically different
(117, 130)

.

3.6.5 CONCLUSIONS
The aim of this paper, was to investigate the force profile of a two-handed hardstyle kettlebell
swing, performed by an RKC-certified instructor. The force-time profile using light to moderate
mass, was characterised by a smooth, single narrow force peak, immediately followed by a
second peak of smaller magnitude. Small within- and between-set variability was observed,
with cadence no less than 40 swings per minute. Flight time accounted for approximately one
third of the swing cycle, for kettlebells up to approximately 25% body mass. With increasing
load, propulsion and braking phases increased, evident by progressive merging of the force
peaks.
There were very strong positive correlations between kettlebell mass and peak force, and
kettlebell mass and forward force, although the magnitude of change was small. Net peak force
increased by less than 30% from swings with an 8 kg kettlebell to 56 kg. More research is
required to determine the potential benefits of performing swings with very heavy kettlebells.
Median horizontal forward force was less than 15% of vertical force, indicating that the
hardstyle swing is an expression of a predominantly vertical ground reaction. Cues which
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replicate a vertical jumping motion, appear to be the most useful coaching strategy to optimise
swing performance. There was a strong negative correlation with rate of force development.
Kettlebells under 25% body mass appear to be optimal for developing lower limb power, with
the lightest kettlebells resulting in the highest RFD.
Results show that proficiency in hardstyle technique changes ground reaction with large
effect. Proficiency should be considered when reporting and interpreting data from novices.
Developing a proficient hardstyle swing is likely to be beneficial, where force and other
mechanical demands are important. Further research is required to better understand the effects
of kettlebell weight on outcomes of interest, and prescription variables within a hardstyle
program.

3.7

PLAIN LANGUAGE SUMMARY

Net ground reaction force during two-handed swing with an 8 kg kettlebell was
approximately double bodyweight, comparable to a stride jump whereby one foot is placed in
front of the other on landing (246). Around 90% of the ground reaction force during the swing is
vertical and its magnitude, relative to bodyweight, appears to be significantly influenced by
proficiency. Peak force during a proficient swing with a 24 kg kettlebell is comparable to that
of a 24 kg snatch performed by a proficient Kettlebell Sport practitioner. Effort reported during
the swing increased disproportionately to the mass of the kettlebell, and the greatest rate of
force development is expressed with the lightest kettlebells. The force-time curve of a proficient
swing is characterised by a single force peak during the up-swing, whereas a novice swing is
characterised by a double peak.
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3.8

REVIEW
In this Chapter, reference data of a proficient two-handed hardstyle swing was presented,

which had not previously been reported. The force-time curve profile of a proficient two-handed
swing is highly consistent and appears to be visually distinguishable from that of a novice by
its single force peak during the ballistic propulsion phase. This knowledge could inform future
research and may be useful to healthcare providers using real-time biofeedback for coaching
and training purposes. Some of the findings presented in this chapter, however, are at odds with
common beliefs which may have implications for how to instruct swing technique, especially
for beginners. These include the predominant direction of [ground reaction] force, and the
magnitude and direction of change in force and rate of force development with increasing
kettlebell mass. In Chapter 4, these data are compared with those of novice older adults.

91

CHAPTER 4
OLDER NOVICE SWING PROFILE

“In theory, theory and practice are the same. In practice, they are not.”
Albert Einstein
-
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4.1

PREFACE

In chapter three, it was shown that a proficient kettlebell swing, with just 8 kg, can produce
a net ground reaction force equal to approximately twice bodyweight. Additionally, a
representative force-time profile of a proficient hardstyle swing was presented, suggesting that
this could be used for training purposes and as a proxy for swing proficiency. It was proposed
that, combined with limited knee flexion and no impact, the kettlebell swing might have the
potential to provide therapeutic loads for someone who is functionally limited by painful knee
arthritis. It was also hypothesised, that ground reaction force would increase with improved
swing performance, possibly negating the need to increase kettlebell mass for greater
therapeutic effect. The aims of this second experimental study, were to establish normative data
for the kettlebell swing in novice older adults, and compare the ground reaction force of a swing
with an easier alternative - the kettlebell deadlift. In this chapter, the force profiles of proficient
and novice kettlebells swings are compared, as a possible training target to improve clinical
outcomes in older adults.
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4.2

ABSTRACT

Background. Understanding the force profile of an exercise increases clinical confidence
when assessing the benefits and potential risks of a prescribed exercise. This exploratory study
presents the force profile of the hardstyle kettlebell swing in novice older adults and compares
peak force with kettlebell deadlifts. These data will help inform healthcare providers and
coaches who are considering prescribing kettlebell exercises for older adults.
Methods. Thirty-five community-dwelling males and females (59-79 years) were recruited,
from applicants to participate in the BELL trial. Two-handed hardstyle swings were performed
with 8-16 kg. Deadlifts were performed with 8-24 kg and 8-32 kg for females and males,
respectively. Ground reaction force was obtained from a floor-mounted force platform.
Pairwise comparisons of peak force, forward force, rate of force development, swing cadence,
sex, and kettlebell mass, were investigated for the kettlebell swing, with representative forcetime curves described. Pairwise comparisons of peak force, sex and kettlebell mass were
investigated for the deadlift, with comparisons of peak force, kettlebell mass, and sex, between
swings and deadlifts.
Results. For kettlebells up to 16 kg, paired samples T-tests show a large exercise effect (d >
1.4) with peak force higher for swings than deadlifts. Data shows: (i) higher peak force during
swings than deadlifts ( = 1.77), reaching 4.5 (1.0) N.kg-1, (ii) peak force during an 8 kg swing
was greater than a 32kg deadlift, (iii) negligible difference in normalised peak force between
males and females performing kettlebell swings, but a moderately large effect size during
deadlifts (males > females,  = 0.69), (iv) mean rate of force development of 19.9 (4.7) N.s1

.kg-1 with a very weak, positive correlation with kettlebell mass (y = 14.4 + 0.32𝑥), and trivial

effect of sex, (v) mean forward force equal to 5.5% of vertical force during swings, increasing
from 3.8 (1.6) % with 8 kg to 7.1 (2.6) % with 16 kg.
Conclusion. During kettlebell swings, there is negligible difference in normalised net peak
force between novice males and females using the same absolute loads. Where ground reaction
force is a therapeutic target, kettlebell swings with an 8 kg kettlebell could have similar effects
to much heavier deadlifts (>24 kg). Kettlebell swings performed with lighter loads, could
provide similar therapeutic value to much heavier deadlifts, and may be a more appealing,
affordable, and convenient option for older adults.
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4.3

INTRODUCTION

To date, very few clinical trials have been conducted to investigate the effects of kettlebell
training in older adults. The limited results however, have been encouraging, with significant
improvements in strength, muscle mass, and peak expiratory flow, in older females with
sarcopenia (148), and improvements in functional performance in older adults with Parkinson’s
disease

(147)

. Small and portable, kettlebells have been recommended for their ease of use,

affordability, and for being less intimidating than other equipment

(97)

. These are attractive

features for clinicians and researchers who have used kettlebells in rehabilitative programs for
older adults (247), and may be appealing for older adults wanting to exercise at home.
An important component of therapeutic exercise is the choice of exercise and load, and
knowledge of resultant force, which can be used as a quasi-measure of the force applied to
target tissues. A successful clinical outcome of therapeutic exercise may depend upon the
correct manipulation of force to stimulate a desired adaptative response

(67)

. In older adults,

repetitive loading is used in the management of hip and knee arthritis, back pain, and
osteoporosis (248, 249). Healthcare providers must first do no harm. Although the risk of adverse
events during exercise appear to be low

(250)

, providers must remain mindful of inappropriate

volume, intensity, or load, which could result in acute injury, excessive muscle soreness, or
irritate an already painful condition such as osteoarthritis. Understanding the force profile of an
exercise can be a helpful, often necessary starting point, when prescribing exercise programs
for rehabilitation and performance.
For an older population, ground reaction force (GRF) and rate of force development (RFD)
are important measures of functional decline (251, 252). Ground reaction force is associated with
strength and power at the hip and knee (253), gait speed (252), falls risk (254), and may be a better
predictor of functional decline than both grip strength (251) and the five-times Sit-to-Stand test
(253)

. Age-related loss of muscle power is associated with an increased incidence of falls (240, 255),

but this can be improved with explosive resistance training

(256, 257)

. Movement patterns

observed in a Sit-To-Stand, floor transfer, and reaching overhead, are also seen in kettlebell
training; the most widely recognised type being the ‘hardstyle’ swing introduced by Pavel
Tsatsouline (50).
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The hardstyle swing is characterised by i) ballistic movement of the lower limb, ii) a ‘hiphinge’ motion, iii) four distinct phases, and iv) the kettlebell reaching chest-height at midswing. The start of a swing cycle begins with the participant in a universal athletic position,
mid-forearms resting on the top of the thighs, and the kettlebell located between the legs,
posterior to the hips. The kettlebell follows an upward arc of trajectory, accelerated by explosive
extension of the hips and knees (phase 1). The second phase, called ‘float’, involves only
passive flexion of the shoulders, which occurs between full extension of the lower limbs and
the kettlebell reaching its maximum vertical displacement (mid-swing). Phase three, called
‘drop’ is the reverse of phase 2 - passive shoulder extension to commencement of hip flexion.
The fourth and final phase is ‘braking’, in which the lower limbs decelerate the kettlebell back
to the start position (258). A hardstyle swing is believed to improve lower limb power, and by
association, the ability to apply GRF. Therefore, the kettlebell swing might positively influence
lower limb function in older adults, reduce risk of falls, and be an ideal tool to promote healthy
ageing (230).
A recent review (230) identified no standards or guidelines to inform healthcare providers of
how to use kettlebells safely and confidently with older adults. Additionally, current resistance
training guidelines for older adults (236, 259, 260) do not translate to hardstyle kettlebell practices
as a single exercise ‘set’ may involve 100 repetitions and last several minutes. Selection of a
kettlebell is not typically based on a percentage of ‘1 repetition maximum’, and simply adding
a kettlebell to an exercise (247) is not representative of ‘kettlebell training’. It is a safety concern
for providers wanting to prescribe a ballistic, free weight resistance training program for older
adults, without guidelines and for which the force profile, acute responses, and risks are
unknown.
Hardstyle literature suggests that outcomes, such as improvements in hip extension power, are
dependent upon technique (50, 231). Kinematic differences between novice and expert have been
described

(118)

instructor

(258)

with significant, large effect size differences in GRF between novice and

, however, these data are from healthy young adults. Data from young active

populations are informative and provide important reference points

(59, 110, 126, 128, 129, 237)

, but

these cannot be generalised to older adults, especially individuals who are insufficiently active,
or living with chronic health conditions. Our research question centers on ‘force’, due to its
emphasis and influence in kettlebell practice – ‘An experienced girevik is playing a game of
force pool, expertly rebounding the force generated by the clean from the ground.’ (50), its role
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in mechanotransduction, and informing optimal dosing strategies for therapeutic exercise
prescription (261, 262).
For adults under 65 years of age, insufficient physical activity is defined as not completing
150 minutes of moderate to vigorous physical active across five or more days in the last week,
which includes muscle strengthening activities twice a week. For adults 65 years and over, it is
30 minutes of physical activity per day on five or more days in the last week, incorporating
muscle strengthening activities (263). A profile of the kettlebell swing in older adults is therefore
warranted.
The aim of the study is to report the force profile of the two-handed hardstyle kettlebell swing
in novice older adults. Peak ground reaction force, RFD, forward force, and swing cadence
would be compared by sex, with force-time curves (FTCs) reported and described. Peak GRF
during swings would be compared with GRF during kettlebell deadlifts, with findings used to
inform the BELL trial intervention (www.anzctr.org.au ACTRN12619001177145).

4.4

MATERIALS & METHODS

4.4.1 PARTICIPANTS
A total of 17 males and 18 females aged 58-79 years, who had volunteered to participate in
the BELL trial, were recruited. Thirty-two participants identified as insufficiently active

(263)

and had not engaged in a structured exercise program for at least nine months. None of the
participants had previously used kettlebells. Participants were free from injury and did not
disclose any health or medical conditions considered to be a high risk

(264)

. After a thorough

explanation of the study aims, protocols, and potential risks, participants provided written
informed consent. A copy of the explanatory statement and informed consent forms are
included in Appendix 4 and 5. Ethical approval for this study was granted by Bond University
Human Research Ethics Committee (NM03279).

4.4.2 PROTOCOL
Data were collected from the University biomechanics laboratory, with each participant
attending two, 1-hour sessions on consecutive weeks: session one - kettlebell swings; session
two - kettlebell deadlifts. Two-handed kettlebell swings to chest-height were performed on a
floor-mounted force flatform (AMTI, Watertown, NY, USA) recording GRF at 1000 Hz using
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NetForce software (AMTI, USA). Participant body mass was captured by the force plate from
a period of quiet standing. Tri-plantar force variables were obtained from the floor-mounted
force platform. The variables of interest were peak GRF, forward force, dynamic RFD, swing
cadence, sex, and kettlebell mass. Participants performed a single set of 12 repetitions with each
kettlebell, with the middle 10 repetitions used for analysis. The first and last swings in each set,
involving the dead-start/dead-stop position, were excluded from analysis. A custom program
(Microsoft Excel, Version 2012) was used to calculate peak force during each swing cycle of
the set, with values manually assessed and verified against the corresponding FTC. To obtain
net peak force, system weight (body mass + kettlebell mass multiplied by gravity) was
subtracted from the square root of squared and summed data:

𝐹 +𝐹 +𝐹

(Fz = vertical force, Fy = horizontal force, Fx = medio-lateral force).

The swing pattern is reported as previously described (258). The back or bottom position of
the swing was used as the start of each swing cycle. Dynamic RFD (N.s-1) during hip extension
(propulsion) was calculated as the change in resultant GRF during this first phase, divided by
elapsed time. This was normalised to body mass (N. s-1.kg-1) and reported as the mean of 10
swings. Cadence, in swings per minute (SPM), was calculated from the average time between
the peak force of hip extension in each swing cycle – 60s / (Timepeak10 - Timepeak1 / 9). Peak
force was reported as resultant force unless stated otherwise.

Figure 4.1 Key positions during the two-handed hardstyle kettlebell swing and kettlebell deadlift.
(A) dead-start / dead-stop for a swing, (B) start and end position of single swing cycle, (C) mid-swing, (D) deadstart for a kettlebell deadlift, (E) top position of the deadlift. Red tape marks the boundary of the force platform.
Photograph by author. Reproduced with permission.
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4.4.3 PROCEDURE
During the first session, participants received instruction on how to perform the hardstyle
swing as previously described (138, 258). The following drills served as a warm-up; (1) unloaded
hip-hinge - standing at a distance roughly equal to the length of their foot away from a wall,
participants used the wall as an external focus of attention (target for their buttocks to touch) to
practice the ‘hinge’ movement, before returning to an upright position. (2) performing the 4
phases of a swing cycle (258) without a kettlebell, led by the instructor to a 4-count (propulsion,
float, drop, braking). (3) double knee extension swings (117) with 8 kg, to familiarise themselves
with the external load, movement of the kettlebell through the legs, and weight shift. (4) towelswings

(50)

with 4-8 kg, to differentiate a ‘swing’ from a ‘lift’, and (5) two to three sets of

instructor-led swings performed at cadence of approximately 40 SPM, to illustrate the intended
ballistic nature of the hardstyle swing.
Force USA competition kettlebells from 8-32 kg of standardised dimensions were used,
increasing in 2 kg increments to 24 kg, then 4 kg increments to 32 kg. Sets commenced with
the 8 kg kettlebell, with kettlebell mass increased in each set until completion. Each participant
in the group performed the exercise with the same kettlebell, before the next kettlebell mass
was introduced. This provided sufficient rest between sets. Target loads for swings (session
one) and deadlifts (session two) were pre-selected based on the lead investigator’s experience
as a kettlebell instructor; 12 kg and 24 kg for females, and 16 kg and 32 kg for males,
respectively. Sets of swings began and ended in a ‘dead-start’ position (Fig. 4.1 A). Deadlifts
were performed with feet positioned either side of the kettlebell (Fig. 4.1 D) as previously
described (139). Only peak resultant force was analysed for deadlifts.
A target range of kettlebells was set for both exercises, however, the physical capacity of the
participants was unknown. A maximum of 16 kg was set for swings, and 32 kg for deadlifts. It
was anticipated that some individuals may be unable (or unprepared) to use all the kettlebells
or, may wish to go beyond the target range. Females were permitted to perform swings with 14
kg and 16 kg if they requested to do so, and had confidently performed swings using the lighter
kettlebell with acceptable technique. As an exploratory investigation, standardising kettlebells
across all participants was not required, and additional data about physical capacity was
beneficial to the larger clinical trial within which this study was subsumed.
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4.4.4 STATISTICAL ANALYSES
Descriptive statistics were reported for normally distributed continuous variables. Measures
of centrality and dispersion are presented as mean (SD) and verified for normality using normal
Q-Q plots, histograms, and Shapiro-Wilk tests. Differences between males and females, swings
and deadlifts, were analysed using independent samples T-tests and paired samples T-tests,
respectively, subject to the normality assumptions being met. For these analyses, mean
Difference (MD) is presented with 95% confidence interval (CI). An exploratory data analysis
of pairwise comparisons, involving exercise (swings vs deadlift), sex (male vs female) and
kettlebells (8-32kg), resulted in 60 pairwise comparisons. A Bonferroni correction for
multiplicity, provided an adjusted p-value of 0.0008 as the threshold for statistical significance.
Hypothesis confirmation cannot be performed with exploratory data. Due to the exploratory
nature of the study, not all conditions were met by all participants, giving rise to incomplete
cases; thus, although the repeated measures ANOVA and other variations like the mixed model
ANOVA were considered, they were not carried out as these methods would have discarded
incomplete cases.
Effect sizes were calculated and interpreted using Lenhard and Lenhard (233) and Magnusson
(234)

, quantified as trivial, small, moderate, large, very large, and extremely large where effect

size < 0.20, 0.20 - 0.59, 0.60 - 1.19, 1.20 - 1.99, 2.0 - 3.99 and ³ 4.0 respectively (105). Probability
of superiority has been used to illustrate the Cohen’s d effect size, representing the chance that
a person from group A will have a higher score than a person picked at random from group B
(234)

. Linear regression was used to calculate the regression coefficients between the

independent variable load, and dependent variables net peak force, and rate of force
development. Correlations were investigated using Pearson product-moment correlation
coefficient, with preliminary analyses performed to ensure no violation of the assumptions of
normality, linearity, or homoscedasticity. Statistical analyses were performed using SPSS
(version 26.0; SPSS Inc., Chicago, IL, USA), and p < 0.05 was used to indicate statistical
significance. Readers are reminded of the limited utility of exploratory p-values in data
exploration for hypothesis generation (265), thus directed to the effect size of reported pairwise
comparisons.
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4.5

RESULTS

Participant demographics are presented in Table 4.1. All participants performed swings with
8-12 kg. Nine females performed swings with 14 kg, and two females performed swings with
16 kg. Sixteen males performed swings with 14 kg, and 15 males performed swings with 16 kg.
Table 4.1 Participant characteristics
Characteristic

Older Males

Older Females

17

18

Age (years)

68.5 (4.2)

68.1 (4.0)

Height (cm)

176.8 (7.8)

163.9 (5.4)

Weight (kg)

90.2 (14.9)

71.7 (11.5)

BMI (kg/m2)

29.1 (2.5)

26.6 (4.5)

Number

Data are presented as mean (SD), unless otherwise specified.

4.5.1 NET PEAK GROUND REACTION FORCE
There was a large ( = 1.77) difference in peak force between the kettlebell swing and
kettlebell deadlift (Fig. 4.2 and Table 4.2), with the mean probability of superiority for the
kettlebell swing across loads of 8-16 kg being 89.5%. The relationship between net peak force
and kettlebell mass was investigated. In both cases, there was a very weak (r < 0.30) positive
correlation between the two variables. Regression coefficients to predict net peak force, where
𝑥 = kettlebell mass in kg.
Net peak force – SWING

y = 3.10 + 0.11𝑥 (r = 0.26, p = 0.001, CI [0.05, 0.81])

Net peak force – DEADLIFT

y = 2.63 + 0.02𝑥, (r = 0.19, p = 0.001, CI [0.01, 0.03])
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Figure 4.2 Net peak ground reaction force between kettlebell swings and deadlifts.
Box-and-whisker plot of large difference in net peak ground reaction force between kettlebell swings and deadlifts.
Box represents median observations (horizontal rule) with 25th and 75th percentiles of observed data (top of
bottom of box). Length of each whisker is 1.5 times interquartile range. Data points that are more than 1.5×
interquartile range are represented by ‘o’ (Tukey’s outlier detection method). * = p <0.05
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Table 4.2 Net peak ground reaction force for swings and deadlifts (N.kg-1)
Cohen’s

Mean (SD)

KB weight
(kg)

Swing

Deadlift

8

3.9 (1.0)

10

MD (95% CI)

t

p

2.8 (0.6)

1.2 (0.8, 1.6)

29 (6.110)

4.3 (1.0)

2.8 (0.7)

1.5 (1.2, 1.9)

12

4.4 (0.8)

2.8 (0.6)

14

4.7 (1.0)

16

4.5 (1.0)



Probability of
superiority (%)

<0.001

1.42

84.2

29 (9.408)

<0.001

1.76

89.3

1.5 (1.2, 1.9)

29 (9.927)

<0.001

1.99

92.0

3.0 (0.6)

1.7 (1.3, 2.1)

22 (8.887)

<0.001

2.00

92.1

3.1 (0.6)

1.4 (0.8, 2.0)

15 (5.067)

<0.001

1.68

88.3

Only trivial-to-small effects were found between males and females performing kettlebell
swings up to 16 kg, however sex influenced peak force during kettlebell deadlifts. From 8-24
kg, peak force during deadlifts was moderately higher ( = 0.69) for males than females, with
a 68.7% probability of superiority. There was a difference between males and female using 8,
12 and 14 kg kettlebells, with the mean probability of superiority being 71.2% ( = 0.79) (Fig.
4.3 and Table 4.3).
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Figure 4.3 Effect of sex on peak force during kettlebell deadlifts.
Moderately large effect of sex on peak force during kettlebell deadlifts with 68.7% mean probability of superiority
(males > females) with 8-24 kg kettlebells. Data points that are more than 3× interquartile range are represented
by ‘☆’. * = p <0.05, ns = p >0.05

Table 4.3 Net peak ground reaction force for males and females during kettlebell deadlifts
(N.kg-1)
Mean (SD)

KB weight
(kg)

Male

Female

8

3.0 (0.7)

10

Cohen’s
Probability of
superiority (%)

MD [95% CI]

t

p

2.5 (0.4)

0.4 [<0.05, 0.87]

28 (2.112)

0.044

0.77

70.7

3.0 (0.7)

2.6 (0.6)

0.3 [-0.2, 0.8]

28 (1.318)

0.198

0.48

63.3

12

3.1 (0.7)

2.6 (0.4)

0.5 [<0.05, 0.9]

28 (2.242)

0.033

0.82

71.9

14

3.1 (0.6)

2.7 (0.6)

0.4 [<0.05, 0.9]

28 (1.970)

0.059

0.72

69.5

16

3.2 (0.6)

2.7 (0.6)

0.5 [<0.05, 0.9]

28 (2.114)

0.044

0.77

70.7

18

3.1 (0.6)

2.8 (0.6)

0.3 [-0.1, 0.7]

28 (1.417)

0.168

0.52

64.3

20

3.2 (0.6)

2.8 (0.6)

0.4 [<0.05, 0.8]

28 (1.899)

0.068

0.69

68.7

22

3.2 (0.6)

2.8 (0.5)

0.3 [<0.05, 0.7]

28 (1.797)

0.083

0.66

68.0

24

3.3 (0.6)

2.9 (0.6)

0.4 [<0.05, 0.8]

28 (1.861)

0.073

0.77

10.7

28

3.4 (0.7)

2.7 (0.2)

0.8 [-0.3, 1.8]

14 (1.537)

0.147

1.16

79.4

32

3.6 (1.0)

2.6 (0.5)

1.0 [-0.5, 2.5]

12 (1.408)

0.184

1.08

77.7
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4.5.2 RATE OF FORCE DEVELOPMENT
Rate of force development was not significantly different between consecutive kettlebells.
There was a difference ( = 0.5 - 0.7) in RFD between the 8 kg and 14 kg kettlebell, and the
8kg and 16 kg kettlebell: MD = 2.2 (0.5, 3.9), t = (24) 2.721, p = 0.012, and MD = 3.89 (1.59,
6.20), t = (16) 3.577, p = 0.003, respectively (Fig. 4.4 and Table 4.4).
Analysis of the effect of sex on RFD revealed a difference between males and females, but only
with 8 kg (Fig. 4.4). Except for the 2 females who swung 16 kg, paired samples analysis
revealed no significant increase in RFD between the lightest and heaviest kettlebells for males
or females.
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The relationship between RFD and kettlebell mass was investigated. Linear regression
shows a very weak, positive correlation between the two variables:
y = 14.4 + 0.32𝑥 (r = 0.03, p = 0.032, CI [0.03, 0.61]), where 𝑥 = kettlebell mass in kg.

Figure 4.4 Effect of sex on RFD.
Trivial effect of sex on RFD. * = p <0.05, ns = p >0.05. One outlier at 16 kg and one extreme outlier at
12 kg not shown.

Table 4.4 Rate of force development during kettlebell swings for males and females (N.s-1.kg-1)
Mean (SD)

KB weight
(kg)

Males

Females

8

15.5 (4.9)

10

Cohen’s
Probability of
superiority (%)

MD [95% CI]

t

p

18.7 (3.6)

3.3 [0.3, 6.6]

(33) 2.255

0.031

0.75

70.2

16.7 (4.7)

17.8 (3.7)

1.1 [-1.8, 4.0]

(33) 0.776

0.443

0.26

57.3

12

18.3 (6.5)

18.1 (3.2)

-0.2 [-3.7, 3.3]

(33) -0.111

0.913

0.04

51.1

14

18.4 (4.7)

18.8 (4.1)

0.5 [-3.4, 4.3]

(23) 2.47

0.807

0.09

52.5

16

19.3 (5.2)

21.8 (9.3)

2.5 [-6.5, 11.5]

(15) 0.560

0.560

0.45

62.5
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4.5.3 FORWARD FORCE
Mean forward force was 0.055 (5.5%) of the vertical GRF during the kettlebell swings. There
was a small ( = 0.34) increase in the ratio of forward to vertical GRF between 8 and 16 kg,
MD = 0.33 (0.21, 0.45), t = (14) 5.890, p = <0.001. The trivial to small differences between
males and females were not significant at any kettlebell (Fig. 4.5). Between 8 and 14 kg, the
absolute change in ratio of horizontal to vertical force was 2.5% for females, increasing from
3.7% to 6.9%. For males, the absolute change was 2.6%, from 3.8% with 8 kg to 7.3% with 16
kg.

Figure 4.5 Effect of sex on forward force.
No significant effect of sex on small increases in forward force with increasing kettlebell mass. A/V = ratio of
anterior (forward) horizontal to vertical GRF.

4.5.4 CADENCE
Mean swing cadence up to 16 kg for the kettlebell swings was 35.7 (2.3) SPM, range = 29.2
to 41.2. There was a difference (p < 0.05) in cadence between 10 and 12 kg and 12 and 14 kg
swings, however, means remained between 35 and 36 SPM. The effect of sex on cadence
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revealed differences between males and females with all kettlebells (Fig. 4.6). Between 8 and
16 kg, there was a moderately large ( = 0.9) effect size, with a mean difference of 1.9 SPM
and 73.8% probability of superiority (females > males).

Figure 4.6 Effect of sex on swing cadence.
Moderately large effect of sex on swing cadence. SPM = swings per minute. * = p <0.05

4.5.5 FORCE-TIME CURVE CHARACTERISTICS
Three distinct movement strategies emerged, which were inconsistent with a proficient
swing (258). 1) lifting the kettlebell with the upper limbs, 2) a whole-body effort to perform the
movement, 3) controlling the kettlebells decent from mid-swing, with little visual dissociation
between upper and lower limbs, in which the body appeared to collapse downward with the
kettlebells vertical displacement. Representative FTCs recorded from two participants which
illustrate these movement strategies, are shown in Fig. 4.7. A double-peak (Fig. 4.7 A) is
consistent with a sequential movement, initially involving explosive hip extension, immediately
followed by active shoulder flexion to lift the kettlebell to the desired height. A wider, multipeaked profile (Fig. 4.7 B) is consistent with a more simultaneous movement, and lack of
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ballistic hip extension during propulsion. Absence of a second smaller force peak (shown in
Fig. 4.7 A) is consistent with not allowing the kettlebell to drop from mid-swing. These profiles
illustrate the effect of technique on force and cadence. The ballistic pattern more consistent
with a proficient hardstyle swing (A), resulted in higher net peak force (368.2 N vs 257.1 N),
higher force as a percentage of bodyweight (47.5 % vs 33.8 %), a larger proportion of horizontal
forward force (6.8% vs 2.9 %), and faster swing cadence (36.4 SPM vs 34.1 SPM).

Figure 4.7 Representative force-time curves of novice movement strategies.
Representative force-time curves from two distinct movement strategies used by novice older adults to perform a
two-handed hardstyle kettlebell swing.
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4.6

DISCUSSION

Knowledge of GRF and other kinetic variables enables healthcare providers to make
informed decisions about the potential benefits and risks of an exercise. A properly designed
resistance training program for older adults, includes multi-joint exercises such as the kettlebell
swing and kettlebell deadlift, is individualised, periodised, progressive, and includes
appropriate technique instruction (236). A review (230) was unable to identify descriptive data of
kettlebell exercises from older adults for any of these variables. Results of the present study
provide healthcare providers with additional data, to make more informed choices about the
potential therapeutic use of kettlebell swings for older adults.

4.6.1 GROUND REACTION FORCE
It was unsurprising that net peak GRF was higher for swings than deadlifts. Force is a
product of mass and acceleration and increases with speed in all environmental conditions (266).
Net peak ground reaction was 5% higher during swings with an 8 kg kettlebell than deadlifts
with 32 kg, and 35% higher than deadlifts with 16 kg. If GRF is the desired therapeutic stimulus,
an 8 kg kettlebell swing could be a better option than a heavier deadlift. Other factors such as
reduced cost, ease of storage and transport, and availability in a variety of general-purpose
stores, would likely make kettlebell swings with an 8 kg kettlebell, a less intimidating and more
attractive option than deadlifts, which would typically be performed with much heavier
kettlebells.
Data from proficient hardstyle swings performed by an Instructor, show ground reaction
force can exceed 2× body mass with an 8 kg kettlebell (258). For the novice older adults in the
present study, net peak force during swings with an 8kg kettlebell was 3.9 (1.0) N.kg-1,
compared to 8.85 N.kg-1 for the younger instructor previously reported. With appropriate
training, it is feasible that ground reaction force in novice older adults could be increased from
4 N.kg-1 to 8 N.kg-1 during hardstyle swings with 8 kg. This highlights a potential therapeutic
opportunity in an older population, and possible goals for exercise prescription and
measurement.
Lower limb strengthening, for example, is recommend in the management of a host of
chronic diseases, including symptomatic knee osteoarthritis
swing, knee flexion is limited

(118)

(267, 268)

. During the kettlebell

with no impact force - mechanisms commonly reported to
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irritate symptomatic arthritic knees. At a cadence of 40 swings per minute, a training load
volume of 1,600 kg can be achieved in as little as five minutes with an 8 kg kettlebell. Safe,
easily achievable, and readily scalable, the swing could be an effective and efficient option
where time, motivation, or desire, might be limited. Ground reaction force relative to
bodyweight during an 8 kg swing is comparable to a bodyweight squat performed at a medium
to fast pace (266), but the number of bodyweight squats a healthcare provider might prescribe for
an older adult, is likely to be far less than the number of swings that could be performed in the
same time period. This may have implications for the prescription of training load volume.
More than half of the female participants voluntarily swung a kettlebell heavier than the
intended 12 kg maximum. It was also evident that some of the males had capacity to swing
kettlebells heavier than 16 kg. As these participants were all novices with respect to kettlebell
training, this was very encouraging to the potential feasibility of kettlebell swings in this
population. Whether there is any physical benefit from using heavier kettlebells has yet to be
determined, particularly as effort increases disproportionately to kettlebell mass, and change in
GRF is small

(258)

. If the clinical benefits can be gained with a lighter rather than heavier

kettlebell, it appears the potential risks of swinging a heavier kettlebell could quickly outweigh
the reward. To minimise the risk of injury, it seems reasonable that 12-16 kg would be
‘sufficient’ for most older adults, with other program variables available to alter the
physiological demand, such as the work:rest ratio, altering technique and cadence, and option
to use one-arm instead of two.
Males have a higher volume of lean muscle mass than females (269-271), so it was anticipated
that peak force would be higher for males when performing both kettlebell exercises. This was
true for deadlifts but not for swings, which was surprising. There was a consistent moderate
effect size with an almost 70% mean probability of superiority of peak force being higher for
males. There was a sex effect for deadlifts, however the lack of such significance for swings is
currently unclear.
There was a very large mean effect size ( = 3.06) in peak force between the older adults in
this study and data reported from an instructor

(258)

. For older adults, the average peak force

during swings was almost half that of the instructor (52.1%), with a mean difference of 4.2
N.kg-1, highlighting scope for potential improvement from training. Previous research has
shown no significant difference in peak GRF, during lifting and standing tasks, between
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younger and older adults (272, 273), but moderate differences between older community-dwelling
males and females (253). In the absence of sex-specific health or medical conditions, these results
suggest that choice of kettlebell should be influenced by bodyweight, strength and/or stature,
rather than sex.
Novice starting kettlebell loads for the kettlebell swing are commonly based upon
recommendations which are not specific to the swing or older adults

(50)

. Researchers have

largely followed these recommendations, however, some investigators have used kettlebells as
low as 3 kg (112, 122, 145, 274, 275), heavier kettlebells up to 48 kg (110, 117, 119, 146, 153, 155, 156, 276), or a
percentage of bodyweight e.g., 10-20%

(127, 132)

. Results from this study suggest that healthy

novice females, regardless of age and training status, with some supervision and guidance, may
be able to perform swings safely with a 12-14 kg kettlebell, if they feel comfortable doing so.

4.6.2 FORWARD FORCE
Street wisdom

(129)

suggests that most of the applied force is in the forward horizontal

direction. This belief has influenced training practices, which include visualising the kettlebell
being projected forward during the propulsion phase, and forcibly snapping the knees into full
extension. A kinetic analysis of a proficient hardstyle swing, revealed horizontal forward force
to be approximately 10-15% of the magnitude of vertical force, with kettlebells from 8 to 32 kg
(258)

. One of the most striking findings from the present study, was that only around 5% of the

ground reaction of a swing was directly horizontally forward. Mean forward force increased
from just 3.8% with 8 kg to 7.1% with 16 kg. A small proportion of forward force was expected,
however, a mean of 5.5% with few swings exceeding 10% was much less than previous research
in younger adults (128). This finding may be due to age-related decline in dynamic balance.
There was a very large ( = 2.05) average effect size in the magnitude of forward force
between older adults and instructor (258). Although the absolute mean difference was less than
5%, the relative difference was just over half (55.1%). In some cases, horizontal force at peak
ground reaction was zero, and in a few instances, negative, albeit negligible in magnitude i.e.,
indicating that the kettlebell was in effect being pulled backward rather than projected forward
at the point of peak ground reaction. This is an interesting biomechanical scenario, given the
kettlebells anteroposterior arc of motion, and street wisdom regarding forward force.
Tsatsouline describes the motion of the lower limbs during a kettlebell swing as akin to a
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standing vertical jump

(50)

. Simply extending the knees as rapidly as possible, with minimal

force applied to the ground, is likely counterproductive for achieving optimal performance
during a kettlebell swing. For older adults with painful arthritic knees, forcibly extending the
joints may also exacerbate unwanted symptoms.

4.6.3 RATE OF FORCE DEVELOPMENT
Data from proficient swings, shows a strong negative correlation (r = -0.82) in RFD with
kettlebell mass (258), so it was surprising to find an almost neutral correlation among the novice
older adults in this study (r = 0.03). The RFD effect size between the older adults in this study
and instructor was large ( = 1.47), with a mean difference of 17.0 N.s-1.kg-1; almost half that
of the instructor (54.2%). With large within-group variation, it is interesting to consider the
outliers. One male participant in the current study, who was still engaged in active employment,
recorded a higher RFD than the instructor with the 12 kg kettlebell ( = 0.25). This outlier
shows that older adults can maintain a high RFD into older age, and highlights the potential
scope for others to improve. Results from strength and power training in older adults

(277)

,

indicate that it is feasible that kettlebell swings might increase RFD. Combined with large
improvements in dynamic single leg balance

(152)

training may mitigate age-related changes in RFD

and postural reaction time
(278)

(154)

, kettlebell

and reduce falls risk. Whether swings

might provide superior clinical benefit in this regard to a more basic exercise, such as the
kettlebell deadlift, remains to be seen.

4.6.4 SWING CADENCE
It was expected that swing cadence among novice participants would be lower than 40 SPM.
There was a very large ( = 2.54) average effect size between older adults and instructor (258),
with the older adults cadence being on average 6 SPM slower. It was surprising that cadence
was different between sexes - almost 2 SPM higher in females than males. Kettlebell-proficient
females of comparable height, have previously been reported to perform swings at 40 SPM (232),
thus anthropometric differences appear to have minimal influence on swing cadence. It was
encouraging to see that cadence remained relatively consistent across all loads throughout the
group, suggesting that the pre-selected kettlebells were not ‘too heavy’. In current practice, it
is unlikely that insufficiently physically active females over 60 years of age would be asked to
swing a 12-14 kg kettlebell, or men over 60 years asked to swing 16 kg. Findings from this
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exploratory investigation challenge common practice regarding kettlebell selection for older
adults.

4.6.5 FORCE TIME PROFILE
The representative FTCs are more consistent with those of Mache and Hsieh (127) and Lake
and Lauder (126) than of a proficient swing (258). Our observations support the findings of Back
and colleagues (118) with one or both phases of ‘lift’ and ‘float’ typically being absent. Visual
observation of the participant’s swing technique, and deviations from ‘ideal’, could be
correlated with changes in the corresponding FTC. A common strategy for some of the
participants in the present study, was to actively flex the shoulders to lift the kettlebell upward
rather than swing it, which corresponded with a double-peak FTC. A second smaller force peak,
seen in a proficient swing

(258)

, was likely absent if the person was observed to control the

kettlebells decent from mid-swing instead of allowing it to drop. Practically, this strategy shifts
emphasis of the mechanical load of deceleration from the hips and lower limbs to the trunk and
upper limbs.
Less visually apparent was the squatting motion previously observed in novices

(118)

. This

lack of squatting motion in the present study, was attributed to the instruction provided by the
instructor and the pre-test drills which encouraged a ‘hip-hinge’ pattern. A wider, multi-peaked
FTC and slower cadence was consistent with a more pronounced simultaneous, movement
pattern of the lower limbs and trunk. Whether differences in swing pattern are clinically
meaningful has not been investigated. Given the differences in force profile between a
proficient and novice swing, it is hypothesised that that swing technique may influence
performance improvement and rehabilitation conditions. An ‘ideal’ swing may not however be
achievable for some older individuals, and variability in technique may also be beneficial.
As anticipated, none of the participants were able to perform an ideal hardstyle swing
consistently, for all repetitions with all loads. There were, however, many examples where it
was evident in the FTC, that participants had performed one or more swings within the set,
which were approaching ideal – see Appendix 6: M4, M6, M7, M9, M12, M13, M15, M16,
M17, F1, F3, F5, F9, F11-15, F17, F18. Most participants had a force profile suggestive of a
swing rather than lift, which was surprising and very encouraging. Use of real-time
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biofeedback, in addition to common drills and slow-motion video analysis, may be beneficial
for novices learning how to perform a hardstyle swing (244).
The hardstyle swing is an unusual movement pattern, which can be challenging for some
individuals to learn, with older age likely to influence their movement patterns and potentially
the rate of skill acquisition. Movement drills can be effective for improving technique, but some
people can find them confusing; a situation which can be compounded by multiple drills. Many
of the participants in the present study, however, were able to quickly improve their technique
by simply focusing on increasing swing cadence. Swing cadence could be a useful measure to
determine an appropriate upper limit for the most appropriate kettlebell, particularly in
combination with an increasing rate of observed or reported effort. Achieving a consistent
cadence of 40 SPM with a comfortable (lighter) kettlebell appears to be an appropriate strategy
for the novice individual learning the swing. Health professionals should note that the
cardiovascular demand of kettlebell swings may be higher than walking

(139)

and should

anticipate a higher heart rate and cardiovascular response (135, 206) and program for the individual
accordingly.
Our suggestion that changes in a FTC might be used to determine an optimal training load
(258)

, assumes a proficient swing and availability of real time biofeedback. So how should

optimal kettlebell load be determined for novice older adults? For some participants in the
present study, increasing kettlebell mass appeared to improve their technique, but for others,
additional mass had a detrimental effect. It remains to be seen whether monitoring the force
profile to inform kettlebell selection provides any benefit beyond observation by a trained
instructor. Optimising starting kettlebells, and progression during the initial and early stages of
learning a hardstyle swing, is where input from an appropriately experienced coach is likely to
be most beneficial.
The influence of confounding variables such as technique, age, and training history, on
resultant force are unclear. Pragmatically however, the combined target testing loads per person
for the deadlift session were 1,728 kg and 2,448 kg for females and males, respectively. With
many older adults routinely under-dosed in resistance training programs (279), these data might
help change that trend. In the absence of identifiable risks, and within the constraints of a
person’s unique health history, clinical needs, and the desire (or not) to engage in a program of
resistance training, these findings might encourage providers to broaden their perceived scope
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of therapeutic load. Additionally, clinical decision making is likely to influence instruction
around movement, speed of movement, and treatment goals (266).

4.6.6 LIMITATIONS
Results from insufficiently active older adults may not be generalisable to all older adults,
or to those with a diagnosed health or medical condition which presents an increased risk of
harm from resistance exercise, or which effects their ability to perform the exercise. Ground
reaction force and technique among novices is likely to quickly improve with practice and
appropriate instruction, therefore, these data may not represent older adults who have
undergone a period of kettlebell exercise practice and training. Rate of force development
should be interpreted with caution. Calculation of RFD from force-plate data, in the absence of
concurrent video analysis, may have limited reliability, where determination of the propulsive
phase in a force-time curve may not be clear. Ground reaction data from hardstyle swings
cannot be generalised to the double knee-bend swing (kettlebell Sport) or overhead (American)
swing which are kinematically different (117, 130). Adaptation is influenced by numerous training
factors, such as impulse (280), thus interpretations of peak force as a training stimulus are limited.

4.7

CONCLUSION

Results of this exploratory profiling study suggest that the prescription of exercise intensity (kg)
for kettlebell swings and kettlebell deadlifts for older adults, should not be determined by sex.
Ground reaction force was larger during two-handed hardstyle swings with an 8 kg kettlebell,
than deadlifts performed with 32 kg. A target cadence of 40 SPM is likely to positively
influence RFD and GRF in novices, but further research is required to establish, whether such
cadences are achievable for most older adults and how variations in cadence may influence
aspects of hardstyle technique and the clinical outcomes of interest in older adults. All older
females and males comfortably performed multiple deadlifts up to 24 kg and 32 kg,
respectively, thus, healthcare providers are encouraged to explore the potential of their older
patients/clients in this regard.

4.8

PLAIN LANGUAGE SUMMARY

The magnitude of peak ground reaction force is considerably larger during a kettlebell swing
than a kettlebell deadlift when the mass of the kettlebell is equal. Peak ground reaction force
during a two-handed kettlebell swing with 8 kg is comparable to that of a 32 kg deadlift. Where
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improving the ability to produce higher GRF is the clinical measure of interest, kettlebell swings
with 8 kg may provide a similar benefit to deadlifts with heavier loads, and be a more costeffective, convenient, and appealing option for older adults and healthcare providers, given the
ease with which they might be used at home. During kettlebell swings and kettlebell deadlifts,
there is negligible difference in normalised peak ground reaction force between males and
females. Findings suggest that older adults may have the potential, relative to bodyweight, to
double the magnitude of peak ground reaction force and rate of force development during a
kettlebell swing.
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4.9

REVIEW

Considered together, the findings presented in Chapters 3 and 4 show clear differences in
the force profiles between a proficient and novice kettlebell swing. With adequate training, it is
feasible that mean swing cadence in older novices could be increased by 4 SPM, and the ‘lift’
eliminated from the force-time curve. As a result of these anticipated improvements in swing
performance, it could be hypothesised that rate of force development and ground reaction force
would increase with a large effect size. Furthermore, we might also expect to see a reduction in
the painful symptoms of knee arthritis, corresponding with a favourable change in the force
profile i.e., an improved technique. Activities of daily living, such as descending stairs,
squatting, and rising from a chair, have been reported to aggravate knee osteoarthritis

(281)

.

These activities typically involve an impact force and large range of knee flexion, with ground
reaction force 1.1-1.6× bodyweight

(228, 246)

, with conservative management focused on lower

limb strengthening exercises (267, 268).
Analysis of proficient kettlebell swings, shows that ground reaction force with just an 8 kg
kettlebell, is almost 2× BW, approaching the same magnitude as a stride jump

(246)

. Thus, the

kettlebell swing which involves no impact, limited knee flexion, and the potential to impart a
mechanical stimulus sufficient to increase lower limb strength, appears to be an ideal antidote.
Chapter 7 presents qualitative results showing if improvements in symptomatic knee
osteoarthritis did occur during the BELL trial intervention. Chapter 9 illustrates the change in
swing force profiles following the BELL trial intervention. Together, these results will support
or refute the hypothesis that improving swing performance will reduce the unwanted painful
symptoms of knee osteoarthritis. Chapter 5 outlines the BELL trial protocol.
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CHAPTER 5
TRIAL PROTOCOL

“The best preparation for tomorrow is doing your best today.”
H. Jackson Brown, Jr.
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5.1

PREFACE

This chapter includes the protocol for the BELL trial. Embracing the values of research
transparency and openness, a protocol is a commitment to increasing the credibility of research,
to enhancing the information value, and allowing independent appraisal and verification of the
findings. Outcomes focus on the measures used by musculoskeletal-focused healthcare
providers, reflecting the pragmatic approach of this thesis. A SPIRIT checklist is included in
Appendix 7.

Published as:
Meigh, N. J., Keogh, J. W., Schram, B., Hing, W., & Rathbone, E. N. (2019). The BELL (Ballistic Exercise of the
Lower Limb) trial: protocol for a repeated measures single cohort pragmatic hardstyle kettlebell training program
to improve grip strength, health-related physical fitness, and quality of life in sedentary older adults.
Open access preprint version at Open Science Framework: DOI: 10.17605/OSF.IO/DZ96P
© The Authors 2021. This work is licensed under the Creative Commons Attribution 4.0 International License.
http://creativecommons.org/licenses/by/4.0/
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5.2

ABSTRACT

Background. Adults over 65, more than any other age group, require adequate physical
fitness to maintain their independence. Hardstyle kettlebell training has been suggested to
improve all measures of health-related physical fitness (HRPF) however, although optimal
characteristics have been described for resistance training programs in healthy older adults, no
such recommendations exist for kettlebells. The primary objective of this trial is to investigate
the effectiveness of moderate- to high-intensity group-based hardstyle kettlebell training, for
improving HRPF and quality of life (QoL), in independently living but insufficiently active
community-dwelling older adults. The secondary objective is to investigate if a dose-response
relationship exists between the performed exercise dose and changes in measures of HRPF and
QoL.
Methods. In this prospective, repeated measures single cohort study, 32 insufficiently active
males and females ≥60yrs, will complete 8 weeks of supervised group hardstyle kettlebell
training following a controlled period of 8 weeks usual activity (timeframe: 0-17 weeks).
Participants will attend three 45-minute supervised training sessions and two prescribed selfpaced home sessions weekly. Exercise dose will be monitored via a daily training log. The
primary outcome is change in grip strength measured by handheld dynamometer. Secondary
outcomes measured at 0, 9 and 17 weeks include: change in cardiovascular endurance, muscular
strength and power, muscular endurance, flexibility, body composition, functional capacity,
QoL, and sense of coherence (SoC). Additionally, training load, attendance, compliance, and
adverse events will be reported.
Discussion. This trial will add knowledge concerning the effectiveness of kettlebell training
with older adults. Results might inform future research of randomised controlled trials of
kettlebell training compared to other community-based group exercise programs.
The protocol paper describes the study design and methods in detail, including the statistical
analysis plan.
Trial registration: pre-registered 20 August 2019 at: www.anzctr.org.au
(ID: ACTRN12619001177145).

5.3

BACKGROUND

Age is a primary risk factor for many chronic diseases. Physical activity guidelines
recommend 150 min of moderate-to-vigorous or 75 min of vigorous aerobic exercise training
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each week for reduction of chronic disease risk

(282, 283)

. The benefits of physical activity and

exercise for older adults on fitness, health, cognitive functioning, functional capacity,
engagement, motivation, psychological wellbeing, and social inclusion among older adults have
been described (22). Accumulating evidence points to resistance training (RT) in particular, as a
potent and robust preventive strategy and countermeasure against declines in mobility

(282)

.

However, only around one in ten Australians over 50 years of age does enough exercise to gain
any cardiovascular benefit, with estimates among the wider population of one in four people
not being active enough (284).
Ageing, even in the absence of chronic disease, is associated with a variety of biological
changes that can contribute to decreases in skeletal muscle mass, strength, and function. Such
losses decrease physiologic resilience and increase vulnerability to catastrophic events.
Countering muscle disuse through RT is a powerful intervention to combat physiological
vulnerability and its debilitating consequences on physical function, mobility, independence,
chronic disease management, psychological well-being, QoL, and healthy life expectancy (236).
Analysis of masters athletes, shows that individuals who maintain high levels of physical
activity into later life, have considerably more muscle tissue than their inactive peers (285)
Healthcare providers have a key role in providing supervised exercise programs for older
adults. However, a recent review (230) found no clinical practice guidelines or recommendations
for using kettlebells appropriate for healthcare providers, and no clinical trials investigating the
effects of hardstyle kettlebell training on measures of HRPF in insufficiently active older adults.
A kettlebell is a simple yet versatile tool with the potential to be tailored to meet the needs
of a wide range of individual goals and needs. A randomised controlled trial (RCT) involving
17 older males and females (64.94 ± 9.29yrs) with Parkinson’s disease, who performed 15weeks kettlebell training (147), showed large effect size improvements in the Timed Up and Go,
Sit and Lift and measures of lower limb strength. Additionally, an RCT involving 17 older
women (66.7 ± 5.3yrs) with sarcopenia

(148)

reported medium to very large effect size

improvements in handgrip strength, back strength, and sarcopenia index, which was retained
following 4-weeks of detraining. In another RCT involving 20 adults (44 ± 8yrs) performing 8weeks of very basic kettlebell exercises, a large (-109ms) change in postural reaction to
perturbation was reported. Finally, improvements in flexibility, explosive strength, endurance,
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agility and aerobic capacity have been reported among a cohort of 20 active females (27-32yrs)
following 8 weeks of kettlebell training (151).
It is proposed that kettlebell training might serve as an ideal cost-effective intervention, to
promote healthy ageing in insufficiently active adults. A repeated-measures pragmatic trial
design will investigate the changes over time with hardstyle kettlebell training. The intervention
is representative of a community-based group exercise program, previously delivered by the
lead investigator, within a Physiotherapy practice. Results will indicate whether hardstyle
kettlebell training works to improve HRPF, although not a randomised comparison. It is
expected that kettlebell training might positively influence the movements and physical
capacity associated with activities of daily living.
Time constraints and perceived difficulty are cited as barriers to exercise adherence (session
attendance and compliance) among older adults (44, 286). It is anticipated that an effective dose
of kettlebell exercise can be accomplished in a relatively short period (259). This could increase
adherence, which to date has remained low (around 20%) in older adults

(287)

. Long-term

continuation of exercise training is possible for older adults (52) and kettlebell exercises might
be an effective option for healthcare providers prescribing and delivering exercise programs to
an ageing community.
Training with kettlebells typically involves whole-body ballistic movements and highvolume training load. With increasing use in research and clinical practice

(230)

, and greater

popularity in community exercise facilities, investigation of the efficacy and effectiveness of
kettlebell training in older adults is warranted. This project seeks to establish whether hardstyle
kettlebell training has a positive effect on measures of grip strength, HRPF and quality of life
in insufficiently active older adults.
The intervention will involve a 45-minute supervised group class of moderate-to-high
intensity hardstyle kettlebell training, performed three times weekly on non-consecutive days.
Training will be supervised and led by a Physiotherapist and hardstyle-certified kettlebell
instructor. The intervention will follow the principles of hardstyle kettlebell training, including
the kettlebell swing, clean, press, squat, snatch, and Turkish get-up. Other kettlebell exercises
common to hardstyle training will also be used, such as carries (suitcase, farmer’s, rack,
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overhead and bottoms-up), deadlifts and rows. Exercises will be adjusted as necessary to
accommodate the physical limitations, stage of learning, and progression of each participant.
The primary objective of this trial is to investigate the preliminary efficacy of moderate-tohigh intensity group hardstyle kettlebell training on measures of healthy ageing (HRPF, QoL
and SoC) in insufficiently active, independently living older adults, based on the relationship
between the performed exercise dose and change in measures of healthy ageing from 9 (start of
intervention) to 17 weeks (end of intervention).
The secondary objective is to investigate if a dose-response relationship exists between the
performed exercise dose and changes in HRPF and quality of life.

5.4

METHODS

5.4.1 STUDY DESIGN
The study is an exploratory, single-centre, single cohort, repeated measures
pragmatic exercise trial conducted on the Gold Coast, Australia. Outcome assessments will be
performed at 0 (start of controlled period) 9 weeks (following 8 weeks usual activity) and 17
weeks (following 8 weeks training intervention). Patient reported outcome measures will be
collected at the same time points. (Table 5.1). It is the aim that all outcome assessments will be
performed or supervised by the lead investigator in the order outlined. Individuals assisting in
data collection will have been thoroughly trained in performing the outcome assessments and
follow a standardised operating procedure. The intervention will be tested in a 1-week pilot
involving 10 participants and adjustments to the planned delivery made accordingly. The study
will adhere methodologically to the Consolidated Standards of Reporting Trials (CONSORT)
statement and extension for reporting of pragmatic trials (288).

5.4.2 PRAGMATIC CONTROLLED TRIAL
A pragmatic trial design, widely accepted as an appropriate method to assess the
effectiveness of an intervention in a clinical setting, was chosen to maximise external validity,
and the generalisability of findings to the real-world clinical practice of training healthy older
adults, with the results intended to inform clinical practice and policy

(289, 290)

. Insufficiently

active older adults have a unique risk-profile. A pragmatic approach allows for unanticipated
challenges to occur and be managed as they would in practice. Responding to the operational
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practicality of implementation, and the complex human interplay of a clinical trial, is one of the
main characteristics of a pragmatic design (291).
Compared to an explanatory design, a pragmatic approach asks, ‘does the intervention work
in normal practice?’, rather than ‘can the intervention work?’. There is little or no selection of
participants beyond the clinical area of interest; the intervention is applied flexibly; the
outcomes are those of interest to healthcare providers and participants, and; it is designed to
help providers and policy makers make decisions about implementing the training in their own
setting

(292, 293)

. Common features of a pragmatic trial include a heterogeneous population,

unblinded assignment, and clinically relevant outcomes. In reporting, every effort has been
made to describe the context of the trial with care an attention given to issues of applicability.
Aligned with the goals of implementation research, a pragmatic design was best suited to test
the effects of a training program that had previously been delivered successfully within a
framework of routine clinical practice. Recently, there has been a shift toward clinical trials that
can provide more valid and reliable information about what works best in healthcare thus, the
intervention was intended to measure the real-world effectiveness of kettlebell training
delivered to a diverse group of healthy but insufficiently active older adults, using outcomes
meaningful to providers

(289, 294)

. A pragmatic approach allows for the variation between

individuals that occur in real-world settings, with provider and participant bias accepted as part
of the normal response to the intervention, which are included in the overall assessment of
outcome (290).

5.4.2.1

RESEARCH QUESTION, AND HYPOTHESIS

The PREPARE trial guide(295) was used to address key decisions relating to formulation of
a research question and methodological quality of the study. Referring to the FINER criteria,
hardstyle kettlebell training with healthy but insufficiently active older adults is Feasible,
Interesting, Novel, Ethical and Relevant. Careful consideration has also been given to ensuring
this clinical sports and exercise medicine research is made REAL(296).
Research question: What is the effect of 12-weeks hardstyle kettlebell training on grip
strength and measures of health-related physical fitness, in healthy but insufficiently active
older adults?
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Hypothesis: The confirmatory null hypothesis is, no difference between kettlebell training
and usual activities of daily living on grip strength. The alternative hypothesis is that kettlebell
training significantly increases grip strength compared to usual activities of daily living.
Secondary outcomes are exploratory.

5.4.3 STUDY SETTING
The trial will be conducted at the Bond University Institute of Health & Sport (BIHS), Gold
Coast, Australia. Group training will be delivered at BIHS in the High Performance Training
Centre (HPTC), a shared facility run by strength and conditioning staff, utilised by sports teams,
athletes, and treating healthcare providers. The intervention will be delivered by the lead
investigator, a Physiotherapist (registered 2012) and experienced hardstyle (RKC) kettlebell
instructor (Certified 2013).
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Table 5.1 Schedule for data collection
Study period
Admission
Time point
Enrolment
Eligibility screen
Informed consent

Pre-trial

Baseline
week 0
(T0)

Control
week 9
(T1)

Intervention
weeks
10-17

Follow up
week 18
(T2)

x
x

Intervention

x

Group training
Assessments
Height & weight
DXA
Resting BP
BIA
GS
FTT
30sSTS
STS (App)
FTF
6MWD
Hip extension strength
SCT
Balance
CMVJ
1RM
Knee extension strength
SF-36
SoC

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

sRPE
V-TL
Adherence
Adverse events

x (post) 

Interviews

Abbreviations: DXA, Dual-energy X-ray absorptiometry; BP, Blood Pressure; BIA, Bioelectrical
Impedance Analysis; GS, grip strength; FTT, Floor Transfer Test; 30sSTS, 30-second Sit-to-Stand; FTF,
Fingertip-to-Floor, 6MWD, 6-minute Walk Distance; SCT, Stair Climb Test; CMVJ, countermovement
vertical jump; 1RM, 1-repetition maximum; SF-36, Short Form (36); SoC, Sense of Coherence; sRPE,
session-Rate of Perceived Exertion; V-TL, Training Load Volume.

5.4.4 PARTICIPANTS
Participants will be recruited from the local community. Inclusion and exclusion criteria are
presented in Table 5.2. Trial applicants will undergo a preliminary screening via email or
telephone, and/or be invited to attend a 1-hour information session with the lead investigator.
Prospective participants will be asked to complete a pre-enrolment musculoskeletal assessment
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(Appendix 8) at the University research facility if it is unclear whether they have the physical
capacity to participate safely.
Table 5.2 Inclusion and exclusion criteria
Inclusion criteria
1. ≥60 years of age
2. Living independently
Exclusion criteria
Exclusion criteria
1. Medical conditions or medications known to affect musculoskeletal health which limit the capacity to
perform moderate-to-high intensity exercise
2. Recent surgery or trauma
3. Uncontrolled cardiovascular or respiratory disease
4. Engaged in a structured exercise program within the past 9 months
5. Malignancy
6. Unable to safely perform a floor transfer independently
7. Unable to comfortably lift the upper extremities overhead
8. Unexplained pain with fundamental movements/activities e.g., sitting, walking, lifting, carrying, pushing,
pulling, twisting
9. Presence of hazards which would prevent body composition analysis, such as a pacemaker
10. Inability or unwillingness to take part in 8 weeks of three-times weekly exercise training due to
motivation, travel, work, or family commitments

5.4.5 INTERVENTION
Eight weeks progressive hardstyle kettlebell training. Supervised, face-to-face group classes
of 45 minutes duration will be performed 3-times weekly (Mon/Wed/Fri). Two classes with 16
participants in each class will run consecutively on each day. Additionally, prescribed selfpaced home kettlebell exercises will be performed twice-weekly (Tue/Thur). Home exercises
will involve bodyweight only, or an 8kg kettlebell (provided). The intervention will be
described in detail according to the exercise-specific Consensus on Exercise Reporting
Template (CERT)

(200)

and in accordance with the Template for Intervention Description and

Replication (TIDieR) checklist

(297)

, which is a generic intervention-description template. (A

copy of the CERT and TIDieR checklists are included in Appendix 9 and 10).
Session-Rate of Perceived Exertion (sRPE) is expected to be around 5-7 on a modified CR10
scale (235, 298) (described as hard to very hard) from weeks 2-3 onward. Classes will involve a
range of whole-body exercises involving high repetitions, with ample time given between sets
for participants to feel sufficiently rested. Recommendation to increase intensity (kettlebell
mass) will be given if RPE appears easy-to-moderate and technique is acceptable. A sRPE score
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will be obtained from each participant after every training session and recorded in a daily
training log.
Acknowledging that high-volume low-intensity prescription is not ideally suited to the older
adult, with strong arguments in favour of high-intensity modalities (299), training parameters will
broadly follow those outlined in the RKC Instructor manual (231), and incorporate a broad range
of available doses. Exercises will be delivered in three phases: 1) skill acquisition (with or
without load), 2) practice (characterised by high volume and low intensity), and 3) train
(characterised by low volume and higher intensity). As a turkish get-up is more challenging
than a squat, and a swing a precursor to a snatch, these phases will not run concurrently.
Skill acquisition will focus on learning the six fundamental hardstyle techniques, which
include the swing, get-up, clean, military press, front squat, and snatch. Multiple additional and
accessory exercises will also be included throughout, such as the rack and overhead carries,
lunges, single leg deadlift, bottom-up holds etc. Intensity and volume will be progressively
increased over the 12-week macrocycle, with appropriate periodisation and undulation of
intensity and training load volume through the weekly microcycles. This will be based on the
instructor’s observation of the groups’ response to the training and progress, and their feedback.
A training program will not be pre-determined.
Participants will be discontinued if they: (i) withdraw consent, (ii) cease to attend training
sessions for more than 1 week without notification, (iii) initiate other forms of resistance
training or moderate-to-high-intensity exercise programs external to the trial, (iv) become
injured and unable to participate, (v) are advised by a medical Doctor to cease training.

5.4.6 MODIFICATIONS
Normal variation in physical capacity and movement competency may require that some
exercises be modified during training. For example, limited strength in shoulder flexion may
require a 'strict press' to become a 'push-press', incorporating a drive of the lower-limbs to get
the load overhead. Movement and motor control limitation in the hips, thorax and shoulder
girdle may preclude someone from performing a Turkish get-up with load. Exercises will be
modified as appropriate based on individual requirements.
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During the first week of training, participants will perform a low volume of relatively lowintensity exercises to minimise the likelihood of experiencing delayed-onset muscle soreness
(DOMS). Participants will self-select exercise intensity based on physical and psychological
comfort. Participants will receive frequent encouragement to work at a moderate-to-hard
intensity, with the aim to progressively increase kettlebell mass and and/or V-TL throughout
the trial.

5.4.7 PARTICIPANT INFORMATION
Minimal instruction (beyond technique) will be given for completing self-paced home
exercises. Participants will be given exercise(s) and a target number of repetitions to perform,
with no upper limit, which can be completed as convenient. Participants will be advised about
post-exercise DOMS and provided strategies to best manage it (a copy of the information sheet
is included in Appendix 11). Participants will be told that some degree of muscle soreness
during exercise might be normal, and that up to 5/10 on a numeric rating scale during exercise
is considered acceptable (300). Discomfort associated with exercise should decrease immediately
after cessation or completion of the session. The participants will be advised to contact the lead
investigator if they experience any unusual or unexpected symptoms associated with training.
Additionally, participants will be advised about hand and wrist care in relation to kettlebell
training.

5.4.8 ADHERENCE
Consistent with strategies to improve adherence within community-based group exercise
programs, participants will receive regular positive encouragement, individually and as a group.
Focus will be given to recognition of ‘personal best’ achievements, promoting a spirit of
support, healthy competition, and camaraderie, and monitoring of daily training logs.
Attendance will be recorded and form part of the adherence analysis. Additionally, participants
will be asked to maintain a record of the home exercises they have completed (compliance),
which will be captured and recorded for analysis.

5.4.9 CONCOMITANT CARE
No concomitant care is provided.
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5.4.10 PRIMARY OUTCOME
Exposure. As a pragmatic trial, exercises and V-TL will not be determined a-priori. Training
sessions will be planned iteratively, based upon the observed capacity of the group and sessional
feedback. Participants will record the performed exercises on a training log and submit it for
analysis upon conclusion of each session. Records of completed home exercise(s) will be
returned for analysis the day following their completion (Wed/Fri).
Primary outcome. Change in grip strength is chosen to be the primary outcome as low grip
strength is a powerful predictor of functional limitations, with poor health-related quality of life
(HRQoL) strongly and inversely associated with all-cause mortality

(214-216)

. Very large

increases in grip strength from 8-weeks of kettlebell training have been reported in elderly
females with sarcopenia

(148)

. Measures of grip strength are also recommended in routine

clinical practice and in community healthcare in older adults (212) as it is a reliable surrogate for
more complicated measures of arm and leg strength, and a consistent predictor of falls and
fractures in both sexes (213, 301).

5.4.10.1 CHANGE IN GRIP STRENGTH
Measured by Jamar handheld isometric dynamometer following a modified Southampton
protocol (302). Change from 0 to 17 weeks. Assessed at 0, week 9 and week 17

5.4.11 SECONDARY OUTCOMES
Secondary outcomes include changes in clinical measures of HRPF, QoL, and SoC.
Physiotherapy clinical field tests (303) will be used following standardised protocols. Previously
validated questionnaires will be used to report QoL and SoC. Participant safety (adverse events
and injuries) and adherence will be monitored throughout the intervention period, and training
load volume (internal and external).
Outcome data will be collected as illustrated in the Schedule for data collection (Table 5.1).
Measures will be performed or supervised by the lead investigator (NM), using identical
procedures and equipment, in the same facility. Two measurement techniques of body
composition will be used. This will provide a comparison of the current reference technique in
research (DXA) (304) to the widely available alternative used in clinical practice (BIA).
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5.4.11.1 CARDIOVASCULAR ENDURANCE
Change in resting blood pressure. Measured by Vital Signs Monitor 300 Series
automated device using a routine clinic procedure

(305)

(306)

. The average of three readings will be

recorded for analysis. Change from 0 to 17 weeks. Assessed at 0, week 9 and week 17.
Change in aerobic fitness. Measured by 6-Minute Walk Test (6MWT)

(303, 307)

following

the American Thoracic Society guidelines (308, 309). Distance covered (6-minute walk distance 6MWD), heart rate, and rating of perceived exertion (Borg) (310) will be recorded at the end of
the test for analysis. Predicted distance (6MWDpred) will be calculated using a validated
equation (311). Change from 0 to 17 weeks. Assessed at 0, week 9 and week 17.
6MWDpred(m) = 218 + (5.14 x Height) - (5.32 x Age) - (1.80 x Weight) + (51.31 x Sex)
where: F = 0; M = 1
Change in aerobic capacity. Measured by stair-climbing test (SCT), a measure of
submaximal aerobic capacity

(312)

. Participants will ascend a total vertical displacement of

13.65m. Work performed will be calculated using the formula: W = m x g x h where ‘W’ is
work, ‘m’ is participant bodyweight in kilograms, ‘g’ is the acceleration due to gravity
(9.806m.s-2), and ‘h’ is the vertical displacement (13.65m). Power will be obtained by dividing
the work performed by the stair-climb time. Change from 0 to 17 weeks. Assessed at 0, week 9
and week 17.
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Estimated VO2max (ml.kg−1.min−1) will be calculated for the SCT and compared with predicted
VO2max using the following formulae:
Estimated VO2max = (5.8 × m (kg) + 151 + (10.1 × P))/m, where P is power (312).
Predicted VO2max = 79.9 - (0.39 x Age) - (13.7 x sex [0 = male; 1 = female]) - (0.127 x weight
[lbs]) (313).

5.4.11.2 MUSCULAR STRENGTH AND POWER
Change in hip extension strength (force). Test of isometric muscle strength in hip
extension. The Applied Measurements Ltd DBB Series S-Beam Load Cell will be used to assess
this using a modified procedure previously validated in older females

(314)

. Each leg will be

tested three times, with the highest value used for analysis, expressed relative to bodyweight
(Nm/kg). Rate of force development will be reported at 30, 50 & 90%, and peak torque
calculated from peak force. Change from 0 to 17 weeks. Assessed at 0, week 9 and week 17.
Change in knee extension strength (force). Test of isometric muscle strength in knee
extension. The Applied Measurements Ltd DBB Series S-Beam Load Cell strain gauge will be
used to assess knee extension strength (force/quadriceps torque) as previously described

(315)

using a purpose-built, fixed-height wooden seat, without arm rests or backrest. Knee will be
supported in 60o of flexion. Each leg will be tested three times, with the highest value used for
analysis, expressed relative to bodyweight (Nm/kg). Rate of force development will be reported
at 30, 50 & 90%, and peak torque calculated from peak force. Change from 0 to 17 weeks.
Assessed at 0, week 9 and week 17.
Change in relative lower limb power. Measured by ‘Sit To Stand’ App (316). Change from
0 to 17 weeks. Assessed at 0, week 9 and week 17.
Change in absolute lower limb power. Measured by counter-movement vertical jump
(CMVJ) on an AMTI force platform as previously described and validated (317, 318). Jump height
will be calculated by applying the impulse-momentum theorem to the force-time record

(317)

with data acquisition and analysis performed using a custom MATLAB program. Change from
0 to 17 weeks. Assessed at 0, week 9 and week 17.
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5.4.11.3 MUSCULAR ENDURANCE
Lower extremity function. Measured by 30s sit-to-stand test (30sSTS) (319-321), the maximal
number of rises from a chair within 30 seconds. Change from 0 to 17 weeks. Assessed at 0,
week 9 and week 17.

5.4.11.4 FLEXIBILITY
Change in flexibility. Measured by fingertip-to-floor test (FTF)

(322, 323)

. The test will be

repeated 3 times with the best value used for analysis. Change from 0 to 17 weeks. Assessed at
0, week 9 and week 17.

5.4.11.5 BODY COMPOSITION
Change in lean tissue mass (1). Measured by Dual energy X-ray absorptiometry (DXA)
using a narrow angle fan beam Lunar Prodigy DXA machine and following the Nana
positioning protocol(324-326). Change from 0 to 17 weeks. Assessed at 0, week 9 and week 17.
Change in lean tissue mass (2). Measured by Bioelectrical Impedance Analysis (BIA) on a
validated Tanita MC-980MA PLUS device

(327)

following a procedure previously described

(328)

. Raw data and the cross-validated Sergi equation

(329)

will be used for standardization.

Change from 0 to 17 weeks. Assessed at 0, week 9 and week 17.

5.4.11.6 FUNCTIONAL CAPACITY
Change in functional mobility. Measured by the Floor Transfer Test (FTT) performed five
times consecutively. The valid and reliable FTT (51) is recommended as a standard component
of functional assessment among older adults

(330)

. Change from 0 to 17 weeks. Assessed at 0,

week 9 and week 17.
Change in functional capacity. Measured by 1RM kettlebell deadlift, (the ability to lift the
heaviest kettlebell one time only through full range of motion) (331). The 1RM has previously
been used in older adults (332) and is reliable in an untrained population (333). The maximum mass
lifted will be recorded. Using kettlebells approximately 40% and 85% 1RM, the two-point
method (334) will be used to calculate a predicted 1RM using the My Lift App. Change from 0
to 17 weeks. Assessed at 0, week 9 and week 17.
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Change in quiet standing balance control. Balance will be measured by excursion of
centre of pressure (COP) while standing still for 30s on single AMTI Force Platform, following
a valid and reliable standardised test procedure (335, 336). Two conditions will be recorded; eyes
open and eyes closed. Postural variables will be determined from the excursion of the COP (337,
338)

. Change from 0 to 17 weeks. Assessed at 0, week 9 and week 17.

5.4.11.7 QUALITY OF LIFE & SENSE OF COHERENCE
Change in HRQoL and SoC. The self-administered SF-36 questionnaire will be used to
measure HRQoL. SoC will be recorded using Antonovsky’s valid and reliable 29-item SoC
scale (339-341) which correlates with QoL in young and older adults (283, 342). Change from 0 to 17
weeks. Assessed at 0, week 9 and week 17.

5.4.11.8 OTHER PRE-SPECIFIED OUTCOMES
Internal training load. Using a modified CR10 scale (235) a nominal score of mean training
intensity (session-Rate of Perceived Exertion - sRPE) will be recorded following each
supervised training session as recommended (343). A single arbitrary unit (AU), representing the
magnitude of global training load for each session, will be calculated for analysis by the
multiplication of training intensity and the length of training (mins). Example: a 45-min session
with an RPE of 4 (somewhat hard), is calculated as 45 × 4 for an internal training load (sRPETL) of 180AUs (Arbitrary Units). Change from 0 to 17 weeks. Assessed at 0, week 9 and week
17.
sRPE-TL(AU) = RPE × session duration (min).
External training load. Session training volume (volume load: V-TL), for supervised and
self-directed sessions, will be calculated as the sum of sets × reps × load (kg) for each exercise,
to be quantified and monitored as recommended

(344, 345)

. Participant’s daily V-TL will be

recorded and form part of the training load analysis. Change from 0 to 17 weeks. Assessed at
0, week 9 and week 17.
Attendance and compliance. Attendance will be recorded and calculated as the number of
supervised sessions attended divided by the number of sessions delivered. Compliance will be
recorded as the number of home exercise sessions completed as prescribed. The attendance and
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compliance rates will be reported as medians with interquartile ranges as previously described
(346)

. Recorded from 9 to 17 weeks.

Adverse events. Participants will be asked to report any adverse events that occur during
their participation and notify the lead researcher. Data collected and reported will be consistent
with the Consensus on Exercise Reporting Template (200) including a description of the type and
number of adverse events that occur during exercise, whether during a supervised training
session or during self-directed home exercise, and inclusive of adverse post-exercise symptoms
such as DOMS. Recorded from 9 to 17 weeks.

5.4.12 CHANGES TO OUTCOMES AFTER TRIAL REGISTRATION
Three additional measurements have been added to existing outcomes.
Due to limitations identified during testing, with the configuration of a height-adjustable
chair, a (lower) seat of fixed height which more closely aligns the femur in the horizontal plane
and the knee flexion angle to 90 degrees, has been added to the Sit To Stand (App) test.
Due to limitations in controlling knee extension during the FTF Test, an additional ‘Sit &
Reach’ test using a Figure Finder Flex-Tester (Novel Products Inc., Rockton, IL 61072) has
been added.
Addition of the My Lift App to calculate predicted 1RM using the two-point method

(334)

.

Due to the increasingly large increments between kettlebell mass (up to 8-12kg over 48kg),
determining the participant’s actual 1RM is limited (to 68kg).

5.4.13 EMBEDDED QUALITATIVE STUDY
An embedded qualitative study will be conducted to investigate participant’s experiences
and the influence of training on their perceived physical capacity and HRQoL. The aim is to
understand the factors which may affect engagement, how those relate to this mode of training
being a potential form of community-based group exercise for older adults. All participants will
be involved in a multiple-case study design following the training intervention. Semi-structured
interviews will be conducted at 17 weeks, modelled upon previous work (284). This qualitative
study will be undertaken to further inform future trials and any immediate implementation of

137

group kettlebell training with older adults. The embedded qualitative study will be reported in
a separate manuscript with a clear reference to the BELL trial.

5.4.14 SAMPLE SIZE
An a priori power analysis was calculated based on the primary outcome from existing data
(148)

to detect an effect size change of 0.88 (105, 347). A total of 19 participants were required to

detect 95% power (1-ß = 0.05) and test the null hypothesis of equality (α = 0.05). Thirty-two
participants were required to account for a 25% dropout, 15% for multivariable modelling, and
for two training groups with even numbers. Twenty five percent drop-out is not indicative of
previous trials.

5.4.15 RECRUITMENT
Participants will be recruited via local media outlets (via Bond newsroom), social media
(e.g., The Kettlebell Physio, Bond University, Australian Physiotherapy Association (APA),
APA Musculoskeletal Physiotherapy Australia, APA Gerontology Physiotherapy Australia),
word of mouth and a network of local General Practitioners located in Southeast Queensland.
Local community and non-governmental organisations (Bluecare, Anglicare, Ozcare, Cura
Care, Churches of Christ Care, Ballycara, Kincare, My Aged Care), local sports and recreation
clubs will also be contacted if necessary. See participant flow in Figure 5.1.
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Figure 5.1 Participant flow

5.4.15.1 ALLOCATION
As a single cohort repeated measures design, all participants will receive the same
intervention. On completion of baseline testing, supervised exercise training sessions will be
scheduled.

139

5.4.15.2 BLINDING
Single cohort repeated measures design; unblinded.

5.4.15.3 EMERGENCY UNBLINDING
Not applicable.

5.4.16 DATA MANAGEMENT
In accordance with Bond University Research Data Management and Sharing Policy (TLR
5.12), the researchers acknowledge the following requirements:
All research data and a final copy of the thesis from this project will be deposited with
Library Services for the purpose of archiving. Datasets (including open, controlled, access or
closed digital data and records of all primary materials) will be archived by Library Services in
appropriate facilities and recorded in a durable and appropriately referenced form for ease of
de-identification and retrieval. Confidential research data and records will be stored securely.
A manual back-up of primary/master research data will be stored on university networked
drives, which will be backed-up automatically. Confidentiality of information will be respected
in the conduct of the research. Data will only be used in accordance with agreements made with
those providing information and the terms of Bond University and our ethical commitments.
Research data will be made publicly available where possible.
Data will be held by Bond University for a minimum of 5 years from the date of publication,
or for at least as long as the relevant archives or records keeping acts, national codes or funding
bodies require, or in accordance with the disciplinary standard if it exceeds 5 years. In
accordance with TLR 5.12, primary/master data will be stored in controlled access through a
system of permissions and authentication on the Open Science Framework database. A copy of
research data will be securely retained for use by the research team, considering the
confidentiality and possible sensitivity of the data. Data will initially be collected and processed
in a form that could identify individuals, then coded for analysis. Once data has been processed
as needed, all participant data will be anonymised. Personal or confidential data will be deidentified to preserve the privacy of participants prior to submitting data to Library Services for
archiving.
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Participants will be given the opportunity to review or edit their responses or contributions
given during interviews and focus groups prior to data analysis or publication. Research data
and primary materials will be made openly available for use by other researchers and interested
persons for further research, after a reasonable period following completion of the research.
Access to research data will be considered in the context of ethical, privacy, confidentiality,
cultural and intellectual property requirements as per Section 95 of the Privacy Act 1988 and
Guidelines to Australian Privacy Principles. Research data and primary materials will be made
available and controlled through a system of permissions and authentication. Research data will
be placed into the University’s digital repository such that it complies with the open access
policy of the funding body.
Researchers will comply with copyright, moral rights, and licence requirements. Disposal of
primary materials and research data will be conducted in accordance with the Queensland State
Archives University Sector Retention and Disposal Schedule and the relevant disciplinary
retention standard. Research data and primary materials will be retained at least until the end of
the retention period as in Section 8 (601.2/F8) of the Schedule. If the results from the research
are challenged, all relevant research data and primary materials will be retained at least until
notification from the University that the matter is resolved. Records that may be relevant to
emerging or current allegations of research misconduct will not be modified or destroyed, as
addressed in the University’s Research Misconduct Policy. Research data will be owned by
Bond University, Faculty of Health Sciences and Medicine. Research data and primary
materials will be made openly available for use by other researchers and interested persons for
further research after a reasonable period following completion of the research. There are no
provisions currently for an embargo period.

5.4.17 STATISTICAL METHODS
Data will be expressed as mean (SD) for normally distributed continuous variables or median
(range) for skewed variables where non-normality could not be corrected through
transformations. Normality will be checked through a combination of histograms, normal Q-Q
plots, and the Shapiro-Wilk test. Categorical variables will be summarised using frequencies
and percentages. Continuous variables will be compared at baseline to assess any difference
between sex and previous training history using the independent t-test, subject to normality
assumptions, or the non-parametric alternative Mann-Whitney U test. Categorical variables will
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be compared at baseline between sex and training history, using the chi-square test. Linear
mixed models (LMMs) will be applied to the 32 participants who will be measured at 3 timepoints (baseline, week 9 and week 17) to model the change in all quantitative outcomes and to
assess the effect of potential confounders, including previous training history. Mixed-effects
regression is suitable in modelling repeated measures and missing data, should the latter
arise. Time will be treated as a fixed factor to enable the assessment of any statistically
significant changes between specific time-points. The individual will be treated as a random
effect. Random intercepts, random slopes, polynomial models, and interaction terms will be
investigated to determine the most suitable models. The final models will be fitted using the
restricted maximum likelihood estimation (REML) method. Residual diagnostics will be used
to check distributional assumptions. Statistical significance will be set at the 0.05 level a priori.
Statistical analyses will be carried out using SPSS.

5.4.18 ANALYSIS POPULATION AND MISSING DATA
All participants for whom outcome measures are available will receive the training as
intended or, where this is not the case, data for at least one key outcome will be analysed by
intention to treat.

5.4.19 DATA MONITORING
Formal committee. Early termination of the trial is exceedingly unlikely, and for this reason,
a Data Safety Monitoring Board will not be engaged. Likewise, no provisions for post-trial care
will be made.

5.4.20 INTERIM ANALYSIS
No interim analyses will be conducted.

5.4.21 SAFETY/HARMS
Participants will be asked to report any adverse events that occur during their participation
in the training program and to notify the lead researcher. For participants who are unaccustomed
to physical activity, it is likely they will experience some degree of muscle soreness following
a change in exercise exposure. In the unlikely event that a participant experiences significant
intervention-related muscle soreness, or an injury occurs during the study period, consultations
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with a qualified Physiotherapist (lead researcher) will be available. If further treatment is
required, they will be referred to an appropriate healthcare professional. Data collected and
reported will be consistent with the CERT (200) including a description of the type and number
of adverse events that occur during exercise, whether during a supervised training session or
during self-directed home exercise, and inclusive of adverse post-exercise symptoms such as
muscle soreness.
Supervised training will be directed by a primary care provider. Injurious events occurring
because of the intervention will be appropriately assessed and managed at the time of the
incident and a decision made whether is it appropriate or necessary for the participant to cease
further training or seek further medical attention. There is no clear risk of injury likely to occur
from the planned training program which might prevent someone from further participation.
Any injurious events which occur during the trial will be reported to BUHREC, in compliance
with the Australian Code for the Responsible Conduct of Research developed by the National
Health and Medical Research Council, and the University Code for the Responsible Conduct
of Research. The BUHREC is a registered institution with the National Health and Medical
Research Council (Registration number EC00357).

5.4.22 AUDITING
No independent auditing of trial conduct will be taking place.

5.5

DISCUSSION

This trial will add knowledge concerning the effectiveness of hardstyle kettlebell training
for improving measures of grip strength, HRPF and QoL in insufficiently active adults ≥60
years of age. We believe this is the first trial to do so, since earlier studies have not specifically
focused on promoting healthy ageing and QoL. Chen et al

(148)

reported large effect size

increases in grip strength, muscle mass, and back strength from 8 weeks of kettlebell training
in elderly females with sarcopenia, but the exercise exposure (dose) and delivery was not clearly
reported, and no such investigation has determined the effects of kettlebell training on clinical
measures of HRPF or quality of life in healthy but insufficiently active males and females ≥60
years of age.
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For healthcare providers to confidently prescribe kettlebell programs, to promote healthy
ageing and prevent age-associated muscle failure, evidence of an effect is required. Research
interest in kettlebell training continues to grow, but a recent review that included 47 measures
of acute training response and 21 longitudinal trials (230), concluded that confidence in reported
effects is low to very low. Strength of recommendation from the current literature only weakly
supports kettlebell training, due to the small number of largely under-powered studies, of low
methodological quality and high risk of bias. The evidence-informed healthcare provider using
exercise for therapeutic purposes, presently has little guidance from the current body of
literature, for using this increasingly popular tool with older adults.
The new knowledge from the present study, can potentially identify if kettlebells might be a
suitable low-cost, easy-to-implement, and portable, therapeutic tool which older adults could
use to help maintain their physical independence and increase QoL. It will give insight
concerning the volume loading and intensity potential of kettlebell training in relation to other
more common forms of community-based group exercise programs and self-efficacy.
Furthermore, the embedded qualitative study will give insight into perceived barriers and
facilitators of older adults engaging in moderate-to-high intensity hardstyle kettlebell training,
as well its influence on the older person’s subjective QoL. The results from both the qualitative
and quantitative studies are expected to help inform recommendations for using kettlebells in
clinical practice. Results may also inform future studies which measure the effectiveness of
kettlebell training compared to other community-based group exercise programs.
Strengths and limitations
While bias and confounders have been disclosed and addressed where feasible, and clinical
equipoise minimised by a single cohort design, a repeated measures trial has challenges with
interval validity, particularly with respect to the absence of blinding (participants and
researchers). Any conclusions of effect will be limited in the absence of a separate control
group. A large number of outcome measures increases the chance of false positive findings i.e.,
that a significant change may occur due to chance and not because of the intervention.
Strengths of this study include the use of a pragmatic intervention previously used in a
clinical setting, inclusion of a broad range of clinical field tests used in primary care, and an
appropriately reported intervention. A pragmatic design has high external validity; much of the
current body of evidence for kettlebell interventions has not been representative of ‘normal’
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practice in kettlebell training, or applicable to clinical populations. This trial aims to identify if
usual practice works and is consistent with its proponents’ claims of effect. Multiple secondary
outcomes were chosen which encompass all domains of HRPF. These are a primary concern
for healthcare providers managing muscle failure (sarcopenia) in ageing adults, therefore the
findings are relevant to those helping older people maintain their independence, recover from
illness, and reduce their high risk of disease. It is not known which outcomes are most
susceptible to exercise dose, so a broad range of measures will enable potential dose-response
relationships to be explored. Participant-determined exposure enables a more appropriate
comparison of dose based on self-perceived ratings of perceived exertion, also typical of normal
practice. As an investigation of efficacy, the broad findings of this non-randomised cohort study
will help inform future trials investigating the effects of hardstyle kettlebell training in older
adults.

5.6

REVIEW

This Chapter outlined what I planned to do in the capstone study of this thesis. Prospective
publication of protocols and pre-registration are essential for critical appraisal and to deter
questionable research practices (348). Chapter 6 presents the results of the BELL trial, in which
29 participants commenced training, and 24 completed all 16 weeks. The intent of this
pragmatic approach is to maximize external validity and enable replication. It was important to
present robust data (349) and not add to the replication crisis (350).
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CHAPTER 6
PRAGMATIC CONTROLLED TRIAL

“Achievement does not require extraordinary ability. Achievement comes from
ordinary abilities applied with extraordinary persistence.”
Ralph Marston
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6.1

PREFACE

Hardstyle kettlebell training is associated with dynamic high-intensity exercise, not typically
performed by older adults. In Chapter 2, a clear gap in the literature was identified, with no
previous studies investigating the feasibility and effectiveness of group kettlebell training to
promote exercise and increase physical activity among insufficiently active older adults. All
kettlebell exercises are scalable, and the claimed effects could have a significant positive impact
on the physical and mental health of older adults, with long-term benefits for their independence
and risk of chronic disease. The aim of this third experimental study, and the capstone clinical
trial of the thesis, was to test the feasibility and effectiveness of group-based hardstyle kettlebell
training with older adults. This is the first study of its kind, and the findings have broad
implications for healthcare providers prescribing exercise for older adults.

The results

presented in this Chapter, show the effectiveness of kettlebell training for improving grip
strength, and whether kettlebell training it also is likely to have meaningful effects on other
measures of health-related physical fitness. In the next Chapter, results of a qualitative study
describe the participant’s experiences of the training, and answer the questions: did the
participants enjoy kettlebell training, and would they be likely to continue training with
kettlebells beyond the trial?

Published as:
Meigh, N.J., Keogh, J.W.L., Schram, B. et al. Effects of supervised high-intensity hardstyle kettlebell training on
grip strength and health-related physical fitness in insufficiently active older adults: the BELL pragmatic controlled
trial. BMC Geriatr 22, 354 (2022). https://doi.org/10.1186/s12877-022-02958-z
© The Authors 2021. This work is licensed under the Creative Commons Attribution 4.0 International License.
http://creativecommons.org/licenses/by/4.0/
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6.2

ABSTRACT

The Ballistic Exercise of the Lower Limb (BELL) trial examined effectiveness and safety of
a pragmatic hardstyle kettlebell training program in older adults. Insufficiently active men and
women aged 59-79 years, were recruited to a 6-month repeated measures study, involving 3months usual activity and 3-months progressive hardstyle kettlebell training. Health-related
physical fitness outcomes included: grip strength [GS], 6-min walk distance [6MWD], resting
heart rate [HR], stair-climb [SC], leg extensor strength [LES], hip extensor strength [HES], SitTo-Stand [STS], vertical jump [CMVJ], five-times floor transfer [5×FT], 1RM deadlift, body
composition (DXA), attendance, and adverse events. Sixteen males (68.8 ± 4.6 yrs, 176.2 ± 7.8
cm, 90.7 ± 11.0 kg, 29.2 ± 2.6 kg/m2) and sixteen females (68.6 ± 4.7 yrs, 163.9 ± 5.4 cm, 70.4
± 12.7 kg, 26.3 ± 4.9 kg/m2) were recruited. Compliance to the supervised exercise program
was very high (91.5%). Kettlebell training increased GS (R: MD = 7.1 kg 95% CI [4.9, 9.3], L:
MD = 6.3 kg 95% CI [4.1, 8.4]), 6MWD (41.7 m, 95% CI [17.9, 65.5]), 1RM (16.2 kg, 95% CI
[2.4, 30.0]), 30s STS (3.3 reps, 95% CI [0.9, 5.7]), LES (R: MD = 61.6 N, 95% CI [4.4, 118.8]),
HES (L: MD = 21.0 N, 95% CI [4.2, 37.8]), appendicular skeletal lean mass (MD = 0.65 kg,
95% CI [0.08, 1.22]), self-reported health change (17.1%, 95% CI [4.4, 29.8]) and decreased
SC time (2.7 sec, 95% CI [0.2, 5.2]), 5×FT time (6.0 sec, 95% CI [2.2, 9.8]) and resting HR
(7.4 bpm, 95% CI [0.7, 14.1]). There were four non-serious adverse events. Mean individual
training load for group training sessions during the trial was 100,977 ± 9,050 kg. High-intensity
hardstyle kettlebell training was well tolerated and improved grip strength and measures of
health-related physical fitness in insufficiently active older adults.

6.3

INTRODUCTION

Ageing is associated with a variety of biological changes that can contribute to decreases in
skeletal muscle mass, strength, and function. Such losses decrease physiologic resilience and
increase vulnerability to morbidity and mortality. Countering muscle disuse through structured
exercise programs, particularly resistance training, is a powerful intervention to combat
physiological vulnerability and its debilitating consequences on physical function, mobility,
independence, chronic disease management, psychological well-being, and mental health

(236,

351)

. However, only 1 in 10 Australians over 50 years of age does enough exercise to gain any

cardiovascular benefit, with estimates among the wider population of one in four people not
being sufficiently active

(284)

, with a similarly small proportion (9.6%) performing resistance

training consistent with the guidelines

(239)

. Solutions which slow the natural history of
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functional decline are needed to promote greater engagement in structured physical activity
among older adults.
Hardstyle kettlebell training, which promotes a unique combination of tension and relaxation
in its techniques and was popularised by Pavel Tsatsouline throughout the 2000s, has been
(50)

suggested to improve measures of health-related physical fitness
participants report improvements in upper limb endurance

. Trials with younger

(151)

, dynamic balance and vertical

jump (149), leg strength and trunk endurance (152), standing long jump and grip strength (162), VO2
(276)

, and 1RM barbell deadlift (157). A profile of the kettlebell swing in novice older adults shows

net peak ground reaction force is higher during a swing with an 8 kg kettlebell than a deadlift
with 32 kg

(352)

, highlighting the potential utility of the swing in exercise prescription.

Anecdotally, older adults can and do engage in kettlebell training, but there is little data about
the effects of kettlebell training in an older population.
Only two longitudinal trials have been conducted to address conditions associated with
ageing; sarcopenia in females

(148)

and Parkinson’s disease

(147)

. These studies reported

improvements in sarcopenia index, grip strength, back strength, respiratory function, and
inflammatory markers

(148)

, Timed Up and Go, upper limb strength, and lower limb strength

(147)

. Although these results are encouraging, a focus on clinical conditions and limited reporting

of trial protocols in these studies, offer little guidance for training otherwise healthy older
adults. Furthermore, a recent review

(230)

identified no clinical practice guidelines or

recommendations for using kettlebells with older adults. For older adults, clinical experience
suggests that kettlebell training may have a risk of muscle strains and bruising, osteoporotic
fractures, hypertensive and myocardial events, and pelvic organ prolapse in females. Most
studies investigating the effects of kettlebell training are not representative of hardstyle
techniques, or its training protocols. Investigation of the effects from highly controlled single
kettlebell exercises with young healthy adults, provide policy makers with insufficient
information about the safety or effectiveness of community-based group exercise programs for
inactive men and women over 60 years of age, thus, a pragmatic assessment of typical training
practices was required.
The aim of this study was to measure change in health-related physical fitness following 3months of moderate- to high-intensity group hardstyle kettlebell training, in insufficiently
active men and women over 60, in comparison with 3-months of usual activities of daily living.
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Additionally, exercise adherence and compliance rates, adverse events, and participant
feedback about their experience were also collected to provide some information about the
safety and feasibility of the exercise program. It was hypothesised that the intervention would
be safe and effective for insufficiently active older adults to engage in group-based kettlebell
training, with significant clinically meaningful improvements in measures of healthy ageing
compared to control. Our research question was: can group-based hardstyle kettlebell training
be used safely and effectively, to engage insufficiently active older adults living in the
community, to increase physical activity and promote healthy ageing?

6.4

MATERIALS AND METHODS

6.4.1 STUDY DESIGN AND SAMPLE SIZE
The BELL trial was an exploratory, single-centre, single cohort, repeated measures,
controlled exercise intervention using hardstyle kettlebell training. Testing was conducted at
baseline, week 4, week 13, week 19 and week 29. The study protocol had been published
elsewhere https://osf.io/dz96p/. Scheduled test dates were changed due to the COVID-19
pandemic, which resulted in unequal periods between tests. Grip strength was selected as the
primary outcome for clinical relevance, with measurements recommended in routine clinical
practice and in community healthcare with older adults (212). Grip strength is a reliable surrogate
for more complicated measures of arm and leg strength and a consistent predictor of falls and
fractures in both sexes

(213, 301)

, although measures such as knee extension strength are better

predictors of falls risk than handgrip strength (315), and handgrip may not be a reliable proxy for
overall muscle strength (353). Low grip strength is a powerful predictor of functional limitations,
poor health-related quality of life (HRQoL), strongly and inversely associated with all-cause
mortality (214-216) and associated with higher annual healthcare costs (354). Secondary outcomes
included a core set of clinical field tests of health-related physical fitness (303). Sample size was
calculated based on the primary outcome from existing data (148) to detect an effect size change
of 0.88 (105, 347). A total of 19 participants were required to detect 95% power (1-ß = 0.05) and
test the null hypothesis of equality (α = 0.05). Thirty-two participants were recruited to account
for a 25% dropout and 15% for multivariable modelling. The current report comprises the
findings and analysis of primary and secondary outcomes. A pragmatic approach was chosen
to evaluate the effectiveness of the intervention in usual conditions, to identify variation
between individuals, and maximise external validity (289, 355). An evaluation of the trials’ design
was conducted using the The PRagmatic-Explanatory Continuum Indicator Summary 2
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(PRECIS-2) tool (356). Participants were not blinded to the hypothesis and resource constraints
prevented blinding of data collection and analysis. A timeline for the study is presented in
Figure 6.1.

6.4.2 ETHICAL APPROVAL
All research activities were conducted in accordance with the Declaration of Helsinki. The
trial was prospectively registered on the Australian New Zealand Clinical Trials Registry
(ACTRN12619001177145) and approved by the Bond University Human Research Ethics
Committee (BUHREC; Protocol number NM03279). Written informed consent was obtained
by the lead investigator from all participants.
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Figure 6.1 Study timeline
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6.4.3 PARTICIPANTS
Independently living, apparently healthy but insufficiently active males and females were
recruited via print media advertising from the central Gold Coast in south-east Queensland,
Australia. Participants were deemed to be insufficiently active if they were not meeting the
Australian Physical Activity Guidelines for older adults

(263)

, and self-determined their levels

of physical activity prior to recruitment. A minor change was made to the inclusion criteria after
trial registration, with the minimum age reduced to 59 years from the originally stipulated ‘60
years of age’. Exclusion criteria were as follows: medical conditions or medications known to
affect musculoskeletal health which limit the capacity to perform moderate-to-high intensity
exercise, recent surgery or trauma, uncontrolled cardiovascular or respiratory disease, engaged
in a structured exercise program within the past nine months, malignancy, inability to perform
a floor transfer independently, inability to comfortably lift the upper extremities overhead,
unexplained pain with fundamental movements/activities e.g., sitting, walking, lifting, carrying,
pushing, pulling or twisting, and presence of hazards which would prevent body composition
analysis. Further exclusion was based on inability or unwillingness to attend three times weekly
supervised training for the stipulated 3-month period. Participants completed a standardised
pre-exercise screening tool from Exercise & Sports Science Australia (264), and asked to provide
medical clearance from their General Practitioner. After commencement of the exercise period,
it was noted that one participant was unable to perform a floor transfer unassisted, and one
participant disclosed having osteoporosis and diabetic peripheral neuropathy. Participants
would complete 12 weeks of usual activity and 12 weeks of kettlebell training.

6.4.4 EXERCISE INTERVENTION
Participants attended three-times weekly (Mon, Wed, Fri), 45-min, group classes at the Bond
University High Performance Training Centre, Gold Coast, Australia, supervised by a
Physiotherapist and certified (Russian Kettlebell Certification) kettlebell Instructor.
Additionally, participants completed twice-weekly (Mon, Thur) prescribed home exercises.
Program design was based upon the training principles and practices described by Tsatsouline
(50)

with exercises and delivery adjusted to meet individual limitations and the group dynamic,

to maximise facilitators and reduce barriers to engagement. Classes were conducted face-toface for six weeks, then remotely thereafter due to COVID-19 restrictions. The training period
was preceded by a familiarisation week (2x 45-minute sessions) in which the participants were
introduced to a standardised mobility drill (available as supplementary data) and the
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foundational kettlebell exercises of a swing, clean, military press, goblet squat and unloaded
Turkish get-up. Kettlebell weights ranged from 4-80 kg. Participants were provided with a
modified Borg Category-Ratio (CR10) scale

(235)

for reporting Session Rating of Perceived

Exertion (sRPE). During the first two weeks, participants were advised to work at a relatively
low intensity (2-4/10: easy to somewhat hard) with a low volume training load to minimise the
likelihood of experiencing Delayed-Onset Muscle Soreness (DOMS). From week three onward,
participants were encouraged to work up to a sRPE of 5-7/10 (described as hard to very hard)
as tolerated. Maximal effort (9-10/10) was discouraged. Where technique was acceptable and
RPE appeared to be <4/10, participants were encouraged to increase exercise intensity
(kettlebell weight). Exercises were modified where necessary to account for physical
limitations or emergent biopsychosocial factors likely to affect performance. Home exercise,
with an easy to moderate training load target (no upper limit), was performed at the participant’s
discretion with an 8 kg kettlebell (provided), or bodyweight only. At the start of each group
session, participants were asked to provide feedback regarding DOMS, adverse events, or
health/medical conditions since the last training session.
All training sessions (Mon-Fri) commenced with the standardised mobility routine which
served as a warm-up. Training sessions were planned based on a) physical capacity of the group,
b) participant feedback, c) intent to offer variety, and d) plan to progress skill, intensity, and
training load volume throughout the trial. Training load was periodised to promote positive
physiological adaptation. Training plans were prepared within the preceding 36hrs. Participants
were able to self-select weights and change any program variable within the group sessions.
Participants completed a daily training record which included the exercise(s), number of sets
and repetitions performed, and sRPE. Training records were collected at the end of each session
then entered into a database for tracking and analysis. Due to COVID-19, ethics approval for
face-to-face training was withdrawn, in effect from 23 March 2020. Training weeks 1-6 were
delivered face-to-face; weeks 7-12 were delivered remotely via training videos posted to
YouTube and Facebook Live. Participants were not observed at home and trained
independently, receiving no individual instruction or feedback. Available kettlebells (8-40 kg)
were given to participants to use at home from week 7, with each participant receiving two
kettlebells, in addition to the 8 kg provided at the start of the trial. These were roughly
distributed based on physical capacity i.e., the stronger participants received heavier kettlebells.
Reinstatement of ethics approval delayed final testing from week 26 (7-8 May) to week 29 (2728 May). Additionally, all participants completed an international challenge to perform 100
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kettlebell swings each day for the month of May, extending the planned training period by three
weeks. Training material and programming was conceived, delivered, coordinated, and
analysed by the lead investigator (NM). The full 3-month program is available as supplementary
data.

6.4.5 CONTROL ACTIVITIES
Participants were asked to continue their usual daily routines and refrain from taking up new
structured exercise likely to influence the outcomes. Additionally, participants were requested
to not make significant dietary changes likely to alter body composition.

6.4.6 OUTCOMES
The planned schedule for data collection was changed due to the COVID-19 pandemic. The
4th and 5th rounds of testing, scheduled for weeks 22 (9-10 April) and 26 (7-8 May), took place
in weeks 19 and 29 respectively, with some measures unable to be collected. Tests at weeks 0,
4, 13 and 19 were conducted at the Bond Institute of Health & Sport (schedule of data collection
available as supplementary data). Tests at weeks 0, 4 and 13 were conducted in a 5hr session,
with participants completing a series of five 15 min stations, beginning with a fasted body
composition scan (DXA). Tests in week 29 were completed in a single morning (n = 11). All
DXA scans were conducted by the same licenced operator. Other data collection stations were
conducted by a trained volunteer (or the lead investigator) following standard operating
procedures prepared by the lead investigator. Tests involving prolonged close physical contact
were omitted from the week 19 schedule due to COVID-19 restrictions. At week 29, only GS,
6MWD and 5×FT were collected for participants over 70 years, with testing conducted
outdoors; an equidistant 6MWT was conducted on a straight, level, concrete walking track in a
shaded area, and the 5×FT was conducted on level grass. All data, including DXA scans, were
processed and analysed by the lead investigator (NM). Invalid data were deleted from one
participant where outcome measures had been adversely affected by hip pain (5×FT, SC,
6MWT, STS, sit-and-reach, 1RM and CMVJ); the participant withdrew at the end of the control
period and did not participate in the training. Invalid grip measures were deleted from week 0
and week 4 from one participant who had sustained a wrist injury and was unable to perform
the test as required. A single resting systolic blood pressure reading >180mmHg was deleted
from baseline data; the participant was subsequently treated by his GP and remained
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normotensive thereafter. Hip extension RFD could not be calculated at week 13 due to an error
in the load cell rate of data capture.

6.4.6.1

GRIP STRENGTH

Grip strength was measured by Jamar handheld isometric dynamometer following a
modified Southampton protocol (302).

6.4.6.2

ANTHROPOMETRICS

Age was obtained from self-report at baseline. Height was assessed without shoes using the
stretch stature method with a wall-mounted stadiometer (Model Holtain 602VR, Seritex, New
Jersey, USA). Weight in light clothing was measured using a calibrated scale (Model WM204,
Wedderburn, Ingleburn, Australia). Body mass index (BMI) was calculated as mass divided by
height squared.

6.4.6.3

CARDIORESPIRATORY ENDURANCE

Two tests of physical capacity were performed to examine cardiorespiratory capacity.
Individuals with poor fitness and high resting heart rate (80 bpm) have the highest risk of
cardiovascular disease and all-cause mortality (357). Designated the 6th vital sign, walking is used
to assess functional status and overall health (358), with reduced lower limb strength in women
associated with slower walking speeds (252). Faster walking speed, and greater walking distance,
are also associated with significant reductions in cardiovascular disease and all-cause mortality
compared to slower, shorter walks, with a more pronounced dose-response effect in those over
50 years of age (359, 360). Aerobic fitness was assessed using a 6-minute walk (303, 307) conducted
according to American Thoracic Society guidelines

(361)

, with 6MWD, HR, and RPE

(310)

recorded. Predicted distance (6MWDpred) was calculated using a validated equation (309).
6MWDpred (m) = 218 + (5.14 × height) - (5.32 × age) - (1.80 × weight) + (51.31 × sex)
where: female = 0; male = 1
Stair climbing is an essential functional activity for independent community-dwelling older
adults, with gait speed strongly predictive of performance (362). Stair climb performance can be
improved with lower limb resistance training and stretching exercise (363), with stair climb time
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used to estimate aerobic capacity (312). Submaximal aerobic capacity was measured using a stair
climb test (312) with participants ascending a vertical displacement of 13.65m via seven flights
of stairs having a 34o inclination. Four flights had 15 steps, 3 flights had 6 steps (totalling 78
steps), and there were approximately 21 steps on level ground between flights. Step height
measured 17.5cm. Participants were instructed to climb the stairs as quickly as possible, with
standardized verbal encouragement at each flight given by the examiner. Participants were
asked to not use the handrail unless necessary and ensure one foot was in contact with the floor
at all times i.e., walk not running. The time taken to climb the stairs and finish with both feet
on the top step was designated the stair-climb time. The test was performed only once. Work
performed (W) was calculated using the formula: W = m × g × h, where m is participant mass
(kg), g is acceleration due to gravity (9.81m.s-2), and h is vertical displacement (metres). Power
(P) was obtained by dividing work by stair-climb time. Age-predicted VO2maxpred

(313)

and

estimated VO2maxest from SCT (312) were calculated using the formulae:
VO2maxpred = 79.9 - (0.39 × Age) - (13.7 × gender [0 = male; 1 = female]) - (0.127 ×
weight [lbs])
Standard error of the estimate = 7.2 ml·kg-1·min−1.

VO2maxest = (5.8 × m (kg) + 151 + (10.1 × P))/m

6.4.6.4

MUSCULAR STRENGTH AND POWER

Knee extension force is a useful measure to evaluate lower limb function in older adults,
particularly in relation to functional activities such as rising from a chair and using stairs (364),
and reduced hip extension strength may compromise postural balance and increase falls risk in
older adults

(365)

. Assessment of knee extension strength is recommended as part of a

comprehensive geriatric assessment (366) and is a better predictor of functional performance than
handgrip, in older adults in assisted living facilities (315). Lower limb RFD may also be a better
predictor of mobility in older adults than hand grip strength and sit-to-stand performance (251).
Maximal isometric leg extension (315) and hip extension (314, 367) were performed to examine
lower limb strength. Force and RFD were recorded using a strain gauge (DBB Series S-Beam
Load Cell, Applied Measurements, Berkshire, UK). Isometric leg extension was performed
with the knee supported at 60o of flexion, using a custom-made seat without back or arm rests
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(Fig. 6.2). The procedure has been previously described, with high test–retest reliability in older
adults (ICC = 0.91–0.95)

(315)

. Participants sat upright with forearms crossed at the chest to

perform the test. The distance from the tibial plateau to 5 cm above the inferior aspect of the
lateral malleolus was recorded, with the strap and foam pad positioned around the ankle at the
lowest part of the leg. Hip extension was performed on a firm plinth (Fig. 6.3) as previously
described

(314, 367)

. Pelvic movement was restrained by a belt, the calcaneus suspended 8cm

above the plinth with the participant’s forearms crossed at the chest to perform the test. Relative
lower limb power was measured using the Sit To Stand App (316) using a height adjustable chair.
Femur length was recorded as the distance from the superior aspect of the greater trochanter to
the lateral femoral condyle. A second seat of fixed dimensions was introduced at week 4 to
improve standardisation of the tibia and femur in the start position, allowing a comparison of
STS methods. Counter-movement vertical jump was performed as a functional expression of
absolute lower limb power

(318)

, with jump height determined from a floor-mounted force

flatform (AMTI, Watertown, NY, USA) by applying the Impulse-momentum (IM) relation to
the force-time curve (317).

Figure 6.2 Leg extension strength test.

Figure 6.3 Hip extension strength test.

Photographs by author. Reproduced with permission.

6.4.6.5

MUSCULAR ENDURANCE

Rising from a seated position is an essential functional movement for older adults, which
can be impacted by age and age-associated conditions. Performing too few sit-to-stand
manoeuvrers throughout a day can contribute to strength impairment and limitations in physical
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activity, with 45 repetitions recommended as a minimum (368). Lower limb muscular endurance
was examined using the 30s sit-to-stand test following a standardised procedure.
(303, 319, 320)

.

6.4.6.6

FLEXIBILITY

Flexibility was examined by fingertip-to-floor test

(322, 323)

. A sit-and-reach test (Figure

Finder Flex Tester, Novel Products, Rockton, USA) was also introduced at week 4 to limit
movement at the knee (369).

6.4.6.7

BODY COMPOSITION

A DXA scan (General Electric, GE, Lunar Prodigy, Madison, WI, USA) was conducted for
each participant to determine body composition (fat and lean mass). The scanner was calibrated
each morning using a manufacturer’s ‘phantom’ following quality assurance and quality control
procedures. Participants were required to wear only light clothing with metal objects removed,
and positioned according to the Nana protocol (324). Results were analysed using the commercial
software provided with the machine (enCORE software, version 17, GE, Lunar Prodigy,
Madison, WI, USA) using regions of interest (ROI) recommended by the International Society
for Clinical Densitometry official position

(370)

. All scans were performed by the same

technician, with intra-rater reliability and precision of DXA in evaluating BC previously
described (325, 326). All ROI analysis was performed by the lead investigator (NM). Appendicular
skeletal muscle mass (ASM) was calculated as the sum of the muscle mass of the four limbs.
Appendicular skeletal muscle mass (also described as the Skeletal Muscle Mass Index (SMI)
(371)

) was adjusted for height, calculated as ASM/height2

(212)

. Body composition was also

measured by BIA (Tanita MC-980MA PLUS, Tokyo, Japan) following a procedure previously
described

(328)

. The cross-validated Sergi equation

(329)

was used to calculate ASM from BIA

data.

6.4.6.8

FUNCTIONAL CAPACITY AND BALANCE

Ability to rise from the floor is a clinical measure of musculoskeletal fitness, proposed to
predict all-cause mortality

(372)

having a fall-related injury

(373)

, with those unable to rise having a markedly higher risk of
. Evaluation of floor transfer capacity is a reliable measure of

older adults’ functional mobility and recommended as a standardised component of a geriatric
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physical assessment

(51, 330)

. Functional capacity was examined using a 5-times floor transfer

test (51, 330). Machine-based 1RM measures have been shown to be safe and highly reproducible
for older adults, with minimal detectable changes of 1-3% (<1kg) (374), but prediction equations
consistently underestimate 1RM (375). A predicted 1RM kettlebell deadlift was determined using
the two-point method (334). Excursion of centre of pressure during quiet standing balance, was
measured on a floor-mounted force flatform (AMTI, Watertown, NY, USA) under two
conditions; eyes open, and eyes closed (338, 376).

6.4.6.9

QUALITY OF LIFE AND SENSE OF COHERENCE

Exercise, regardless of type, is associated with lower mental health burden, with aerobic and
gym activities, durations of 45 mins, and training frequencies of three to five times per week,
associated with the largest reductions

(30, 377)

improve QoL and Sense of Coherence

. Training just twice a week however is likely to

(283)

. Physical activity improves happiness and mood

(positive affect), self-efficacy and self-esteem in the long-term (378). Self-efficacy is a significant
mediator for older adults engaging in healthy lifestyle activities

(379)

, with resistance training

specifically having been shown to significantly improve HRQoL with greatest effect in the
domains of mental health and bodily pain

(41)

. Health Related Quality of Life (HRQoL) and

Sense of Coherence were examined using the self-administered SF-36 questionnaire

(380)

and

29-item SoC scale (381).

6.4.6.10 TRAINING LOAD
Exercises and V-TL were not set a-priori as participant’s physical capacity was unknown to
the investigator. All training (Mon-Fri) commenced with a standardised mobility routine which
was used as a warm-up. At the end of each group training session, participants submitted a
training record of the exercises performed, weights used, number of sets and repetitions
completed, and sRPE. During intervention weeks 1-6, a paper record was collected by the lead
investigator at the end of each session and transcribed to a database for analysis. During
intervention weeks 7-12, daily training records (Mon-Fri) were submitted by each participant
via Survey Monkey. Session V-TL (kg) was programmed at an individual level during the final
two weeks of the training, to enable each participant to achieve a personal best (sessional
training load volume) on the final day of the program.
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6.4.6.11 ATTENDANCE, COMPLIANCE, AND ADVERSE EVENTS
Exercise adherence was recorded, with 100% attendance defined as completion of 36,
‘group’ sessions over the 3-month trial period. Data were collected, entered into a database, and
analysed by the lead investigator. Compliance to prescribed home-exercise was also reported.
On Wednesday and Friday sessions during intervention weeks 1-6, participants reported
whether the prescribed home-exercise had been completed the previous day with a Y/N
response. Attendance and compliance were recorded for 12 weeks, with 100% attendance and
compliance defined as 60 training sessions (group and individual) over the 3-month trial period.
To maximise attendance and compliance, participants received frequent individual and group
encouragement, both publicly and privately. Recognition was given to overcoming challenges,
extraordinary effort, and achieving a ‘personal best’. Training and communication promoted
group engagement to foster a spirit of support, camaraderie, and healthy competition. A private
Facebook page was heavily used to provide encouragement, maintain accountability, and foster
a community spirit. Participants were encouraged to make use of the on-site coffee-shop after
training and provided a limited number of drink vouchers. Adverse events were defined as any
undesirable outcomes that may be related to the intervention, which were recorded by the lead
investigator for analysis. At enrolment, participants were provided with an information sheet
about DOMS. Participants were asked to report to the principal investigator any new, unusual,
or worrying physical symptoms, with participants frequently asked about their health and
wellbeing before session training commenced. .

6.4.6.12 CONCOMITANT CARE
Advice and guidance were provided to those who experienced muscle soreness and adverse
training-related symptoms.

6.4.7 STATISTICAL ANALYSIS
Statistical analyses were undertaken using SPSS statistical software version 26.0 (SPSS Inc.,
USA). Descriptive statistics, expressed as mean (SD) for normally distributed continuous
variables, were generated for participant characteristics and all dependent variables. Normality
was checked through a combination of histograms, normal Q-Q plots and the Shapiro-Wilk test.
Categorical variables were summarised using frequencies and percentages. Linear mixed
models (LMMs) were applied to the 32 participants regardless of withdrawal or attendance,
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measured at 5 time-points to model the change in quantitative outcomes after adjusting for
potential confounders which included age, sex, and previous training history. Time was treated
as a fixed factor to enable the assessment of any statistically significant changes between
specific time-points. The individual was treated as a random effect. Random intercepts, random
slopes, and random intercept-and-slope models were investigated to determine the most suitable
models. The final models were fitted with random intercept only, using the restricted maximum
likelihood estimation method (REML), as this produced the best fitting models with the lowest
Akaike Information Criterion. Residual diagnostics were used to check distributional
assumptions. Effect sizes (ES) were calculated and interpreted using Lenhard and Lenhard (233)
and Magnusson

(234)

, quantified as trivial < 0.20, small 0.20-0.59, moderate 0.60-1.19, large

1.20-1.99, very large 2.0-3.99, and extremely large ≥ 4.0 (105). Statistical significance was set at
the 0.05 level a priori. The p-value is confirmatory for the primary outcome, and exploratory
for secondary outcomes.

6.5

RESULTS

6.5.1 PARTICIPANT CHARACTERISTICS AT BASELINE
Participant flow through the study is presented in Fig. 6.4. In total, 32 eligible participants
completed all outcome measures at baseline. Three participants withdrew during the control
period: medical condition (n = 1), injury (n = 1) and no longer able to attend (n = 1). Twentynine participants commenced the intervention. Five participants withdrew during the
intervention: unexpected work (n = 1), substance abuse and mental health (n = 1), back pain (n
= 1), viral infection (n = 1), uncontrolled hypertension: GP requested (n = 1). Participant
characteristics at baseline are presented in Table 6.1. At baseline, males were significantly taller
and heavier than females. Comorbid health conditions at baseline included: obesity, controlled
hypertension, depression, diabetes, peripheral neuropathy, osteoporosis, sarcopenia, cancer,
osteoarthritis (hip and knee), persistent non-specific low back pain, Ankylosing spondylitis,
hypercholesterolemia, immunosuppression, migraines, alcohol dependency, and poor sleep.
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Table 6.1 Participant characteristics at baseline
Males (n = 16)

Females (n = 16)

Age (years)

68.8 (4.6)

68.6 (4.7)

Height (cm)

176.2 (7.8)

163.9 (5.4)

Weight (kg)

90.7 (11.0)

70.4 (12.7)

2

29.2 (2.6)

26.3 (4.9)

Characteristic

BMI (kg/m )

Data are presented as mean (SD).

Figure 6.4 CONSORT diagram of participant flow through the BELL trial study.
Abbreviation: ETOH, alcohol.
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Sixteen-week change in outcomes from mixed effects modelling are presented in Table 6.2.
Pairwise comparison pre- to post-training (week 13 to week 29) are presented in Table 6.3.
There was a large (d > 1.4) pre- to post-training change in grip strength of 7.1 kg (95% CI [4.9,
9.3], p < 0.001) in the right hand, and 6.3 kg (95% CI [4.1, 8.4], p < 0.001) in the left hand,
exceeding the minimum clinically important difference of 5.0 - 6.5 kg (382).
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Table 6.2 Estimated regression coefficients from mixed effects modelling to show the effect of
training over time (N = 32)
Difference (95% CI) at
Outcome

Baseline (95% CI)

13 weeks

19 weeks

29 weeks
***

right

29.1 (25.3, 32.8)

0.6 (-0.9, 2.1)

4.2 (2.5, 5.8)

7.8 (6.0, 9.5)***

left

27.9 (24.4, 31.3)

0.3 (-1.2, 1.8)

4.0 (2.4, 5.6)***

6.6 (4.9, 8.2)***

6-min walk distance (m)

599.8 (577.4, 622.3)

30.2 (14.0, 46.9)***

Stair climb time (sec)

48.1 (44.2, 52.0)

-3.6 (-4.7, -2.4)***

Systolic blood pressure (mmHg)

124.5 (118.8, 130.2)

-5.9 (-12.2, 0.4)

6.9 (-1.9, 15.7)

Resting heart rate (bpm)

69.4 (64.5, 74.3)

10.1 (5.4, 14.8)***

-7.4 (-14.1, -0.7)*

right

321.6 (288.3, 355.0)

-9.9 (-38.5, 18.8)

51.7 (9.4, 94.1)**

left

285.9 (254.3, 317.4)

12.4 (-11.4, 36.3)

62.2 (26.3, 98.1)***

right

133.5 (118.0, 148.9)

46.2 (-104.1, 196.6)

-114.2 (-334.4, 105.9)

left

584.3 (455.9, 712.7)

268.4 (104.8, 432.0)**

61.4 (-173.6, 296.4)

right

133.5 (118.0, 148.9)

-4.2 (-16.1, 7.6)

20.7 (3.1, 38.3)**

left

118.7 (104.1, 133.3)

4.8 (-4.8, 14.4)

25.0 (10.3, 39.7)***

right

160.1 (146.4, 173.8)

6.9 (-0.3, 14.1)

17.7 (6.9, 28.4)**

left

164.7 (150.0, 179.4)

7.7 (-0.8, 16.1)

28.7 (16.3, 41.0)***

right

240.1 (172.9, 307.3)

156.6 (32.7, 280.6)*

left

271.1 (167.2, 375.1)

58.0 (-146.5, 262.4)

right

135.6 (122.5, 148.8)

5.8 (-0.4, 11.9)

14.2 (5.0, 23.4)**

left

139.4 (125.9, 153.0)

5.9 (-1.3, 13.0)

22.1 (11.5, 32.7)***

30s Sit to Stand (W.kg-1)

7.20 (6.86, 7.53)

0.36 (0.03, 0.69)*

0.48 (0.03, 0.94)*

Vertical jump (cm)

13.5 (11.8, 15.2)

0.0 (-0.6, 0.6)

30s Sit to Stand (reps)

14.2 (12.9, 15.4)

1.7 (0.4, 2.9)*

4.9 (3.1, 6.7)***

Fingertip to floor (cm)

-2.7 (-6.7, 1.3)

-1.6 (-3.8, 0.7)

2.5 (-0.8, 5.8)

Fat mass (kg) DXA

30.92 (27.88, 33.96)

0.02 (-0.42, 0.46)

-0.10 (-0.77, 0.58)

Lean mass (kg) DXA

47.08 (43.38, 50.78)

0.28 (-0.11, 0.66)

0.99 (0.40, 1.57)***

ASM (kg) DXA – upper + lower limbs

21.34 (19.52, 23.16)

-0.08 (-0.35, 0.20)

0.58 (0.17, 0.99)**

SMI (kg/m2) DXA

7.27 (6.84, 7.70)

-0.01 (-0.11, 0.08)

0.21 (0.07, 0.35)**

ASM (kg) BIA – Sergi eqn

43.9 (40.3, 47.5)

0.4 (-0.4, 1.2)

0.7 (-0.4, 1.9)

5× floor transfer time (s)

41.8 (38.1, 45.5)

-5.9 (-8.4, -3.3)***

1RM (kg) – predicted

69.5 (60.0, 78.9)

5.6 (-1.3, 12.6)

21.8 (11.6, 32.0)***

Standing balance (cm2) – eyes closed

23.3 (17.4, 29.1)

2.1 (-3.5, 7.8)

4.4 (0.4, 8.5)*

Health change - SF36

52.4 (45.6, 59.2)

-0.1 (-8.5, 8.3)

Sense of coherence

154.0 (144.7, 163.3)

-3.0 (-11.0, 5.0)

Grip strength (kg)

Knee extension peak force (N)

Knee extension RFD (N.s-1)

Knee extension peak torque
(N.m)
Hip extension peak force (N)

Hip extension RFD (N.s-1)

Hip extension peak torque
(N.m)

*p<0.05 **p<0.01 ***p<0.001 significantly different to baseline.

165

71.6 (53.9, 89.3)***
-5.4 (-6.6, -4.1)***

0.4 (-0.4, 1.3)

-6.2 (-8.0, -4.5)***

-0.2 (-1.3, 0.8)

-12.4 (-15.4, -9.3)*** -11.8 (-15.3, -8.3)***

17.3 (8.2, 26.4)***

17.0 (7.8, 26.3)***
2.6 (-8.3, 13.4)

Table 6.3 Linear mixed modelling results showing the mean differences between
pre- and post-training after adjusting for age, sex, and previous training history.
MD

95% CI

a

% Change

right

7.1

(4.9, 9.3)*

1.66

24.6

left

6.3

(4.1, 8.4)*

1.48

22.4

Stair-climb time (s)

-2.7

(-5.2, -0.2)*

0.55

-5.6

Stair-climb est. VO2 (ml.kg-1.min-1)

2.3

(0.2, 4.4)*

0.55

6.2

5x floor transfer (s)

-6.0

(-9.8, -2.2)*

0.80

-14.3

6-min walk distance (m)

41.7

(17.9, 65.5)*

0.85

7.0

3.3

(0.9, 5.7)*

0.66

23.0

16.2

(2.4, 30.0)*

0.57

23.3

right

61.6

(4.4, 118.8)*

0.52

19.1

left

49.8

(-1.2, 100.7)

0.47

17.4

right

10.8

(-3.0, 24.5)

0.38

6.7

left

21.0

(4.2, 37.8)*

0.60

12.7

SF36 - health change

17.1

(4.4, 29.8)*

0.68

32.6

DXA – ASM (kg)

0.65

(0.08, 1.22)*

0.55

3.1

DXA – sarcopenia index (kg/m2)

0.23

(0.03, 0.42)*

0.57

3.1

Variable
Grip strength (kg)

30s Sit to Stand (reps)
Predicted 1RM (kg)
Knee extension – peak force (N)

Hip extension – peak force (N)

Only outcome measures with a significant pre- to post-training change are displayed.
a

effect size: week 13 to week 29 (pre- to post-training); VO2, Oxygen uptake; 1RM, 1

Repetition Maximum; SF36, 36-Item Short Form Survey; DXA, Dual-energy X-ray
absorptiometry; ASM, appendicular skeletal muscle mass. * p < 0.05

6.5.2 ADHERENCE AND COMPLIANCE
Attendance rate was 91.5%. Twenty-one participants were absent from 81 of 956 potential
Mon/Wed/Fri group training sessions. Eight participants had 100% group session attendance.
The reasons for absence were: viral infection (n = 17), hospital/medical (n = 12), not disclosed
(n = 7), unwell (n = 7), other infection (n = 6), muscle strain (n = 5), DOMS (n = 5), ‘life admin’
(n = 3), low back pain (n = 3), COVID-19 (not infected) (n = 3), bereavement (n = 2), mental
health (n = 2), weather/transport (n = 2). Compliance with home-exercise was 88.7%. Seventyone of 639 home sessions were reported as not completed. During intervention weeks 7-12,
there were 35 recordings of training voluntarily undertaken on a weekend.
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6.5.3 CHANGE IN SECONDARY OUTCOMES
6.5.3.1

CARDIOVASCULAR ENDURANCE

Estimates of fixed effects showed a small ( = 0.39) but significant reduction in resting HR
from baseline of 7.4 bpm, but no significant change in systolic or diastolic blood pressure at
any time points. At baseline, there was no significant difference in mean 6WMD (598.5 m) and
age-predicted maximum (602.7 m). There was a significant moderate ( = 0.85) 7% pre- to
post-training increase in 6MWD of 41.7 m. There were statistically significant reductions in
stair climb time at weeks 13, 19 and 29. Pairwise comparison pre- to post-training revealed a
small ( = 0.55) reduction of 2.5 seconds. At baseline, estimated VO2 calculated from stair
climb time suggested a mean VO2 of 37.7 ml.kg-1.min-1 however, this was 54.2% higher than
an age-predicted VO2 of 24.5 ml.kg-1.min-1.

6.5.3.2

MUSCULAR STRENGTH, POWER, AND ENDURANCE

There were small ( = 0.47 and 0.52) increases in knee extension peak force pre- to posttraining, of 49.8 N and 61.6 N in the left and right legs respectively, with no significant change
in RFD. There were small to moderate changes ( = 0.38 and 0.60) in hip extension peak force
of 10.8 N and 21.0 N in the right and left hips, respectively, with no significant change in RFD.
There was no significant change in lower limb power or vertical jump height however, there
was a significant moderate ( = 0.66) 23% increase of 3.3 repetitions performed during the
30sSTS test pre- to post-training.

6.5.3.3

FLEXIBILITY

There was no significant change in flexibility at any time point.

6.5.3.4

BODY COMPOSITION

DXA-derived appendicular lean mass significantly increased pre- to post-training by 0.65
kg (95% CI [0.08, 1.22], p = 0.016), with a corresponding increase in SMI of 0.23 kg/m2 (95%
CI [0.03, 0.42], p = 0.012). There was no significant change in fat mass measured by DXA at
any time point, and no significant change in muscle mass or fat mass measured by BIA between
baseline and week 29.
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6.5.3.5

FUNCTIONAL CAPACITY AND BALANCE

Pre- to post-training, there was a significant moderate ( = 0.8) reduction in 5-times floor
transfer time of 6.0 seconds, (95% CI [9.8, 2.2], p < 0.001) and a significant 23.3% increase (
= 0.57) in predicted 1RM of 16.2 kg (95% CI [2.4, 30.0], p = 0.013). There was no significant
change in quiet standing balance.

6.5.3.6

QUALITY OF LIFE & SENSE OF COHERENCE

There was a statistically significant 17% increase in the ‘overall health’ domain of the SF36, but no significant change in any one sub-domain of health status, and no significant change
in sense of coherence.

6.5.3.7

TRAINING LOAD

Change in training load volume (kg and AUs) over time is presented in Fig. 6.5 Cumulative
total training load volume for group sessions (Mon/Wed/Fri) was 1,022,220 kg for weeks 1-6
and 2,567,834 kg at week 12. Training load volume increased by 51.2% following the transition
to home-only training. At 6 weeks (n = 28), mean external and internal training load was 36,067
(12,843) kg (range = 16,820 to 69,444 kg), and 3,430 (926) AUs (range = 2,115 to 5850 AUs),
respectively. At 12 weeks (n = 24), mean training load was 100,914 (42,449) kg (range = 44,369
to 243,524) and 9,094 (1,727) AUs. External training load volume on the final day of the
program was 29% higher than programmed: actual = 197,520 kg, mean = 8,230 (3623), range
= 3,200 to 21,120 kg vs programmed = 153,070 kg, mean = 6,123 (2,281), range = 2,810 to
12,510 kg. Training load over the 12-week macrocycle shows a linear increase, however, the
weekly mesocycle and daily microcycle changes in training load, were intentionally periodised.
Representative periodisation of daily training load for the 12-week intervention, has been
published elsewhere: http://ow.ly/QlA750Gctb4.
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Figure 6.5 Cumulative group training load over time: kg (external training load) and arbitrary
training unit (internal training load).

6.5.3.8

ADVERSE EVENTS

As a normal and expected response, DOMS was not considered an adverse event however,
20/28 participants (71%) reported some degree of DOMS on at least one occasion, reported as
mild (n = 5, 25%), moderate (n = 12, 60%) or severe (n = 3, 15%). All participants reported
that their symptoms had resolved in ≤ 3 days, and 90% (n = 18) recorded that they were
unconcerned by it. Four participants missed at least one training session due to muscle soreness.
The number of participants experiencing DOMS was high but unsurprising and anticipated
given the volume and intensity of the training. There were four non-serious adverse events. One
female with a 50-year history of low back pain, experienced an exacerbation of symptoms
following the final session in week 2. The participant completed the session without symptoms
(no indication of mechanical stress/strain), which were attributed to a large volume of deadlifts
(kettlebell ladder). The participant continued in the program in a reduced capacity before
withdrawing in week seven. Two females experienced an intercostal strain, one with onset of
symptoms reported during kettlebell swings of an undisclosed weight, and one while
performing a 1RM kettlebell deadlift. Both participants were able to continue training and avoid
aggravating exercises, with symptoms resolving consistent with natural course. One female
experienced non-traumatic shoulder pain which limited overhead activity. She was able to
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continue training, however her symptoms did not resolve before the end of the trial. Imaging
revealed no tissue or mechanical explanation for the symptoms. Although the trial was not
adequately powered to assess safety as an outcome, the absence of any serious adverse events
suggests that kettlebell training is likely to have a risk profile similar to other forms of resistance
training.

6.5.3.9

PRECIS-2 EVALUATION

The PRECIS-2 score of the BELL trial was 39/45, indicating high external validity. A
summary evaluation and visual representation of the domain scores using the PRECIS-2 wheel,
are provided as supplementary data.

6.6

DISCUSSION

The BELL trial was the first study to examine the effects of 3-months pragmatic hardstyle
kettlebell training on grip strength and measures of healthy ageing, in insufficiently active
apparently healthy older adults. The program had high engagement with few non-serious
musculoskeletal events from moderate to high-intensity training, and high training load volume.
We believe that frequent supervised training and personalised programming provided in the
initial six weeks were key to the safe and effective implementation of community-based group
kettlebell exercise for older adults. Kettlebell training resulted in a large clinically important
increase in grip strength, with significant improvements in cardiovascular capacity, lean muscle
mass, lower limb strength and endurance, and functional capacity. Consistent with previous
observation of no non-response to resistance-type exercise in older adults (211), all participants
in the present study demonstrated a positive adaptive response to one or more outcomes.

6.6.1 GRIP STRENGTH
Handgrip strength decreases with age and is predictive of disability, morbidity, healthcare
costs and mortality (302, 354, 383). At baseline, five females and five males recorded grip strength
at or below the 16 kg and 27 kg clinical cut-off values to test for sarcopenia in females and
males respectively

(212)

. For nine of those ten participants, grip strength increased above the

clinical cut-off value following training. The estimate of fixed effects pre- to post-training,
exceeded the minimum clinically important difference of 5.0 to 6.5 kg

(382)

. This finding is

consistent with findings that the greatest increases in grip strength are observed in higher
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intensity exercise programs, which involve gripping activities and a high percentage of 1RM
(384)

. Results from the present study showed improvements in grip strength ≈2x larger than those

from a comparable 12-week kettlebell study in older women with sarcopenia (66.7  5 yrs,
ASM 15.4 kg, Sarcopenia index 5.57 kg.m2) (148).

6.6.2 CARDIOVASCULAR ENDURANCE
6.6.2.1

HR & BLOOD PRESSURE

The 7.4 bpm reduction in resting HR was significant from baseline to 29 weeks, but
differences were non-significant between week 13 pre-training and week 29 post-training. Due
to changes made to the testing procedures resulting from COVID-19 restrictions, resting blood
pressure at week 29 was taken immediately following the DXA scan, with participants lying
supine and rested at the start of the test schedule. At all other time points, resting HR was taken
at the end of the test schedule in a seated position. Change in resting HR therefore, cannot
confidently be attributed to a training effect. Random effects modelling of dynamic resistance
training, show a mean decrease in systolic blood pressure of 1.8 mm Hg 95% CI [3.7 to 0.011]
(385)

, and in some populations the effects may be comparable to or greater than those achieved

with aerobic exercise (386). The present study however found no significant change in SBP from
baseline, although participants were normotensive.

6.6.2.2

6-MINUTE WALK DISTANCE

At baseline, mean 6MWD for the participants in the present study was 599.8 m, farther than
the 486.1 (87.2) m reported by Martien

(315)

from 770 community dwelling older adults of a

similar age, but within normal age and sex-based reference standards

(387)

. Shnayderman

(388)

reported an improvement in 6MWD of 43.0 m 95% CI [19.6, 68.0] in 26 younger adults (43.6
 13.5 years) engaged in 6-weeks of muscle strengthening, a result virtually identical to the
41.7 m (8.7) in the present study. A 7.0% improvement in 6MWD pre-to post-training is
suggestive of a training effect, however, only improvements >50 m are likely to exceed a
minimum clinically important difference (389).

6.6.2.3

STAIR CLIMB

In a review, Ozaki (390) reported six of nine studies showing significant improvement in VO2
max in older adults engaged in resistance training, however, such improvements in VO2 may
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only be likely among individuals with low baseline fitness i.e., a VO2 max under 25ml.kg.min1

. Kalapotharakos

(391)

reported improvements in VO2max from 6.6% to 30%, with effects

dependent upon a wide range of factors including individual characteristics and program
variables. In the present study, there was a large difference at baseline in the mean VO2
estimated from the stair climb (39.8 ml.kg-1.min-1)) and the age-predicted maximum (23.8
ml.kg-1.min-1). Estimated VO2max calculated from stair climb time, was deemed to be
unreliable, as values far exceeded the estimated maximum expected for inactive healthy older
adults (392). This is most likely due to the difference in mean age of the reference population (52
± 16 years) being >15 years lower than the mean age of the participants in the present study.
Linear mixed effects modelling demonstrates a change in estimated VO2max of 4.9ml.kg-1.min1

, or 12.3%. A 12.3% increase applied to the age-predicted VO2max at baseline, suggests a more

reliable training effect improvement of 2.9 ml.kg-1.min-1. Although beneficial, a change less
than 5ml.kg-1.min-1 is likely less than the minimum clinically important difference for healthy
older adults (393).

6.6.3 MUSCULAR STRENGTH, POWER, AND ENDURANCE
6.6.3.1

KNEE EXTENSION STRENGTH

At baseline, knee extension force normalised to bodyweight was 40.0 (10.6) % and 43.6
(12.4) % for females and males respectively. These are comparable to population reference data
(315, 394)

and higher than functionally relevant cut-off values of 31% and 40% for females and

males respectively (315). Consistent with other studies (256, 395), leg extension force in the present
study increased 19.1% and 17.4% in the right and left legs respectively, pre- to post-training.

6.6.3.2

KNEE EXTENSION RFD AND LOWER BODY POWER

For older adults, RFD is associated with reduced postural balance and impaired balance
recovery after tripping. Age-associated reduction in RFD can be attenuated by life-long
resistance training

(278)

, although responses to training are highly individual

(396)

. In healthy

older adults, improvements in RFD have been reported from explosive and heavy resistance
training

(256)

and low-repetition power training with a weighted vest

(397)

. In order to improve

RFD, the speed of movement may not be as important as the intent to move rapidly

(238)

.A

distinguishing feature of the hardstyle kettlebell swing, is the intent to perform the exercise
rapidly, that is, the ability to develop force quickly during a rapid voluntary contraction from a

172

low or resting level, thus there is merit to the claim that the ballistic hardstyle swing may
improve lower limb RFD

(50)

. Furthermore, a vertical jumping motion is recommended as a

prerequisite exercise for learning the movement pattern of a hardstyle swing. One might expect
therefore, that training the swing would improve vertical jump performance, having trained the
movement with the intent to do so rapidly. If the present study had been powered to cover all
variables, these results would not support that hypothesis, with pre- and post-training
comparison showing non-significant changes in lower limb power measured by sit-to-stand
performance or vertical jump height. The findings of this study, however, are consistent with a
temporal and kinetic comparison of the kettlebell swing and vertical jump, indicating that a
kettlebell swing may lack the specificity to improve jump performance, at least when performed
by novices (127). The large difference in knee extension RFD, between the left and right leg, was
relatively consistent at baseline, week 13 and week 19. This suggests that the order in which
the legs were tested, influenced the way in which the test was performed. It appears that the
participants simply ‘tried harder’ with the second leg, which was typically the non-dominant
limb. The 95% confidence interval, being much larger for the left knee, appears to support this
hypothesis, however, this observation does reduce our confidence in these data. Although a
difference in knee extension RFD between the right and left leg was observed, there was no
significant training effect in either leg.

6.6.3.3

HIP EXTENSION STRENGTH AND RFD

Mean peak torque of the hip extensors at baseline in the present study, was higher than
previously reported (365, 367, 398) however, peak force was lower than more recent data reporting
227.2 (56.7) N (399). Pre- to post-training comparison showed a 6.7% increase in hip extension
peak force in the right hip and 12.7% in the left hip, which is small but encouraging.

6.6.3.4

30SSTS

Mean 30sSTS in the present study was 14.6 rises, ‘average’ for males and females 70-79
years of age (400), and similar to the 13.97 reported in a similar cohort (401). The mean difference
pre- to post-training was an improvement of 3.3 reps, or 23%, exceeding the minimum clinically
important difference of 2.0-2.6 repetitions for patients with hip osteoarthritis (402).
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6.6.4 FLEXIBILITY
6.6.4.1

FINGERTIP TO FLOOR

Multi-component exercises intended to improve flexibility, are recommended for older
adults, however, the most effective intervention characteristics of exercise type, frequency,
duration and intensity are unclear

(403)

. The efficacy and utility of flexibility as a major

component in exercise prescription for most populations has been recently questioned (404), with
conflicting information in older adults regarding the relationship between flexibility (and
interventions to improve it), and performance in functional activities. A recent systematic
review and meta-analysis

(405)

suggests that static stretching is not necessary to improve

flexibility, and resistance training programs might provide similar outcomes. There is also
strong evidence that eccentric training can improve lower limb flexibility

(406)

, sufficient to

hypothesise that eccentric loading of the hip extensors during a kettlebell swing, might improve
hip flexion range. Although not statistically significant, pairwise comparison pre- to posttraining in the present study showed a mean difference of 4.1 cm in the fingertip to floor
measure, suggestive of an improvement, although this should be interpreted with caution (303).

6.6.5 BODY COMPOSITION (DXA)
At baseline, five females had a height-adjusted SMI below 6.0 kg/m2, with two individuals
below the EWGSOP2 sarcopenia cut-off point of 5.5 kg/m2 (212). Four males at baseline had a
SMI below 7.5 kg/m2, with one below the 7.0 kg/m2 cut-off. Muscle mass decreases with age,
but age explains less than 25% of the variance in strength (269). Losses in lower limb lean mass
specifically are related to compromised functional activities. Mean appendicular skeletal
muscle mass at baseline of participants in the present study (17.17 kg and 25.23 kg for females
and males respectively) lay within the reference ranges for age- and sex-matched Australians
(407)

. Mean skeletal muscle index (ASM/m2) values although marginally lower, were within the

expected range; differences might be explained by stature, with shorter individuals more likely
to have a lower SMI if not adjusted for height (408). Magnitude of change in ASM pre- to posttraining in the present study (687.9 g), was >2.5x the reported effect size from 8 weeks of
moderate to hard intensity kettlebell training in sarcopenic women 65-75 yrs (MD = 260g,  =
0.11) (148). This might be explained by the sarcopenic status of participants in the study by Chen,
or perhaps difference in training variables. The findings of the present study are contrary to
reports of limited low-quality evidence that resistance training is an effective intervention for
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improving muscle mass in older adults with sarcopenia

(409)

. In community-dwelling older

adults, fat mass is independently associated with a greater decline in HRQoL (410). Data from
the present study suggests that kettlebell training in isolation would not be an effective
intervention for reducing adiposity among older adults however, consistent with previous data
(411)

, results from the present study suggest that frequent moderate to high intensity kettlebell

training could be effective for increasing lean mass. While BIA-derived ASM has been reported
in the present study, BIA data was deemed to be unreliable.

6.6.6 FUNCTIONAL CAPACITY
6.6.6.1

5-TIMES FLOOR TRANSFER

The large 14.3% pre-to post-training reduction in 5x floor transfer time was very
encouraging. Due to challenges teaching the Turkish get-up (a structured floor transfer
manoeuvre specific to kettlebell training) effectively to a class of 14-16 older adults, far less
time was spent practicing the Turkish get-up exercise than had initially been planned. As no
other exercises were expected to provide specific transference to the floor transfer test, it is
proposed that far larger improvements in floor transfer might be expected with greater emphasis
given to teaching the Turkish get-up to older adults.

6.6.6.2

PREDICTED 1RM DEADLIFT

High intensity (>80% 1RM) resistance training programs are recommended to counter
sarcopenia and osteopenia in older adults (412, 413). Knowing or calculating 1RM, may have very
limited utility for most people
continue

(414)

but its use in clinical practice and research is likely to

(333, 415, 416)

. In the present study, participant’s maximal or predicted maximal 1RM

kettlebell deadlift did not influence training loads used during the intervention. Change in
predicted 1RM was not used as a proxy for change in strength, rather it was chosen as an
evaluation of the participant’s functional capacity to perform a maximal lift

(417)

. This is of

particular interest for healthcare providers working with older adults who may have developed
maladaptive cognitions relating to their actual or perceived capacity to safely lift a heavy object.
(418, 419)

. Performing a large training volume with kettlebells up to 80kg, it was expected that

their physical capacity would significantly change, so the moderate pre- to post-training
increase of 16.2 kg (23.3%) was unsurprising. Greater improvements may have been anticipated
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if the participants had been able to train with the heavier (44-80 kg) kettlebells for the second
half of the trial.
.
6.6.7 QUALITY OF LIFE
6.6.7.1

SF-36 SENSE OF COHERENCE

Handgrip and walking speed are two of the most powerful biomarkers of HRQoL in older
adults

(420)

, highlighting the importance of maintaining physical capacity as a key element in

successful aging. Exercise, regardless of type, is associated with lower mental health burden,
with aerobic and gym activities, durations of 45 mins, and training frequencies of three to five
(30, 377)

times per week associated with the largest reductions

. Training just twice a week

however is likely to improve QoL and Sense of Coherence

(283)

. In the present study, overall

health change was the only sub-domain of the SF-36 to improve significantly, with no
significant change in Sense of Coherence. This may have reflected the disruption and anxiety
caused by the concurrent arrival of SARS-CoV2 in Australia, and COVID-19 restrictions which
prevented the continuation of face-to-face training mid-way through training.
The salutogenic concept of Sense of Coherence

(381)

, which is the individual’s perceived

control over and ability to improve their physical, mental, and social health and wellbeing, has
been shown to predict HRQoL (340). Health promotion strategies (should) create environments
which empower people to identify and make use of their own resources to this end. Providing
older adults with the knowledge, practical skills, and group training opportunities to use
kettlebells appears to be a safe and effective health promotion strategy.

6.6.8 TRAINING LOAD
Hardstyle kettlebell training does not follow all of the traditional resistance training
protocols in relation to sets, repetitions, loads, or rest periods. It does however involve a
significant within-session training load volume, which is beneficial for strength and
hypertrophy (421). High volume training may be advantageous or necessary in some cases (422,
423)

, but improvements were still anticipated among participants with the lowest training load

volume, as low volume resistance training can still improve muscle strength and functional
performance in older adults, with no evidence of non-responsiveness

(424)

. An unexpected

finding of the present study was the linear increase in training load after face-to-face training
stopped, when participants were required to train at home with limited access to kettlebells.
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Training load volume was only planned at an individual level during the final two weeks of the
training.

6.6.9 ADVERSE EVENTS
The participant who withdrew in week 7, had not disclosed a 50-year history of persistent
non-specific back pain. Imaging revealed only common age-related changes

(425)

, and no

evidence of tissue change which could confidently be attributed to the symptoms, or caused by
the training. Diagnostic imaging also failed to identify any pathology in the shoulder of the
participant with shoulder pain. This was remarkable given the prevalence of rotator cuff
pathology in adults over 70 years of age

(426)

. The two participants who experienced an

intercostal strain, regained pain-free function within a typical timeframe, and were able to
continue training by avoiding aggravating exercises.
The four non-serious adverse events, represent a period prevalence of 3.07 per 1000 hours.
This rate falls within the 95% confidence interval for injuries reported from Power yoga (427),
and is considerably less than that of novice runners, with an injury rate of 16.7–19.1 per 1000
hours (428). A similar injury rate of 2.2 musculoskeletal injuries per 1000 hours, has previously
been reported from strength training and endurance training in older adults with arthritis (429).
Given the intentionally high physical demands of the BELL trial intervention, the investigators
are confident that kettlebell training does not appear to have a higher risk profile for older adults,
than other forms of resistance training performed under similar conditions.
The absence of series adverse events during a clinical trial, has been sufficient for previous
investigators to conclude that a program of high intensity exercise with older adults, is ‘safe’
(430)

. The BELL trial intervention was delivered and closely monitored by an experienced

kettlebell instructor and Physiotherapist. The training was programmed for participants to attain
a peak sessional training load volume on the final day of the intervention period, with all
participants reporting an sRPE of 9-10/10 (431). It is unlikely that a community-based program
using kettlebells, would replicate the intensity, frequently, training load volume, or rate of
progression observed in the BELL trail, thus, the reported period prevalence of muscle soreness
and four non-serious adverse, is likely to be considerably lower in community-based kettlebell
programs.
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6.6.10 STRENGTHS AND LIMITATIONS
There are several strengths to this study including the unique focus on insufficiently active
older adults, high engagement with training, and the large numbers of clinically meaningful
outcome measures. This is the first study to assess the feasibility of engaging older adults in a
pragmatic group-based hardstyle kettlebell training to promote healthy aging in the community.
The pragmatic design with comprehensive exercise reporting, replicated a training approach
which had been used successfully in a Physiotherapy practice with older adults for over 18
months, increasing our confidence that it could be readily replicated with minimal barriers to
entry. Functional capacity, experience of and tolerance to structured exercise, was varied among
participants at baseline, with several having comorbid health conditions which typically limit
involvement in high intensity training. Thus, the participants were representative of the sample
population for whom this intervention could be applied. Additionally, participant-determined
exposure enabled a more appropriate comparison of dose based on self-perceived ratings of
perceived exertion, also typical of normal practice. The cost-effective and time-efficient nature
of the training provides an attractive alternative to healthcare providers to promote group-based
resistance training for older adults. However, several limitations of the present study must be
acknowledged. Firstly, the single cohort, repeated measures design has challenges with interval
validity, particularly with respect to the absence of blinding and lack of a separate control group.
Secondly, the large number of secondary outcome measures raises the likelihood of some
changes being a false positive observation, and results from secondary outcomes for which the
study was not powered, should be interpreted with caution. Finally, external validity is
enhanced with an intervention which had previously been used in a community-based primary
care setting, however, the PRECIS-2 domains of ‘recruitment’ and ‘setting’ scored low.
Program delivery from a community or clinic setting, operating within an environment or
framework governed or influenced by a myriad of factors, such as clinical traditions, health
service organisation, staffing and resources constraints, and funding arrangements, may
influence quantitative and qualitative outcomes. Ultimately, the effect and success of a program
may be significantly influenced by the local framework of healthcare driver domains, including
the choice to participate and the Instructor-participant interaction

(432)

. Linear mixed effect

modelling however, increases our confidence that the results can be generalised to a random
sample of participants with similar characteristics.
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6.7

CONCLUSION

In conclusion, our findings demonstrate that group-based hardstyle kettlebell training,
performed at moderate to high-intensity, can be used safely and effectively to engage
insufficiently active older adults living in the community, to increase physical activity and
promote healthy aging. Insufficiently active males and females 60-80 years of age were able to
train 5 days weekly for 3-months, and maintain a very high level of engagement, with no serious
adverse events and very low dropout rate. Participants developed the confidence and skills to
train independently at home, with large improvements in grip strength, and small to moderate
changes in cardiovascular capacity, muscular strength and endurance, functional capacity, and
body composition. Further investigations are warranted to determine optimal exercise
prescription for insufficiently active older adults with different functional needs and varying
physical capacity.

6.8

PLAIN LANGUAGE SUMMARY

Group-based hardstyle kettlebell training was effective for improving measures of healthrelated physical fitness among insufficiently active older adults, with no non-responders.
Moderate to high-intensity kettlebell training, performed five days a week for four months, was
well-tolerated with very high rates of engagement and compliance. Participants were able to
train safely and independently at home, maintaining a high training load volume with limited
equipment.

6.9

REVIEW

From this Chapter we can conclude, with confidence, that a pragmatic program of hardstyle
kettlebell training, does provide clinically meaningful increases in grip strength in older adults.
Although not powered to provide the same level of confidence for the secondary outcomes, the
data also suggests that kettlebell training is likely to improve other measures of strength, fitness,
functional capacity, and body composition. This Chapter addressed the primary aim of this
thesis and answered the questions: is kettlebell training effective for improving health-related
physical fitness in insufficiently active older adults, and can it be done safely? The answer is
‘Yes’ to both questions. Chapter 7 addresses the second aim of this thesis – to establish whether
the participants thought that the training has been beneficial, and if they had enjoyed it enough
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to continue regularly performing it ‘in the real world’. Chapter 8 presents some unexpected but
exciting findings in two participants with osteoporosis.
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CHAPTER 7
QUALITATIVE STUDY

“What we face may look insurmountable, but what I learned
is that we are always stronger than we know.”
Arnold Schwarzenegger
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7.1

PREFACE

Strategies to increase and maintain older adults’ physical activity have been largely
unsuccessful. Not because older adults are unaware of the benefits of exercise, but rather the
interventions have not always provided the necessary motivation and self-regulatory framework
required for sustained behaviour change. The BELL trial intervention, presented in Chapter 6,
was intended to deliver a personalised approach to motivation, to encourage social connection,
to provide a strong focus on goal setting and recognition of achievements, to increase positive
affect, to challenge negative stereotypes of ageing, and restructure negative or self-defeating
attitudes and behaviours. For kettlebell training to be a viable form of community-based groupexercise, it must be both effective for improving health-related physical fitness, and perhaps
most importantly, facilitate behaviour change i.e., the participants must enjoy it and have the
competency and intrinsic motivation to continue doing it in the long-term. The aim of this fourth
study, therefore, was to determine from the participant’s reported experiences, whether the
program had increased their exercise self-efficacy, control beliefs, and self-management skills.
Results of this study provide healthcare providers will rich valuable data, not previously
published, which can aid in the program design and delivery of group-based kettlebell training
for older adults.

Published as:
Meigh, N. J., Davidson, A. R., Keogh, J. W., & Hing, W. (2021). “If somebody had told me I’d feel like I do now,
I wouldn’t have believed them…” Older adults’ experiences of the BELL trial: a qualitative study. medRxiv
Open access preprint version at medRxiv. DOI: 10.1101/2021.07.15.21260399
© The Authors 2021. This work is licensed under the Creative Commons Attribution 4.0 International License.
http://creativecommons.org/licenses/by/4.0/
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7.2

ABSTRACT

Objectives: This study examined older adults' experiences of participating in the Ballistic
Exercise of the Lower Limb (BELL) trial, involving 12-weeks of group-based hardstyle
kettlebell training.
Methods: In the BELL trial, 28 insufficiently active older adults (15 women, 13 men, 5979 years) completed six weeks of face-to-face group training, and six weeks of home-based
training. In-depth semi-structured interviews were audio recorded, transcribed, and inductively
coded, with themes constructed from patterns of shared meaning.
Results: Four higher-order themes were developed that reflect older adults’ experiences
participating in a group-exercise program of hardstyle kettlebell training. These included: (1)
“It’s one of the best things we’ve done” - enjoying the physical and psychosocial benefits, (2)
“It's improved it tremendously!” - change in a long-term health condition, (3) “It put me on a
better course” - overcoming challenges, and (4) “I wasn’t just a number” - feeling part of a
group/community.
Discussion: Findings highlight the perceived physical and psychological benefits of older
adults participating in hardstyle group kettlebell training, and the value attributed to being part
of an age-matched community of like-minded people engaged in group exercise. Implications
for program design and delivery, and future research, are discussed.

7.3

INTRODUCTION

Life expectancy is increasing in many countries worldwide

(433)

. Recent estimates suggest

that approximately 16% of the Australian population are aged 65 or over, with this number
projected to increase to 21-23% by 2066 (434). An ageing population and shift in demographic
composition, increases the social and economic burden of ill-health, chronic disability, and
disease, with the number of healthy years lost to disability, also increasing (435). The term ‘older
adult’ is defined by the United Nations, Cochrane, and numerous reviews, as  60 years of age
(29, 31, 436-438)

. Regular physical activity has consistently been found to be protective for older

adults facing declines in the domains of physical and cognitive function, self-reported health
and vitality, mental health, and mortality (19, 30, 38, 48, 439-445), with vigorous exercise performed
for longer periods providing the greatest benefits

(259, 446)

. Older adults however, are the least

active age group in society (28), with over 70% of Australian adults aged over 65, insufficiently
active (434), defined as not meeting the Australian Physical Activity Guidelines for older adults
(263)

. Exercise is the primary means of preventing or reversing the age-related loss of
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physiological reserve, with frailty accelerated by physical inactivity (5). Lack of engagement in
regular exercise and physical activity is due, in part, to sedentary behaviours being strongly
linked with positive reinforcement

(437)

, thus meaning it is difficult to increase engagement in

physical activity at a community level. A significant challenge, therefore, is to identify and
implement efficacious initiatives that increase long-term physical activity behaviours among
older adults.
The health benefits of regular exercise are well documented

(22, 447)

, with strength and

endurance being strong indicators of health and predictive of mortality (448). Extending the years
spent functionally independent, allows older adults to continue pursuing enjoyable activities
and improve their quality of life, and reduces the risk of depression and loneliness (449). There
has been growing research interest in older adults’ engagement with physical activity initiatives
(450)

, with reported factors including perceived benefits, social connectedness, and being part of

a group (284, 451, 452). Additionally, older adults have reported that trying new activities, having a
positive attitude, and engaging with life and self-improvement are important components for
ageing well

(453)

. Combined, these factors make an activity meaningful. Group exercise is

particularly rewarding

(454)

, and older adults returning to the gym have described a renewed

enthusiasm for it (455).
‘Resistance training’ uses the external resistance of machines and free weights, such as
dumbbells and barbells, to improve muscular fitness. A kettlebell is a type of free weight
resembling a cannonball with a handle, with which a wide range of resistance exercises may be
performed. Kettlebell training, popularised by Pavel Tsatsouline in the 1990s and early 2000s
(61)

, has been shown to improve the physical function of older adults with Parkinson’s disease

(147)

, and body composition, strength, and pulmonary function in older females with sarcopenia

(148)

. Data from younger adults also suggests the potential to improve dynamic balance

(149)

,

further adding to its interest in healthcare as an attractive intervention for an ageing population.
Healthcare providers have an important role in promoting and prescribing physical activity
and exercise as part of routine care

(456)

, with higher rates of adherence to regular exercise

associated with improvements in self-reported health and well-being

(457)

. Findings from the

Ballistic Exercise of the Lower Limb (BELL) trial, clearly support its use for improving grip
strength, and measures of health-related physical fitness

(458)

. As a novel and previously

untested mode of exercise for otherwise healthy community-dwelling older adults, the BELL
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pragmatic controlled trial was a replication of a community-based initiative, conducted to test
the effectiveness of group-based hardstyle kettlebell training to promote healthy ageing to
insufficiently active older adults. In this study, we explored experiences of the trial participants,
to answer the question: was engagement sufficiently high and positive, to warrant a
recommendation that group-based kettlebell training initiatives be used to promote healthy
ageing in the community? The results highlight some of the challenges and opportunities of
using kettlebells to promote physical activity among community-dwelling older adults, and may
be used to inform program delivery and future research.

7.4

METHODS

The study was approved by the Bond University Human Research Ethics Committee
(NM03279), with the design, conduct, and reporting of this study adhering to the Consolidated
criteria for reporting qualitative research (COREQ) guidelines

(459)

. The study involved

participants from the BELL trial. Full details of the design and conduct of the BELL trial have
been published elsewhere

(458)

. All research activities were conducted in accordance with

relevant guidelines and regulations, in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all participants. The BELL trial was pre-registered on the
Australian New Zealand Clinical Trials Registry (ACTRN12619001177145).

7.4.1 PARTICIPANTS
Thirty-two apparently healthy, but insufficiently active older adults (59-79 years), were
recruited to complete 12-weeks of moderate to high-intensity hardstyle kettlebell training as a
part of the BELL trial. Three participants withdrew during the control period: medical condition
(n = 1), injury (n = 1) and no longer able to attend (n = 1). Twenty-nine participants commenced
training, with 28 completing six weeks or more. All participants in the present study completed
at least half ( six weeks) of the training intervention (13 men and 15 women, 68.8  4.6 years).
One male, who withdrew due to work in the second week of the intervention, was not invited
for interview. All remaining participants in the BELL trial were interviewed, including four
participants who withdrew: substance abuse and mental health (n = 1), low back pain (n = 1),
viral infection (n = 1), uncontrolled hypertension: GP requested (n = 1). All participants were
Caucasian. Comorbid health conditions at baseline included: obesity, controlled hypertension,
depression, diabetes, peripheral neuropathy, osteoporosis, sarcopenia, cancer, osteoarthritis
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(hip and knee), persistent non-specific low back pain, Ankylosing spondylitis,
hypercholesterolemia, immunosuppression, migraines, alcohol dependency and poor sleep.

7.4.2 STUDY SETTING
Participants attended 45-minute group-exercise classes three-times weekly (Mon, Wed, Fri),
and completed prescribed home exercise twice-weekly (Tue & Thur). Face-to-face group
classes were conducted by the first author for six weeks, then remotely thereafter due to
COVID-19 restrictions. The first author is a 45-year-old male kettlebell instructor and
physiotherapist. Several strategies were used to enhance participant engagement, including
frequent individual and group encouragement (recognition of overcoming challenges,
extraordinary effort, and achieving a ‘personal best’), daily communication via a private
Facebook group and email (to foster a spirit of group support, accountability, camaraderie, and
healthy competition), and encouraging post-workout gatherings (on-site café) to promote social
connection outside of class. Additionally, the instructor took part in the training where possible,
to be seen as an active part of the group experience.
The BELL trial utilised a 12-week control period, followed by a 12-week intervention, , with
the participants fully aware of the goals and objectives of the research. This provided the
researcher with a unique opportunity to interact with the participants, and for thoughtful and
reflexive engagement in the qualitative data which were subsequently collected. One in three
participants who commenced training in February 2020, continued to train together beyond the
intervention period (June 2020), and were still training weekly at the time of pre-print
publication. The first author remained in regular contact with the group to the time of
publication.

7.4.3 PROCEDURES
Data collection took place 6th - 15th May 2020, commencing three working days after
completion of the planned intervention period. A study timeline and changes made due to the
COVID-19 pandemic, are reported elsewhere (458). Participants were invited to take part in an
in-depth semi-structured interview, for up to an hour. Interviews were held via Zoom due to
COVID-19 restrictions, with the participants at home. Interviews were conducted by the first
author who, at the time of the study, was a doctoral student responsible for the BELL trial.
Interviews were digitally recorded and transcribed using Trint transcription software (460). All
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participants in the study were interviewed separately, and no eligible participants declined to
be interviewed. There were no repeat interviews. Given the relationship between the interviewer
and participants, interviews were not piloted, and field notes were not taken. Transcriptions
were checked against the audio recordings line by line, with errors corrected as necessary before
being imported to NVivo 12 software (461) for coding and thematic analysis. Transcripts were
not returned to participants for comment, however authenticity of quotes was maintained (462).
An interview guide (see Table 1) was used as a framework however, questions were posed
flexibly in an open-ended way, allowing key experiences to be discussed. The interview guide
was not pilot tested. Participants were given the opportunity to talk about topics which were not
part of the guide, allowing space for unexpected insights to be explored (463). Interviews were
informed by the participant’s responses to a series of quantitative rating-scale questionnaires,
which had been completed via Survey Monkey following cessation of the training period.
Questionnaire responses highlighted areas of interest, allowing the interviewer to ask targeted
questions to gain a better insight of meaning, and discuss key topics. Questionnaires were
developed based upon the first author’s disciplinary expertise, and experience working with the
participants during the training period. Overarching topics were, i) participants’ experience
training with kettlebells, ii) perceived positive and beneficial effects, and iii) negative and
undesirable effects. Questionnaires are available as supplementary data. Interviews with each
trial participant continued until the researcher felt that data saturation had been reached, with
no new insights emerging (464). At this point, the interview was concluded.
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Table 7.1 Interview guide
Questions
1.

What were your motivations for wanting to try kettlebell training?

2.

How has your experience been different to what you had expected?

3.

Tell me about the things you enjoyed the most

4.

How do you see yourself using kettlebells now that the trial has finished?

5.

What is the most noticeable physical change you have seen, if any?

6.

What positive effects have you noticed, if any?

7.

If you were to do the trial again, how would you approach it differently?

8.

Tell me about the things you did not like about the training?

10.

What has been of most value to you, either as a participant in the trial or from using kettlebells?

11.

Has anything surprised you?

12.

What are you most pleased with having achieved?

13.

How has kettlebell training compared to other forms of exercise you have done in the past?

14.

How would you change the training so that it better suited you?

7.4.4 PHILOSOPHICAL UNDERPINNINGS AND DATA ANALYSIS
This qualitative study, which was subsumed within the BELL trial project, is underpinned
by a philosophy of critical realism (CR), a useful approach for analysing social challenges and
developing solutions for change (465). To examine older adults’ experience participating in group
kettlebell training, data from in-depth, semi-structured interviews, were thematically analysed,
with codes and themes developed inductively using reflexive thematic analysis (466).
The data analysis was led by the first author, who had conducted the training intervention
with the study participants. Familiar with the lived experience of the participants, the first author
began by immersing himself in the data, through reading and re-reading transcriptions of the
audio recordings. Consistent with CR ontology, initial data analysis and coding began with a
search for ‘demi-regularities’ at the empirical level (the participants description of events) and
identification of tendencies (trends or patterns acting as causal tendencies) (467). The first round
of coding utilised a combination of coding categories, such as emotion (participants’ feelings
e.g., “fun”), value (values, attitudes and beliefs e.g., beliefs of effect or experiential value),
narrative (participants’ stories e.g., social interaction), evaluation (assigning judgement e.g.,
increased self-confidence), and process coding (observable activity e.g., walking more), as well
as theming data (meaning e.g., grocery shopping has become easier)

(468)

. Codes and initial

themes from collated data were developed iteratively, both semantic and latent, until the entire
data set was complete, resulting in the construction of 21 broad themes. The focus was to
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identify patterns of shared meaning within the participant’s accounts of their experience in the
trial. Inductive thematic saturation was achieved, with no new codes or themes emerging (464).
The first and second authors met to review and further analyse the codes developed by the
first author, to refine, define, and name higher-order themes. The second author is a doctoral
student whose study exclusively utilises qualitative research methods. She had not been
involved with any other part of the BELL trial and did not meet the participants. Second round
coding methods included pattern (e.g., identifying trends and relationship), focused (e.g., most
frequent), axial (e.g., identifying core categories and dimensions) and selective coding (e.g.,
connections to form a storyline)

(468)

. Transcripts were reviewed to refine the themes, and to

choose quotations to support interpretations.
Themes were subsequently reworked and redefined during the writing process. After the
main findings had been identified through coding, abduction (theoretical redescription) was
used to re-describe and raise the theoretical engagement beyond thick description, using general
ideas about exercise and resistance training, community-based group programs with older
adults, and kettlebell training

(467)

. Finally, retroduction (inference of causal tendencies) was

used to describe the participants’ experiences

(467)

. To maintain a commitment to complexity,

and highlight some of the challenges of delivering an exercise intervention to a diverse group
of older individuals, the analysis includes exceptions to central themes and discussion of their
potential impact (469). Final higher-order themes are presented in the findings below.

7.5

RESULTS

Four themes were developed that describe how the participants perceived and experienced
the BELL trial: (1) “It’s one of the best things we’ve done” - enjoying the physical and
psychosocial benefits, (2) “It's improved it tremendously!” - change in a long-term health
condition, (3) “It put me on a better course” - overcoming challenges, (4) “I wasn’t just a
number” - feeling part of a group/community. Pseudonyms are assigned, and sex has been
changed in some cases, to protect participant anonymity.
7.5.1 “IT’S ONE OF THE BEST THINGS WE’VE DONE”: ENJOYING THE PHYSICAL AND
PSYCHOSOCIAL BENEFITS.

Participants described an improved sense of self-confidence with feeling fitter and stronger.
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“I've got a pool, so I always keep a few 20 kilo bags of salt around the place. I throw that
around now like a bottle of milk… our coffee table is really heavy and I just pick one end of it
up [to vacuum underneath]… my wife won't let me tie up the garbage bins with the bags
[anymore], because when I tie them up now in a knot, I tear the bag completely!” Samuel, 71
years old
Participants reported being more engaged in incidental physical activity, and less breathless
with prolonged exercise, such as long walks and climbing hills. Participants were happy that
day-to-day activities around the home were easier to do, and excited to be re-engaging in
physical activities which they had previously cut back, or stopped doing altogether, and being
more active with their partners. Domestic activities, particularly those involving relatively
heavy objects, such as carrying shopping bags, moving furniture to clean, and gardening, were
said to have become easier.
Participants described feeling more energetic and motivated. They enjoyed having goals to
aim for and felt proud when they were able to reach and exceed them. Participants liked the
discipline of having to be somewhere and do something every day, and they appreciated that it
was “fun”, with an opportunity to meet new people and make friends. Participants felt that the
training had changed their appearance, describing muscles in their arms and legs has having
more tone. They described how others in the group appeared to be walking taller, and family
members had noticed that they were carrying themselves differently and doing more at home.
“I'm walking, going out with the wife, doing things, and I'm confident in myself as I walk
around that I'm not an old 70 [year old] person, I'm a 70-year-old that looks healthy and I'm
quite enjoying that. …Having the opportunity to do something, seeing it through, finishing it,
being able to challenge myself; I'm a different [man]” Alan, 70 years old.
Participants said they enjoyed learning something new. They liked that the training was
challenging, the competitiveness of trying to better their own achievements, and comparing
themselves to the performance of others in the group. Competition and goal-attainment gave a
sense of accomplishment, and participants enjoyed being able to record and track their progress.
Participants liked that training sessions were always different and said that not knowing what
to expect each class had kept it interesting and made them feel engaged. Participants joked
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about “old” stereotypes and described the factors that had reinforced feelings of still being very
physically capable: learning exercises they perceived to be too hard, being able to do things
which they thought would be beyond their capacity, getting to the end of a hard training session,
and attaining a new ‘personal best’.
Participants reported sleeping better and feeling healthier. Exploring their physical limits
with heavy weights, and pushing themselves hard, had been empowering; it gave them the
confidence to perform physical tasks that they had previously been anxious about, or avoided
altogether. Several participants also described an improved balance, including one whose
balance had been adversely affected by chemotherapy. This had increased their confidence
during day-to-day tasks requiring greater balance, such as walking up and down stairs while
carrying objects, and climbing in and out of a bath tub.
“Just having a shower, I used to get tired, and as for getting dressed, … I don't have to hang
on to something, so I don't fall over. … cutting my toenails, I never used to be able to do that
by myself. …I used to tire out walking up a set of stairs, but now I can do that easy… It's just
been unbelievable the difference in myself. … for me to achieve what I've been doing being a
smoker, well I just can't be happier. It's just unbelievable what I can do. … If somebody had
told me I'd feel like I do now, I wouldn't have believed them, … It's just made me so much [more]
enthused, like if I want to go across the road to get the paper, I wouldn't ever think about
jumping in the car now I'd either hop on my bike or walk because you can do that now, … it's
one of the best things we've done… I feel so much stronger.” Peter, 70-years-old
Participants described being more flexible and how activities, such as rising from a low
chair, had become easier. These improvements in physical function made participants feel good
about themselves, which was reinforced when friends and family noticed the positive changes,
or friends their own age told them they couldn’t or wouldn’t be able to do what they were doing.
“I've got a lounge chair at home which is relatively low, and I purposely hop up from that
chair by not using any arms and actually, I put my arms out in front of me and stand up from
below normal seat height and I do that every time now and I haven't got a problem with it.
Before, I'd either have to push myself up or turn over to one side and then stand up. I don't do
that anymore”. Thomas, 71 years old
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7.5.2 “IT'S IMPROVED IT TREMENDOUSLY!”: CHANGE IN LONG-TERM HEALTH CONDITION.
Many of the participants described how the training had positively influenced a long-term
health condition, which had negatively affected their life or physical function. These conditions
included hip and knee arthritis, persistent non-specific low back pain, osteoporosis, diabetes,
peripheral neuropathy, cancer, ankylosing spondylitis, migraines, alcohol dependency,
immunosuppression, obesity, hypertension, hypercholesterolemia, depression, and poor sleep.
All participants who said they had painful arthritic knees, described a significant reduction
in pain after the trial. In a few cases, participants said their symptoms had initially been irritated
or worsened by some exercises, such as lunges, but all the participants who had been living
with sore knees, reported significant improvements in their arthritic knee pain and function at
the end of the trial:
“Since I adjusted the exercises, I've been enjoying it because I don't have the pain and if
you're enjoying doing it, it's a motivation to do it… the pain abated, and I still got fit so it was
good”. Spencer, 65 years old
Participants either adapted an exercise so that it was more comfortable, or they chose to push
through discomfort regardless. One participant with knee arthritis said he no longer had any
pain.
“I can carry three loads of groceries up the stairs and… they're quite steep, whereas before
with my knee I couldn't do it”. Abigail, 67 years old
Participants described significant reductions in other painful conditions. One participant,
who consistently performed considerably more home exercise than required, had been living
with frequent migraines, pain associated with an inflammatory arthropathy, frequently getting
insufficient sleep, and a history of trips and falls. After the trial, she reported less frequent
headaches, less pain, improved sleep, and better balance:
“My migraines, they're less frequent and less severe… to me, wellbeing's the not feeling sick
with a headache or not having the same nagging pain in my hips… [my] overall well-being is
much better… I used to have to go and have massages nearly every week, and I haven't been
once since I've been doing kettlebell [training]… I'm not constantly looking down to see that
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I'm not going to trip over… I’m not feeling as unsteady… I've had such a good response to it…
I sleep like a baby” Janice, 64 years old.
Several participants had also been living with persistent low back pain. Except for one
individual with a 50-year history of back pain who withdrew from the trial, everyone living
with back pain described significant improvements in their symptoms and function.
“When I was getting out of bed before I started the trial, [I] always worried about [my] back
going or something, but now I just can't believe how much stronger my back is now. I'll get up
in the morning, get out of bed and there's just not one bit of pain in there… It's definitely 100
percent better than what it was before I started the trial. It's just unreal, I can't believe it.”
Robert, 70 years old
“I'm thrilled! I'm fit as a fiddle, I feel good, I sleep well, and I have no more back problems.
I used to have once a month a physio come here to maintain my back [ ] I think I don't need
him [anymore], I'm fine.” Georgina, 71 years old
Consistent with data showing that physical activity significantly reduces the risk of
developing depression

(470)

, participants described feeling mentally buoyed by their

participation in the trial. The profound positive psychological impact that engagement in the
trial had, was most powerfully described by one participant who had been living with a
challenging mental health disorder for 20 years:
“This was the challenge I need… it's given me the motivation to continue and that's sort of
saving me… this has been brilliant… I'm actually scared coming out the other side of this… I'm
still in a bit of trouble…I have to keep going with this, otherwise I'll go back to where I was last
year and not in a good place”. Katherine, 70 years old

7.5.3 “IT PUT ME ON A BETTER COURSE”: OVERCOMING CHALLENGES.
Participants described the training as harder than expected, at times uncomfortable, even
painful. Swinging the kettlebell overhead to perform a snatch was difficult to learn and created
a sense of fear and apprehension among participants who found it difficult, or impossible, to
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press an 8kg kettlebell overhead. But they persevered with it, improved their technique, worried
less, and even learnt to enjoy it.
“When you said we'd be swinging this thing above our head, everybody's like ‘well I won't
be doing that’ and ‘that won't be me’, and then when we all did it, it's like ‘we can do this, we'll
just keep on going’. That was good, that you got us to do something that I think we were all a
little bit hesitant about, [but] by the end of it, that's my favourite thing, I love it”. Irene, 64 years
old
Participants found it was not easy to get up and down from the ground to perform a Turkish
get-up, describing insufficient lower limb strength, not being flexible enough, or having sore
knees. Participants who struggled with it or said the lunging movements irritated their knees,
said it was demotivating. But they persevered and found ways to make it easier so that they
could do it. The Turkish get-up pattern was widely recognised as a floor transfer. Participants
saw it as having more value than other exercises because they could see how they were able to
use it at home, one participant describing how he had jumped onto a kitchen benchtop and used
the Turkish get-up to change a lightbulb. Participants described an increased sense of physical
self-confidence from having practiced and improved their floor transfer.
“When we first had to do those … I thought I was slow as molasses. I had an ache and pain
here and there and now I find myself using the Turkish get-up if I'm sitting on the floor”. Lucy,
66 years old
Delayed onset muscle soreness (DOMS) affected most participants, particularly in the first
few weeks, sometimes occurring after exercises described as “easy”. Many participants were
unfamiliar with the sensation of DOMS and unprepared for how it might affect them. In some
cases, participants were reluctant to move much because of the discomfort, and sufficiently
concerned to describe it as “severe”. But none of the participants allowed muscle soreness to
prevent them from fully participating or allowing it to get in the way of their continued
engagement with the group and progress. Participants with a history of using resistance exercise
were much less affected by muscle soreness and generally undeterred by it. For some
participants, muscle soreness was seen to be a positive thing because it made them feel like they
had done something which was “working”, and it brought back happy memories of when they
were younger and enjoying being more physically activity. When aches and pains occurred,
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participants remained stoic and carried on regardless, describing a shared commitment to the
trial and a determination to reach the end. Participants were determined to overcome their
challenges and felt proud achieving what friends and family often told them they shouldn’t be
doing, because it was perceived as unsuitable for older people. As with most forms of resistance
training performed for the first time by older adults, a high volume of moderate to high intensity
kettlebell training is likely to produce muscle soreness, but this can be managed to avoid the
experience being perceived as harmful or negative.
“[I thought to myself] that was too easy, am I doing it correctly? … how hard can it be,
you're just stepping up and down. I just kept going and I couldn't move the next day. It was
really bad [laughing]… It was so easy to do I thought this is nothing. It wasn't until the next
day, I thought holy cow! The [DOMS in my] calves on both legs was shocking, I could hardly
move”. Iris, 65 years old
Participants were concerned about hurting themselves, especially if they had a history of
back pain, knee arthritis, a heart condition, or maladaptive beliefs about lifting and back injury.
“The fear people my age have about injury is paramount. We all like to be brave and like to
think that we can do things, but sometimes either we don't do as much as we should and can
[do] for fear of hurting ourselves. We just need that extra encouragement to realise, yes you
can do this and it's okay”. Kathy, 69 years old
Regardless of their concerns, participants continued to push themselves very hard. This was
typified by Ken who had previously been an AFL player and triathlete. Ken accumulated, by a
large margin, the highest training load volume in the group. He was so motivated and capable
that he felt he was not being pushed hard enough: “at times, I just felt I was held back a bit with
what I wanted to do”, and later went on to comfortably perform two-handed swings with a 40
kg kettlebell at home. But after 33 years of occupational health and safety training from his
employer, Ken started the trial anxious that poor core strength and technique just leaning across
the bed to pull up the doona (duvet) might hurt his back:
“I was really hesitant beforehand. I think I said to you very early, ‘aren't we going to hurt
our backs doing this?’ and you said ‘no’. … That's been on my mind all the way through; at
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some stage I'm going to do my back, but I never did. … now there're no inhibitions with what
I'm doing, I’m confident … that I'm not going to hurt myself”. Ken, 70 years old
The training created numerous physical, psychological, and emotional challenges for the
participants, to the extent that some thought about quitting in the early stages. However, no
participants quit for any of these reasons, instead choosing to persevere and overcome them. A
strong sub-theme, which overlapped with the participant’s enjoyment of the program, was the
instructor’s role in facilitating this collective can-do mindset. Participants reported that the
instructor’s personality, enthusiasm, leadership, encouragement, and happy, helpful
demeanour, had been motivating and that was why they had continued to push themselves as
hard as they had, often despite obvious challenges.
“I valued you the most, because [of] the time and effort that you put into all of us guys was
awesome and just the confidence that I had that you actually knew what you were talking about
and that you cared about what we were doing and how we were doing it… I had a lot of
confidence, that to me was the most important thing” Janice, 64 years old.
The participants’ attitude toward overcoming challenges was exemplified by 72-year-old
Shirley, who had experienced persistent shoulder pain for more than half of the trial. During
the trial she was also diagnosed as iron deficient, told she had arthritic knees bad enough to
warrant surgery, that a rotator cuff problem was the cause of her shoulder pain, and needed
surgery to correct cataracts:
“I was starting to I think I was getting old and decrepit and demented and that [training]
picked me up out of that black hole… you got us all going, it's your personality… that made me
go harder than I would have… I was so buoyed because of the improvement in my physical
health… It put me on a better course going into my older years that's for sure.” Shirley, 72
years old.
The spirit of the group was perhaps best displayed by Samuel, who at 71 years of age had
volunteered to participate after being diagnosed with terminal cancer. After his GP had
questioned why he wanted to do it, he said he just wanted to be as healthy as he could be. In the
face of adversity, Samuel completed the trial, swinging a 36kg kettlebell at home, and
describing remarkable changes in his physical and mental health.
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7.5.4 “I WASN’T JUST A NUMBER”: FEELING PART OF A GROUP/COMMUNITY
The group dynamic was one of the strongest perceived benefits for participants. Being
among people of a similar age, with varying abilities, provided participants with a rich and
rewarding social connection. The camaraderie was fun and enjoyable, and allowed participants
to support and encourage one another to succeed and push themselves harder than they would
otherwise have done on their own. The group environment, where everyone was starting as a
beginner, also gave participants the opportunity to try something new. Participants were more
likely to engage in structured exercise if it was with others and felt part of a positive, supportive,
and encouraging community. Andrew, a 68-year-old male, who described himself as a loner
who normally did everything alone, was surprised and said:
“In the group, I found that I was more open to being nicer and more inclusive with more
people, so it really taught me that I can be part of the group and enjoy people.” Andrew, 68
years old
Men described being more likely to be competitive than women, but that was seen as
beneficial irrespective of how well someone was doing. For example, for those who were doing
“better”, typically felt good being able to help others and be seen to be doing well, while those
“chasing” the leaders appreciated seeing someone their age doing better than them, which gave
them something to aim for with the perspective, “if they can do it, then so can I!” Activities
which involved people working in pairs were particularly enjoyable, as this allowed those who
had formed social friendships outside of the gym to work together. The value of the group
dynamic was typified by 68-year-old Sandy. Following the onset of back pain at the end of
week two and a short period of absence, Sandy was worried that having reduced her
involvement and missed some training, she may not be accepted back into the group, which she
felt had moved on and progressed during her brief absence:
“They were all so happy to see me and it just made me feel that I wasn't just a number; I
was appreciated and that everyone cared how I was, and they didn't [even] know me very
well, … it just made me feel good, … I felt more positive about coming back, … [it] just made
me realise how much I was enjoying it, … coming back, … made me realise how good I had
been feeling, … I suddenly realised there were so many positive things that I've been
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experiencing that I'd overlooked and then when I got back, I realised, ah, this is what I was
actually experiencing.”
The value of the social connection which the group training provided, was most profoundly
felt when face-to-face training was cancelled due to COVID-19 restrictions. Participants missed
seeing the people they had formed new friendships with and found it difficult to maintain the
same level of motivation training at home. This was somewhat mitigated by a private Facebook
page which allowed people to connect on a social level and share their progress, watch video
recordings for each training session, follow Facebook live streams from the instructor, and take
part in ‘challenges’. That all participants who completed 12 weeks of training, under
challenging and unexpected conditions, then voluntarily and enthusiastically signed up to
complete 100 kettlebell swings every day for the month of May, was testament to the behaviour
change which had occurred among these older adults who had previously been insufficiently
active. The value of the social connection and support was perhaps most poignantly expressed
by one participant whose partner was very unwell throughout the trial: “the contacts and
friendships I’ve enjoyed from your trial have been and still are the most beneficial and a
comfort to me”, Jennifer 68 years old.

7.6

DISCUSSION

The purpose of this study was to investigate the experiences of participants in the BELL
pragmatic controlled trial. The aim of the BELL trial was to assess the effectiveness of three
months moderate-to-high intensity group-based hardstyle kettlebell training, on grip strength
and health-related physical fitness, in healthy but insufficiently active older adults. In this
accompanying qualitative study, we sought to answer the question: was engagement
sufficiently high and positive, to warrant a recommendation that group-based kettlebell training
initiatives be used to promote healthy ageing in the community?
The results of this study offer some insight into the physical and psychosocial health benefits,
and challenges, for older adults training with kettlebells. Sickness, medical procedures, and
muscle soreness had negligible impact on rates of attendance and compliance, which remained
very high. Participants perceived group training to be a friendly, supportive, and encouraging
environment, where they could meet like-minded people of a similar age and make new friends.
In the following sections we discuss the results in the context of existing literature, make
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recommendations for group-based community kettlebell programs for older adults, and
consider directions for further investigation.
Many of the findings in the present study, echo those of the ‘GOAL’ trial

(454)

, which

involved community-dwelling older adults ( 65 years), performing group exercise for 50-60
minutes three times weekly, for three to six months. Similarities include: i) enjoyment and
engagement fostered by social connection, ii) post-exercise interaction (an embedded
component of both trials) enriched social connections, iii) self-perceptions of physical health
and capacity were enhanced by group exercise, iv) high- and low-performing outliers had a
preference to train with others of a similar physical capacity, v) training with similar-age peers
was preferential to regular group exercise with mixed-age adults, and vi) dismay once the
intervention ended. Notable differences, however, were that some of the participants in the
present study said they had preferred training with people of the opposite sex, and the high- and
low-performing outliers did not report any loss of affiliation with, or enjoyment of, the groups’
activities.
Enjoying the physical and psychological benefits. Participants described doing more around
the home, and engaging in activities which they had previously found difficult, or had avoided
altogether. Perceived benefits of feeling stronger and fitter, enhanced perceptions of physical
appearance, and increased self-confidence, were consistent with previous studies

(454, 471-474)

.

Improvements in cardiovascular fitness and strength are important outcomes for older adults,
however, promoting the affective domains of fun, enjoyment, camaraderie, friendship, and
community, are key to maximising the uptake of older adults into new programs of physical
activity and exercise (475). Consistent with Bredland et al. (476), some males expressed that they
enjoyed being able to ‘flex their muscles’, and had felt more “useful” at home. Females spoke
of their social relationships, the groups’ positive energy, having developed a habit of exercising,
and changes in their physical capacity, previously identified as important resources for
maintaining health (477).
Results from this study suggest that group-based kettlebell training, improved older adults’
perceptions of health and wellbeing, increased incidental activity, and enhanced their functional
capacity to perform activities of daily living. Participants enjoyed the variety of exercises that
kettlebell training provided, which is important for enjoyment and engagement

(478, 479)

. They

liked the challenge of pushing themselves hard, and described the physical and psychological
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achievements as being empowering. Some participants even suggested their involvement had
given them a sense of purpose.
Change in a long-term health condition
Those with long-term health conditions, such as knee osteoarthritis and back pain, spoke of
the training having disconfirmed maladaptive beliefs and behaviours relating to their condition.
This is important, as these fears can be a barrier for older adults remaining active in later life
(454, 480)

. Pain and health conditions were not described as barriers to engagement. On the

contrary, one male living with cancer frequently outperformed his younger counterparts, and a
female with an inflammatory arthropathy, frequently recorded some of the highest daily training
loads in the group.
Leveraging a social support network can enable someone who is living with pain, to
participate in and be able to enjoy physical activity and exercise, despite their symptoms (481).
Thornton et al.

(482)

recommend clinicians lead by example, as this provides credibility and

empathy for the challenges facing patients. This sentiment was echoed by participants in the
present study, who said they felt encouraged and reassured seeing the instructor doing the same
exercises, and also finding them hard. For people living with painful chronic health conditions,
the influence of exercise on pain is equivocal, with mostly small to moderate effects (481). For
low back pain, exercise on its own has only small positive effects on disability, and limited
ffects on coping (456). Although the mediators and moderators are unknown, the experience of
participants in this study, however, suggests a greater reduction in back pain than previous
studies using exercise and resistance training (483, 484).

Participants who were living with long-term health conditions, described characteristics of
grit and determination in overcoming the challenges of pain and unpleasant symptoms.
Improved motivation and increased self-efficacy were reported to have come from the direction
and guidance provided by the instructor, and the support and encouragement of peers. Exercise
and physical activity in all its forms, can be used as a coping strategy for people living with
painful conditions. Additionally, people living with pain seek opportunities to be active and
want guidance from their healthcare provider

(485)

. Person-specific support can be greatly

beneficial to help people make sense of their symptoms, and facilitate them engaging with
regular exercise and meaningful physical activities (486). There is considerable value in receiving
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accurate information and practical help from a trusted healthcare provider (487), because when
advice is conflicting, people in pain can withdraw from social activities confused and anxious
(488)

. Results from this study, suggest that group-based kettlebell training with an appropriately

experienced and enthusiastic instructor, can help enable people living with painful conditions
to flexibility persist.
Overcoming challengesThe intervention was not however an optimal fit for all participants,
with some asking to do more, and others saying they might have preferred a more moderate
intensity and slower pace. This suggests a need to identify individuals likely to benefit from a
different approach to program delivery, i.e., groups of a similar physical capacity, same sex, or
one-on-one. Some participants expressed that they may have preferred to train with someone
of a similar physical ability to themselves; a condition previously reported to undermine
enjoyment and sense of connection to a group (454), but an effect not evident in the present study.
Participants who struggled with physical limitations, did express feeling like they didn’t belong
in the group. There was, however, no indication that this had reduced their enjoyment or
engagement. Exercise has previously been reported as potentially off-putting if the intensity is
perceived to be too high (489), and unappealing if too easy (490). Training intensity in the BELL
trial was often reported as “hard”, but the sense of achievement in completing it, was frequently
described as rewarding. More evident among the males, and previously described by Bredland
et al. (476), was competitiveness. Some males thrived on the challenge of doing more than others,
some enjoyed the ‘chase’, and some would knowingly push themselves too hard.
Feeling part of a group/community
Being part of a community of similar-age people and having a social network, was a strong
theme, consistent with previous studies

(454, 489)

. These results align with a growing body of

evidence which emphasises the importance of social interaction for older adults, in developing
a positive attitude towards physical activity (491-493). Social connection was most evident among
participants who described having developed a personal bond with a training partner, which is
a tenet of self-categorisation theory (454).
Participants described feeling supported by a competent, enthusiastic, and encouraging
instructor who was motivating, and inspired confidence. The importance of the instructor in
group exercise for older adults has previously been described

(455, 494-496)

, where nurturing

positive beliefs can improve participant self-efficacy, competence (497) and adherence (498). The
instructor’s personality, professionalism, and a humanised approach, have previously been
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identified as key factors in helping older people maintain adherence to programs in the longterm, as these can help participants feel cared for, and establish a sense of belonging (284). In the
moments when older people doubt their abilities and capacity, it is imperative that instructors
allay these fears and instil a sense of confidence

(455)

. The results of this study, highlight the

importance of an encouraging instructor who listens, participates in the training, and helps older
adults to challenge themselves.
Echoing the work of Tulle and Palmer (499), participants in the present study were motivated
to take part as an act of agency, to make a contribution to social change, and to challenge ageing
stereotypes. Numerous motivators and barriers for older adults engaging with, and continuing
in, programs of resistance training have been reported (489). Feeling a part of a group is highly
motivating

(490, 496, 500)

, as this increases self-efficacy and feelings of well-being, decreases

psychological stress

(501)

, and provides a source of support, enjoyment, and belonging

(452, 498,

502)

. Older adults are typically less motivated to exercise at home (287), which was described by

many participants in the BELL trial when group training was withdrawn due to COVID-19.
However, the participants remained sufficiently motivated to maintain adherence rates over
90%, with everyone recording a ‘personal best’ on the final day of training. Previous studies
have reported concerns regarding guidance and safety performing home-based exercises

(503)

,

but those issues were not expressed by the participants in the present study.

7.7

PRACTICAL IMPLICATIONS

Most Australian adults expect to receive advice about physical activity from a
physiotherapist, and feel this is important (504). Therapists who provide one-on-one interventions
in their clinic to promote physical activity, double the likelihood of someone meeting the
recommended physical activity guidelines, but these are only effective in the short-term and
don’t appear to be effective for those living with chronic musculoskeletal conditions

(505)

.

Similar reports of small short-term effects have been reported with group-based interventions,
with no apparent difference between the type or frequency of intervention

(506)

. Community-

based allied health therapists currently provide a range of exercise-based interventions to
promote healthy ageing, based on programs such as the Otago Exercise Program for falls
prevention

(507)

, and Onero for promoting bone health

(508)

. Obtaining the perspective of

community-based practitioners, around issues such as system-level barriers to providing
physical activity and health-promoting programs for older adults, is essential (509).
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7.8

STRENGTHS AND LIMITATIONS

This study has several strengths. First, the BELL trial was a replication of a successful
community-based initiative. Healthy ageing is a high-priority focus of clinical practice, and
results of the trial were compelling. The findings of this study increase our confidence that a
similar community-based program, to promote healthy ageing, is likely to succeed. Second,
appropriate procedures and practices were used to collect and analyse the data, to support the
conclusions. Third, the findings are sincere and credible. The results extend our understanding
of engaging with older adults in structured programs of group exercise, and challenge many
preconceived notions of ageing, which may presently be a barrier for healthcare providers.
Despite the strengths of this study, it is not without limitations. Firstly, although the wellestablished relationship between the examiner and participants throughout the intervention and
the present study, facilitated open and frank discussion, bias may have positively skewed
participants’ responses. Secondly, the researcher’s role in knowledge production is at the heart
of reflexive thematic analysis; themes evoke participants’ voices, but ultimately tell the
researcher’s story about the data, which is a subjective interpretation developed with theoretical
assumptions, which have been made through the lens of a particular social, cultural,
disciplinary, and ideological position. Thirdly, the degree to which individual personality may
have influenced the results of this study, are unknown (510). Finally, the participants represented
only one ethnic group: older Caucasian Australians. The likelihood however that these results
may be transferable to other insufficiently active community-living older adults, is enhanced
by data and thematic saturation, and the heterogenous representation of physical capacity,
exercise experience, and health conditions represented within the group.

7.9

CONCLUSIONS

The experiences of participants in the BELL trial, reveal the efficacy and perceived health
benefits associated with group-based hardstyle kettlebell training with peers of a similar age,
and highlight some of the challenges of delivering a group-based kettlebell program that meets
the diverse needs of older adults. Group training provided a valued opportunity for participants
to build a new social support network, which greatly contributed to the participants’ enjoyment
of the training and high rate of engagement, with the instructor likely to be influential in
optimising outcomes. Age, training status, sex, and health condition did not negatively impact
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engagement or participation in the training. Training performance for participants living with a
chronic health condition or persistent pain, challenged their self-schema, often disconfirming
maladaptive beliefs and behaviours. Participants’ experiences in this large-scale replication of
a successful clinic-based group-exercise program, indicate that a pragmatic approach to
hardstyle kettlebell training may be an effective means of engaging insufficiently active older
adults in regular resistance-based exercise in the community, with minimal barriers to entry.
These results corroborated earlier studies highlighting the value of the social features of groupexercise, in fostering a supportive social environment to optimise participants’ health and
wellbeing. Further research is warranted to optimise program design and delivery within
community settings, to test subgroups of older adults in a clinical framework, and to identify
strategies which support long-term engagement. The findings of this study, in conjunction with
the results of the BELL trial, provide sufficient evidence to support a recommendation that
group kettlebell training initiatives, delivered by appropriately trained individuals, may be used
to promote healthy ageing in the community.
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7.10 PLAIN LANGUAGE SUMMARY
Participants enjoyed the kettlebell training, describing marked improvements in their
physical capacity and mental health. Group-exercise provided a rewarding social connection
which was fun, enjoyable, and motivating, with participants feeling more positive about the
improvements in their physical capacity. Activities of daily living were reported to have become
easier, with participants having fewer concerns about potential injury. Kettlebell training
improved participant’s self-schema as an “old” person, that had motivated them to become more
engaged in physical activity, indicating improved resilience and self-efficacy.

7.11 REVIEW
In Chapter 2, it was shown that that no previous studies had investigated the experiences of
older adults using kettlebells. This study fills a gap in the published empirical literature around
group-based resistance training for older adults. These qualitative results show that older adults
enjoyed their experience with instructor-led group kettlebell training, even with the physical
demands of a high-volume and high-intensity program performed five days a week. The very
high rates of engagement, maintained throughout the challenging circumstances of a global
pandemic and the continued engagement beyond the trial, suggest that an appropriately
modified community program would likely have a high chance of success. Chapter 8 presents
the effects of kettlebell training on osteoporotic bone mass in two participants from the BELL
trial.
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CHAPTER 8
PROMOTING BONE HEALTH

“Sometimes the best things in life are unexpected.”
Faith Sullivan
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8.1

PREFACE

Loss of bone mass in later life remains a significant challenge. Fragility fractures are a huge
financial burden for society, with fractures of the hip or spine too frequently having catastrophic
outcomes for the individual and their loved ones. Resistance and impact exercise remains the
best non-pharmacological intervention for promoting bone health, so, when clinically
meaningful increases occur, which are far greater than the consistently small effects reported in
meta-analyses, further investigation is warranted. In Chapter 6, quantitative results of the BELL
trial show clinically significant improvements in grip strength; a powerful biomarker of healthrelated quality of life. Chapter 7 presented qualitative data showing that kettlebell training
improved the participants’ self-confidence, psychological wellbeing, and self-efficacy. In this
multiple-case study, incidental findings of clinically significant increases in bone mass are
reported for two adults over 70 years of age with osteoporosis.

Published as:
Meigh, N. J., Keogh, J. W., & Hing, W. (2021). Effect of kettlebell training on bone mineral density in two older
adults with osteoporosis: a multiple-case study from the BELL trial. medRxiv.
Open access preprint version at medRxiv. DOI: 10.1101/2021.08.15.21261771
© The Authors 2021. This work is licensed under the Creative Commons Attribution 4.0 International License.
http://creativecommons.org/licenses/by/4.0/
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8.2

ABSTRACT

The purpose of this explanatory retrospective case study was to report clinically significant
increases in bone mineral density in a female and a male over 70 years of age with osteoporosis,
following 16 weeks of hardstyle kettlebell training. Both case participants were insufficiently
active prior to participating in the BELL trial. Participants trained five days a week accruing a
large training load volume (calculated as kettlebell mass multiplied by repetitions performed)
during structured group-based classes (74,872 kg and 110,132 kg, respectively). Regional dualenergy X-ray absorptiometry was used to assess BMD at the hip and lumbar spine. Increases in
BMD of 12.7% and 5.9% at the femoral neck and lumbar spine (L2-L4) respectively were
observed for the female, and 2.5% and 6.0% respectively for the male. Magnitude of change in
BMD (g/cm2) at the lumbar spine was 2.0 and 1.9 times larger than the least significant change
for the female and male respectively, and sufficient to advance the female participant’s status
from osteoporosis to osteopenia. Although these results do not show a definitive causal
relationship between kettlebell training and increased BMD, further investigation of the effects
of kettlebell training on BMD in older adults with osteoporosis and osteopenia is warranted.

8.3

INTRODUCTION

This study describes clinically significant increases in bone mineral density (BMD) in two
older adults with osteoporosis who participated in the BELL trial

(458)

, which involved group

and home-based exercise with kettlebells performed five days a week for 16 weeks.
Osteoporosis is a systemic skeletal condition associated with ageing, characterised by very low
BMD. Osteoporosis is diagnosed using dual-energy X-ray absorptiometry (DXA) from a Tscore more than 2.5 standard deviations (SD) below that of sex-matched young adults, whereas
osteopenia (pre-osteoporosis) is diagnosed when the T-score is between 1 and 2.5 SDs below
sex-matched young adults (511).
Bone metabolism deteriorates with advancing age. Rates of bone loss increase from 0.6% to
1.1% annually, in postmenopausal women 60-69 and 70-79 years, respectively (512), which can
be exacerbated by inactivity, disuse, trauma, and medical conditions such as diabetes.
Currently, approximately two thirds of Australians over 50 years of age have low bone mass
(413)

, with 500 daily osteoporotic fractures projected to occur in Australia by 2022

(513)

. More

than one in three women and one in five men are likely to sustain at least one fragility fracture
in their lifetime (514, 515) with the cumulative risk of fracture for postmenopausal women as high
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as 60%

(516)

. More than 50% of older adults who fracture a hip are no longer able to live

independently and almost one in three can die within 12 months of the fracture (514, 517).
Between 2007 and 2017, the direct costs of osteoporosis are estimated to have tripled (518).
Hip fractures account for the largest proportion of this increase (43%), with 74% of the fractures
occurring in people over 70 years of age

(518)

, with direct and indirect costs of osteoporosis

projected to be $3.84 billion by 2022 in Australia

(513)

. In addition to the financial cost, the

social burden is considerable, with fragility fractures, especially in the hip and spine, causing
severe pain, disability, loss of independence, and decreased quality of life (515). Up to 70% of
the variance in fracture from loading is explained by BMD

(519)

BMD representing a 1.5 to 3-fold increase in risk of fracture

with each 1 SD reduction in

(511, 514)

. Combined with other

benefits of structured exercise, such as improved muscle function and balance, a 1-2% increase
in BMD via an exercise prescription may reduce fracture risk by 5-10%
incidence of fracture by up to 50%

(520)

and reduce the

(521)

. Thus, research to determine optimal exercise

prescription for improving BMD remains a high priority.
Exercise prescription and lifestyle modification are interventions for osteoporosis which aim
to promote bone health

(511)

. Fracture index is calculated from BMD T-score, so therapeutic

interventions which positively influence T-score have the potential to reduce risk of fracture.
Exercise may increase bone mass and bone strength, however effects from clinical trials appear
to be site specific and provide only small clinically relevant improvements in BMD (<2%), and
small absolute reductions in fracture risk, if at all (514, 516, 521, 522). Although the optimal type and
dose of exercise is not definitive, current consensus is that a combination of high impact and
progressive whole-body resistance training (HiPRT) is the most effective for maintaining bone
mass (preventing bone loss) at the femoral neck (FN) and lumbar spine (LS) in older adults
with low BMD

(413, 512, 523)

. Walking, cycling, swimming and even impact and resistance

exercise appear to be largely ineffective for increasing BMD when performed in isolation(413,
524, 525)

.

Underscoring the prophylactic nature of exercise, clinical guidelines recommend that
exercise should be lifelong and include regular weight-bearing and high impact activities to
promote muscle strength, muscle power, and maintenance of bone mass and geometry (213, 514,
516, 522, 526)

. In the osteoporosis population however, adherence rates to exercise programs are

generally poor, with a recent review suggesting that 50% of participants drop out within the
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first 6 months. (286). Results from the BELL trial, which maintained an adherence rate >90% for
over 12 weeks, show that resistance training programs can be performed by older adults safely
and independently with positive psychosocial affect, despite training five days a week and the
intensity being very hard (431, 458).
Multiple studies, from single case reports (527) to large randomised controlled trials (332), have
attempted to find the most effective types of exercise and program variables to improve BMD
in older adults with osteoporosis. Results have been varied, from no significant difference after
12 months of training, to extraordinarily large increases many times greater than mean change
reported in meta-analyses

(522, 528)

. Novel methods of utilising resistance training equipment

with older adults, such as kettlebells (148) and weighted vests (397), allow researchers to determine
how changing program variables may influence the bone response to exercise. These
investigations are valuable as exercise interventions thus far, appear to have been more effective
at maintaining rather than increasing bone mass. The aim of this case study is to report the
effects of a 16-week high volume hardstyle kettlebell training program on BMD and measures
of healthy ageing in two adults with osteoporosis over 70 years of age.

8.4

METHODS

8.4.1 ETHICAL APPROVAL
The study was approved by the Bond University Human Research Ethics Committee
(NM03279) which was subsumed within a larger clinical trial. The BELL trial was preregistered on the Australian New Zealand Clinical Trials Registry (ACTRN12619001177145).
Permission to reproduce BMD reports was granted by both participants. CARE (CAse REport)
checklist. A copy of the CARE checklist is included in Appendix 25.
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8.4.2 CASE DESCRIPTION
Pseudonyms are assigned for anonymity. Participant’s characteristics at baseline are
presented in Table 8.1.
Table 8.1 Participant characteristics at baseline
Sally

Peter

Age (yrs)

70-75

70-75

Height (cm)

159.0

176.8

Body mass (kg)

44.6

89.4

BMI (kg/m 2)

17.4

28.6

FN

-2.3

-3.11

LS

-3.0

-0.85

5.16

6.99

T-score

DXA SMI (kg/m2)

BMI; body mass index, FN; femoral neck, LS; lumbar
spine, SMI; skeletal muscle index

Case 1: Sally was diagnosed with osteoporosis by DXA scan in November 2017. A second
scan conducted in January 2020, revealed negligible change in bone mass in the two years
immediately preceding the BELL trial intervention. Sally walked regularly and was otherwise
in good physical health with no prior resistance training experience. Sally had not received any
medications to treat her osteoporosis.
Case 2: Peter was diagnosed with osteoporosis by DXA scan in December 2019. A course
of Denosumab (Prolia) was commenced in January 2020 less than a month before the BELL
trial intervention commenced. Peter is a diabetic with peripheral lower limb neuropathy and
mildly symptomatic knee arthritis. Peter worked part-time and his health was otherwise
unremarkable, however, limited lower limb mobility and discomfort made floor transfers and
lunging exercises challenging. Peter had some limited resistance training experience having
previously engaged a personal trainer for approximately thirty, 30-minute sessions through
2016 and 2017.

8.4.3 DXA
Both participants received regional DXA BMD scans before and after the training period, at
the direction of their General Practitioner, and external to the BELL trial. Change in DXAderived body composition was a secondary outcome of the BELL trial however, measures of
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whole-body composition are inadequate for accurately measuring regional BMD. Both
participants provided the BMD reports to the researchers with permission to reproduce results
for publication. Peter’s pre- and post-intervention scans were conducted using the same Norland
Machine. Sally’s scans were conducted on different machines (Hologic and Norland).

8.4.3.1

LEAST SIGNIFICANT CHANGE

Least significant change (LSC) for lumbar spine BMD was calculated according to the
equation given by Nelson et al.

(529)

where LSC = 2.77 × precision [g/cm2], and precision =

0.00161 + 0.000364 × BMI [kg/m2].

8.4.4 OUTCOME MEASURES
Measures of health-related physical fitness in the 6-month repeated measures BELL trial
included: grip strength (primary), 6-min walk distance, resting heart rate, stair-climb, leg
extensor strength, hip extensor strength, Sit-To-Stand, vertical jump, five-times floor transfer,
1RM deadlift, body composition (DXA), attendance, and adverse events. Due to COVID-19
close-contact restrictions at the time of testing, participants over 70 years of age, (which
included Sally and Peter) were only permitted to perform three tests: grip strength, five-times
floor transfer and 6-min walk, however, Peter did not complete the 6-minute walk test. Results
from only these three outcomes are presented here. Full details of the outcome measures and
trial results from mixed effects modelling have been published elsewhere (458).

8.4.4.1

EXTERNAL TRAINING LOAD (V-TL)

External training load volume was calculated as the product of [kettlebell weight (kg)] ×
[repetitions] performed within each session e.g., 8 kg × 100 swings = 800 kg. The overall
training load for the 12-week intervention was calculated as the sum of the training loads for
each individual session.

8.4.4.2

INTERNAL TRAINING LOAD (SRPE)

Internal training load (arbitrary units, AUs) was calculated as the sum of self-reported
[session rating of perceived exertion (sRPE)] × [training duration (mins)] e.g., sRPE 7 × 45
mins = 315 AUs (235).
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8.4.5 INTERVENTION
The BELL trial intervention involved moderate to high intensity hardstyle kettlebell training
performed five days a week for 12 weeks. Face-to-face group-exercise was delivered three
times weekly (Mon, Wed, Fri), and supplemented with prescribed home exercise which was
performed twice-weekly (Tue/Thur). Due to COVID-19 restrictions, all training was performed
at home during weeks 7-12 with training videos provided online, with the intervention period
increased to 16 weeks due to final testing being delayed. Group classes were 45 minutes in
duration and led by a certified hardstyle kettlebell instructor. Attendance to group sessions and
compliance with home-exercise was recorded, together with internal and external training load
volume. A modified CR10 scale was used for reporting sRPE

(235)

. A training record which

included exercise(s), number of sets, number of repetitions, and sRPE was maintained for
analysis. Program design was based upon the principles and practices described by Tsatsouline
(50)

with exercises and delivery adjusted to account for individual limitations. The training

period was preceded by a familiarisation week (2× 45-minute sessions) in which the participants
were introduced to a standardised mobility drill and the foundational kettlebell exercises of a
swing, clean, military press, goblet squat and unloaded Turkish get-up. Kettlebells for the
different exercises and participants ranged from 4-80 kg.
All training sessions commenced with the standardised mobility routine which was used as
a warm-up. During the first two weeks, participants were advised to work at a relatively low
intensity (2-4/10: easy to somewhat hard) with a low volume training load to minimise the
likelihood of experiencing delayed onset muscle soreness. From week three participants were
encouraged to work up to a sRPE of 5-7/10 as tolerated (described as hard to very hard), with
maximal effort (9-10/10) discouraged. Where technique was acceptable and RPE appeared to
be <4/10, participants were encouraged to increase the kettlebell mass. Participants were able
to self-select kettlebells and change any program variable within the group sessions.
Supplementary home exercises, performed with an 8kg kettlebell (provided by the researcher)
or bodyweight only, were prescribed with an achievable training load target with no upper limit
on the total number of repetitions. Programming was based on i) physical capacity of the group,
ii) participant feedback, iii) intent to offer variety, and iv) plan to progress skill, intensity, and
training load volume throughout the intervention period. Due to COVID-19 restrictions, final
testing was delayed by four weeks. During this time, participants performed 100 kettlebell
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swings daily. Training material and programming was conceived, delivered, coordinated, and
analysed by the lead investigator (NM).

8.5

RESULTS

Change in LS and FN BMD are shown in Table 8.2. Attendance rates for group sessions,
compliance with prescribed home-exercise, total training load volume, and change in outcome
measures pre- to post-training are shown in Table 8.3. Session training load volume and
arbitrary units are shown in Figures 8.1 and 8.2 for Sally and Peter, respectively.
Sally and Peter’s change in training load are representative of the BELL trial cohort. Internal
and external training load volume depict a model of undulating periodisation, which steadily
increased throughout the intervention period. The final two weeks training volume was
prescribed, to enable all participants to attain a training load ‘personal best’ on the final day of
the trial. Training at home with only limited kettlebells, Sally and Peter both recorded a very
hard sRPE of 9/10 Friday 1 May.

Figure 8.1 12-week training load - Sally.
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Figure 8.2 12-week training load - Peter.

Sally missed four consecutive training sessions due to a bereavement, and one further home
training session. Peter missed four consecutive training sessions due to sickness.
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Least significant change in BMD was calculated to be 0.022g/cm2 for Sally, and 0.033g/cm2
for Peter. For Sally, an increase in BMD of 0.017 g/cm2 at the FN and 0.012 g/cm2 at the LS
between 2 November 2017 and 21 January 2020 (before the BELL trial intervention) was
below the LSC calculated from her BMI. Between 21 January 2020 and 11 August 2020
(following the intervention), a BMD increase of 0.0443 g/cm2 at the LS was more than double
her LSC (2.01×) and sufficient to advance her status from osteoporosis to osteopenia. In
addition, Sally’s FN BMD increased by 12.7%. Between 16 December 2019 and 16 June 2020,
Peter’s total lumbar spine BMD increased by 0.064 g/cm2, almost double his LSC (1.94×).
Peter’s femoral neck BMD also increased by 2.5%.
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Table 8.2 Change in LS and FN BMD pre- to post-training.
02/11/2017 (HOLOGIC)**
Sally

Region
Fem neck

21/01/2020 (HOLOGIC)
2

2

BMD (g/cm )

T-score

BMD (g/cm )

T-score

BMD (g/m2)

ΔBMD

BMC (g)

T-score

Change
(%)

0.579

-2.4#

0.596

-2.3#

0.6718

0.0758

2.276

-2.21#

12.7

6.080

-1.71

#

20889 mg
33.11
10.63
11.05
11.43
35629 mg

-2.15#
-2.31#
-2.16#
-2.31#
-2.51*
-1.90#

1.6
5.9

BMC (g)

T-score

Change
(%)

3.981
12.40
34638 mg
55.47
16.21
18.52
20.74
59693 mg

-2.97*
-1.79#
-2.04#
-0.52
-0.76
-0.52
-0.24
-0.52

2.5
0.7
1.8
6.0
0.4
8.5
8.4
6.0

Troch
Total sBMD
L2 - L4
L2
L3
L4
Total sBMD

Peter

11/08/2020 (NORLAND)

0.5146
669 mg/cm
0.736

2

#

-2.2
-3.1*

669 mg/cm
0.748

16/12/2019 (NORLAND)
Region
BMD (g/cm2)

BMC (g)

T-score

Fem neck
Troch
Total sBMD
L2 - L4
L2
L3
L4
Total sBMD

3.907
12.44
33759 mg
51.44
15.93
17.83
17.68
55356 mg

-3.11*
-1.84#
-2.17#
-0.85
-0.78
-0.96
-0.66
-0.85

0.7195
0.7256
880.4 mg/cm2
1.008
1.026
0.9974
1.003
1085 mg/cm2

2

#

-2.2
-3.0*

2

680.3 mg/cm
0.7923
0.8077
0.8334
0.7438
852.6 mg/cm2

0.0113
0.0443§

16/06/2020 (NORLAND)
BMD (g/cm2)
ΔBMD
0.7373
0.7308
896.5 mg/cm2
1.0680
1.0300
1.0820
1.0870
1149 mg/cm2

0.0178
0.0052
0.0161
0.060§
0.004
0.085§
0.084§
0.064§

** conducted before enrolling in the BELL trial, # osteopenia, * osteoporosis, § > LSC
Troch; trochanteric, L1-L4; lumbar spine vertebrae 1-4, BMC; bone mineral content, sBMD; standardized bone mineral density
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Table 8.3 Change in outcome measures, pre- to post-training.
Sally

Peter

Attendance

94.4 %

94.4 %

Compliance

87.5 %

91.7 %

74,872 kg

110,132 kg

Training load (group sessions) º
Outcome measures
Grip strength (kg)

right
left

5x floor transfer time (s)
6-min walk distance (m)
ε

Pre20
18
31.1
677

Post26
25
21.4
740

Δ
6ε
7ε
-9.7
63 ε

%
30.0
38.9
-31.2
9.3

Pre20
26
41.2
584*

Post28
34
38.8

Δ
8ε
8ε
-2.4

%
40.0
30.8
-5.8

> minimum clinically important difference (grip = 5kg, 6MWD = 50m)

º excludes prescribed home-training sessions Tue/Thur
*

Peter did not complete the final 6-min walk test.

8.6

DISCUSSION

This case study is the first to show clinically significant increases in bone mass in older
adults with osteoporosis, following 16-weeks of hardstyle kettlebell training. These results
challenge the view that a combination of high intensity, and impact loads, are necessary for an
osteogenic exercise effect (413). Change in outcome measures and training load volume for both
participants in this study are representative of the results from the BELL trial, which show large
improvements in grip strength, and significant increases in cardiovascular and functional
capacity. Although these data are not definitive evidence of a causal relationship between
kettlebell training and increased bone mass in older adults with osteoporosis, these findings
warrant further investigation in sufficiently powered, randomised controlled trials.
The predictive value of low BMD for hip fracture is comparable to that of high blood
pressure for stroke (514). Bone metabolism deteriorates with advancing age with insufficiently
active older adults typically losing 1-3% BMD every year

(530)

. Rates of bone loss can be

exacerbated by inactivity, disuse, medical conditions, and deficiencies in calcium and vitamin
D (531). Although osteoporosis is influenced by epigenetic and environmental factors (213), and
mediated by factors other than mechanical loading

(532)

, physical activity and exercise are a

major extrinsic factor responsible for the maintenance and promotion of bone mass

(533, 534)

.

Being physically active is recommended for all adults (535) however, systematic reviews remain
cautious of overstating the preventative potential of physical activity for preventing
osteoporosis (536). Movement behaviour, specifically moderate-to-vigorous physical activity, is
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significantly associated with increased bone mass (537) and reduced risk of hip fracture, of 45%
and 38% in men and women respectively (538).
The most recent and comprehensive review and meta-analysis to date, of exercise intensity
on bone in postmenopausal women, highlights the notable absence of trials using high intensity
(>80% 1RM) training (539, 540). Only six studies met the inclusion criteria of ‘high intensity’ of
which only the LIFTMOR trial(332) reported a statistically significant increase in LS BMD.
Consistent with previous meta-analyses

(522, 528, 541-543)

the within-group mean increase in LS

BMD in the LIFTMOR trial, was 0.023g/cm2 (2.9 ± 3.1%) with no significant change in FN
BMD. A change of that magnitude at the lumbar spine is 0.001g/cm2 above the LSC for the
underweight female in the current study, and 0.01g/cm2 below the LSC for the male whose BMI
was only slightly above ‘normal’. Subsequent iterations of the HiPRT protocol used in the
LIFTMOR trial have been underpowered to detect a change in bone mass (544), or resulted in a
mean change of smaller magnitude (0.016g/cm2)

(545)

. In the meta-analysis by Kistler-

Fischbacher et al (540) the authors reported, 1) no evidence that high intensity training was more
effective at the femoral neck, 2) no significant difference in effect size between moderate and
high intensity training, 3) no significant effects of impact-only exercises regardless of intensity,
4) no benefit of resistance and impact training combined compared to resistance-only training,
and 5) no association between resistance training intensity (measured as a percentage of 1RM)
and change in LS and FN BMD.
Results from other trials and meta-analyses have been mixed. Single trials have reported no
significant difference between training frequencies

(546)

, no significant difference between

resistance training and aerobic training performed over two years (547), and no significant change
following three years of resistance training

(548)

. Outcomes have also been shown to become

non-significant when non-randomised trails, are excluded from analysis (524), likely due to the
confounding associated with non-randomised trials which can almost double reported treatment
effects. Other meta-analyses have reported that only studies with combined aerobic and strength
training programs, result in improvements likely to reach a least significant change (541). These
are consistent with other data indicating an overall treatment effect <1% (524, 549) irrespective of
concurrent HRT, bisphosphonate or calcium supplementation

(528)

. Aerobic-only and impact-

only programs are largely ineffective when used in isolation, but programs which combine
aerobic/impact exercise with resistance training are more likely to result in a weighted mean
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difference of >0.02g/cm2 (524). The findings of this study suggest there are other mediators of an
osteogenic effect besides impact and high intensity loads.
The BELL and LIFTMOR trials both reported improvements in functional outcomes and
bone health. The LIFTMOR trial utilised a barbell deadlift, overhead press, and back squat
performed at 80 to 85% 1RM, with drop landings from a chin-up bar. Participants in the
LIFTMOR trial completed a total of 75 repetitions per session for 70 sessions over an 8-month
training period, compared to the 60 sessions in 3 months during the BELL trial. Mean training
load was not reported in the LIFTMOR trial but given the maximum number of weighted
repetitions per session (75), it is likely to have been less that the 2805 ± 251 kg per session
reported in the BELL trial. Rating of perceived exertion was high in the BELL trial with all
participants recording an sRPE value of 8-10/10 (very hard to maximal) on the final day, but
training involved no impact loading and only three sessions in which participants may have
performed kettlebell deadlifts with loads >85% 1RM. For the last 10 weeks of the training
period, participants only had access to three kettlebells to train at home; Sally had 8, 12 and 24
kg, Peter had two 8s and 22 kg.
A 12-month trial of resistance training with a much larger external training load than the
BELL trial, found no significant relationship between training load and BMD (550), casting doubt
over the influence of training load volume as a mediator. A positive relationship between BMD
and training volume has been reported in men, but this may be limited to impact loads only (551),
thus mediators of the osteogenic effect observed in the current case study remain to be
determined. Some evidence does indicate that high velocity resistance exercises may have a
superior effect on FN and LS BMD than performing the same movements more slowly (552). In
support of this view, net peak ground reaction force in older adults, was greater during a twohanded hardstyle swing with an 8 kg kettlebell, than a kettlebell deadlift with 32 kg

(352)

, and

data from a pilot study of low load power training in older adults, shows this combination of
high velocity and light load may be sufficient for osteogenesis to occur (397). Given the ballistic
nature of the hardstyle kettlebell exercises used in the BELL trial, the high velocity of kettlebell
swings compared to standard resistance training exercises may help explain the results of this
study.
Most studies measuring the effects of interventions for osteoporosis, rely on DXA-derived
BMD as a surrogate measure of bone strength, and a proxy for primary clinical outcomes,
222

namely fractures

(516, 521)

. This can be somewhat problematic because bone strength is

influenced by factors other than BMD, which the planar nature of DXA is not ideally suited to
measure, such as bone size, shape, and structure. Furthermore, small changes in cross-sectional
area can improve strength, independent of BMD (521). Significant increases in cortical volume
and thickness, without corresponding increases in trabecular BMC and total volume, as reported
in the LIFTMOR trials (332, 544), might be explained, in part at least, by improved edge detection
resulting in a larger area of bone being reported (553) or redistribution of bone minerals (554).
Indices of bone strength as outcomes have been limited (539), so the effects of exercise on the
properties which improve bone strength, are not currently well known, and definitive
conclusions cannot yet be made, regarding the effectiveness of exercise for improving bone
strength and reducing fracture risk

(514, 516, 521)

improvement in bone quality or strength

. Increased bone mass is not confirmation of an

(511)

, therefore the effectiveness of an intervention

should be measured by its influence on reducing incidence of fracture, rather than change in
BMD. Unfortunately, evidence is conflicting whether exercise reduces fracture risk (555), and it
is presently not feasible to conduct a definitive trial to determine that (413).
Underscoring the potential prophylactic nature of exercise, clinical guidelines recommend
that exercise should be lifelong, and include regular weight-bearing and high impact activities
to promote muscle strength, muscle power, and maintenance of BMD

(213, 514, 522)

. Resistance

exercise is recommended for older adults because it attenuates bone loss and enhances physical
function

(556)

. Regular and consistent exercise which provides sufficient loading is especially

important for bone mass and geometry (516), yet 50 % of individuals with osteoporosis who start
a new exercise program have been reported to discontinue within 6 months (286). Programs are
needed which have high rates of engagement long-term, and which provide older adults with
the motivation, self-efficacy, and skills, to be able to perform at least some of their exercise
independently.
A case study of a 70-year-old postmenopausal women, reported a remarkable 24.3% increase
in bone mass (0.196g/cm2) at the femoral neck and 29.7% (0.17g/cm2) at the lumbar spine (527),
following an extensive 12-month program of resistance training. A limitation reported in the
BELL trial was that the group format was not ideally suited to the individuals with high or low
functional capacity (431). The remarkable effects reported by Aquino et al. (527) may be a product
of the N-of-1 design, which allows the exercise program to be uniquely tailored to meet the
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needs and physical capacity of the individual. This is encouraging for healthcare providers
training with older adults 1-on-1, but potentially challenging for those designing group-based
programs. It is feasible that the rates of increase in bone mass observed in the present study,
could be maintained with ongoing training, and may achieve a similar magnitude of effect to
that reported by Aquino et al (527) with similar a training duration.
Due to their fear of fracture, older adults diagnosed with osteoporosis are often overly
cautious and risk-averse towards engaging in impact and resistance exercise (515). This fear and
anxiety can be compounded by inappropriate messages from healthcare providers where
uncertainty exists around what is appropriate and safe (514). Inadequate and inconsistent advice
can cause confusion and may have a negative effect on the person’s social and psychological
health, wellbeing, and self-efficacy

(516)

. Promoting the benefits of exercise can be framed

positively. For most older adults, engaging in activities which promote muscle and bone
strength, is safe and will help improve or at least maintain function (516), and exercise does not
have to be vigorous to be beneficial. Providing reassurance to older adults with low bone mass,
and encouraging physical activities which promote bone health, should be a priority for
healthcare providers (514).
Results from a qualitative study of the BELL trial, revealed the effectiveness and perceived
health benefits of older adults participating in group kettlebell training with similar age peers
(431)

. Participants reported being more physically active, having increased self-confidence, an

improved physical capacity, and enhanced mental health following the trial. Age, training
status, sex, and the presence of comorbid health conditions, such as osteoarthritis and persistent
pain, did not negatively impact engagement or participation in the training. Attendance
was >90% with some participants, including Sally, still independently training together more
than 18 months after the BELL trial intervention ended.
Regular exercise can effectively reduce a myriad of diseases associated with ageing.
Exercise has been described as a true geroprotector, with even modest amounts of exercise
capable of improving quality of life and increasing lifespan (557). It has been suggested that 12
weeks of exercise is insufficient to detect physiological change in bone, as the remodelling
cycle typically lasts 3-8 months

(526, 558)

, however, data from this and other studies appears to

dispute that (559). Increases in total hip BMD of 6% have also been reported from 16 weeks of
resistance training in elderly women with decreased muscle strength (560).
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Results from the BELL trial demonstrated that hardstyle kettlebell training can improve
functional measures of healthy ageing. Kettlebell training can be performed safely and
independently by older adults, and when performed in a group setting, can be very rewarding,
even at high rates of perceived exertion. Improvements in lean mass from exercise is protective
against bone loss and risk of vertebral fractures, as anabolic signalling in the bone-muscle unit
works both ways: muscle influences bone and vice versa (531, 534). The mean increase of 0.65 kg
in axial skeletal muscle mass reported in the BELL trial (458), adds further support for kettlebell
training being an effective mode of resistance training, to promote healthy ageing in older
adults. Results of the present study suggests that kettlebell training might also be an effective
intervention to promote bone health in older adults with low or very low BMD.
These case findings are not without limitations. Firstly, Hologic and Norland machines have
different methods of deriving energy beams, different calibration techniques, and different
methods for determining the regions of interest for analysis. Although comprehensive
evaluation of the DXA-measured BMD values obtained using Hologic and Norland
densitometers have been found to be virtually the same (561), with in-vivo comparison of spinal
measurements highly correlated (BMD: r = 0.990, SEE = 0.028 g/cm2) and comparable in terms
of precision and accuracy (562), the degree of measurement error inherent between Sally’s reports
cannot be determined. Up to approximately 50% of the 0.064g/cm2 change in BMD observed
at Peter’s lumbar spine, could be an effect of the Denosumab he received in the weeks preceding
commencement of training (563).

8.7

CONCLUSION

Results of this study suggest that 16-weeks of high-volume moderate to high-intensity
hardstyle kettlebell training performed 5 days a week, can improve bone mineral density in
older adults with osteoporosis, with magnitude of change sufficient to advance osteoporosis to
osteopenia. Kettlebell training may therefore be a viable mode of exercise for improving bone
health and reducing fracture risk in older adults with low and very low BMD. For the two
participants in the current study, the nature of the relationship between the training intervention
and the observed increase in BMD remains unclear. However, taken together with the clinically
significant improvements in other outcome measures, high rates of engagement, and positive
participant experiences, we suggest further research in randomised controlled trial is warranted.
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8.8

PLAIN LANGUAGE SUMMARY

Clinically significant increases in bone mass were observed in two older adults with
osteoporosis, following moderate to high intensity hardstyle kettlebell training performed five
days a week for 16 weeks, sufficient to advance osteopenia to osteoporosis.

8.9

REVIEW

This Chapter presented exciting incidental findings of large clinically significant increases
in bone mass, found in a man and a woman over 70 years of age who both had confirmed
diagnoses of osteoporosis. Change in regional BMD was not an outcome of the BELL trial, but
these findings raise important research questions around causality, mechanism of action, and
the potential use of kettlebell training, specifically for the purpose of promoting bone health,
and reducing fracture risk. Chapter 6 showed that kettlebell training provided significant
improvements in cardiovascular capacity, muscular strength and endurance, and functional
capacity. Change in swing force profiles are presented in Chapter 9, together with participant’s
individual outcomes measures pre- to post-training, including an increase in muscle mass
sufficient to advance the status of one female above the threshold for sarcopenia.
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CHAPTER 9
CHANGE IN SWING PROFILE

“All of the technique doesn’t matter… only if the feeling is right”
John Coltrane
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9.1

PREFACE

In Chapter 2, it was hypothesised that the unique force profile of a kettlebell swing, could
make it an effective exercise intervention for older adults living with knee osteoarthritis. In
Chapters 3 and 4, ground reaction force was quantified, showing large differences between
Instructor and novice older adults. The magnitude of difference in ground reaction force was
attributed to swing proficiency, with a suggestion that net force in older novices could be as
much as doubled with training, which may produce a ground reaction force similar to a stride
jump (246). Thus, swing force profiles were expected to change (i.e., improve) following the 16week BELL trial intervention. This chapter illustrates the change in the BELL trial participant’s
kettlebell swing force profiles. These new findings may influence the emphasis typically given
to optimising hardstyle swing performance, and should be used to inform future kettlebell
programs for older adults.

Published as:
Meigh, N. J., Keogh, J. W., Rathbone, E.N., & Hing, W. (2021). Change in force profile of the hardstyle kettlebell
swing in older adults is small following 16 weeks of training and may not be required to improve physical function:
findings from the BELL trial. medRxiv.
Open access preprint version at medRxiv. DOI: 10.1101/2021.08.27.21262528
© The Authors 2021. This work is licensed under the Creative Commons Attribution 4.0 International License.
http://creativecommons.org/licenses/by/4.0/
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9.2

ABSTRACT

Background. Hardstyle kettlebell training is characterised by the ballistic two-handed
kettlebell swing with outcomes believed to be strongly influenced by swing proficiency. This
study examines the effect of four months hardstyle kettlebell training on the force profile of the
two-handed kettlebell swing, and peak ground reaction force during a kettlebell deadlift in older
adults. These data will help inform healthcare providers and coaches about the use and
prescription of kettlebell exercises with older adults.
Methods. Five males and five females <70 years of age who participated in the BELL trial
were recruited. Two-handed hardstyle swings were performed with 8-16 kg, and deadlifts with
8-32 kg. Ground reaction force (GRF) was obtained from a floor-mounted force platform.
Force-time curves (FTCs), peak force, forward force relative to vertical force, rate of force
development (RFD), and swing cadence were investigated. Results were compared with the
same data variables collected from the participants in an exploratory pre-intervention study,
conducted approximately seven months before the present study. Participants completed
approximately 90 kettlebell training sessions during a four-month training intervention.
Results. Participants used kettlebells to perform 3779 ± 802 swings, 923 ± 251 cleans, 825
± 309 snatches and 744 ± 178 deadlifts during group-training sessions. Peak ground reaction
force during kettlebell swings did not significantly change with any kettlebell. There was a
significant 3% increase in the magnitude of forward force during 8 kg swings, and a significant
3% decrease in forward force during 16 kg swings. There were large significant improvements
in swing cadence with a mean increase of three swings per minute and a small non-significant
increase in RFD. Change in kettlebell swing force-time curves were negligible. Change in peak
ground reaction force during deadlifts were moderate to large. All participants increased in grip
strength following training, with the magnitude of change greater than the minimum clinically
important difference for seven participants. All participants had significant increases in multiple
secondary outcomes.
Conclusion. Group-based and online kettlebell training is likely to be ineffective for
improving the force profile of the hardstyle kettlebell swing in older adults. Insufficiently active
older adults engaged in high-volume kettlebell training performed 3-5 times weekly, can expect
clinically meaningful improvements in health-related physical fitness, irrespective of change in
their swing force profile. Results of this study suggest that beyond safe and competent
performance, striving to optimise hardstyle swing technique may provide no additional benefit
to clinical outcomes in older adults.
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9.3

INTRODUCTION

Hardstyle kettlebell training is believed to improve health-related physical fitness,
particularly lower limb muscular power. Data from force-time curves show distinct differences
between a novice and expert swing profile, with large effect size difference in ground reaction
force

(258)

. This suggests that technique proficiency significantly alters force profile, but are

improvements in technique and force profile required for the exercise to be effective? In the
absence of motion analysis and kinematic differences, which have previously been described
(118)

, investigations of the kettlebell swing force profile suggests that a FTC can be used as a

fair proxy for determining the proficiency of a hardstyle swing (258, 352). If force profile changes
favourably with improved swing proficiency, and force profile directly influence the
adaptations to exercise, it could be hypothesised that improving hardstyle swing technique
might enhance outcomes. Such improvements may be seen in athletic performance, the effects
of therapeutic exercise in rehabilitation, or the management of adverse symptoms associated
with conditions influenced by mechanical loading, such as knee osteoarthritis.
Kettlebell training is effective. Results from the BELL trial show large clinically meaningful
increases in grip strength and significant improvements in cardiovascular capacity, muscular
strength and endurance, functional capacity, and body composition in older adults, following a
high-volume program of hardstyle kettlebell training (458). Participants trained five days a week
accruing a mean training load exceeding 100,000 kg per person during the first 12 weeks of
group training sessions. Results from the BELL trial also show improved physical function and
capacity, and significant reductions in pain and disability associated with persistent low back
and knee osteoarthritis (431). Significant increases in appendicular skeletal muscle mass, up to 2
kg, increased the skeletal muscle index in one female above the threshold for sarcopenia, and
clinically significant increases in bone mineral density were observed in two participants with
osteoporosis, sufficient for the status of one participant to advance from osteoporosis to
osteopenia (564).
It was previously proposed that knowledge of GRF during a hardstyle swing would assist a
healthcare provider’s prescription of the hardstyle kettlebell swing as a therapeutic exercise,
with high GRF combined with limited knee flexion and no impact loading, hypothesised to
reduce knee pain in those with osteoarthritis (352). While the mediators and moderators of change
remain unknown, hardstyle training principles suggest that technique would be a significant
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contributor, with the force profile and FTC of the participant’s swings expected to improve
following four months of guided training.
This is a longitudinal replication of a previous acute profiling study

(352)

, using the same

participants to perform kettlebell swings and kettlebell deadlifts under the same assessment
conditions. The aim of this study is to report the change in force profile of a two-handed
hardstyle kettlebell swing and kettlebell deadlift in older adults following 16-weeks of training.
Findings are presented with outcomes from the BELL trial and discussed in the context of
observing change in technique during six weeks of face-to-face coaching.

9.4

MATERIALS & METHODS

9.4.1 ETHICAL APPROVAL
The study was approved by the Bond University Human Research Ethics Committee
(NM03279) which was subsumed within a larger clinical trial. The BELL trial was preregistered on the Australian New Zealand Clinical Trials Registry (ACTRN12619001177145).

9.4.2 PARTICIPANTS
Five males and five females <70 years of age who participated in the BELL trial intervention
took part in the study. Participants were free from injury with no health or medical conditions
considered to be high risk. Participants were aware of the study aims, protocols, and potential
risks, and gave their informed consent. Ethical approval for this study was granted by Bond
University human research ethics committee (NM03279) which was subsumed within the larger
BELL trial project (ACTRN12619001177145).

9.4.3 PROCEDURE
Participants performed kettlebell swings and deadlifts on a force flatform in October 2019,
prior to their enrolment in the BELL. Results of the initial exploratory profile have been
published elsewhere

(352)

. Following a 3-month period of controlled activity, the BELL trial

intervention commenced in February 2020. The participants did not use kettlebells between
October 2019 and February 2020. Following the four-month BELL trial intervention,
participants repeated the same swings and deadlifts as previously described

(352)

. Participants

were given the opportunity to perform a warm-up of their choice and encouraged to perform
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swings with an 8 kg kettlebell prior to the commencement of data collection. Participants
received the same basic instruction about technique that they had received throughout the
intervention period, and no additional coaching or correction was provided. Force USA
competition kettlebells from 8-32 kg of standardised dimensions were used. Swings were
performed with 8, 10, 12, 14 and 16 kg kettlebells. Deadlifts were performed with 8, 16, 24 and
32 kg kettlebells.

9.4.4 PROTOCOL
Data were collected from the University biomechanics laboratory with participants attending
a single session of less than one hour in duration. The protocol was consistent with previous
investigations (258, 352). Two-handed kettlebell swings to chest-height were performed on a floormounted force flatform (AMTI, Watertown, NY, USA) recording GRF at 1000 Hz using
NetForce software (AMTI, USA). Participant body mass was captured by the force plate from
a period of quiet standing. Tri-plantar force variables were obtained from the floor-mounted
force platform. To gain some insight into how the force profile of the kettlebell exercises may
have changed over the course of the training program, peak GRF, dynamic RFD and swing
cadence were calculated. Participants performed a single set of 12 repetitions with each
kettlebell, with the middle 10 repetitions used for analysis. A custom program (Microsoft Excel,
Version 2012) was used to calculate peak force during each swing cycle of the set, with values
manually assessed and verified against the corresponding FTC. To obtain net peak force, system
weight (body mass + kettlebell mass) was subtracted from the square root of squared and
summed data:

𝐹 + 𝐹 + 𝐹 (Fz = vertical force, Fy = horizontal forward force, Fx = medio-lateral force).
The back or bottom position of the swing was used as the start of each swing cycle. Dynamic
RFD (N.s-1) during hip extension (propulsion) was calculated as the change in resultant GRF
divided by elapsed time and normalised to body mass (N.s-1.kg-1), with this reported as the mean
of 10 swings. Cadence in swings per minute (SPM) was calculated from the average time
between peak force during hip extension in each swing cycle. Peak force was reported as
resultant force unless stated otherwise.
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9.4.5 STATISTICAL ANALYSES
Descriptive statistics were reported for normally distributed continuous variables, with this
data presented as mean (SD). Normality was verified using histograms, normal Q-Q plots,
boxplots to support the Shapiro-Wilk test. Where the assumptions for the paired t-test were
violated, the Wilcoxon signed rank test was used. Effect size was calculated using Lenhard and
Lenhard (233), and Magnusson (234), reported as gHedges and quantified as trivial, small, moderate,
large, very large, and extremely large where effect size < 0.20, 0.20 - 0.59, 0.60 - 1.19, 1.20 1.99, 2.0 - 3.99 and ≥4.0 respectively

(105)

. Statistical analyses were performed using SPSS

(version 26.0; SPSS Inc., Chicago, IL, USA), and p < 0.05 was used to indicate statistical
significance for hypothesis generation.

9.5

RESULTS

Participant demographics are presented in Table 9.1.
Table 9.1 Participant characteristics (N = 10)
Characteristic
Age (years)

Males (n = 5)

Females (n = 5)

64.2 (2.2)

65.6 (1.1)

Height (cm)

175.1 (9.0)

*

160.8 (5.0)

Weight (kg)

86.1 (11.0)

70.0 (13.8)

27.6 (1.0)

26.5 (5.6)

2

BMI (kg/m )

Data are expressed as mean (SD). * significantly greater than females

Mean changes in force profile pre- to post-training are shown in Table 9.2. Resultant peak
force during kettlebell swings did not significantly change with any kettlebell. There was a
significant increase in the magnitude of forward force from 3% to 6% during swings with 8 kg,
but a significant decrease in forward force from 7% to 4% with the 16 kg kettlebell, and no
significant change during swings with 10, 12 or 14 kg. There were large significant
improvements in swing cadence with a mean increase of 3 SPM. A small increase in the RFD
during swings with 12 kg was not statistically significant. Moderate to large increases in
resultant peak force during deadlifts were significant for 8-24 kg but not statistically significant
with 32 kg.
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Table 9.2 Pre- and post-training force profile for the kettlebell swing and deadlift.
Measure

Pre-test
Mean (SD)

Post-test
Mean (SD)

MD

95% CI

p-value

gHedges

Swing – resultant peak force (N.kg)
8 kg

3.4 (1.1)

3.9 (0.9)

0.5

-0.2, 1.2

0.137

0.44

10 kg

3.9 (1.2)

3.9 (1.0)

0.0

-0.8, 0.7

0.948

-0.02

12 kg

4.1 (0.8)

4.1 (1.1)

0.1

-0.6, 0.7

0.844

0.05

14 kg

4.3 (1.0)

4.4 (1.4)

0.1

-1.2, 1.3

0.814

0.08

16 kg

4.3 (1.3)

4.5 (1.4)

0.1

-1.3, 1.5

0.797

0.09

Swing – cadence (SPM)
8 kg

35.7 (2.1)

39.2 (2.3)

3.6

1.7, 5.4

0.002

1.45

10 kg

35.6 (2.1)

38.4 (2.3)

2.8

0.7, 4.8

0.013

1.10

12 kg

34.7 (2.4)

38.6 (1.9)

3.9

2.5, 5.2

0.005

1.65

14 kg

35.4 (2.0)

38.9 (1.8)

3.5

1.5, 5.5

0.006

1.60

16 kg

35.4 (1.9)

37.5 (1.4)

2.1

0.0, 4.2

0.053

0.96

Swing – forward force (A/V) %
8 kg

3.2 (1.0)

5.6 (2.9)

2.4

0.04, 4.7

0.047

0.89

10 kg

3.5 (1.6)

5.0 (2.9)

1.5

-0.3, 3.3

0.097

0.53

12 kg

4.1 (2.0)

5.8 (3.9)

1.7

-0.4, 3.9

0.094

0.47

14 kg

5.7 (3.1)

5.4 (3.4)

-0.2

-2.9, 2.4

0.820

-0.01

16 kg

6.6 (2.5)

4.3 (3.3)

-2.3

-4.5, -0.1

0.046

-0.50

18.9 (4.9)

1.9

-1.0, 4.1

0.178

0.40

Swing – rate of force development (N.s-1.kg.-1)
12 kg

17.0 (3.7)

Deadlift – resultant peak force (N.kg)
8 kg

2.6 (0.4)

3.6 (0.6)

1.0

0.5, 1.5

0.002

1.75

16 kg

2.8 (0.6)

3.6 (0.7)

0.8

0.4, 1.3

0.003

1.19

24 kg

2.9 (0.6)

3.6 (1.0)

0.7

0.1, 1.3

0.030

0.76

32 kg

3.5 (0.4)

4.1 (0.8)

0.6

-0.4, 1.6

0.133

0.71

MD = Mean Difference, SD = standard deviation, gHedges = unbiased estimate of dCohen, A/V = ratio of
anterior (forward) horizontal to vertical ground reaction force, SPM = swings per minute.
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Plots for paired data, of resultant peak force, swing cadence, forward force, and RFD are shown in Figures 9.1-9.4, respectively, with each
participant represented by connected data points shown in blue. Plots for resultant peak force during deadlifts are shown in Fig 9.5. Large positive
and negative changes in resultant peak force during swings are evident at each kettlebell mass, with negligible change in the mean for 10-16 kg
(Fig 9.1). For swing cadence, 33 of 35 paired data sets show a positive change after training, with moderate-to-large change in the mean at each
kettlebell (Fig 9.2).

a. 8 kg

b. 10 kg

c. 12 kg
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d. 14 kg

e. 16 kg

a. 8 kg

b. 10 kg

c. 12 kg

Figure 9.1 Change in kettlebell swing cadence (SPM = swings per minute).
 = mean, Δ = individual change, ▲ = mean change. Means displayed with 95% CI.
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d. 14 kg

e. 16 kg

Paired data plots for forward force show a moderate mean increase for 8 kg swings, with an absolute difference less than 3%. There is a small
increase in forward force for 10 and 12 kg swings, a trivial change for 14 kg, and a small decrease in forward force for 16 kg (Fig 9.3). There is a
small increase in mean RFD for 12 kg swings of less than 2 N.s-1.kg.-1 which is statistically non-significant (Fig 9.4).

a. 8 kg

b. 10 kg

c. 12 kg

d. 14 kg

e. 16 kg

Figure 9.2 Change in magnitude of forward force relative to vertical force (%) during kettlebell swings.

(A/V = ratio of anterior (forward) horizontal to vertical GRF)  = mean, Δ = individual change, ▲ = mean change. Means displayed with 95% CI.
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Average RFD (N.s-1.kg-1)

Figure 9.3 Change in rate of force development during a 12 kg kettlebell swing.
 = mean, Δ = individual change, ▲ = mean change. Means displayed with 95% CI.
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a. 8 kg

b. 16 kg

c. 24 kg

Figure 9.4 Change in resultant peak force during a kettlebell deadlift (N.kg)
 = mean, Δ = individual change, ▲ = mean change. Means displayed with 95% CI.

240

d. 32 kg

Change in force-time curve profiles were largely unremarkable (all participant FTC profiles
are provided as Appendix 26). The FTC profile of a proficient hardstyle swing is characterised
by a tall single narrow force peak closely followed by a second distinct force peak of smaller
magnitude, with negligible change between 8 and 24 kg (231). In this study, some of the
participant’s post-training FTC profiles had become more like a proficient swing i.e., suggestive
of an improvement in technique (Fig. 9.6 a). In some cases, however, the post-training FTC
profile was less consistent with a proficient swing following training i.e., suggestive of a
worsening of technique (Fig 9.6 b). In most cases, the post-training FTC profile showed
negligible change. An apparent worsening of an FTC profile, however, was not indicative of a
negative change in force profile. For example, in one case where the FTC profile appeared to
have worsened, RFD had increased by >30%
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Pre-training

Post-training

a. Change in force-time profile: improvement

b. Change in force-time profile: worsening
Figure 9.5 Change in kettlebell swing force-time curve profile pre- to post-training
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Change in the participant’s primary and secondary outcomes of the BELL trial is
shown in Tables 9.3 and 9.4, for females and males, respectively. All participants in
the present study had multiple significant improvements. During group training
sessions (Monday, Wednesday, and Friday), participants in this study recorded 3779
± 802 swings, 923 ± 251 cleans, 825 ± 309 snatches and 744 ± 178 deadlifts. Homebased training load volume was not recorded (Tue/Thur). Full details of the BELL
trial intervention have been published elsewhere (458).
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Table 9.3 Individual change in outcome measures pre- to post-training – FEMALES
Participant

1

2

3

4

5

Attendance

91.7 %

97.2 %

97.2 %

100 %

96.7 %

Compliance

91.7 %

100 %

79.2 %

100 %

100 %

103,377 kg

71,586 kg

91,184 kg

128,014 kg

64,282 kg

3822 | 728 | 508 | 968

3401 | 512 |578 | 745

3839 | 770 | 303 | 910

3423 | 1354 | 1145 | 747

2471 | 716 | 574 | 418

Training load – group sessions º
Swings | cleans | snatches | deadlifts º
Variable
right

Grip strength (kg)

left

Pre

Post

Δ

%

Pre

Post

Δ

%

Pre

Post

Δ

%

Pre

Post

Δ

%

Pre

Post

Δ

%

23

27

4

17.4

20

26

6* ε

30.0

25

28

3

12.0

31

36

5* ε

16.1

22

22

0

0

25

*ε

31

*ε

38

*ε

18.8

22

24

2

9.1

*

27

29

2
*

7.4

20

5

*

25.0

24

7

*

29.2

32

6

*

Stair-climb time (s)

42.0

39.2

-2.8

-6.7

54.5

49.9

-4.6

-8.4

43.0

38.3

-4.2

-9.8

43.5

39.6

-3.9

-9.0

51.0

47.6

-3.4

-6.7

5x floor transfer (s)

29.8

27.2

-2.6*

-8.7

41.8

43.6

1.8

4.3

28.3

35.2

6.9*

24.4

37.1

30.5

-6.6*

-17.8

47.0

50.1

3.1*

6.6

6-min walk distance (m)

636

695

59* ε

9.3

614

685

71ǂ ε

11.6

644

667

23*

3.6

634

672

38*

6.0

593

659

66ǂ ε

11.1

20

24

4

20.0

15

19

4

26.7

22

24

2

9.1

17

21

4

23.5

11

13

2

18.2

94.2

*

29.2

46..3

44.9

-1.4

-3.0

45.5

69.6

*

24.1

53.0

104.8

119.9

*

15.1

14.4

59.3

67.0

*

7.7

13.0

30s Sit to Stand (reps)
Predicted 1RM (kg)

72.9

Knee extension – peak force (N)

Hip extension – peak force (N)

right

275.9

380.8 104.9*

38.0

210.0

275.8

65.8*

31.4

298.6

258.8

-39.7

-13.3

253.2

415.2

162.2

64.0

354.8

401.9

47.1*

13.3

left

297.3

377.4

80.0*

26.9

187.5

223.7

36.2*

19.3

218.1

268.5

50.4*

23.1

266.9

348.9

82.1*

30.7

349.2

380.1

30.9*

8.8

160.1

*

111.3

*

124.7

*

138.7

*

9.4

158.1

145.9

-12.3

-7.7

165.5

174.0

*

8.5

5.1

100

100

right
left

SF36 - health change (%)
DXA – ASM (kg)
2

DXA – sarcopenia index (kg/m )

21.3

148.2
142.6

181.0

50

100

18.1

18.5

6.79

6.93

11.9

38.4

0.38*
0.14

8.0
26.9

2.1
2.1

112.2
107.1

134.3

50

100

14.6

15.2

6.26

6.53

-0.9

*

27.2

0.64*
0.27

-0.8
25.4

4.4
4.3

112.2

12.6

*

123.5

150.6

50

50

14.2

15.7

1.50≈

5.77

≈

5.22

27.1

0.55

11.2
21.9

126.8

11.9

141.1

142.4

1.3

50

100

10.5

22.4

21.7

-0.62

-2.8

17.0

19.0

2.00

11.8

10.5

8.82

8.57

-0.25

-2.8

6.34

7.08

0.74

11.7

º excludes prescribed home-training sessions Tue/Thur
* magnitude of change falls within the 95% CI of the BELL trial results
ε
> minimum clinically important difference
ǂ
outside the bounds of the 95% CI of the BELL trial results
≈
sarcopenic status reversed based on 2019 European Working Group on Sarcopenia in Older People threshold (ASM <15kg and sarcopenia index < 5.5 kg/m2)
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Table 9.4 Individual change in outcome measures pre- to post-training – MALES
Participant

6

7

8

9

10

Attendance

97.2 %

97.2 %

94.4 %

100 %

88.9 %

Compliance

95.8 %

95.8 %

100 %

100 %

87.5 %

165,588 kg

107,088 kg

120,740 kg

150,750 kg

101,022 kg

5389 | 977 | 873 | 991

3381 | 934 | 957 | 594

4634 | 1042 | 1043 | 767

4116 | 1219 | 1140 | 662

3316 | 981 | 1131 | 638

Training load – group sessionsº
Swings | cleans | snatches | deadliftsº
Variable
Grip strength (kg)

right
left

Pre

Post

Δ

%

Pre

Post

Δ

%

Pre

Post

Δ

%

Pre

Post

Δ

%

Pre

Post

Δ

%

45

49

4

8.9

42

52

10ǂ ε

23.8

32

41

9* ε

28.1

30

45

15 ǂ ε

50

35

44

9* ε

25.7

34

*ε

40

ǂε

40

*ε

14.3

*

55

59

4
*

7.3

43

44

1
*

2.3

27

7

*

25.9

26

14

*

53.8

35

5

Stair-climb time (s)

37.5

33.3

-4.2

-11.2

29.0

27.3

-1.7

-5.9

41.0

40.3

-0.7

-1.7

32.5

29.3

-3.2

-9.8

33.0

30.5

-2.5

-7.6

5x floor transfer (s)

34.4

28.7

-5.7*

-16.6

27.0

28.3

1.3

4.8

29.3

23.0

-6.3*

-21.5

25.3

25.5

0.2

0.8

31.8

27.0

-4.8*

-15.1

6-min walk distance (m)

588

650

62* ε

10.5

709

744

35*

4.9

671

714

43*

6.4

667

676

9

1.3

718

731

13

1.8

12

16

4

33.3

18

24

6

33.3

10

24

14

140

14

14

0

0

16

19

3

18.8

105.1

112.0

*

6.9

6.6

94.2

109.3

*

15.1

16.0

72.3

112.3

40.0

55.3

85.0

97.0

*

12.0

14.1

72.6

84.3

*

11.7

16.1

right

368.7

384.8

16.1*

4.4

337.8

535.9

198.1

58.6

316.7

394.7

78.0*

24.6

339.2

332.6

-6.6

-1.9

476.5

402.1

-74.3

-15.6

left

290.4

451.6

161.2

55.5

324.6

456.7

132.1

40.7

374.6

360.1

-14.4

-3.9

334.9

360.1

-14.4

-3.9

491.1

452.7

-38.5

-7.8

204.0

*

177.3

*

4.0

160.6

192.4

31.9

19.8

232.2

276.3

44.1

19.0

184.9

208.6

*

244.8

272.8

*

28.0

11.4

75

100

50

50

30s Sit to Stand (reps)
Predicted 1RM (kg)
Knee extension – peak force (N)

Hip extension – peak force (N)

right
left

183.7

20.3

216.6

187.4

50

75

DXA – ASM (kg)

29.0

30.3

1.29

DXA – sarcopenia index (kg/m2)

8.47

8.85

0.38

SF36 - health change

-29.2

11.0
-13.5

237.7

230.0

-7.7

201.6

245.5

44.0

50

50

4.4

26.0

27.3

1.27

4.5

7.91

8.29

0.38

-3.3
21.8

170.5

6.8

*

184.0

195.0

50

75

4.9

18.6

19.1

0.52*

2.8

22.6

23.4

0.79*

3.5

22.2

22.4

0.19*

0.8

4.8

7.09

7.29

0.20

2.8

7.57

7.83

0.26

3.4

7.34

7.41

0.07

1.0

º excludes prescribed home-training sessions Tue/Thur
* magnitude of change falls within the 95% CI of the BELL trial results
ε
> minimum clinically important difference
ǂ
outside the bounds of the 95% CI of the BELL trial results
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11.1

6.0

23.7

12.8

9.6

DISCUSSION

The findings of this study show that 16-weeks of kettlebell training had minimal effect on
improving the force profile and FTC profile of a hardstyle kettlebell swing in novice older
adults. Change in outcomes from the BELL trial, however, show that significant improvements
in health-related physical fitness were achieved without such improvements. These findings
indicate that, in contrast to the guidelines for prescribing resistance training for older adults
(236)

, there may be cases when resistance training can still provide clinically important benefits

when technique is not optimised, and without increasing risk of injury. Acquiring formal
training in hardstyle practice is still recommended for people training with kettlebells.
Healthcare providers without such training, might feel encouraged that older adults are likely
to see benefit from engaging in kettlebell training, irrespective of their technical proficiency
and the apparently limited capacity for swing kinetics, to be improved within a group-exercise
setting.
Our proposition that kettlebell swings could be an effective therapeutic exercise for the
management of symptomatic knee osteoarthritis (230, 352), appears to be supported by results of
the BELL trial

(431, 458)

. However, the results of this study indicate that symptoms can be

improved, independent of a change in peak GRF during swings. Over 60% of the total treatment
effect of non-nonsurgical interventions for knee osteoarthritis, have been attributed to
contextual effects (565), although this may also not be true of exercise-based interventions. There
is also evidence that personality traits of the healthcare provider, specifically when low in
neuroticism, might also significantly reduce the severity of complaints associated with chronic
diseases such as arthritis (566). This is consistent with the results of the BELL trial, in which the
instructor’s personality (low in neuroticism and volatility (567)) was reported by the participants
to have been a major factor in their engagement

(431)

. There is evidently more to the effective

management of osteoarthritic knee pain than changing kinetics. Kettlebell swings may be a
helpful therapeutic intervention for managing knee osteoarthritis, but they are unlikely to be a
panacea when used in isolation.
The ballistic hardstyle swing is believed to increase hip extension power (50). In this study,
the 11.2% increase in RFD during swings was similar to the magnitude of change in isometric
hip extension RFD reported in the BELL trial

(458)

. It remains a feasible association, but

causation cannot be established from these data. The absence of a significant change in lower
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limb power, and only small changes in hip and knee extension RFD in the BELL trial, suggest
that kettlebell training may not be the most effective means of improving these qualities among
older adults, for whom this measure is clinically important e.g., individuals at higher risk of
falls. Analysis of paired data in this study, show large improvements for some participants in
each of the kinetic measures, but negative changes for other participants. Further investigation
is required to identify the factors which lead to someone being a responder or non-responder to
kettlebell training. The potential association between swings, lower limb power, and falls risk,
remains a valid hypothesis and should be tested under fair conditions.
It was encouraging that mean swing cadence post-training was approaching the idealised 40
SPM reported in hardstyle studies (230), and which is typically seen in practice. An increase of
almost 4 SPM with the 12 kg kettlebell, is sufficient to explain the small 2 N.s-1.kg-1 increase in
RFD, however, the absence of a significant corresponding increase in peak GRF, was
surprising. In proficient swings, there is a very strong positive correlation with kettlebell mass
and peak GRF

(258)

, thus, GRF had been expected to increase following training. A distinct

movement strategy previously reported in novice older adults, of actively flexing the shoulders
to ‘lift’ the kettlebell during its upward trajectory (352), appears to have persisted for some of the
participants; it was expected that this would have diminished or been eliminated with training.
Results from pre-intervention data

(352)

, indicated the potential for participants to

approximately double the magnitude of net ground reaction force, and rate of force development
during a swing. A mediator, proposed to influence the difference in magnitude of ground
reaction force and rate of force development between a novice and proficient swing, was
technique. With participants performing several thousand repetitions of the swing during
intervention, improvements in technique were expected, thus corresponding improvements in
force and rate of force development were also anticipated but did not occur.
Although it is easier to ‘swing’ a heavy kettlebell, e.g., >32 kg, upwards than to ‘lift’ it, the
potential benefits for older adults performing heavy swings remain unclear, and may be
outweighed by the potential risk of harm. Additionally, the potential benefits for younger people
of performing swing with very heavy kettlebells, e.g., > 48 kg, have also not been established.
Results of this study indicate that 3-4 months of group-based and online training, is unlikely to
be sufficient to improve proficiency of the hardstyle swing, in novice older adults, and a more
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tailored approach focused on training principles

(526)

would likely be required for significant

improvements to occur.
The hardstyle kettlebell swing is a ballistic exercise of the lower limbs. Force acting on the
kettlebell is transmitted through a stiffened trunk and straight but relaxed upper limbs. It could
be argued that greater upper body activity to ‘lift’ the kettlebell, the factors which hardstyle
training seek to reduce or eliminate, could be beneficial in some cases. Older adults need to be
able to bend, carry, and lift objects during activities of daily living (ADLs). Typically, these
tasks, such as lifting a heavy basket of washing from the floor, would not be performed rapidly,
thus it could be argued that the ideal hardstyle swing may provide less carryover to ADLs for
older adults. In this instance, emphasising a ‘lifting’ pattern during a kettlebell swing may
provide greater carryover to ADLs.
What McGill and Marshall

(129)

describe as street wisdom, suggests that a large proportion

of ground reaction force during a hardstyle swing is in the forward horizontal direction. This
belief is inconsistent with the data (126, 258, 352). It was surprising that the magnitude of forward
force only significantly increased with the lightest kettlebell, 8 kg, and decreased with the 16
kg kettlebell. It remains unclear whether there is any benefit in trying to increase the magnitude
of horizontal force during a hardstyle swing.
It is likely that the participant’s swing proficiency could have been improved under different
training conditions. Due to the limitations of a group-based design, and the large variation in
physical capacity within the participants, accumulation of training load volume was prioritised
ahead of optimising technique. As a result, participants received less instruction around
technique than would typically be seen in hardstyle practice. Nonetheless, given the instruction
that was provided, daily training, and the high number of repetitions performed over a fourmonth training period, noticeable improvements in FTC profiles had been expected.
The FTC profile of a proficient hardstyle swing is characterised by a tall, single narrow force
peak, closely followed by a second distinct force peak of smaller magnitude, with negligible
change evident between 8 and 24 kg

(258)

. Using FTC profiles as a proxy for hardstyle swing

technique, it was surprising, although consistent with the kinetic data, that most of the
participant’s FTC profiles did not show more of the characteristics of a proficient swing profile.
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This provides further evidence that the potential effects or benefits of the hardstyle swing might
be achievable without improvement in technique.
Progressive resistance training improves leg extensor strength with moderate to large effect
in older adults (568). Contrary to claims that the hardstyle kettlebell swing increases lower limb
power

(50)

, a recent meta-regression shows that explosive movements may be no better than

strength training for improving RFD in older adults

(256)

. The reported effect of resistance

training on improvements in RFD is 14.4-35.5%. Following the BELL trial intervention, change
in hip extension RFD was 6.7-12.7%, and knee extension slightly higher at 17.4-19.1%

(458)

,

both findings below the expected mean of 26.7% from random effects modelling of previous
studies (256).
The trivial to small changes in RFD, reported in the BELL trial, did not, however, translate
to a significant change in relative lower limb power, measured during sit-to-stand performance,
or absolute lower limb power, expressed as vertical jump height

(458)

. There was however, a

significant 23% increase in the number of 30-second sit-to-stand repetitions; a similar effect to
that reported in a meta-analysis of jump training in older adults

(569)

. Distinct kinematic

differences between novice and expert hardstyle swing have previously been reported (258), thus
proficiency must be considered when interpreting data from novices. As such, these findings
are only weak evidence that the hardstyle swing has negligible or no effect on improving lower
limb power.
Large significant increases in peak GRF during deadlifts were unsurprising. Participants
reported feeling stronger and more confident lifting heavy objects following training (431), which
is sufficient to explain the observed change in this study. Increased confidence and decreased
hesitancy in initiating movement, could account for an increased rate of acceleration, of the
kettlebell being lifted from the ground. A recent meta-analysis, of exercise training on handgrip
strength in healthy community-dwelling older adults, over 60 years of age, showed only a small
pooled transfer effect of 0.28 (SMD)

(384)

. This limited effect was explained by a lack of

specificity and insufficient training volume (training sessions too infrequent and duration too
short). The mean difference in the BELL trial was larger than all of the 24 studies included in
the meta-analysis by Labott et al (384).
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The reported effect in another meta-analysis, of resistance training on improvements in
muscle strength, was 13.7-23.3%

(256)

. In the BELL trial, the effect on 1RM was an

improvement of 23.3% (458). These results show that kettlebell training has a considerably larger
effect on grip strength, than other exercise programs typically prescribed for older adults, and
improvements in 1RM from kettlebell training can be expected to meet, or exceed, those of any
other form of community-based resistance training program for older adults.
Results of the BELL trial show a strong positive correlation in external training load volume
and arbitrary training units over time (458), with all participants recording a very hard or maximal
effort sRPE on the final day of the intervention. Although training volume remained high,
participants did not have access to heavy kettlebells after the transition to home-only training
at the end of week six. In addition, the rate of supervision dropped from 60% to 26% due to
COVID-19 restrictions, which prevented continuation of face-to-face training. As supervision
and intensity both significantly affect outcomes (443, 570), it is likely that greater improvements
could have been achieved with more supervision, and continued access to heavier kettlebells.
Additionally, a group-exercise format was not an ideal fit for some of the participants with the
highest and lowest physical capacity, with smaller class sizes recommended (431). Furthermore,
individually tailored programs are also likely to facilitate better clinical outcomes in some cases
(564)

. Group-based training provides psychosocial benefits and fosters high rates of engagement;

thus, program design and delivery is an important consideration in meeting the diverse needs
of older adults.

9.7

LIMITATIONS

This study is not without limitations. Firstly, participants >70 years of age were excluded
from the study due to COVID-19. Results from a sample size of 5 females and 5 males therefore
may not be an accurate representation of effects for all participants in the BELL trial. Secondly,
the participants were otherwise healthy older adults. Results should not be generalised to
different populations without due consideration. Thirdly, rate of force development should be
interpreted with caution. In the absence of concurrent video analysis, calculation of RFD from
force-plate data is subject to interpretation, which reduces reliability. Finally, ground reaction
data from hardstyle swings cannot be generalised to the double knee-bend swing (kettlebell
Sport) or overhead (American) swing which are kinematically different (117, 130).
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Given that differences in force-time profile during the hardstyle swing, have previously been
attributed to technique, these findings should not be used as evidence that technique is not
important, or does not influence outcomes, as the findings of this study might be explained by
the group-based study design, rather than the mode of exercise. For some populations, in some
cases, it may be more beneficial for the individual to simply accrue training load, instead of
prioritising adopting all the tenants of hardstyle swing technique. A proficient swing can be
determined from an FTC profile, but the utility of these, in clinical practice, is unclear and likely
of little benefit to healthcare providers. Motion analysis, either by visual observation or by slow
motion video capture, remains the best means for trainers and coaches to assess swing
proficiency, and a helpful tool for providing instruction.

9.8

CONCLUSIONS

In conclusion, moderate to high-intensity group-exercise using hardstyle kettlebell training
can promote healthy ageing in older adults, however, these benefits appear not to be dependent
upon an ideal swing technique. Negligible improvement in swing performance was observed,
following a four-month program of training five days a week. Insufficiently active older adults
can attain the health benefits of kettlebell training, despite their swing technique, rather than
because of it, with little evidence that striving to optimise technique, will provide additional
benefit for the outcomes which are clinically important or meaningful. Further research is
warranted, to investigate the effects of kettlebell training with older adults using single case
experimental designs, to address individual needs, and better understand the relationships
between hardstyle techniques and clinical outcomes of interest.

9.9

PLAIN LANGUAGE SUMMARY

Sixteen weeks of kettlebell training had negligible effect, on the force parameters of the
hardstyle kettlebell swing, in novice older adults. Optimising swing performance does not
appear to be necessary for kettlebell training, to elicit significant improvements in health-related
physical fitness, among community-dwelling older adults. Improvements in health-related
physical fitness in older adults, appears to be influenced by training load volume, exercise
intensity, and high rates of engagement, and largely unrelated to improved hardstyle technique.
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9.10 REVIEW
The aim of this final study in the thesis, was to measure change in the force profile of a twohanded kettlebell swing following the BELL trial intervention. Large significant changes in the
participant’s kettlebell swing force profile were expected, but they did not occur. The
qualitative results presented in Chapter 7, combined with the significant improvements in
outcomes presented in this Chapter, do not support a biomechanical hypothesis, that the
kettlebell swing might be an effective intervention for reducing osteoarthritic knee pain,
because of ground reaction force. Chapter 10 discusses the findings from each of the studies
presented in this thesis, and how they might be used by healthcare providers, using group-based
kettlebell training to promote healthy ageing.
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CHAPTER 10
GENERAL DISCUSSION

“Don’t let what you can’t do, stop you from doing what you can do”.
John Wooden
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10.1 PREFACE
This final chapter summarises the main findings and contributions to evidence from this
body of research. Strengths and limitations are identified, and implications for communitybased healthcare providers discussed. Directions for future kettlebell research with older adults
are highlighted, including opportunities related to the following areas: health-related physical
fitness, single case experimental design studies, knee osteoarthritis, sarcopenia, osteoporosis,
and falls risk.
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10.2 SUMMARY
The aim of the thesis was to test the feasibility and effectiveness, of group-based kettlebell
training to promote healthy ageing, in insufficiently active community-dwelling older adults.
Experimental studies, including a 6-month pragmatic controlled trial, were conducted on areas
identified to be lacking, with the intent to contribute new and clinically meaningful research to
the fields of kettlebell training and healthy ageing, with results intended to influence
community-based healthcare providers, and industry stakeholders. The studies within this thesis
were aligned with the following research questions:
1. What evidence is available to guide the therapeutic use of kettlebells in healthcare?
2. What is the force profile of a kettlebell swing?
3. What are the effects of training on grip strength, health-related physical fitness, and
quality of life in older adults?
4. Is kettlebell training enjoyable for older adults, and sufficient to increase physical
activity?
5. How does the kettlebell swing force profile change with training?
A scoping review was conducted to identify what is currently known about the effect of
kettlebell training, and to highlight areas for further investigation. A force profile of a proficient
kettlebell swing was presented, which provided valuable reference data of the two-handed
hardstyle swing, performed by a Russian Kettlebell Challenge instructor, using 8-68 kg
kettlebells. This was followed by presentation of normative data of the kettlebell swing,
performed by novice older adults. Combined, findings of these force profiles enabled theories
influencing current practice to be challenged, provided valuable insight about the physical
capacity of participants entering the BELL trial, and gave a baseline against which change with
training could be measured.
A pragmatic controlled trial was conducted, with 29 insufficiently active older males and
females, commencing a 16-week program of moderate to high intensity, high volume training,
performed 5 days a week. Change in grip strength and measures of health-related physical
fitness, compared to control, showed there were no non-responders. Clinically significant
improvements in grip strength, exceeded all 24 trials, included in a recent meta-analysis of the
effects of exercise training on handgrip strength in older adults
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(384)

, with participants

maintaining an attendance rate over 90%. These results were achieved despite considerable
disruption with COVID-19 restrictions.
A qualitative study explored participant’s experiences, to ascertain the impact of the
intervention on self-efficacy, control beliefs, self-management skills and enjoyment, with
results showing that group-based kettlebell training can be psychologically enjoyable and
rewarding. A multiple-case study reported incidental findings found in two participants with
osteoporosis, showing clinically significant increases in bone mineral density, sufficient to
advance the status of one participant from osteoporosis to osteopenia. Finally, a follow-up
investigation of the participant’s kettlebell swing force profile revealed negligible change in
swing performance, discordant with significant individual changes observed the BELL trial
outcomes.
This following discussion includes the key findings, strengths and limitations, implications
for clinical practice, and directions for future research of this body of work.

10.3 DISCUSSION OF MAIN FINDINGS
The studies contained within this thesis focussed on two areas relating to kettlebell training:
i) effects on grip strength and health-related physical fitness, and ii) older adults’ experiences
participating in group-based training. The findings suggest that, a) with a high degree of
certainty, moderate to high intensity kettlebell training has a large positive effect on grip
strength, in insufficiently active older adults, b) significant improvements in cardiovascular
capacity, muscular strength and endurance, functional capacity, and body composition are also
likely to occur, and c) group-based training provides a rewarding social connection; it can be
fun, enjoyable, motivating, improve resilience, self-efficacy, and functional ability.
Findings from the peripheral studies to the BELL trial, suggest that group-based kettlebell
training can, a) promote bone health in older people with osteoporosis and osteopenia, b)
increase muscle mass sufficient to positively influence sarcopenia, and c) changes in intrinsic
capacity and functional ability are not dependent upon mastering the hardstyle swing.
The first scoping review of kettlebell research, contained within Chapter two, aimed to
synthesise the evidence to guide healthcare providers using kettlebells within a clinical
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therapeutic framework. The review identified two longitudinal trials of kettlebell training in
older adults with clinical conditions, but no trials in otherwise healthy older adults to promote
healthy ageing. This review demonstrated that there is insufficient clinical research available
on this topic to inform and guide healthcare providers working with older adults, highlighting
the need for further research of higher quality design. The review also failed to identify any
studies which tested feasibility of a pragmatic training approach to increase physical activity,
among community-dwelling older adults. As the proportion of inactive older adults in society
continues to increase, and with it, the burden of noncommunicable disease and functional
dependence, there is a considerable gap in the evidence for the most effective means of helping
older adults meet physical activity guidelines.
.
The pragmatic controlled trial, described in Chapter six, was conducted to compare 12 weeks
of moderate to high-intensity training, to 12 weeks of usual activity. The results of this trial
showed that group-based hardstyle kettlebell training was well tolerated, with large clinically
meaningful improvements in grip strength, and significant improvements in estimated VO2max,
6-minute walk distance, 1RM deadlift, hip and knee strength, 30 second sit-to-stand
performance, 5-times floor transfer, and lean muscle mass. Additionally, there were no serious
adverse events and the attendance rate was over 90%.
A high quality randomised controlled trial typically provides sufficient evidence of a causal
relationship between intervention and outcome. The BELL trial, as a pragmatic controlled trial
with a single group, provides a lower level of evidence of a causal relationship between
kettlebell training and the reported outcomes. However, using the modified Bradford Hill’s
criteria

(571)

, the BELL trial provides sufficient direct evidence to determine that the

probabilistic association between kettlebell training and the primary outcome i.e., grip strength,
is a causal relationship and not spurious. Furthermore, the size of effect is sufficiently large to
swamp any combined effect of plausible confounders, with sufficient mechanistic and parallel
evidence to support this conclusion.
The qualitative study, included in Chapter 7 of this thesis, reported participant’s experiences
of the BELL trial intervention. Participants described feeling fitter and stronger, with increased
self-confidence, and an improved sense of agency. Participants reported increased incidental
physical activity outside of training, with improved functional capacity i.e., activities of daily
living were much easier to perform. Participants living with chronic health conditions also
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described significant improvements in pain and function, and an improved quality of life,
relating to the reduction or abolishment of unwanted symptoms. Although the management of
persistent musculoskeletal pain in older age is both complex and challenging, these findings are
consistent with recommendations that exercise and physical activity, should be the foundation
of nonpharmacologic interventions

(572)

. Participants said the training load volume and high

intensity was hard, but enjoyed overcoming their physical challenges, describing an increased
resilience and self-efficacy. The camaraderie of group-based training provided a rich and
rewarding social connection, that was fun and enjoyable, which had contributed to the
participants pushing themselves harder than they would otherwise have done on their own.
Another focus of this thesis has been the force profile of the kettlebell swing; its effects
believed to be associated with technique and proficiency. The proficient swing profile,
contained within Chapter 3, adds to and aligns with, previous kinematic data from Back et al
(118)

showing distinct differences between expert and novice. The force profile of novice older

adults, presented in Chapter 4, illustrates distinct movement strategies; using the upper limbs
and trunk to ‘lift’ rather than swing the kettlebell through its upward trajectory. It also shows
the magnitude of difference in ground reaction force, between expert and novice. It was
proposed that increasing ground reaction force by changing technique, without adding further
external load, could be a therapeutic target for healthcare providers working with older adults.
The difference in magnitude of net ground reaction force, between expert and novice, was
approximately double, and was proposed to represent a large potential therapeutic window of
opportunity.
The third study of swing force profile, contained within Chapter 9, shows that the training
intervention had, surprisingly, negligible effect. Due to the apparent lack of association between
the participant’s kettlebell swing force profiles, and the significant improvement in trial
outcomes, we reject the hypothesis that ground reaction is specifically related to improvements
in pain and function associated with knee osteoarthritis. The specificity of a hardstyle swing
appears to be less influential than frequently described in the literature, and improving measures
of health-related physical fitness, does not appear to be associated with improving swing
performance, at least among novice older adults.
The final part of this thesis presents clinically meaningful changes in bone mass in two
participants with osteoporosis. With a moderate degree of certainty, the findings contained
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within Chapter 8, indicate that kettlebell training is likely to promote bone health, in older adults
with low bone mass and an increased risk of fracture.

10.4 STRENGTHS AND LIMITATIONS
To the author’s knowledge, the studies included in this thesis are the first to address each of
the respective research questions and the aim of this project. The review, which adhered to
PRISMA-ScR guidelines, was peer-reviewed, and published in the Quartile 1 journal BMC
Sports Science, Medicine and Rehabilitation. Further studies involving kettlebells have been
published since completing the review. To the best of our knowledge, they are unrelated to this
body of work, and do not significantly change the conclusions reached by the review. The two
primary studies from the clinical trial have been accepted for publication by BMC Geriatrics,
with the four peripheral studies published as pre-prints.
The trial was prospectively registered with the Australian New Zealand Clinical Trials
Registry prior to commencement of participant enrolment, minimising reporting, and selection
biases. The protocol was published to the Open Science Framework prior to registration, with
the protocol, quantitative, and qualitative manuscripts, each adhering to their respective
reporting guidelines: SPIRIT, CONSORT and COREQ, respectively.
Pragmatic trials are designed to investigate whether the intervention works in clinical
practice, rather than how it works i.e., real-world effectiveness of an intervention

(289-294, 573)

.

The PRECIS-2 score of the BELL trial was 39/45, indicating high external validity. External
validity was further enhanced, with an intervention which had previously been used in a
community-based primary care setting. Pragmatic trials, which investigate interventions in the
environment where the intervention is intended to generalise, bridge the gap between
translational research and frameworks, such as the World Health Organisation International
Classification of Functioning, Disability and Health, and have considerable clinical and societal
relevance.
The real-world evidence presented in this thesis, provides stakeholders with useful data
regarding group-based kettlebell training e.g., its feasibility, safety, effectiveness, resources,
programming etc. The intervention has been described in detail in the exercise reporting
template (CERT). This facilitates increased clinical uptake, enables research replication, and
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improves patient outcomes. Additionally, generalisability of the pragmatic design, is enhanced
by the heterogeneous population.
The use of linear mixed effects modelling, further increases confidence, that the results can
be generalised to a similar population of community dwelling older adults

(574)

. The trial was

powered to provide a 95% probability of avoiding a type II error, with sufficient evidence,
based on the revised Bradford Hill’s guidelines, of a causal rather than spurious relationship
between kettlebell training and grip strength. There is a high degree of confidence, that the
intervention has a large, clinically meaningful effect, on the primary outcome.
Validated clinical field tests provide rich and clinically meaningful exploratory data, to
frame future research and explore new hypotheses. The presented data are clear to interpret,
facilitating an easy translation into practice and policy, with thresholds for practical importance
in patient care, clearly stated. Reporting of absolute and relative change, consistent with
CONSORT recommendations, avoids misrepresentation of the results. All outcomes stated in
the trial protocol, including adverse events, have been reported, thereby minimising potential
reporting bias. Loss to follow-up and missing data is also minimal, indicating low risk of bias.
The three laboratory studies in this thesis are based upon the observation and recording of
5,832 swings, performed by 63 people, with an age range spanning four decades, using 17
different kettlebells. This large volume of data, interpreted from the perspective of an expert
practitioner, increases confidence in the findings and conclusions.
COVID-19 had a considerable impact on the BELL trial. Half of the training intervention
had to be delivered remotely, with face-to-face group training discontinued beyond week 6.
Additionally, close-contact restrictions severely limited final data collection. Participants under
70 years of age were unable to complete all secondary outcome measures, and participants over
70 were only permitted to complete 2/14 secondary measures. Despite the considerable
disruption and the psychological impact of the emerging pandemic, disproportionately affecting
older adults, the participants far exceeded all expectations of what they would be able to achieve
training at home independently. The clinically significant improvements, and overwhelmingly
positive experiences reported, were a testament to the potential of the intervention.

261

As an indication of the level of interest in the BELL trial project, metrics for the six preprints included in this thesis, show > 10,000 Abstract views and >2,000 PDF downloads in the
six months to November 2021.
Despite the strengths of this thesis, it is not without limitations. The benefits of a pragmatic
design may also be considered its limitations, notably the lack of randomisation and blinding,
and the absence of a placebo-controlled group. Biases attributed to the provider and participant
are not typically regarded as detrimental in a pragmatic design, and are therefore included in
the overall assessment. While pragmatism has been characterised by an attitude toward, rather
than a characteristic of a trial’s design, it is not synonymous with a laissez-faire approach to
conducting a trial.
Multiplicity. The large number of outcome measures raises the probability of false-positive
results; this is compounded by the data being collected at multiple time points. The study was
powered to detect change in the primary outcome - grip strength. Secondary outcomes are
insufficiently convincing and provide only supporting evidence.
Recruitment/Response bias. Although the results are sufficiently valid and precise to be
generalisable to a similar cohort of insufficiently active community-dwelling older adults,
participants had volunteered in response to an advertisement. Participants were evidently in an
‘action’ stage of change, having acknowledged that their behaviour toward exercise needed to
be different, and were psychologically prepared to make a commitment to a new program. The
same outcomes may therefore not be achievable in those individuals at a difference state of
change.
Observer bias. The researcher recruited the participants, designed, and delivered the
intervention, collected, analysed, and reported the data. Therefore, the same outcomes may not
be recorded by another observer under different test conditions.
The instructor. It was evident from the qualitative study, that the role of the instructor had
been significant in how the program had been delivered, and how the participants had engaged
with the trial. The magnitude to which the instructor is a potential moderating factor in the
outcomes reported is unclear. This may limit generalisability of the findings to other
community-based healthcare providers.
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10.5 CLINICAL IMPLICATIONS
The research conducted in this thesis has the potential to positively and immediately impact
the lives of community-dwelling older adults. The BELL trial demonstrates that communitybased healthcare providers can use group-based kettlebell training to promote exercise among
older adults, to encourage social engagement, and to increase older adults’ functional reserve.
With minimal barriers to entry, group-based kettlebell training is low cost, easy to deliver, safe
and effective, with very high rates of attendance, even when training five days a week. With
appropriate instruction, guidance, and support, older adults can safely perform kettlebell
exercises independently at home, to increase minutes spent active each week, improve sense of
agency, and promote positive behaviours toward and a healthy relationship with exercise. These
findings are consistent with recent practical recommendations for navigating common barriers
to engaging older adults in using resistance training (351).
A qualitative study of the BELL trial shows that older adults enjoyed the rewarding social
connection of group-based kettlebell training. Participants reported significant improvements
in their physical capacity and mental health, describing the program as fun, enjoyable, and
motivating. Kettlebell training improved the participant’s physical capacity and resilience,
leading to fewer concerns about hurting themselves, and increased participation in, and
engagement with, exercise and activities of daily living. For many, the self-schema as an old
person was replaced with one in which they saw themselves as confident and robust.
For physical activity to increase on a population level, healthcare providers will likely need
to adopt a different paradigm; one of positive psychology and health coaching, instead of the
typical disease-focused kinesiopathological ‘expert approach’ i.e., what’s wrong, and what
people cannot or should not do.

(55, 575)

. Health messages highlighting the harms of inactivity

and benefits of exercise, have not worked

(53)

. The goal of health coaching is to support an

individual with a health behaviour, with the endpoint that the individual becomes autonomous,
and intrinsically motivated to continue the behaviour independently. Even small changes in
physical activity can have meaningful improvements in disease burden and cost (576). Shifting
attention to the person’s positive emotions and what they can do, and connecting them to their
strengths and their vision of a life most worth living, is likely key to helping inactive individuals
learn to thrive (55). Tavoian et al (577) recommend a pragmatic approach, emphasising a single
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exercise strategy with the greatest overall effect, that maximises health benefits for older adults.
Perhaps a kettlebell is the solution we’ve been looking for!

10.6 FUTURE RESEARCH DIRECTIONS
Health-related physical fitness. Future research should test the association between
kettlebell training and each of the significant secondary outcomes reported in the BELL trial,
to establish whether the relationship observed in this thesis is causal or spurious for: VO2max,
6-minute walk distance, 1RM deadlift, hip and knee strength, 30 second sit-to-stand
performance, 5-times floor transfer, and lean muscle mass.
Single case experimental design (N-of-1) trials. Findings of the BELL trial indicate that
sub-groups of high and low performing individuals would likely see greater effects from 1-on1 programming and support. Low physical performance may be influenced by a myriad of
factors, including but not limited to, physical disability, medical and musculoskeletal
conditions, kinesiophobia, maladaptive beliefs and persistent pain. Future research, using N-of1 designs, should test the effects of kettlebell training for common musculoskeletal conditions
seen in musculoskeletal primary care settings e.g., Physiotherapy, Osteopathy, Chiropractic,
and Exercise Physiology.
Knee osteoarthritis. Future research should test the effects of kettlebell training in the
management of symptomatic knee and hip arthritis. Results presented in this thesis suggest that
reductions in pain, from participating in kettlebell training, may exceed the average 36%
reduction expected from the 6-week GLA:D® program(578), with participants in the BELL trial
also reporting meaningful improvements in joint confidence.
Sarcopenia. Future research should investigate the effects of kettlebell training, for treating
sarcopenia, with a focus on the type of exercise and dose. It could be hypothesised that kettlebell
exercises using heavier kettlebells, would be more effective, more time-efficient, and easier to
perform, than the more technically challenging exercises which require lighter kettlebells e.g.,
a program of deadlifts, loaded carries and goblet squats, should be more effective than one
containing overhead presses, snatches and Turkish get-ups.
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Osteoporosis. Future research should measure the effects of kettlebell training, for
promoting bone health in people with very low bone mass. Incidental findings presented in this
thesis show clinically significant increases in bone mass, following the BELL trial intervention
for two individuals with osteoporosis. An appropriately designed randomised controlled trial is
required, to establish the nature of the relationship between the intervention and effect.
Risk of falls. Future research should measure the effect of kettlebell training, on balance and
risk of falls. It was hypothesised that kettlebell training would improve balance, but the results
were mixed. Quantitative data presented in this thesis show no significant change in quiet
standing balance, however, the qualitative data shows dynamic balance improved in multiple
cases. With mechanistic and parallel evidence to support a causal hypothesis, an appropriately
designed randomised controlled trial is required, to measure the effect of change in dynamic
balance in individuals at increased risk of falls.

10.7 THESIS CONTRIBUTIONS
This thesis has made significant contributions to the research literature on hardstyle
kettlebell training and exercise in older adults. Increasing physical activity and functional
capacity among older adults is a key focus of healthcare providers and other stakeholders. The
clinical research included in this thesis showed that hardstyle kettlebell training, is a feasible
and effective mode of group exercise for older adults, that could be delivered in the community,
with minimal barriers to entry. The included research also suggests that group-based kettlebell
training is a socially and psychologically rewarding mode of exercise for older adults, that can
have very high rates of engagement. With appropriate training and skills, this knowledge can
help community-based healthcare providers design and deliver, similar programs and allow
policy makers to consider increased funding, to support such initiatives. This body of work has
presented an evidence-based strategy, which can be implemented through a large pre-existing
network of healthcare providers, to address the demands and numerous challenges, associated
with an increasing proportion of insufficiently active, older adults in society. Group-based
kettlebell training is an ideal prophylactic for ageing, and recommended for healthcare
providers and health-coaches working with older adults.
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APPENDIX 18: TRAINING PROGRAM
Warm-up sequence: https://youtu.be/6iLRvW-yQbE
Week 1
o Day 1 - (10/2/20)
 Farmer’s carry - 2 bells (5 rounds) approx. 150m
 Deadlift x10, 2H-swing x10, rows x10 (4 rounds)
o Day 2
 Wall-assisted TGU, x10 each side: https://youtu.be/G8FI6mu2IYk
o Day 3 - (12/2/20)
 2x 30s holds in quadruped
 1H-swings 20+20, (3 rounds)
 squat & press 10+10, (2 rounds)
 Push-ups (1 round)
 shoulder mobility drill – prone with KB
o Day 4
 x25 cleans each arm
o Day 5 - (14/2/20)
 Unloaded TGU with foam pad (prop)
 Deadlift (ladder to find max comfortable weight for >1 rep)
 Snatch practice from - drop & catch
 Deadlift (max reps to 7/10 RPE at max weight with 2 bells)
 x10 2H swings, (2 rounds)
Week 2
o Day 1 (17/2/20)
 Unloaded TGU
 Snatch practice (high pulls)
 Goblet squat (3 rounds)
 Swing, Clean, Press x10
 Swing x10, Clean x10, Press x10
o Day 2
 As many 8kg swings as possible
o Day 3 - (19/2/20)
 4-min carries
 2-handed swing drill with foam roller (example: http://ow.ly/ksoN30rKrWF)
 Complex:
 10x 2H swing, 10+10 1H swing, Curl x10, Squat x10
 8x 2H swing, 8+8 1H swing, Curl x8, Squat x8
 6x 2H swing, 6+6 1H swing, Curl x6, Squat x8
 4x 2H swing, 4+4 1H swing, Curl x4, Squat x4
o Day 4
 x20 single leg deadlifts (unloaded)
https://www.youtube.com/watch?v=65WtVDlt4c8
o Day 5 - (21/2/20)
 Bear crawls
 Deadlift ladder
 100 swings: 5min
 Press (5+5) + get-up
Week 3
o Day 1 - (24/2/20)
 Swing, high-pull, snatch - 5+5+5 pause – 5 rounds (150 reps)
 2H swing + Deadlift - (25+20) (20+15) (15+10) – 1 min rest
 100 swings: 5min
o Day 2
 Stand + Press from sitting, x20 each side https://youtu.be/-cW8HnKG09w
o Day 3 - (26/2/20)
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Day 4


Staggered stance cleans (10+10) x3
Press/push-press (5+5) x3
Suitcase march (2x 20 steps - slow)

x20 split squat/lunge – 4 available options from unloaded with support to loaded
overhead without support.
 Level 1 https://youtu.be/Cbd6PjV7rEk
 Level 2 https://youtu.be/oBi8jJCFn8U
 Level 3 https://youtu.be/ES3dLr28oRk
 Level 4 https://youtu.be/hPScbrD0jFA
Day 5 - (28/2/20)
 2 handed swings (to test heaviest appropriate weight)
 Big 6 – set 1 (lunge of their choice in place of TGU)
 1 round - 2 rounds - 3 rounds - 2 rounds - 1 round
 Big 6 – set 2
 2 reps - 3 reps

Week 4
o Day 1 - (02/3/20)
 Complex (5 rounds)
 Deadlift - 10, 8, 6, 4, 2 at approx. 60% 1RM
 1-arm row – 2, 3, 4, 5, 6 reps
 Goblet squat – 2, 4, 6, 8, 10 reps
 Press – 10, 8, 6, 4, 2 reps
 2H swings 10, 10, 10, 10, 10 reps
o Day 2
 Bottom-up (3 options – standing, with side-step, with turn)
 Option 1: https://youtu.be/O98zfiCm6lM
 Option 2: https://youtu.be/Mz7eIGiJKKY
 Option 3: https://youtu.be/1aKtr6qVIyg
o




Day 3 - (04/3/20)
 Complex (3 rounds, option for 4)
 Seesaw press – 6, 8, 10 reps
 Double front (box) squat – 6, 8, 10 reps
 Single arm swing – 20, 20, 20 reps
 Deadlift ladder – 3, 4, 5 reps on each (20 – max)
Day 4
Push-ups
Day 5 - (06/3/20)
 Snatch practice only

Week 5
o Day 1 - (09/3/20)
 2-handed swing ladder (1-10-1)
 Snatch test – prep (60)
 Goblet squat ladder
 One-arm long cycle – 30/30
 Day 2
 Split squat options for modifications provided: target 30 each side
 Option 1: http://ow.ly/g6fJ30qohGi
 Option 2: http://ow.ly/k5X530qohGz
o Day 3 - (11/3/20)
 Max 5 rounds – in pairs at their pace
 1-arm row (5+5)
 Goblet squat (5)
 1H swing (5+5)
 Snatch (5+5)
 Deadlift (5)
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Day 4
 Goblet squat to chair (max) https://youtu.be/IIoPf9Htz-E
Day 3 - (13/3/20)
 100 swings: 5 mins
 PBs (their choice of exercise), with target reps
 1H swing (5+5)
 2H swing (x10)
 Clean (5+5)
 Snatch (5+5)
 Press (5+5)
 Push-ups (as many as possible, if possible)
 Bottom-up (able to balance only (no reps) on the strongest arm)
 Goblet squat (x5) – must be able to lift weight themselves
 Goblet squat (x25)

Week 6
o Day 1 - (16/3/20)
 2-handed swing (sideways) (4x 10)
 Complex – 5 rounds (1-2-3-2-1)
 Swing
 High pull
 Clean
 Squat
 Press
 Half lunge/split squat (rear-step), left and right
 Day 2
 Split squat options for modifications provided: target 30 each side
 Option 1: Push-press
https://youtu.be/0A8mapbpnZE
 Option 2: Strict press
https://youtu.be/kprCrEoNY0E
 Option 3: Snatch
https://youtu.be/NM_BwlPLV9s
 Day 3 - (18/3/20)
 100 swings: 5 mins - with prescribed weight
 PBs – with prescribed weight and some prescribed reps
 1H swing (5+5)
 2H swing (x10)
 Clean (5+5)
 Snatch (5+5)
 Press (5+5)
 Push-ups (as many as possible, if possible)
 Bottom-up (able to balance only (no reps) on the strongest arm)
 Goblet squat (x5) – must be able to lift weight themselves
 Goblet squat (x25)
 TGU (where possible)
 Day 4 (19/3/20)
 Loaded single leg deadlift
 Option 1: With support:
http://ow.ly/q1yT50yOLgl
 Option 2: Without support: http://ow.ly/vt3F50yOMgs
HOME TRAINING COMMENCED (abbreviated test session at BIHS due to COVID-19)
 Day 5 - (20/3/20)
 Complex – choice of 5 or 10 reps of each
 1. Staggered stance single arm deadlift
 2. Single arm swing
 3. Press (or push-press)
 4. Snatch
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Week 7
o Day 1 - (23/3/20)
 1. 10x deadlifts
2. 10x 2-handed swings
3. 5+5 one-arm rows
4. 10x goblet squats
http://ow.ly/z4rd50yW548


Optional changes
DEADLIFTS
1. Staggered stance
2. Single arm
3. Change reps
SWINGS
1. 1-handed swings
2. Change reps
ROWS
1. Change reps
GOBLET SQUATS
1. Change depth (use seat)
2. Two bells







Day 2 (24/3/20)
 The ‘Any ol’ get-up’: http://ow.ly/vweH50yW3yc
 In as many different ways as possible (no target set).
Day 3 - (25/3/20)
 20x deadlift + 1x floor transfer
15 seconds rest
 20x swings + 1x floor transfer
15 seconds rest
 Repeat (with 30s, 45s, 60s rest *if necessary*) until RPE = 8.
 Options:
If the weight isn’t heavy enough, do 1-handed deadlifts and swings
Day 4 (26/3/20)
 Arm bar
 Until the shoulder starts to fatigue
Day 5 - (27/3/20)
 300 swings
 300 swings a day challenge – their choice of swing accumulated
throughout the day

Week 8
o Day 1 - (30/3/20)
 ‘Kettlebell shuffle’:
http://ow.ly/8ZgT50z1J5v
 55 or 91 reps of deadlift, 2-handed swing, goblet squat and press
 Day 2 (31/3/20)
 Shoulder depression in long-sitting: https://youtu.be/4K3SACf8q1I
 Target: Accumulate 3 minutes throughout the day
 Day 3 - (1/4/20)
 Hang-snatch to thruster:
http://ow.ly/l4da30qu8hI
 Target: As many repetitions as possible in *30 minutes MAX*
 Day 4 (2/4/20)
 Bear crawl:
http://ow.ly/K1iS50z2EBE
 Target: accumulate 3 minutes of moving bear crawls in any direction.
 Day 5 - (3/4/20)
 ‘Kettlebell shuffle’: http://ow.ly/8ZgT50z1J5v
 55 or 91 reps of deadlift, 2-handed swing, goblet squat and press
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Week 9
o Day 1 - (6/4/20) http://ow.ly/hE5z50z5Dat
 Complex (1/5): Swing + Snatch + Press + Squat
 Max (RPE 8) on non-dominant arm  rest fully  repeat on dominant arm
 Day 2 (7/4/20)
 Complex (2/5): Swing + Snatch + Press + Squat
 Target: 1 more round each side with no rest between arms
 Day 3 - (8/4/20)
 Complex (3/5): Swing + Snatch + Press + Squat
 Switch arms every 2 rounds.
 Target: 2 more rounds (combined total)
 Day 4 (9/4/20)
 Complex (4/5): Swing + Snatch + Press + Squat
 Switch arms every round.
 Target: 2 more rounds (combined total)
 Day 5 - (10/4/20)
 Complex (5/5): Swing + Snatch + Press + Squat
 As many as possible! Switch at will
Week 10
o Day 1 - (13/4/20)
 40spm swing cadence: http://ow.ly/IWKu50zcjm8
 Start with an 8kg 2-handed, progressing with swing type (1 vs 2 hands,
towel and weight as able) only once 40spm cadence has been achieved
and comfortable.
 Day 2 (14/4/20)
 Loaded set-up – one set on each leg to failure: http://ow.ly/IWKu50zcjm8
 Participant’s choice of weight(s) and carry option: single or double
suitcase, single or double rack carry, single or double overhead carry,
asymmetrical carry
 Day 3 - (15/4/20)
 Turkish Get-up: http://ow.ly/6zBL50zeig6
 Practicing one or all transitions, with or without weight, depending on
capability for up to 30 minutes.
 Day 4 (16/4/20)
 Loaded single leg deadlift using a wall as a guide, either sliding the rear foot along
the floor or elevated, depending on capability – one set on each leg to failure:
http://ow.ly/73b650zewp3
 S
 Day 5 - (17/4/20)
 Skills selection – participant’s choice of 9 exercises:
 Alternating single-arm swing
Week 11
o Day 1 - (20/4/20)
 Complex of: row, swing, high-pull, snatch (option 2 only), clean & squat.
Increasing by 1 rep each side with each round, as many rounds as possible
 Option 1: http://ow.ly/Gowf30qyXYG
 Option 2: http://ow.ly/T2il30qyXYL
 Day 2 (21/4/20)
 Shoulder taps (high plank or on knees): http://ow.ly/qlqU50ziHM4
 As many as possible in one set
 Day 3 - (22/4/20)
 Complex: 7 or 9 (reps) - http://ow.ly/IDR550zk6E8
1. Single-leg deadlift
2. One-arm row
3. Dead clean (i.e. from the floor)
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4. Kickstand swing x5 then clean
5. Forward lunge (same side)
6. Backward lunge (same side)
7. Squat
8. Strict press (no leg drive)
9. Snatch
Day 4 (23/4/20)
 Kick through: http://ow.ly/FuQA50zl4Yb
 Target – 20 each side
Day 5 - (24/4/20)
 Complex – ‘buns of steel’: http://ow.ly/KxHr50zm6YM
 Single leg deadlift
 Row
 Dead clean
 Split squat
 Strict Press (optional)

Week 12
o Day 1 - (27/4/20)
 Volume load target (Within group range: 30-60% more than the average for the
previous 5 weeks)
 Day 2 (28/4/20)
 Push-ups; every minute on the minute. Technique: their choice of hands vs
knees, Time: their choice of 10 minutes or 5 minutes. Target reps: their choice of
5 or 10 (or whatever they can manage).
 Day 3 - (29/4/20)
 Volume load target (calculated as an approximate mid-way between Monday
and Friday’s values).
 Day 4 (30/4/20)
 Table top isometric hold
 For as long as possible.
 Day 5 - (01/5/20)
 Volume load target (Within group range: 10-290kg higher than current max load
for the trial)
Additional reference videos provided:
Goblet squat (heels elevated):
Clean:
Clean (mid-pull):
Clean (staggered stance - wall assisted):
Hand assisted clean:
Clean:
Clean:
Deadlift:
Snatch:
Snatch:
Snatch:
Get-up:
Two-handed swing:
Two-handed swing:
Barbell assisted push-ups:
KB sport examples
(women):
(men):
Clean & jerk

http://ow.ly/iIPr50yNopp
http://ow.ly/wbzu30qh62V
http://ow.ly/t0eS30qh63z
http://ow.ly/1LzM30qh64b
http://ow.ly/NXjc30qh62B
http://ow.ly/gHiF30qieaU
http://ow.ly/8Iot30qieb6
http://ow.ly/tQYP30qiebj
http://ow.ly/2o0d30qiebp
http://ow.ly/bmzg30qiecw
http://ow.ly/EoPt30qiecP
http://ow.ly/p9dO30qied2
http://ow.ly/Z3gV30qiebS
http://ow.ly/gWXo30qiedb
http://ow.ly/5g1X30qoxOs
http://ow.ly/eGjU50yNozk
http://ow.ly/Oyhh50yNoEA
http://ow.ly/7Zay50yNozR
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