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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 10 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 4 investigated kettlebell sport. Also included were 6 reviews, 22 clinical/expert
opinions and 3 case reports of injury. Two reviewers independently evaluated studies using a modified Downs &
Black checklist.
Conclusions: A small number of longitudinal studies, which are largely underpowered and of low methodological
quality, provide the evidence-informed therapist with 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 reported effects is warranted, with inclusion of clinical populations and investigations of
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.
Keywords: Scoping review, Kettlebell, Physiotherapy, Exercise

Background
History

The kettlebell is a round-shaped steel or cast iron
weight, commonly described as resembling a cannonball
with a handle [1]. In Russia, kettlebells are a matter of
pride and a symbol of strength, with a colourful history
throughout the twentieth 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 [2] and the
word girya (kettlebell) first appears in a Russian dictionary in 1704 [3], with excavations in Poland pre-dating
early kettlebells to the seventeenth century [4].
Kettlebell sport, also referred to as Girevoy Sport originated in Eastern Europe in 1948 [5]. The International
Union of Kettlebell Lifting World Championship held in
October 2018 attracted more than 500 competitors from
32 countries, testament to its popularity and growth.
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Kettlebell sport uses competition kettlebells of standardised dimensions made of steel, most commonly available from 8 kg to 32 kg in 2-4 kg increments. Kettlebell
sport techniques are the jerk and snatch in different
timed events.
Kettlebells described as ‘traditional’ in shape are typically made from cast iron, with dimensions increasing
with weight. 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 be largely attributed to Russian
émigrés former World Champion Valery Fedorenko, and
former Soviet Special Forces physical training instructor
and Master of Sport, Pavel Tsatsouline. Fedorenko
founded the American Kettlebell Club and Tsatsouline
the hardstyle Russian Kettlebell Certification (RKC),
which commenced training in 2001. Pavel has been
widely credited with introducing kettlebells to the West
[6] following a publication in the December 1998, Vol. 6,
No. 3 Issue of MILO A Journal For Serious Strength
Training Athletes. That was followed by Power to the
People [7] which outlines many of the training principles
used in Enter the Kettlebell [3], and remains the 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 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 [8] investigated
the VO2 and lactate effects from two weeks of dedicated
hardstyle kettlebell snatch training in a group of wellconditioned, kettlebell-trained college-age males. Jay’s
training protocols later described in Viking Warrior
Conditioning [9] and those from Enter the Kettlebell
represent the majority of study formats used to date.
Conceptual and contextual background

Exercise prescription is an integral part of Physiotherapy practice [10]. Prescription of exercise as
medicine for a broad range of chronic diseases and
for relieving pain and improving musculoskeletal
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function have been described [11, 12] with many at
least as effective as drug therapy [13]. The mechanisms of mechanotherapy in clinical practice have
been reported [14, 15], with an understanding of
mechanobiology of musculoskeletal tissues critical to
primary care [16]. Therapists 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.
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 [17].
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 [18].
In elite sport, there is a constant need to increase
strength, power and endurance, and the kettlebell has
become a part of that effort [19]. Kettlebells have been
used in strength and conditioning research and injury
prevention programs for mixed martial arts [20], handball [21], shot put [22], sprinting [23] and soccer [24]. In
clinical practice, kettlebells have been included in programs for lower limb amputees [25], metabolic syndrome in women [26], early treatment of breast cancer
[27], for osteoporosis and fall and fracture prevention
[28], home-based Physiotherapy with older adults showing signs of frailty and following hip fracture [29], for
healthcare workers [30] and in programs for improving
health-related physical fitness [31].
Military and law enforcement agencies train with kettlebells, reporting improvements in field performance
[32]. Kettlebells have been recommended as part of the
Royal Air Force aircrew conditioning programme [33]
and for simulated military task performance [34]. The
kettlebell deadlift has been recommended by the North
Atlantic Treaty Organization to be used alongside the
Ranger test, which is a loaded step test, deemed to have
excellent content validity and high inter-rater reliability
in relation to five common physically demanding military work tasks for soldiers [35].
Kettlebells have also been used to modify other common training protocols [36–38], and as a novel method
of providing valgus stress with good reliability, during
ultrasound examination of the ulnar collateral ligament
of the elbow [39]. University studies have investigated
kettlebell training, including analysis of the TGU [40],
for improving dynamic knee stability and performance
in female netball players [41], in anterior cruciate ligament (ACL) injury prevention among female athletes
[42], and for reducing work related musculoskeletal disorders of the low back [43].
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Whilst kettlebells have been adopted by popular fitness
programs such as CrossFit, the use of kettlebells remains
a relatively niche sport and knowing how to use a kettlebell is perhaps not as intuitive as the more popular barbells, dumbbells and machine weights. In spite of this,
kettlebells have been recommended for their ease of
teaching, cost effectiveness and being less intimidating
to use [44]. 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 known
about the effect of kettlebell training from published
academic research, with the objective to systematically
evaluate and critically appraise the literature and highlight areas for further investigation.
Kettlebell swing descriptors

The ‘hip hinge’ is associated with a deadlift movement
pattern and a hardstyle kettlebell swing. This has also
been described as a “Russian swing”, or a swing to chest
height. It can be performed with one or two hands holding the bell. The two-handed overhead swing is associated with a ‘squatting’ motion of the lower limbs, also
described as an “American swing” and most commonly
linked with CrossFit. The ‘double-knee-bend’ pattern is
associated with kettlebell sport.

Methods
A scoping review was conducted to synthesise current
evidence of kettlebell training as it applies to therapists
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.
Research question

What evidence is available to guide therapists using kettlebells within a clinical therapeutic framework?
Protocol

This scoping review was conducted by a single researcher (NM) using the PRISMA Extension for Scoping
Reviews (PRISMA-ScR): Checklist and Explanation [45].
A priori protocol was not developed.
Study design

The scoping methodology proposed by Arksey and
O’Malley [46] was used to map the concepts and types
of science-based evidence that exists on kettlebell training. The methodology was informed by later recommendations [47] and guided by the Joanna Briggs Institute
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framework [48, 49]. 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 team approach to study selection and data extraction, 4) chart the data incorporating numerical summary
and qualitative thematic analysis, 5) collate, summarize
and report the results, including the implications for policy, practice or research [50].
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 subject matter experts.
Eligibility criteria

The eligibility criteria were defined by the Population
(therapists 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. The absence of standardised reporting guidelines
(as recommended by the Enhancing the QUAlity and
Transparency Of health Research network), and style of
reporting from countries of the former Soviet Union,
were deemed incompatible for synthesis. The following
were also excluded from our review: books, patents, fitness articles, web pages, blogs and opinion pieces from
non-clinical or non-academic/clinical 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
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population, concept and context of the review and included but not translated. All levels of evidence [51]
were considered.
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 where
given, or calculated if enough data had been provided.
Cohen’s δ or standardised mean difference (SMD) were
used and magnitude of effect compared based on participant’s resistance training status: untrained, recreationally
trained or highly trained [52].
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 [53]. 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 4 categories for evaluation: reporting, external validity, internal validity/bias, and
internal validity/confounding [54]. 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
approach [55, 56].
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, gender,
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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Results
The literature search yielded a total of 829 citations
(Fig. 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. 1.
Publications by category Fig. 2.
Report characteristics (extent, range, nature)

The number of academic publications relating to the use
of kettlebells has increased steadily since 2009 (Fig. 3)
Sixty-eight (69%) of the publications were research studies, including 47 (70%) measures of acute training
response and 21 (31%) longitudinal investigations. Two
longitudinal trials involved clinical populations. Publications were categorised as ‘acute profiling’ [47], ‘Athletic
performance’ [11], ‘Health related physical fitness’ [9],
‘Injury & rehabilitation’ [4], ‘Opinion’ [22] or ‘Review [6]
(Fig. 4). Included in these were a Systematic Review, one
Clinical Review, four Brief/Narrative Reviews, and 3 case
reports from medical practitioners of injury attributed to
kettlebell training. Acute profiling studies, which represent almost half of the publications, were further categorised based on outcomes: ‘sEMG’ [11], ‘motion
analysis’ [6], ‘hormonal response’ [3], ‘cardiometabolic’
[16], ‘mechanical demand’ [6], ‘performance’ [2] or not
categorised [3] (Fig. 5).
Fifty-four experiments and trials (79%) used healthy
college-age participants, with participants in 62 studies
(91%) recreationally active. In fifty-five studies (> 80%),
participants were novices unfamiliar with kettlebell
training, and almost half (n = 33) explicitly used hardstyle techniques and/or training principles described by
Tsatsouline. Only 4 investigations (2 acute, 2 longitudinal) involved kettlebell sport. Of the 68 experiments
and trials, 43 were published in peer-reviewed journals.
The remainder were un-published conference presentations [5], Theses [9], Pilot studies [3], papers accepted
for publication [4], and University publications [4]. Results described herein as significant where reported with
p-values ≤0.05.
Acute profiling

Forty-seven studies of acute response to kettlebell training were identified. Thirty-nine (83%) involved healthy
college-age participants, 7 (15%) involved adults who
were not of college-age, and 1 study did not report participant age. Twenty-one (47%) involved only males, 5
(11%) involved only females, and 19 (40%) had males
and females. One study did not report gender. Only 1
study had participants who were not recreationally
active. In 34 studies (72%), participants were not
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Fig. 3 Number of academic publications by year involving kettlebells to February 1, 2019

Fig. 4 Kettlebell publications by category

Fig. 5 Acute profiling studies by category
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12 31.6 ± 8.2

St-Onge et al. (2018) [66]

F

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y
serratus anterior

trunk

lower limb

trunk + upper + lower
limbs

trunk + lower limb

deltoid + pec. Major

novice

novice

novice

squat + lunge
2H swing

hamstring

2H swing

Turkish get-up

2H swing

swing, clean +
snatch

2H swing

press

2H swing

bottoms-up carry

2H swing

Exercise

lower limb

gluteal + biceps femoris

proficient shoulder girdle

novice

novice

novice

novice

proficient hamstring

novice

novice

1H one-handed, 2H two-handed, 1RM 1 repetition maximum, OH overhead, abdn abduction, dbl. double

66.2 ± 7.4

16 23 ± 3

Zebis et al. (2013) [67]

M

76.0 ± 13.3

19 22.2 ± 1.1

Wu et al. (2019)

M/F

F

61.8 ± 8.79 (F) M / F
80.5 ± 10.0 (M)

72.4 ± 13.2

67.4 ± 9.6

M

Van Gelder et al. (2015) [58] 23 24 ± 1.97

21.4 ± 1.8

9

Rajala
et al. (2016)

85.53 ± 8.11

M/F

14 21.5 ± 2.03

Lyons et al. (2017) [65]

70.82 ± 7.2

24 22.5 ± 3.3

Lim et al. (2018)

M

M

M

Observing
(muscles /
Gender Active Kettlebell
region)
proficient
/ novice

21 21.4 ± 0.5 (F) 69.7 ± 20.4 (F) M / F
20.9 ± 0.7 (M) 79.2 ± 12.1 (M)

89.89 ± 19.72

91.8 ± 8.0

80 ± 8

Weight (kg)

Dicus et al. (2018) [64]

Del Monte et al. (2017) [63] 14 30.1 ± 3.9

33 22.2 ± 3.5

Caravan et al. (2018)

Age (yrs)

16 25 ± 6

n

Participants

Anderson et al. (2016)

Author

Table 1 Study characteristics investigating acute sEMG with kettlebell exercise

12

16

25% 1RM

4.5

4.5–32

20

8–16

hardstyle 12–16

other

other

hardstyle 8 (F) 16
(M)

other

other

hardstyle 3

other

hardstyle 16–48

other

other

Hardstyle Load
Sport
(kg)
‘other’

multiple

-

1H swing

none

OH swing

clean + snatch

multiple

dumbbell

squat swing + dbl. knee
bend

deg. of abdn

1H swing

Comparator
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5

4

1

Oikarinen et al. (2016)a [69]

Ross et al. (2015) [70]

Silva et al. (2017)b [71]

M

thesis, bconference paper, 2H two-handed, OH overhead, exp. expert, beg beginner

a

24 ± 0.82

70.2 ± 5.18

3

Zin et al. (2018)b [72]

M

M

M

M/F

61.8 ± 8.79 (F) M / F
80.5 ± 10.0 (M)

72

68.3–108.1

unknown

77.6 ± 13.5

Y

Y

Y

Y

Y

Y

Measurements

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

novice

novice

novice

2H
swing

OH
swing

snatch

2H
swing

2H
swing

2H
swing

Exercise

joint segment angles at the hip, knee and 2H
ankle
swing

joint segment angle at the hip

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

proficient horizontal and vertical
displacement + velocity
of the kettlebell

novice

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

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

Active Kettlebell
proficient
/ novice

unknown Y

Gender

Van Gelder et al. (2015) [58] 23 24 ± 1.97

25

29–47

28–50

15 26.7 ± 4.3

Bullock et al. (2017) [57]

Weight (kg)

32 ± 1 (exp)
70.5 ± 1.8
30 ± 1.41 (beg) 78.33 ± 3.86

Age (yrs)

7

n

Participants

Back et al. (2016) [68]

Author

Table 2 Study characteristics investigating acute motion analysis with kettlebell exercise

none

overhead

overhead + Indian club
swing

expert

Control / comparator

8 - 16 kg

load

1H swing

unknown unstable surface

32 kg

16 - 24
kg

12 - 20
kg

hardstyle 4 - 8 kg

other

other

Sport

other

other

hardstyle 16 kg

Hardstyle Load
/ Sport / (kg)
other
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kettlebell-trained i.e. novices. Twenty-three studies
(50%) explicitly used hardstyle techniques, and 3 (6%)
investigated kettlebell sport. Training style/technique
was unclear or not reported in 21 studies (43%). Three
studies were given 2 category allocations [57–59] and
3 were uncategorised, deemed incompatible for synthesis [60–62].
Acute profiling - surface electromyography (sEMG)

Eleven studies investigated sEMG. Muscles and regions investigated with exercise(s) and load(s) used
are shown in Table 1. It appears that the TGU provides a roughly equal mechanical challenge to both
shoulder girdles, one acting to stabilise the arm and
kettlebell overhead and the other acting to support
the body, through transitions from lying to kneeling
and vice versa [66]. Among 14 common lower limb
exercises used for therapeutic purposes, a twohanded 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) [67]. A similar observation was noted
with mean medial activity ≈10% greater than lateral
activity across types of swing [63] 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 in a one
and two handed swing regardless of gender or range
of movement [58].
Acute profiling – motion analysis

Seven acute studies investigated motion of joint segments or kettlebell trajectory (Table 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. During the up-swing (ascent), experts lead
with the hips, then the shoulders followed. In the down-
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swing (descent), the arms drop first, then the hips flex.
In novices, these joint segment sequences are reversed.
Experts ‘hinge’ at the hips rather than squat (≈20o
greater hip flexion at the bottom of the swing and ≈15o
less knee flexion on the descent) stand up straighter
(≈10o more hip extension) and ‘swing’ the bell rather
than ‘lift’ it (≈15o less shoulder flexion at the bottom and
≈20o less at the top) [68]. These findings are consistent
with Tsatsouline [3] and with what is observed in
practice.
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. Average terminal hip extension
lacked a mean of 9.7° (± 7.8°) from neutral for both genders during the 2-handed swing. Of note, participants
were only allowed to perform a maximum of 10 repetitions of each swing during the instructional session [58].
The kinematic similarities and differences between a
swing to chest-height, a swing overhead, and an Indian
club swing have been reported [57] 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 twohanded swing to chest-height or overhead using a 16
and 24 kg bell, although reliability of these data is
unclear [69].
Bell 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
most likely influence movement and performance efficiency [70]. On an unstable surface, reduction in trunk
and knee flexion angles and reduced shoulder range of
motion were reported during an overhead swing [71]; an
expected compensation strategy to increase stability.
Limited low-quality data suggested a possible trend toward decreasing mean flexion angles at the ankle, knee

Table 3 Study characteristics investigating acute hormonal response to kettlebell exercise
Author

Population
n

Measures

Age (yrs) Weight
(kg)

Budnar et al.
(2014) [73]

10 19–30

Greenwald et al.
(2016) [74]

6

Raymond et al.
(2018) [75]

10 19–43

78.7 ± 9.9

Gender Active Kettlebell
proficient
/ novice

Exercise Hardstyle Format
/ Sport /
other

Load
(kg)

male

Y

novice

testosterone, growth Swing
hormone, and cortisol

hardstyle 30:30 × 12 16

24.3 ± 4.1 80.7 ± 10.2 male

N

novice

glucose tolerance

Circuit

other

Y

novice

testosterone and
cortisol

Swing

hardstyle 12 min
30:30

82.2 ± 14.6 male

25 mins

9–11.3
8–16
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kg− 1) and jump squat at 40% 1RM (2.7 (0.4) N.s.kg− 1).
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 [76]. 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 [78],
suggesting a lack of specificity to improve vertical
jump performance.
Vertical braking force with a 24 kg bell was reported
to be approximately 25% greater during braking (downswing) than acceleration (up-swing) during a twohanded hardstyle swing. Horizontally, the swing appeared to create approximately double the force and
four-times 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 bell
in front of the thighs and included the transition from
upright standing to terminal backswing (bell between
the legs). Despite the difference in vertical displacement

and hip with increasing bell weight among males novices
using very light weights [72].
Acute profiling – hormonal response

Very limited data is available regarding acute hormonal
response to kettlebell training (Table 3). Changes in
serum testosterone, growth hormone and cortisol have
been observed following 12 rounds of two-handed
swings with 16 kg [73]. Heavier bells had a larger effect
on testosterone and cortisol when performing 12 min of
swings in which workload was matched, however cadence was significantly different (8 kg at 42SPM Vs 16
kg at 21SPM) [75]. In practice, cadence typically remains
consistent irrespective of kettlebell weight. A single 25min kettlebell training session had similar effects on
acute post-exercise glucose tolerance to high intensity
interval running [74]. The clinical utility of these data is
unclear.
Acute profiling – mechanical demand

Six acute studies investigated mechanical demands of
kettlebell exercise (Table 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.

Table 4 Study characteristics investigating mechanical demand of kettlebell exercise
Author

Participants

Exercise Hardstyle Load
/ Sport / (kg)
other

Control /
comparator

impulse, peak and
mean force and power to
centre of mass, kettlebell
displacement, peak and
mean velocity

Weight
(kg)

Gender Active Kettlebell
proficient
/ novice

Lake et al.
16 24 ± 2
(2012a) [76]

90.2 ±
14.4

M

Y

novice

2H
swing

hardstyle 16 32 kg

16, 24, 32 kg

Lake et al.
(2014) [77]

75.2 ±
14.6

M

Y

proficient impulse, mean force,
2H
displacement, magnitude,
swing
rate of work, phase durations
and impulse ratio

hardstyle 24 kg

snatch

Mache et al. 25 22 ± 6 (F) 66.4 ± 9.2 (F) M / F
23 ± 2 (M) 78.3 ± 8.5 (M)
(2016)a [78]

Y

novice

2H
swing

other

≈20%
BW

vertical jump

McGill et al. 7
(2012) [79]

25.6 ± 3.4

82.8 ± 12.1

M

Y

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

1H
swing

hardstyle 16 kg

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

Mitchell et
al. (2016)a
[80]

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

OH
swing

other

816 kg

8, 12, 16 kg

Ross et al.
(2017) [5]

12 34.9 ± 6.6

87.7 ± 11.6

M

Y

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

snatch

Sport

24 kg

none

n

a

Age
(yrs)

Measures

22 28–41

peak, average and time
to peak rate of force
development

conference paper, 1H one-handed, 2H two-handed, OH overhead, BW bodyweight
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of the bell (chest height vs overhead), force in the vertical direction was roughly equal to the swing, however
the swing created approximately 40% more braking
force. Approximately 15% more Work was performed in
the down-swing during a hardstyle snatch than the
swing. 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 [77] likely attributable to the bilateral vs unilateral nature of the exercises.
During a single arm swing with 16 kg, a peak compression force of 3195 N at the lumbar spine was
reported at the bottom of a swing, with an active
bracing strategy described as the ‘kime’ increasing
average compression by a further 1054 N [79]. A
unique property of the kettlebell swing was reported
as a posterior shear force (461 N), said to be so
unusual that potential risks are unknown. The same
study reported lumbar movement from 26o of flexion
to 6o during a 2-handed swing with 16 kg.
During an overhead two-handed swing, a transition
from tensile to compressive force at the shoulder was
shown to occur approximately in the upper 30% of the
bells’ arc in two females, with the majority of force and
power reported to have been derived from the posterior
chain musculature [80]. A peak resultant ground reaction force (GRF) of 1768 N (242) was reported among
male amateur lifters, roughly equal to 2x mean bodyweight (87.7 kg ± 11.6 kg) [5].
Acute profiling – performance

Two studies reported acute performance measures associated with kettlebell exercise (Table 5). One minute of
two-handed swings 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 [81].
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 [82].
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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 6). The
oxygen cost of completing as many two-handed swings
as possible in 12 min (197 to 333 completed) with 16 kg
was reported and compared with a graded treadmill test
to exhaustion [85]. 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·kg− 1·min− 1 = 65.3 ± 9.8% VO2max). At
matched RPE, 10 min 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·min− 1). This was reported sufficient
to increase aerobic capacity [88].
Twelve rounds of two-handed swings produced significant mean increases in HR with each successive
round (67 ± 0 at rest to 169 ± 5 bpm) and significant
post-exercise hypotension at 10 (~ 4 mmHg SBP, ~ 3
mmHg DBP) and 30 (~ 4 mmHg SBP, ~ 3 mmHg DBP)
minutes after exercise [97]. A reported resting mean
HR of 67 ± 0 bpm in a group of 17 participants suggests challenges of reliability. Performing as many
two-handed swings as possible in 12 min was also
reported to be perceptually harder, with increasing
feeling of heat stress, muscle pain and higher sustained HR compared to a kettlebell circuit workout
completed at 90% 6RM [92].
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 [96]. 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− 1 min− 1 = 55.7%
VO2max).

Table 5 Study characteristics investigating acute performance characteristics associated with kettlebell exercise
Author

Participants
n

Age
(yrs)

Edinborough et al. 10 20–25
(2016) [81]
Ros et al.
(2016)a [82]

a

Observing

Exercise Hardstyle Format
/ Sport /
other

Weight (kg) Gender Active Kettlebell
proficient
/ novice
79.94 ± 11.4 M

7 19.14 ± 70.56 ± 7.25 F
1.86

thesis, 2H two-handed, BW bodyweight

Load
(kg)

Y

novice

muscular fatigue
(acute torque production)

2H
swing

other

1 min
16
continuous

Y

novice

post-activation potentiation on
countermovement jump
performance

2H
swing

other

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

20%
BW

14 18–25

13 19–27

8

Fortner et al. (2014) [87]

Hulsey et al. (2012) [88]

Martin et al. (2012)a [89]

73.0 ± 9.2

18 30 ± 9.6

8

17 23 ± 1

Wesley et al. (2017) [1]

Williams et al. (2015) [96]

Wong et al. (2017)b [97]
M/F

M

F

Y

Y

Y

Y

novice

novice

proficient

novice

novice

novice

proficient

proficient

novice

novice

novice

novice

novice

novice

novice

proficient

swing +
deadlift

swing

snatch

snatch

swing

swing

swing

swing

swing

swing

swing

snatch

Exercise

HR, BP

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

HR, Bla, RPE

10 mins (cont.)

10 mins, 35:25

4 mins, 20:10

20 mins, 18 s/min

swing

other

circuit

hardstyle 30:30, ×12

20:10, 4 mins, ×3

hardstyle 15:15, ×10

hardstyle 3x 10mins, EMOM

hardstyle 3x 10mins, EMOM

hardstyle to exhaustion

hardstyle 5 mins, 15:15

hardstyle 5 mins, 15:15

hardstyle volitional failure (RPE 15 or 95%
HRmax)

hardstyle 12 mins

other

other

other

hardstyle 12 mins

hardstyle 2 mins, 40BPM & 80BPM

Sport

Hardstyle Format
/ Sport /
other

swing

VO2, HR, BP, RER, kcal, RPE swing +
deadlift

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

VO2, HR, Bla, ventilation

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

VO2, HR, kcal, RPE

Bla

HR, BP

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

VO2, HR, Bla, RPE

BP

VO2, HR

HR, Bla

VO2, HR, RER, VE, RPE

thesis, baccepted for publication, EMOM every minute on the minute, RPE rate of perceived exertion, BPM beats per minute

74.1 ± 4.9

2.95 ± 11.62

68.2 ± 9

M/F

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Observing

8 (F) 16
(M)

10–22

8, 12, 16

8 (F) 16
(M)

8 (F) 16
(M)

Unknown

12–20

12–20

14–16 (F)
20–24 (M)

16

8 (F) 16
(M)

4.5 (F) 8
(M)

unknown

16

4–8

16

Load (kg)

(2019) 11:19

a

10 25.3 ± 4.3 60.98 ± 16.1
(F)
93.5 ± 16.1
(M)

Thomas et al. (2014) [94,
95]

75.45 ± 20.1

M/F

M/F

M/F

M/F

M

M/F

M/F

11 25.9 ± 4.0 73.1 ± 21.1

21.5 ±
0.86

M/F

M

59.9–116.6

10 23 ± 4.4

10 29–46

Schreiber et al. (2014)a
[92]

59.9–116.6

Šentija et al. (2017) [93]

10 29–46

Schnettler et al. (2009)a
[91]

54.3–101.8

Thomas et al. (2014)a [94,
95]

15 18–35

28.5 ± 5.5 86 ± 15

Santillo et al. (2016) [90]

a

12 24.3 ± 7.0 74.1 ± 9.4

M/F

M

Gender Active Kettlebell
proficient
/ novice

66.5 ± 6.9 (F) M / F
81.7 ± 3.0 (M)

10 20.8 ± 1.1 77.3 ± 7.7

Farrar et al. (2010) [85]

Ferreira et al. (2018) [86]

76.3 ± 14.7

16 23 ± 2.9

Weight (kg)

10 28.4 ± 4.6 95.1 ± 14.9

Age (yrs)

Duncan et al. (2015) [59]

n

Participants

Chan et al. (2018) [83, 84]

Author

Table 6 Acute cardiometabolic response to kettlebell exercise
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At a controlled work rate of 20 two-handed swings
(40SPM) and 10 sumo deadlifts performed every minute on the minute, versus continuous cycling on an
ergometer at 80 rpm, no significant differences were
reported in any physiological (HR, VO2), subjective
(RPE) or metabolic (RER, MET) response [94]. HR
and RPE were significantly higher using the same
30-min kettlebell protocol when compared with
treadmill walking at matched VO2, with no difference in RER, kcal.min− 1 and BP [95]. 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 min [86]. 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 in
practice is unclear. Significant reductions in post-exercise BP 120 min post-exercise were also reported
following 12-min of discontinuous two-handed swings
(88 to 486 swings completed), compared with a kettlebell circuit of 6 exercises among hypertensive or
pre-hypertensive males [89]. 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) [9] was
modified by Chan [83] to simulate a kettlebell sport
event and measure VO2 over 10 min. Increasing
snatch cadence with 16 kg and multiple arm changes,
was compared with a graded rowing ergometer with
increasing power output. HR was comparable (≈175 ±
8-10b.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.
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 gender group with very large variation
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in anthropometrics [91]. Mean VO2 was 31.6 ± 3.71
ml·kg·min− 1 however the range in HR (128-180 bpm),
%VO2max [3, 69–83, 85, 86, 88, 89, 92, 94–97] and
RPE [10–18] suggest these data may be poorly
reliable.
An incremental kettlebell swing test (IKT) using increasing bell weight 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)
[93]. Mean peak values for the IKT were significantly
lower for VO2, HR, BLa and VE. It was reported that
in most subjects, 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,
bell weight and rest periods, increases in kettlebell weight
(8 kg,12 kg,16 kg) or cadence (32,40,48spm) were reported
to significantly increase cardiometabolic demand (HR, RPE
& BLa) [1]. It should be noted that kettlebell proficient participants reported that a cadence of 32spm was “unnaturally
slow”, with the ballistic hip hinge eliminated and dynamic
swinging motion becoming 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 bell weight [59], and reduced rest
periods have significantly increased metabolic response
when volume-matched with low load kettlebells [87]. The
effect of different recovery strategies on lactate clearance
following two-handed swings to volitional failure has been
reported [90]. A statistically significant difference in clearance time and post-recovery performance occurred at ≈9mins post-exercise, which is unlikely to be clinically
meaningful.
Acute profiling – ‘uncategorised’

Three publications (Table 7) were not categorised as the
outcomes were unique and incompatible for synthesis.
Small effect size reductions in pain pressure threshold

Table 7 Study characteristics investigating change in pain pressure threshold and task-related predictive test of a bilateral carry
Author

Participants
n

Age (yrs)

Weight
(kg)

Gender Active

Observing

Exercise

Hardstyle Format
/ Sport /
other

Load
(kg)

2H
swing

hardstyle 8 rounds, 20:
10

8 (♀) 12
(♂)

Kettlebell
proficient
/ novice

Keilman et al.
(2017) [60]

60 25.12 ±
2.86

70.49 ±
13.32

M/F

unknown novice

pain pressure
threshold

Beck et al.
(2016) [61]

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 farmer’s
volitional failure walk

n/a

at 4.5 and 5.0
km/hr

2 × 22

Beck et al.
(2017) [62]

67 24–59

82.9 ±
15.7

M/F

Y

n/a

carry distance to farmer’s
volitional failure walk

n/a

at 4.5 km/hr

2 × 22

2H two-handed

26 64.94 ± 9.29 74.85
M/F
± 13.94 (13 M,
4F)

F

N

N

novice

novice

Gender Active Kettlebell
proficient
/ novice

Marcelino
et al.
(2018)

66.3
± 12.1

Weight
(kg)

33 66.7
± 5.3

Age
(yrs)

Participants

n

Chen et
al. (2018)
[98]

Author

timed up and go, sit and lift,
elbow flexion, 6-min walk, lower
limb peak torque, Berg Balance
Scale, static postural stability
(COP displacement)

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

Observing

bottom-up, first stages
of Turkish get-up,
farmer walk, goblet
squat, dead lift and
swing

× 11: swing, deadlift,
goblet squat, squat
lunge, row, single arm
row, biceps curl, triceps
extension, two-arm
military press, Turkish
get up

Exercise

Table 8 Study characteristics investigating long term physiological response to kettlebell training

hardstyle

hardstyle

15

8

60– body
85% building
1RM and
stretching
exercises

–

–

60– Control
70%
1RM

N

Y

Freq Load Control/
Randomised
/wk (kg) comparator

60
2
mins, 5
ex’s, 3
sets, 8–
12 reps,
2–3 min
rest

Hardstyle Duration Format
/ Sport /
other

Meigh et al. BMC Sports Science, Medicine and Rehabilitation
(2019) 11:19
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40 27–32

17 22.1 ±
2.80
(M)
21.5 ±
3.93 (F)

33 66.7 ±
5.3

40 20.17 ±
0.4

Beltz et al.
(2013) [101]

Chen et al.
(2018) [98]

Elbadry et al.
(2018) [102]

Age
(yrs)

Participants

n

Ambrozy et al.
(2017) [100]

Author

75 ± 2.9

66.3 ±
12.1

F

F

77.7 ±
M/F
10.86 (M)
64.5 ±
12.56 (F)

Y

N

Y

Y

novice

novice

novice

novice

Gender Active Kettlebell
proficient
/ novice

unknown F

Weight
(kg)

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

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

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

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

Observing

unknown

×11: swing,
deadlift, goblet
squat, squat
lunge, row,
single arm row,
biceps curl,
triceps
extension, twoarm military
press, Turkish
get up

circuit

other

8

hardstyle 8

hardstyle 8

60 mins

60 mins,
5 ex’s, 3
sets, 8–
12 reps,
2–3 min
rest

45–
60 min

60 mins

other

circuit
(unknown)

8

Hardstyle Duration Format
/ Sport / (weeks)
other

Exercise

Table 9 Study characteristics investigating mean long-term performance improvement from kettlebell training

3

2

2

3

Effect

Sarcopenia
index − 0.26
Handgrip
strength (L)
+ 4.26 kg
Handgrip
strength (R)
+ 4.71 kg
Back strength
+ 6.37 kg
Peak
expiratory
flow + 0.79 L/
s
unknown Standing
long jump +
11.37
Softball
throw + 6.94
Handgrip
strength (L)
+ 12.72
Handgrip

60–70%
1RM

Leg press +
41.7 kg
Grip strength
+ 1.7 kg
Prone plank
+ 45 s

1

unknown Dynamic
balance (PL)
+ 7.2 cm
VO2 + 5.0
ml.kg− 1.min−

unknown VO2 + 6.31
ml.kg−1.min−1
Average
Power + 8.30
W
Maximum
Power +
20.53 W
Bent arm
hang + 13 s

Freq/ Load
wk
(kg)

Medium (δ =
0.66, p ≤ 0.05)
Huge (δ = 2.74,
p ≤ 0.05)
Huge (δ = 2.92,
p ≤ 0.05)
Large (δ = 0.94,
p ≤ 0.05)
Medium, (δ =

Y

Y

Y

Moderate
(SMD = 1.14,
p ≤ 0.05)
Trivial (δ = 0.33,
p ≤ 0.05)
Moderate (δ =
0.82, p ≤ 0.05)
Small (δ = 0.42,
p ≤ 0.05)
Very large (δ =
1.32, p ≤ 0.05)
Med/Lrg (δ =
0.79, p ≤ 0.05)
Very large (δ =
1.2, p ≤ 0.05)
Large (δ = 0.88,
p ≤ 0.05)
Large (δ = 0.83,
p ≤ 0.05)
Med/Lrg (δ =
0.79, p ≤ 0.05)

Minimally
active

unknown

Y

N

Y

Control/
Randomised
comparator

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

Effect size

Meigh et al. BMC Sports Science, Medicine and Rehabilitation
(2019) 11:19
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40 44 ± 8

Jay et al. (2013)
[105]

M/F

N

N

Y

novice

novice

novice

novice

hardstyle 8

swing

hardstyle 8

hardstyle 8

swing

hardstyle 4

Jay’s MVO2
snatch protocol

10–
15 min,
30:60 to
30:30 ×
10

10–
15 min,
30:60 to
30:30 ×
10

10:10 × 8

20 mins,
15:15

Hardstyle Duration Format
/ Sport / (weeks)
other

Exercise

postural reaction to
swing
external perturbation,
vertical jump
performance

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

Sprint performance

aerobic capacity
(VO2)

Observing

3

3

2

3

8–16

8–16

9.1–13.7

12

Freq/ Load
wk
(kg)

Vertical jump
+ 1.5 cm
Stopping
time -109 ms

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

Vertical jump
+ 2.4 cm
Sprint -1 s

VO2max +
2.3 ml.kg−
1
.min− 1

strength (R)
+ 6.82
Static
strength (BS)
+ 6.06
Static
strength (LS)
+ 9.76
Performance
(hammer) +
22.27

Effect

Y

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)

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

N

circuit
weight
training

Y

Y

N

N

Control/
Randomised
comparator

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

Medium
(SMD = 0.72,
p < 0.05)

0.64, p ≤ 0.05)
Very large, (δ =
1.37, p ≤ 0.05)
Very large (δ =
1.20, p ≤ 0.05)

Effect size

(2019) 11:19

68 ± 11

68 ± 11

40 44 ± 8

Jay et al. (2011)
[104]

M/F

unknown F

Y

Gender Active Kettlebell
proficient
/ novice

Holmstrup et al. 18 18–25
(2016) [103]

Weight
(kg)

64.2 ± 8.2 F

Age
(yrs)

Participants

n

17 19.7 ±
1.0

Falatic
et al. (2015)

Author

Table 9 Study characteristics investigating mean long-term performance improvement from kettlebell training (Continued)
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Y

Y

unknown M / F

80.0 (M)
63.9 (F)

45 18–25

28 20–29

27 18–26

Smith et al.
(2014) [110]

Kramer et al.
(2015) [111]

Y

novice

novice

novice

novice

novice

novice

novice

novice

anaerobic power

post-activation
potentiation and
vertical jump

Max push-ups, plank
endurance

strength, power, and
body composition

lower limb strength,
muscular strength

strength and power

transfers of strength
and power +
muscular endurance

half squat 1RM and
vertical jump height

Observing

other

other

various (×5)

swing

various

swing,
accelerated
swing, goblet
squat

other

other

other

other

2

2

3

15:45 ×
5×2

4a

3

2

×4–6
3
squat +
× 5 CMJS

45 mins

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

unknown 3

4 sets × 5 2
reps to
6×4

60 mins

30:30 ×
12

Half squat +
18 kg
Vertical jump
+ 3 cm

Effect

Deadlift 1RM
+ 8.2 kg
Vertical jump
+ 1.1 cm

Vertical jump
+ 0.18 cm
Back squat +
5.58 kg
Power clean
+ 3.35 kg

9–16

20–36

Mean Power
Peak Power
Rate of
Fatigue

Vertical jump
+ 4.62 cm

unknown Max pushups + 4
trunk
endurance +
57 s

16

unknown Lower limb
strength
Muscular
strength
a
measures
not
describeda

10–
12.5%
MTP

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

12–16

Freq/ Load
wk
(kg)

8

6

6

6

4

10

hardstyle 6

Hardstyle Duration Format
/ Sport / (weeks)
other

pistol squat,
other
biceps curl, row,
front raise

swing

> 20

swing

Exercise

Trivial, p > 0.05

Very small (δ =
− 0.04, p > 0.05)

KB > CON, p ≤
0.05

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

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

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

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

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

Effect size

Control/
Randomised
comparator

(2019) 11:19

M/F

unknown M

Y

Parasuraman et
al. (2018) [109]

M

Y

Y

78.99 ±
10.68

M

Y

30 19–26

83.9 ±
13.8

M/F

Y

Otto et al.
(2012) [44]

31 23.1 ±
2.3

Maulit et al.
(2017) [107]

76.6 ±
14.4

M

Gender Active Kettlebell
proficient
/ novice

unknown M

37 40.8 ±
12.9

Manocchia et
al. (2013) [106]

72.58 ±
12.87

Weight
(kg)

Ooraniyan et al. 30 18–23
(2018) [108]

21 18–27

Age
(yrs)

Participants

n

Lake et al.
(2012)

Author

Table 9 Study characteristics investigating mean long-term performance improvement from kettlebell training (Continued)
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17 30.4 ±
6.9

Wade et al.
(2016) [113]

discontinuous

a

24 21.2 ±
1.2

Age
(yrs)

Participants

n

Kruszewski et
al. (2017) [112]

Author

81.4 ±
12.4

89.83 ±
9.62

Weight
(kg)

M/F

M

Y

Y

novice

novice

Gender Active Kettlebell
proficient
/ novice

USAF fitness, speed,
power, and agility

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

Observing

swing

various

Exercise

other

Sport

10

32

4

6–14

16–72

Freq/ Load
wk
(kg)

5×2
3
mins, 30s
rest

Complex

Hardstyle Duration Format
/ Sport / (weeks)
other

Table 9 Study characteristics investigating mean long-term performance improvement from kettlebell training (Continued)
Effect size

Body fat
(2.5%)
Max pushups [6]
Max sit-ups
[3]
1.5-mile run
(12 s)
Max grip
strength (3.1
kg)
Pro agility
(0.1 s)
Vertical jump
(1.3 cm)
40-yard dash
(0.4 s)
Small (δ =
−0.37, p ≤ 0.05)
Very small (δ =
− 0.03, p > 0.05)
Small (δ = −
0.47, p > 0.05)
Medium/Large
(d = − 0.79, p >
0.05)
Small (δ = 0.10,
p > 0.05)
Small (δ = −
0.40, p > 0.05)
Small (δ = 0.36,
p > 0.05)
Small (δ = −
0.40, p ≤ 0.05)

Training effects not reported

Effect

Control/
Randomised
comparator
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(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 [60]. A bilateral
kettlebell carry was shown to be highly predictive of
stretcher carry performance among Australian Army soldiers [61] with lean leg mass determined to be the most
influential physical characteristic [62].
Long-term physiological response

Table 8 shows the outcomes from two randomised controlled trials using pragmatic hardstyle kettlebell training
with older adults. Large effect sizes were reported in a
mixed-gender group with Parkinson’s disease following
15 weeks of training [99]. 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 and stretching exercises. Very encouraging medium to large effect size increases in handgrip strength, back strength and sarcopenia index were
reported in a good-quality RCT in women with sarcopenia
[98]. Improvements in axial skeletal muscle mass and sarcopenia index were maintained at four weeks after cessation of training, with signification reductions in the same
measures occurring in matched controls.
Long-term performance improvement

Table 9 shows the long-term performance improvements
from kettlebell training. Changes in postural reaction
time following kettlebell training have been reported in
a good-quality RCT [105]. A basic low-volume, low-intensity program of kettlebell swings performed twice a
week for 8 weeks, resulted in a large (109 ms) reduction
in reaction time to perturbation. 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 [104].
Moderate increases in upper limb endurance (bent
arm hang time) have been reported in a moderate-quality trial [100]. 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 [101]. When compared to weightlifting training
[44], there was no statistically significant difference between groups for the power clean, and only a small effect size difference in back squat strength was
statistically significant. Changes in half squat strength
and vertical jump height have been reported [114] although the effect size was small for a trained population.
Small improvements in mean bench press 1RM and
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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 [106].
No conclusions can be drawn from a Pilot study comparing complex training protocols, in which kettlebell
swings were compared with barbell back squats [110].
No statistically significant difference was found between
groups on vertical jump performance, although reported
to be “practically significant”. No significant difference
was found in vertical jump and sprint performance in
recreationally active females, although the training volume was described as inadequate [103]. Kettlebell swings
using a ‘kettleclamp’ was reported to increase power and
strength when compared with explosive deadlift training,
however these conclusions were not supported by the
data presented [107]. Limitations in study design prevent
any conclusions being made from kettlebell training
when compared with battle ropes [109, 111], on the
physical performance of American Football players using
kettlebell sport [112], male handball players [108], college females performing a hammer throw [102], or in
military fitness training [113].
Injury and rehabilitation

Based on a large differential in vastus lateralis (VL) to semitendinosus (ST) sEMG pre-activity 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 [115]. Risk was characterized by reduced sEMG pre-activity for the ST and
elevated sEMG pre-activity for the VL, with a high-risk
zone defined as one SD above the mean VL-ST difference
[116] (Table 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
[67], a low-volume intervention (< 1000 swings, <25mins
total time) performed over six weeks was reported to have
reduced the player’s ACL risk profile from high to low.
Clinical opinion

Twenty-two opinion pieces from primary care clinicians
and academics were identified, and 3 case reports of injury which a primary care physician had attributed to
kettlebell training. The first publication was a summary
of hardstyle training principles [117]. This was followed
by a recommendation to include kettlebells in lower extremity sports rehabilitation [2] and a single case report
incorporating kettlebells in the late stages of shoulder rehabilitation following rotator cuff surgery [118]. Two
general articles about hardstyle training for rehabilitation
purposes [119, 120], were followed by recommendations
for using specific kettlebell techniques as a method of

Meigh et al. BMC Sports Science, Medicine and Rehabilitation

(2019) 11:19

Page 20 of 30

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

Zebis
(2017)
[115]

Observing

n Age
(yrs)

Weight
(kg)

1

unknown F

21

Gender Active Kettlebell
proficient /
novice
Y

novice

Exercise Hardstyle Duration Format
/ Sport / (weeks)
other

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

hardstyle

6

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

Freq/ Load
wk
(kg)

2

Effect

16–20 ST - 23%
↑ 61%
BF - 26%
↓ 17%
-0.3 cm

ST semitendinosus, BF biceps femoris

‘functional training’, proposed to “mirror the challenges
one faces in day to day activities” [121].
The TGU was described for patient self-management,
to teach “the motor control needed for daily activities,
occupation, and sports” [122] and specifically for integrating mobility, stability, symmetry (left, right, front,
back), coordination, balance and strength [123], as a
therapeutic exercise for injury prevention and performance enhancement [124], as a strength and conditioning
tool for a variety of athletes [125], and as a component
of kettlebell training to develop strength and power
[126]. Only one article written for instructional purposes
illustrates each of the ‘big 6’ techniques as descried by
Tsatsouline [127]. Five kettlebell exercises have been
individually described with proposed clinical or performance benefits; a modified swing [128], thruster [129],
arm bar [130], reverse lunge with overhead press [131]
and a lunge clean [132].
In sports, the use of kettlebells within program design
has been described as a safe and effective modality that
enhances the training experience [19] and was discussed
in a point/counterpoint for inclusion in strength and
conditioning [133]. A sample periodised program for the
clean and jerk and snatch exercises within an athlete’s
general conditioning for kettlebell sport has also been
offered [134].
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 [135], exercise induced non-traumatic
rhabdomyolysis without complication [136], and a
radial stress fracture [137]. Each case report appears
to outline a training load error which may have
accounted for the injury however, the potential influence of training load was not identified in any case.
Broad risk management strategies appropriate for fitness professionals have also been described [138].
Quality of evidence strength of recommendations

Two reviewers independently evaluated randomised
controlled trials using a modified Downs & Black

quality assessment checklist [53]. Trials were excluded from quality assessment for the following reasons: i) single participant [115], ii) effects could not
be attributed to only the kettlebell [113], iii) the trial
was discontinuous [111] and iv) pre-intervention
data was not captured [112]. The quality scores are
illustrated in Fig. 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 [56]. Three publications [104, 105, 108] 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 effect. Trial descriptions of exercise interventions are suboptimal and no publication has used the
Consensus on Exercise Reporting Template (CERT)
[139] with only 1 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.
Our findings highlight a growing research interest in
the effects of kettlebell training since 2009. 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 1
publication [127] illustrates how to perform each of the
fundamental hardstyle exercises. Clinicians unfamiliar
with kettlebell training 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
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Fig. 6 Modified Downs & Black quality assessment of Randomised Controlled Trials

unusual. As a dynamic skilled activity using 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 [37], which bear no resemblance to kettlebell training.
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” [140]. In contrast, Jay
described hardstyle training as “intermittent, high-powered work at maximal or supramaximal intensity in the
correct ratio of work and rest” [9]. 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 4 studies published in
English have investigated kettlebell sport. Two involved acute biomechanical analysis of kettlebell
exercises [5, 70], 1 involved the development of a kettlebell snatch protocol for kettlebell sport that could
be used in the laboratory [83], and 1 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 [102].
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 min, it was recommended that people also complete 2 days each week of
5 min continuous TGUs. The program would continue
until they 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 [85] as a “popularly recommended
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kettlebell workout”, however the study protocol used
was 12 min of continuous two-handed swings. The same
12-min continuous format was subsequently used to
measure blood pressure response [89] and later compared to a high-resistance circuit workout [92]. 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 vital that the exercise professional has a clear idea of the acute stresses
imposed on the body by this form of exercise prior to its
utilisation. An initial understanding of these acute
stresses is being provided by studies assessing the acute
hormonal, kinetic, kinematic, cardiometabolic and electromyographic responses to kettle bell exercise in a
range of populations.
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 neuro- and 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 [141] The use of unconventional exercises [64, 65]
adds further complexity to the interpretation. 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.
The difference in movement pattern between expert
and novice performing a two-handed hardstyle swing
[68] is consistent with 1o of hip extension observed at
the top of a swing in kettlebell-trained subjects [79] and
with what trainers report in practice. The skill acquisition of a hardstyle swing appears clear and consistent,
however its utility in clinical practice is unclear. The observed difference between expert and novice is likely to
apply to other kettlebell exercises, thus the 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
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differences such as training style, bell weight and swing
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 someone performing a swing counter to the prescriptive hardstyle pattern, is at increased risk of harm.
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”
[3] 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.
Although limited, ground reaction force data is clinically helpful, particularly where the mechanical demands
of a kettlebell swing are compared to other commonly
used exercises, or where some objective quantifiable
loading of tissues is indicated. Large increases in ground
reaction force relative to bodyweight [5] 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.
Lumbar motion, compression and shear force data
during a kettlebell swing offer meaningful information,
albeit limited to a single study [79]. These data are encouraging, that in the absence of spinal pathology,
mechanical loads through the lumbar spine during a 16kg 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 weight 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 [142]. Until further data
is available, clinicians would be wise to use caution if
considering a kettlebell swing with someone who has a
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significant or unstable lumbar spine pathology. Additionally, among kettlebell-trained subjects, the lumbar
spine was reported to flex approximately half full range
(up to 26o) at the bottom of the swing [79].
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 [76]. The manipulation of resistance training variables is widely considered an essential strategy to maximise muscular
adaptations, and guidelines exist in relation to volume
load to maximise muscle hypertrophy. No consensus
however currently exists for a metric of volume load in
resistance training [143] and kettlebell weight is likely to
be well below an intensity threshold sufficient to stimulate anabolism. Any difference in impulse per repetition
compared with back squat and jump squat [76] are unlikely to be clinically meaningful when compared with
the kettlebell weight 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.
The clinical utility of reduced torque in the lumbar extensor muscles following swings is unclear [81]. Consistent with temporal and kinetic data [78], no significant
difference in countermovement jump performance [82]
suggests 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 [60]
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 [61, 62]. Kettlebell
carries however (rack, bottoms-up, overhead, suitcase)
have been proposed as good exercise to increase trunk
stiffness and reduce “energy leakage” when transmitting
power generated by the hips, to sporting and daily living
tasks involving pushing, pulling, lifting, carrying, and
torsional exertions [144]. These principles do have clinical utility but have not been investigated.
Kettlebell training appears to induce a cardiometabolic response sufficient to improve cardiovascular
fitness [1, 59, 84, 85, 87, 88, 91–96] provided that
the dose (kettlebell weight, volume load and work:
rest ratio) is appropriate for the individual and sufficient to provide a supraphysiological load. 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
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training produces a lower peak VO2 when other
physiological and metabolic variables are matched
[83, 88, 93, 95]. 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 [8].
A basic kettlebell swing protocol has shown to produce a similar cardiometabolic demand to other forms
of physical activity such as walking [95] and cycling [94].
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 remain equivocal. Further
investigation with high quality trials will help clinicians
better understand the potential for kettlebell training to
improve cardiorespiratory fitness in clinical populations.
Expert hardstyle practitioners performing a swing to
chest-height, typically have a cadence of 40 swings per
minute [1]. 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.
Encouraging for the primary care clinician are improvements in axial skeletal muscle mass, sarcopenia
index, grip strength and back strength, from a goodquality randomised controlled trial with sarcopenic
elderly females [98]. During the 8-week training period
controls 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, selfconfidence 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, there are no non-responders in
the older population [145–147], and kettlebells have
been recommended for their ease of teaching, cost effectiveness and being less intimidating to use that other
resistance equipment.
In research and clinical practice, hand grip
strength is one component of the algorithm used to
make a clinical diagnosis of sarcopenia [148] and
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improvements in grip strength from kettlebell training have been reported [98, 101, 102, 113]. This is
encouraging as poor hand grip strength is a consistent predictor of falls and fractures in both sexes
among older adults [149], and an independent predictor of all-cause mortality and cardiovascular diseases in community-dwelling populations [150–153].
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
[154]. Significant increases in lower limb strength
[101, 108], dynamic single leg balance [101], and reductions in postural reaction time [105] 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 are appears warranted.
Similar data from pragmatic training among elderly
adults with Parkinson’s disease is equally encouraging
[99], especially following 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 [155].
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.
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 [44] 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 [114] although
the effect size was small for a trained population. In a
third comprehensive kettlebell training program [106],
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
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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 being reported. 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.
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 [100] 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 [101]. A
notable inclusion of this study was the reliability assessment of Jay’s cMVO2 test [9] reported to be R = .94. For
kettlebell practitioners this may be very helpful, however
this test likely has little value in clinical practice. A significant 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 welltrained kettlebell practitioners.
Large relative reductions in self-reported musculoskeletal pain intensity following kettlebell training [104] have
been widely cited, although the effect size was only
small, and within-group change did not reach a minimum clinically importance difference of 2 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 [115] due in part to the
high excitation of the medial hamstrings [67]. Kettlebell swings may have a place in a person’s training
and rehabilitation, however there is insufficient evidence at this time 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
[156]. 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 [66] provides some insight into its
potential use in a rehabilitation context, specifically
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for the upper limb and shoulder girdle, but its use remains anecdotal and unsupported in the absence of
clinical trials.
In each reported case of kettlebell injury during training [135–137], 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 [157].
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
[56] criteria 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.
Clinical guidelines [158] are not based upon studies
in populations undergoing rehabilitation, and prescription for any form of musculoskeletal rehabilitation are currently absent. One third of the 15
citations are fitness publications, and 2 are clinical
opinions 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 in order 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 [158], 5 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 [159]. This
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was followed by a systematic review in 2015 of the effect
of kettlebell training on strength, power, and endurance,
which included 5 studies [160]. 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 [161]. A 2017 mini narrative review
sought to review the implications of kettlebell training
for exercise programming [162] 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 [163].
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.
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
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training may be suitable include shoulder instability, rotator cuff related shoulder pain, gluteal and elbow tendinopathy, and non-specific low back pain.

generally and resistance training specifically, it is incumbent to understand its effectiveness at a population level
compared with other community-based exercise options.

Post-surgical rehabilitation

Health-related physical fitness

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.

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.
Limitations

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 1.4–1.6x
bodyweight on the descent [164]. 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 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.
Mechanical demands and training load

Clinicians need to better understand the potential influence that variations in gender, age and training history
may have on the mechanical demands of kettle bell
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

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 [50]. 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. A priori protocol was not developed. The review was limited to documents 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 the near future.

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. While confidence in reported effects however remains low to very
low, and strength of recommendation only weakly in
support of kettlebell training until effects have been reliability repeated in high-quality trials, 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 the lack of blinding, underpowered small sample
sizes and participants largely under-dosed in
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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 non-clinical 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.
Abbreviations
1H: One handed swing; 2H: Two-handed swing; ACL: Anterior Cruciate
Ligament; ACLR: Anterior Cruciate Ligament Reconstruction; ACSM: American
College of Sports Medicine; BLa: Blood Lactate; BP: Blood Pressure; ES: Effect
Size; GRF: Ground Reaction Force; HR: Heart Rate; IKT: Incremental Kettlebell
Swing Test; MET: Metabolic Equivalent; nEMG: Normalised Electromyograph;
PPT: Pain Pressure Threshold; RCT: Randomised Controlled Trial;
RER: Respiratory Exchange Rate; RKC: Russian Kettlebell Certification;
RM: Repetition Maximum; RPE: Rate of Perceived Exertion; rpm: Revolutions
Per Minute; SD: Standard Deviation; sEMG: Surface Electromyograph;
SFG: Strong First Girya; SMD: Standardised Mean Difference; SPM: Swings Per
Minute; ST: Semitendinosus; TGU: Turkish Get-up; VE: Minute Ventilation;
VL: Vastus Lateralis; VO2: Oxygen consumption
Acknowledgements
Not applicable
Authors’ contributions
NM coordinated the review, screened citations and full-text articles,
abstracted data, cleaned the data interpreted the results, and wrote
the manuscript. JK, BS and WH supported with ongoing consultation.
JK and WH reviewed and provided revisions to earlier versions of the
manuscript. All authors read and approved the final manuscript.
Funding
This review was supported by an Australian Government Research Training
Program Scholarship and will contribute towards a Higher Degree by
Research Degree (Doctor of Philosophy).
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
Not applicable
Consent for publication
Not applicable
Competing interests
The primary author is a Physiotherapist, hardstyle kettlebell instructor, former
practice owner promoting kettlebells in clinical practice, with an online
presence as The Kettlebell Physio.
Author details
1
Faculty of Health Sciences and Medicine, Bond University, Institute of Health
& Sport, Gold Coast, Queensland 4226, Australia. 2Sports Performance

Page 27 of 30

Research Centre New Zealand, AUT University, Auckland, New Zealand.
Kasturba Medical College, Manipal Academy of Higher Education
Mangalore, Manipal, Karnataka, India.

3

Received: 8 May 2019 Accepted: 24 July 2019

References
1. Wesley CK, D. The effects of kettlebell mass and swing cadence on heart
rate, blood lactate, and rating of perceived exertion during an interval
training protocol. Int J Sports Sci. 2017;7(3):122–7.
2. Brumitt J, Gilpin HE, Brunette M, Meira EP. Incorporating kettlebells into a
lower extremity sports rehabilitation program. N Am J Sports Phys Ther.
2010;5(4):257–65.
3. Tsatsouline P. Enter the Kettlebell!: Strength Secret of the Soviet Supermen.
Saint Paul: Dragon Door Publications; 2006. p. 200.
4. Konieczny J, Labisz K, Głowik-Łazarczyk K, Surma S, Wierzbicki Ł, Jurczyk S.
DSC Application for microstructure investigations of Medieval Cu Alloys.
Arch Foundry Eng. 2018;18.
5. Ross JA, Keogh JWL, Wilson CJ, Lorenzen C. External kinetics of the
kettlebell snatch in amateur lifters. PeerJ. 2017;5:e3111.
6. Schraefel mc. All About Kettlebells: Precision Nutrition; [cited 2018. Available
from: https://www.precisionnutrition.com/all-about-kettlebells. Accessed 23
Nov 2018.
7. Tsatsouline P. Power to the People Russian Strength Training Secrets for
Every American. Saint Paul: Dragon Door Publications Inc.; 1999. p. 128.
8. Jay K. The Cardio Code: VELOCITY ApS; 2014 [cited 2018 03/12/18].
Available from: https://itunes.apple.com/au/book/the-cardio-code/id1
018152561?mt=11.
9. Jay K. Viking Warrior Conditioning. Saint Paul: Dragon Door Publications
Inc.; 2011. p. 124.
10. Spurrier D. 59 The role of the physiotherapist in exercise prescription and
delivery. J Sci Med Sport. 2005;8:40.
11. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing
exercise as therapy in 26 different chronic diseases. Scand J Med Sci Sports.
2015;25(Suppl 3):1–72.
12. Babatunde OO, Jordan JL, Van der Windt DA, Hill JC, Foster NE, Protheroe J.
Effective treatment options for musculoskeletal pain in primary care: A
systematic overview of current evidence. PLoS One. 2017;12(6):e0178621.
13. Green A, Engstrom C, Friis P. Exercise: an essential evidence-based medicine.
Med J Aust. 2018;208(6):242–3.
14. Khan KMS, A. Mechanotherapy: how physical therapists' prescription of
exercise promotes tissue repair. Br J Sports Med. 2009;43(4):247–52.
15. Warden SJT, W. R. Become one with the force: optimising mechanotherapy
through an understanding of mechanobiology. Br J Sports Med. 2017;
51(13):989–90.
16. Cook JL, Docking SI. “Rehabilitation will increase the ‘capacity’ of your …
insert musculoskeletal tissue here….” Defining ‘tissue capacity’: a core
concept for clinicians. Br J Sports Med. 2015;49(23).
17. Veras MK, D., Paquet N. What is evidence-based physiotherapy? Physiother
Can. 2016;68(2):95–6.
18. Herbert R. Practical evidence-based physiotherapy. Edinburgh: Elsevier
Butterworth Heinemann; 2005.
19. Harrison JS, Schoenfeld B, Schoenfeld ML. Applications of kettlebells in
exercise program design. Strength Cond J. 2011;33(6):86–9.
20. Kostikiadis IN, Methenitis S, Tsoukos A, Veligekas P, Terzis G, Bogdanis GC.
The Effect of Short-Term Sport-Specific Strength and Conditioning Training
on Physical Fitness of Well-Trained Mixed Martial Arts Athletes. J Sports Scie
Med. 2018;17(3):348–58.
21. Møller M, Ageberg E, Bencke J, Zebis MK, Myklebust G. Implementing
Handball Injury Prevention Exercise Programs: A Practical Guideline:
Handball Sports Medicine: Springer; 2018. p. 413–32.
22. Sakamoto A, Kuroda A, Sinclair PJ, Naito H, Sakuma K. The
effectiveness of bench press training with or without throws on
strength and shot put distance of competitive university athletes. Eur
J Appl Physiol. 2018;118(9):1821–30.
23. Lockie RG. A 6-Week Base strength training program for Sprint acceleration
development and Foundation for Future Progression in amateur athletes.
Strength Cond J. 2018;40(1):2–12.
24. Chatzinikolaou A, Michaloglou K, Avloniti A, Leontsini D, Deli CK,
Vlachopoulos D, Gracia-Marco L, Arsenis S, Athanailidis I, Draganidis D. The

Meigh et al. BMC Sports Science, Medicine and Rehabilitation

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

(2019) 11:19

Trainability of Adolescent Soccer Players to Brief Periodized Complex
Training. Int J Sports Physiol Perform. 2018;13(5):645–55.
Schafer ZA, Perry JL, Vanicek N. A personalised exercise programme for
individuals with lower limb amputation reduces falls and improves gait
biomechanics: A block randomised controlled trial. Gait Posture. 2018;63:282–9.
Moreno KIP, P. A. Effects of kettlebell training on metabolic syndrome in
women. Med Sci Sports Exerc. 2012;44:497-8.
Soares Falcetta F, de Araújo Vianna Träsel H, de Almeida FK, Rangel Ribeiro
Falcetta M, Falavigna M, Dornelles Rosa D. Effects of physical exercise after
treatment of early breast cancer: systematic review and meta-analysis. Breast
Cancer Res Treat. 2018;170(3):455–76.
Ponzano M, Rodrigues IB, Giangregorio LM. Physical activity for fall
and fracture prevention. Curr Treat Options Rheumatol.
2018;4(3):268–78.
Soukkio P, Suikkanen S, Kääriä S, Kautiainen H, Sipilä S, KukkonenHarjula K, Hupli M. Effects of 12-month home-based physiotherapy on
duration of living at home and functional capacity among older
persons with signs of frailty or with a recent hip fracture-protocol of
a randomized controlled trial (HIPFRA study). BMC Geriatr.
2018;18(1):232.
Jakobsen MD, Sundstrup E, Brandt M, Andersen LL. Effect of physical
exercise on musculoskeletal pain in multiple body regions among
healthcare workers: Secondary analysis of a cluster randomized
controlled trial. Musculoskelet Sci Pract. 2018;34:89–96.
Feito Y, Hoffstetter W, Serafini P, Mangine G. Changes in body composition,
bone metabolism, strength, and skill-specific performance resulting from 16weeks of HIFT. PLoS One. 2018;13(6):e0198324.
O’Hara RB, Serres J, Traver KL, Wright B, Vojta C, Eveland E. The influence of
nontraditional training modalities on physical performance: review of the
literature. Aviat Space Environ Med. 2012;83(10):985–90.
Slungaard E, Green ND, Newham DJ, Harridge SD. Content validity of level
two of the Royal air Force aircrew conditioning programme. Aerospace
Med Hum Perform. 2018;89(10):896–904.
Pihlainen K, Santtila M, Häkkinen K, Kyröläinen H. Associations of Physical
Fitness and Body Composition Characteristics With Simulated Military Task
Performance. J Strength Cond Res. 2018;32(4):1089–98.
Larsson H, Tegern M, Monnier A, Skoglund J, Helander C, Persson E,
Malm C, Broman L, Aasa U. Content Validity Index and Intra- and
Inter-Rater Reliability of a New Muscle Strength/Endurance Test
Battery for Swedish Soldiers. PLoS One. 2015;10(7):e0132185.
Williams JM, Hendricks DS, Dannen MJ, Arnold AM, Lawrence MA. Activity
of shoulder stabilizers and prime movers during an unstable overhead
press. J Strength Cond Res. 2018.
Dunnick DD, Brown LE, Coburn JW, Lynn SK, Barillas SR. Bench Press Upper
Body Muscle Activation Between Stable and Unstable Loads. J Strength
Cond Res. 2015;29(12):3279–83.
Lawrence MA, Ostrowski SJ, Leib DJ, Carlson LA. Effect of unstable loads on
stabilizing muscles and bar motion during the bench press. J Strength Cond
Res. 2018
Podesta L, Ghatan A, LaFrance R. Assessing a Novel Method of Providing
Valgus Stress During Ultrasound Examination of the Ulnar Collateral
Ligament. PM&R. 2015;7(9):S88–S.
Růžička T. Turecký vztyk (TGU) s kettlebell z pohledu vývojové
kineziologie; 2018.
Kovac D. The effect of a six-week functional movement intervention on
dynamic knee stability and physical performance in female netball players.
Doctoral dissertation, Stellenbosch: Stellenbosch University.
Potach D, Myer G, Grindstaff TL. Special Consideration: Female Athlete
and ACL Injury Prevention. The Pediatric Anterior Cruciate Ligament:
Springer; 2018. p. 251–83.
Balaguier R. D’une analyse ergonomique en situation réelle de travail à la
mise en place d’un programme d’activités physiques adaptées pour la
prévention des troubles musculo-squelettiques de la région lombaire de
salariés viticoles. Doctoral dissertation, Aalborg Universitetsforlag.
Otto WH 3rd, Coburn JW, Brown LE, Spiering BA. Effects of
weightlifting vs. kettlebell training on vertical jump, strength, and
body composition. J Strength Cond Res. 2012;26(5):1199–202.
Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, Moher D,
Peters MD, Horsley T, Weeks L, Hempel S. PRISMA extension for scoping
reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med. 2018;
169(7):467-73.

Page 28 of 30

46. Arksey H, O'Malley L. Scoping studies: towards a methodological framework.
Int J Soc Res Methodol. 2005;8(1):19–32.
47. O'Brien Kelly K, Colquhoun H, Levac D. Scoping studies: advancing the
methodology. Implement Sci. 2010;5(1):69.
48. Peters MD, Godfrey CM, Khalil H, McInerney P, Parker D, Soares CB.
Guidance for conducting systematic scoping reviews. Int J Evid Based
Healthcare. 2015;13(3):141–6.
49. Institute TJB. Joanna Briggs institute reviewers’ manual: 2015 edition /
supplement. Adelaide: The University of Adelaide; 2015.
50. Tricco AC, Lillie E, Zarin W, O’Brien K, Colquhoun H, Kastner M, Levac D, Ng
C, Sharpe JP, Wilson K, Kenny M. A scoping review on the conduct and
reporting of scoping reviews. BMC Med Res Methodol. 2016;16(1):15.
51. Burns PB, Rohrich RJ, Chung KC. The levels of evidence and their role in
evidence-based medicine. Plast Reconstr Surg. 2011;128(1):305–10.
52. Rhea MR. Determining the magnitude of treatment effects in strength
training research through the use of the effect size. J Strength Cond Res.
2004;18(4):918–20.
53. Downs SH, Black N. The feasibility of creating a checklist for the
assessment of the methodological quality both of randomised and
non-randomised studies of health care interventions. J Epidemiol
Community Health. 1998;52(6):377.
54. Jäkel A, von Hauenschild P. Therapeutic effects of cranial osteopathic
manipulative medicine: A systematic review. J Am Osteopathic Assoc. 2011;
111(12):685–93.
55. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al.
Grading quality of evidence and strength of recommendations. BMJ.
2004;328(7454):1490.
56. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE
guidelines: 1. Introduction—GRADE evidence profiles and summary of
findings tables. J Clin Epidemiol. 2011;64(4):383–94.
57. Bullock GS, Schmitt AC, Shutt JM, Cook G, Butler RJ. Kinematic and kinetic
variables differ between kettlebell swing styles. Int J Sports Phys Ther. 2017;
12(3):324–32.
58. Van Gelder LH, Hoogenboom BJ, Alonzo B, Briggs D, Hatzel B. EMG
analysis and sagittal plane kinematics of the two-handed and singlehanded kettlebell swing: A descriptive study. Int J Sports Phys Ther.
2015;10(6):811–26.
59. Duncan M, Gibbard R, Raymond L, Mundy P. The Effect of Kettlebell Swing
Load and Cadence on Physiological, Perceptual and Mechanical Variables.
Sports. 2015;3(3):202–8.
60. Keilman BM, Hanney WJ, Kolber MJ, Pabian PS, Salamh PA, Rothschild CE,
Liu X. The short-term effect of kettlebell swings on Lumbopelvic pressure
pain thresholds: A randomized controlled trial. J Strength Cond Res. 2017;
31(11):3001–9.
61. Beck B, Middleton KJ, Carstairs GL, Billing DC, Caldwell JN. Predicting
stretcher carriage: investigating variations in bilateral carry tests. Appl Ergon.
2016;55:124–32.
62. Beck B, Carstairs GL, Billing DC, Caldwell JN, Middleton KJ. Modifiable
anthropometric characteristics are associated with unilateral and bilateral
carry performance. J Strength Cond Res. 2017;31(2):489–94.
63. Del Monte MJ, Opar D, Timmins RG, Ross J, Keogh JW, Lorenzen C.
Hamstring myoelectrical activity during three different kettlebell swing
exercises.
64. Dicus JR, Holmstrup ME, Shuler KT, Rice TT, Raybuck SD, Siddons CA.
Stability of resistance training implement alters EMG activity during the
overhead press. Int J Exerc Sci. 2018;11(1):708–16.
65. Lyons BC, Mayo JJ, Tucker WS, Wax B, Hendrix RC. Electromyographical
comparison of muscle activation patterns across three commonly
performed kettlebell exercises. J Strength Cond Res. 2017;31(9):2363–70.
66. St-Onge E, Robb A, Beach TA, Howarth SJ. A descriptive analysis of shoulder
muscle activities during individual stages of the Turkish Get-Up exercise. J
Bodyw Mov Ther. 2019;23(1):23-31.
67. Zebis MK, Skotte J, Andersen CH, Mortensen P, Petersen HH, Viskær
TC, Jensen TL, Bencke J, Andersen LL. Kettlebell swing targets
semitendinosus and supine leg curl targets biceps femoris: an EMG
study with rehabilitation implications. Br J Sports Med.
2013;47(18):1192–8.
68. Back C-Y, Joo J-Y, Kim Y-K. Kinematic comparisons of kettlebell two-arm
swings by skill level. Korean J Sport Biomech. 2016;26(1):39–50.
69. Oikarinen S. American kettlebell swing and the risk of lumbar spine injury:
Bridgewater State University; 2016.

Meigh et al. BMC Sports Science, Medicine and Rehabilitation

(2019) 11:19

70. Ross J, Wilson C, Keogh J, Wai Ho K, Lorenzen C. Snatch trajectory of
elite level girevoy (kettlebell) sport athletes and its implications to
strength and conditioning coaching. Int J Sports Sci Coach. 2015;10(2/
3):439–52.
71. Silva R, Amaro N, Marinho D, Amado S, Morouço P. Kinematic Analysis of
Kettlebell Swing in Different Surfaces-Comparison Between Stable and
Unstable Surfaces. ISBS Proc Arch. 2017;35(1):187.
72. Zin MA, Rambely AS, Ariff NM. A preliminary study on effects of increment
of loads to lower extremity joints during kettlebell swing activity. InAIP
Conference Proceedings 2018 Apr 4 (Vol. 1940, No. 1, p. 020120). AIP
Publishing.
73. Budnar RG Jr, Duplanty AA, Hill DW, McFarlin BK, Vingren JL. The acute
hormonal response to the kettlebell swing exercise. J Strength Cond Res.
2014;28(10):2793–800.
74. Greenwald S, Seger E, Nichols D, AD RAY, Rideout TC, Gosselin LE. Effect of
an acute bout of kettlebell exercise on glucose tolerance in sedentary men:
A preliminary study. Int J Exerc Sci. 2016;9(3):524–35.
75. Raymond LM, Renshaw D, Duncan MJ. Acute hormonal response to
kettlebell swing exercise differs depending on load, even when total work
is normalized. J Strength Cond Res. 2018.
76. Lake JP, Lauder MA. Mechanical demands of kettlebell swing exercise. J
Strength Cond Res. 2012;26(12):3209–16.
77. Lake JP, Hetzler BS, Lauder MA. Magnitude and relative distribution of kettlebell
snatch force-time characteristics. J Strength Cond Res. 2014;28(11):3063–72.
78. MA Mache, CT Hsieh, editor A Temporal and Kinetic Comparison of The
Kettlebell Swing and Maximal Vertical Jump. ISBS-Conference Proceedings
Archive; 2016.
79. McGill SM, Marshall LW. Kettlebell swing, snatch, and bottoms-up carry:
back and hip muscle activation, motion, and low back loads. J Strength
Cond Res. 2012;26(1):16–27.
80. Mitchell J, Johnson WM, Riemann B, Krajewski K, Coates CW. Biomechanical
Loading of the American Kettlebell Swing; 2016.
81. Edinborough L, Fisher JP, Steele J. A comparison of the effect of kettlebell
swings and isolated lumbar extension training on acute torque production
of the lumbar extensors. J Strength Cond Res. 2016;30(5):1189–95.
82. Ros T. Comparison of kettlebell jump squats vs kettlebell swings as
postactivation potentiation on vertical jumps [M.S.]. Ann Arbor: California
State University, Fullerton; 2016.
83. Chan M, MacInnis MJ, Koch S, MacLeod KE, Lohse KR, Gallo ME, Sheel AW,
Koehle MS. Cardiopulmonary demand of 16-kg kettlebell snatches in
simulated Girevoy Sport. J Strength Cond Res. 2018.
84. Chan M, MacInnis MJ, Koch S, MacLeod KE, Lohse KR, Gallo ME, et al.
Cardiopulmonary Demand of 16-kg Kettlebell Snatches in Simulated
Girevoy Sport. J Strength Cond Res. 2018; Publish Ahead of Print.
85. Farrar RE, Mayhew JL, Koch AJ. Oxygen cost of kettlebell swings. J Strength
Cond Res. 2010;24(4):1034–6.
86. Ferreira A, Aidar F, Matos D, Farias Castro B, Azevêdo L, Da Silva-Grigoletto
M, et al. Postexercise hypotension and pressure reactivity after a swing
session with kettlebell: A pilot study. 2018.
87. Fortner HA, Salgado JM, Holmstrup AM, Holmstrup ME. Cardiovascular and
metabolic Demnads of the kettlebell swing using Tabata interval versus a
traditional resistance protocol. Int J Exerc Sci. 2014;7(3):179–85.
88. Hulsey CR, Soto DT, Koch AJ, Mayhew JL. Comparison of kettlebell swings
and treadmill running at equivalent rating of perceived exertion values. J
Strength Cond Res. 2012;26(5):1203–7.
89. Martin JD, Parker DL, Quintana R. The Post Exercise Blood Pressure
Response of Two Popular Kettlebell Routines. Med Sci Sports Exerc.
2012;44:377.
90. Santillo N. The comparative effect of recovery interventions on blood
lactate removal post-high intensity kettlebell training session [M.S.]. Ann
Arbor: The William Paterson University of New Jersey; 2016.
91. Schnettler C, Porcari J, Foster C, Anders M. Physiologic responses to a
kettlebell workout; 2009.
92. Schreiber B. Physiological effects of a kettlebell workout versus a highresistance circuit workout [M.S.]. Ann Arbor: University of Arkansas; 2014.
93. Šentija D, Vučetić V, Dajaković S. Can an incremental kettlebell swinging test
be used to assess aerobic capacity. In8 th International scientific conference
on Kinesiology. ZBORNIK RADOVA 656 2017 Jan 1 (Vol. 659).
94. Thomas JF. Comparison of interval kettlebell exercise and cycle ergometry:
effectiveness as a stimulus for cardiorespiratory fitness [M.A.]. Ann Arbor:
Southeastern Louisiana University; 2014.

Page 29 of 30

95. Thomas JF, Larson KL, Hollander DB, Kraemer RR. Comparison of two-hand
kettlebell exercise and graded treadmill walking: effectiveness as a stimulus
for cardiorespiratory fitness. J Strength Cond Res. 2014;28(4):998–1006.
96. Williams BM, Kraemer RR. Comparison of cardiorespiratory and metabolic
responses in kettlebell high-intensity interval training versus Sprint interval
cycling. J Strength Cond Res. 2015;29(12):3317–25.
97. Wong A, Nordvall M, Walters-Edwards M, Lastova K, Francavillo G,
Summerfield L, Sanchez-Gonzalez M. Cardiac autonomic and blood pressure
responses to an acute bout of kettlebell exercise. J Strength Cond Res.
2017.
98. Chen HT, Wu HJ, Chen YJ, Ho SY, Chung YC. Effects of 8-week kettlebell
training on body composition, muscle strength, pulmonary function, and
chronic low-grade inflammation in elderly women with sarcopenia. Exp
Gerontol. 2018;112:112–8.
99. Marcelino CWD. Effects of kettlebell training on functional performance,
postural stability and isokinetic strength of lower limbs in individuals with
Parkinson's disease [masters]. Brazil: Univeristy of Brazil; 2017.
100. Ambrozy T, Kiszczak L, Omorczyk J, Ozimek M, Palka T, Mucha D, Stanula A,
Mucha D. Influence of experimental training with external resistance in a
form of "kettlebell" on components of women's physical fitness. Baltic J
Health Phys Act. 2017;9(1):28–36.
101. Beltz N, Erbes D, Porcari JP, Martinez R, Doberstein ST, Foster C. Effects Of
Kettlebell Training On Aerobic Capacity, Muscular Strength, Balance,
Flexibility, And Body Composition. Med Sci Sports Exerc. 2013;45(5):591.
102. Elbadry N, Alin L, Cristian P. Effect of kettlebells training on certain physical
variables and performance level of hammer throw for female college
students. Ovidius University Annals, Series Physical Education & Sport/
Science, Movement & Health. 2018;18(2):172–8.
103. Holmstrup ME, Jensen BT, Evans WS, Marshall EC. Eight weeks of kettlebell
swing training does not improve Sprint performance in recreationally active
females. Int J Exerc Sci. 2016;9(3):437–44.
104. Jay K, Frisch D, Hansen K, Zebis MK, Andersen CH, Mortensen OS,
Andersen LL. Kettlebell training for musculoskeletal and cardiovascular
health: a randomized controlled trial. Scand J Work Environ Health.
2011;37(3):196–203.
105. Jay K, Jakobsen MD, Sundstrup E, Skotte JH, Jorgensen MB, Andersen CH,
Pedersen MT, Andersen LL. Effects of kettlebell training on postural
coordination and jump performance: a randomized controlled trial. J
Strength Cond Res. 2013;27(5):1202–9.
106. Manocchia P, Spierer DK, Lufkin AK, Minichiello J, Castro J. Transference of
kettlebell training to strength, power, and endurance. J Strength Cond Res.
2013;27(2):477–84.
107. Maulit MR, Archer DC, Leyva WD, Munger CN, Wong MA, Brown LE, Coburn
JW, Galpin AJ. Effects of kettlebell swing vs. explosive deadlift training on
strength and power. Int J Kinesiol Sports Sci. 2017;5(1):1-7.
108. Ooraniyan K, KSS. Impacts of kettlebell training on selected physical fitness
components among handball players. Int J Curr Trends Sci Technol. 2018;
8(05):20427–30.
109. Parasuraman T, Mahadevan V. Effect of 6 weeks kettle bell and battle
rope training on selected physical variables among inter collegiate
volleyball players; 2018.
110. Smith CE, Lyons B, Hannon JC. A pilot study involving the effect of two
different complex training protocols on lower body power. Human
Movement. 2014;15(3):141–6.
111. KRAMER K, KRUCHTEN B, HAHN C, JANOT J, FLECK S, BRAUN S. The effects
of kettlebells versus battle ropes on upper and lower body anaerobic
power in recreationally active college students. J Undergrad Kinesiol Res.
2015.
112. Kruszewski M, Kruszewski A, Kuźmicki S. The effectiveness of kettlebell
exercises in the aspects of special efficiency training in American football.
Baltic J Health Phys Act. 2017;9(3):53–62.
113. Wade M, O'Hara R, Caldwell L, Ordway J, Bryant D. Continuous one-arm
kettlebell swing training on physiological parameters in US air force
personnel: A pilot study. J Spec Oper Med. 2016;16(4):41–7.
114. Lake JP, Lauder MA. Kettlebell swing training improves maximal and
explosive strength. J Strength Cond Res. 2012;26(8):2228–33.
115. Zebis MK, Andersen CH, Bencke J, Orntoft C, Linnebjerg C, Holmich P,
Thorborg K, Aagaard P, Andersen LL. Neuromuscular Coordination Deficit
Persists 12 Months after ACL Reconstruction But Can Be Modulated by 6
Weeks of Kettlebell Training: A Case Study in Women's Elite Soccer. Case
Rep Orthop. 2017;2017:4269575.

Meigh et al. BMC Sports Science, Medicine and Rehabilitation

(2019) 11:19

116. Zebis MK, Andersen LL, Bencke J, Kjær M, Aagaard P. Identification of
athletes at future risk of anterior cruciate ligament ruptures by
neuromuscular screening. Am J Sports Med. 2009;37(10):1967–73.
117. Tucker J. Principles of rehab specialist: kettlebells 101. Dynamic
Chiropractic. 2009;27(6):16.
118. Brumitt J, Meira EP, En Gilpin H, Brunette M. Comprehensive strength
training program for a recreational senior golfer 11-months after a rotator
cuff repair. Int J Sports Phys Ther. 2011;6(4):343–56.
119. Crawford M. Kettlebells: powerful, effective exercise and rehabilitation tools.
J Am Chiropractic Assoc. 2011;48(8):7–10.
120. Nickelston P. Russian kettlebell swings for injury rehab. Dynamic
Chiropractic. 2011;29(9):6.
121. Liebenson C. Functional training with the kettlebell. J Bodyw Mov Ther.
2011;15(4):542–4.
122. Liebenson CS, G. The Turkish get-up. J Bodyw Mov Ther. 2011;15(1):125–7.
123. Chatzinikolaou A, Michaloglou K, Avloniti A, Leontsini D, Deli CK,
Vlachopoulos D, Gracia-Marco L, Arsenis S, Athanailidis I, Draganidis D,
Jamurtas AZ. The trainability of adolescent soccer players to brief periodized
complex training. Int J Sports Physiol Perform. 2018;13(5):645-55.
124. Ayash AJ, Margaret T. Kettlebell Turkish get-up: training tool for injury
prevention and performance enhancement. Int J Athl Ther Train.
2012;17(4):8–13.
125. Leatherwood MD, Whittaker A, Esco MR. Exercise Technique: The Turkish
Get-up With a Kettlebell. Strength Cond J. 2014;36(6):107–10.
126. Stanforth D, Brumitt J, Ratamess N, Atkins W, Keteyian SJ. Training Toys...
Bell, Ropes, and Balls - Oh My! ACSMs Health Fit J. 2015;19(4):5–11.
127. Altumbabić E. Basic exercises with kettlebell. Sport Sci Pract Aspects.
2017;14(2):33–6.
128. Matthews M, Cohen D. The modified kettlebell swing. Strength Cond J.
2013;35(1):79–81.
129. Eckert RS, Ronald L. Kettlebell Thruster. Strength Cond J. 2014;36(4):73–6.
130. Coffel L, Craig Liebenson DC. The Kettlebell Arm Bar. J Bodyw Mov Ther.
2017;21(3):736–8.
131. Handy R Jr, Kerksick C. Reverse Lunge With Single-Arm Kettlebell Overhead
Press. Strength Cond J. 2017;39(5):89–93.
132. Henkin J, Bento J, Liebenson C. The kettlebell lunge clean exercise. J Bodyw
Mov Ther. 2018;22(4):980-2.
133. Campbell BI, Otto WH III. Should kettlebells be used in strength and
conditioning? Strength Cond J. 2013;35(5):27–9.
134. Jonen WN, John T. Kettlebell safety: A Periodized program using the clean
and jerk and the snatch. Strength Cond J. 2014;36(2):1–10.
135. Karthik K, Carter-Esdale CW, Vijayanathan S, Kochhar T. Extensor Pollicis
Brevis tendon damage presenting as de Quervain's disease following
kettlebell training. BMC Sports Sci Med Rehabil. 2013;5:13.
136. Calzetta MA, Bames MB. Beware the kettlebell. J Gen Intern Med.
2014;29:S323.
137. Gross C, Reese ME. Radial stress fracture in a kettlebell competitor: A case
report. PM and R. 2016;8(9):S223–S4.
138. Vecchio L, Sekendiz B. Managing risks of training with kettlebells to achieve
optimum benefits. ACSMs Health Fit J. 2017;21(2):8–12.
139. Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus on Exercise
Reporting Template (CERT): explanation and elaboration statement. Br J
Sports Med. 2016;50(23):1428.
140. Bianchi L. Interview with Valery Fedorenko [Webpage]. 2013 [cited 2018 28/
11/2018]. Available from: http://ow.ly/eKXF50uM24G.
141. Vigotsky AD, Halperin I, Lehman GJ, Trajano GS, Vieira TM. Interpreting
signal amplitudes in surface electromyography studies in sport and
rehabilitation sciences. Front Physiol. 2018;8:985.
142. Cholewicki J, McGill SM, Norman RW. Lumbar spine loads during the lifting
of extremely heavy weights. Med Sci Sports Exerc. 1991;23(10):1179–86.
143. Schoenfeld B, Grgic J. Evidence-based guidelines for resistance training volume
to maximize muscle hypertrophy. Strength Cond J. 2018;40(4):107-12.
144. McGill S. Core training: evidence translating to better performance and
injury prevention. Strength Cond J. 2010;32(3):33–46.
145. Churchward-Venne TA, Tieland M, Verdijk LB, Leenders M, Dirks ML,
de Groot LC, van Loon LJ. There are no nonresponders to resistancetype exercise training in older men and women. J Am Med Dir Assoc.
2015;16(5):400–11.
146. Steffl M, Bohannon RW, Sontakova L, Tufano JJ, Shiells K, Holmerova I.
Relationship between sarcopenia and physical activity in older people: a
systematic review and meta-analysis. Clin Interv Aging. 2017;12:835–45.

Page 30 of 30

147. Fisher JP, Steele J, Gentil P, Giessing J, Westcott WL. A minimal dose
approach to resistance training for the older adult; the prophylactic for
aging. Exp Gerontol. 2017;99:80–6.
148. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F,
et al. Sarcopenia: European consensus on definition and diagnosis:
report of the European working group on sarcopenia in older people.
Age Ageing. 2010;39(4):412–23.
149. Scott D, Daly R, Sanders K, Ebeling P. Fall and fracture risk in sarcopenia and
Dynapenia with and without obesity: the role of lifestyle interventions. Curr
Osteoporos Rep. 2015;13(4):235–44.
150. Wu Y, Wang W, Liu T, Zhang D. Association of Grip Strength With Risk of
All-Cause Mortality, Cardiovascular Diseases, and Cancer in CommunityDwelling Populations: A Meta-analysis of Prospective Cohort Studies. J Am
Med Dir Assoc. 2017;18(6):551 e17-.e35.
151. Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A, Orlandini A,
et al. Prognostic value of grip strength: findings from the prospective urban
rural epidemiology (PURE) study. Lancet. 2015;386(9990):266–73.
152. Celis-Morales CA, Welsh P, Lyall DM, Steell L, Petermann F, Anderson J,
Iliodromiti S, Sillars A, Graham N, Mackay DF, Pell JP. Associations of grip
strength with cardiovascular, respiratory, and cancer outcomes and all cause
mortality: prospective cohort study of half a million UK Biobank participants.
bmj. 2018;361:k1651.
153. Sayer AA, Kirkwood TBL. Grip strength and mortality: a biomarker of ageing?
Lancet. 2015;386(9990):226–7.
154. Kostiantyn P, Vasyl P, Valentin B, Sergiy B, Ganna B, Oksana Z, Vitaly D.
Improvement of the physical state of cadets from higher educational
establishments in the Ukrainian armed forces due to the use of the
kettlebell sport. J Phys Educ Sport. 2017;17(1):447–51.
155. Ramazzina I, Bernazzoli B, Costantino C. Systematic review on
strength training in Parkinson's disease: an unsolved question. Clin
Interv Aging. 2017;12:619–28.
156. Shaw T. Clinical application of the Turkish Get-Up to an acute shoulder
injury in a competitive Brazilian Jiu-Jitsu athlete. J Bodyw Mov Ther. 2019.
157. Cote JN, Hoeger Bement MK. Update on the relation between pain and
movement: consequences for clinical practice. Clin J Pain. 2010;26(9):754–62.
158. Matlick D, Stacy B, Council RO. Therapeutic Exercise: Strength Training–
Kettlebells.
159. Beardsley C, Contreras B. The role of kettlebells in strength and
conditioning: A review of the literature. SCJ. 2014;36(3):64–70.
160. Girard J, Hussain S. The effects of kettlebell training on strength, power, and
endurance. Phys Ther Rev. 2015;20(1):8–15.
161. Eckert RM, Snarr RL. Kettlebell training: a brief review. J Sport Hum Perform.
2016;4:1-0.
162. Aj M. A Review of Kettlebell Research and its Implications for Exercise
Programming; 2017.
163. Suchomel TJ, Nimphius S, Bellon CR, Stone MH. The importance of muscular
strength: training considerations. Sports Med. 2018;48(4):765–85.
164. Stacoff A, Diezi C, Luder G, Stüssi E, Kramers-de Quervain IA. Ground
reaction forces on stairs: effects of stair inclination and age. Gait
Posture. 2005;21(1):24–38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

