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ABSTRACT
THE EFFECTS OF KETTLEBELL TRAINING ON AEROBIC CAPACITY
by J. Asher Falatic
The purpose of this study was to determine the effects of a kettlebehdraini

program on aerobic capacity. Seventeen female NCAA Division | collegieters
players (age 19.7 .0 years, height 166.16t4 cm, weight 64.2 8.2 kg) completed a
graded exercise test to determine maximal oxygen consumptiom@iQ Participants
were placed into a kettlebell intervention (KB) groap=(9) or a circuit weight training
control (CWT) groupif = 8). Participants in the KB group completed a kettlebell snatch
test to determine individual snatch repetitions. Both groups trained 3 days per wéek for
weeks in addition to their off-season strength and conditioning program. The KB group
performed the 15:15 MV£protocol (20 min of kettlebell snatching with a 15 s work-to-
rest ratio). The CWT group performed multiple free weight and dynlaodg weight
exercises as part of a continuous circuit program for 20 min. The 15:15 pfg@col
significantly increased Vé@nax in the KB group. The average increase was 2.3 ml-kg-
'min™, or approximately a 6% gain. There was no significant change jme®©in the
CWT control group. Thus, the 4-week 15:15 MyKeattlebell protocol, using high
intensity kettlebell snatches, significantly improved aerobic ¢gpacfemale

intercollegiate soccer players.
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Chapter 1
Introduction

In the past decade, kettlebell training has gained popularity and beconbea via
option for strength training and conditioning. Hailing from Russia, it is believedda be
efficient way to increase muscular strength, muscular endurance, aapaaity and to
reduce body fat (Farrar, Mayhew, & Koch, 2010). A kettlebell can be descrilaed as
iron cannonball with a broad handle attached to it (Schnettler, Porcari, & Foster, 2010).
It is a unique training tool that allows one to exercise in ways differentthaniional
dumbbells or barbells.

Kettlebells are an ideal tool for ballistic, full-body exerciseagibigh muscle
forces, making them potentially useful for improving muscular strength and
cardiorespiratory fitness (Jay et al., 2010). One exercise, the kettledteh sdevelops
cardiorespiratory endurance and has considerable carryover to physwtéasuch as
running and jumping (Tsatsouline, 2006). In his babking Warrior Conditioning,
Master Russian kettlebell® instructor Kenneth Jay (2009) presents an aerobic
conditioning protocol that utilizes high-intensity kettlebell snatch intededsgned to
improve maximal oxygen consumption, or ¥@ax . Dubbed the 15:15 M\i(rotocol,
it involves multiple sets of 15 s of kettlebell snatching alternating withdf $est.
Schnettler et al. (2010) determined the energy cost and relative intensity pérticular
kettlebell workout. They found that when performing 20 min of the 15:15 MVO
protocol, average heart rate was 93% of maximum and oxygen consumption was 78% of

VO,max. According to the American College of Sports Medicine (ACSM), exercise



intensities between 77 and 90% of maximal heart rate or above 40-50% of oxygen uptake
reserve are sufficient to improve cardiorespiratory fithess (ThompsodpGa
Pescatello, 2010). Thus, the 15:15 MpMdotocol should improve aerobic fithess and
thus increase Vénax.
Statement of the Problem

Cardiorespiratory endurance is recognized as one of the fundamental components
of physical fithess, while Vé@nax is an important factor determining aerobic
performance (Helgerud et al., 2007). It has been shown that higher exerciggastens
elicit greater improvements in \6@ax than lower exercise intensities (Gormley et al.,
2008). High intensity interval training (HIIT) requires working at or meakimal
intensity for short periods of time. Studies by Helgerud et al. (2007) and Thomas,
Adeniran, and Etheridge (1984) revealed that interval running at 90-95% ahalaxi
heart rate (HRmax) improved \@ax in untrained and moderately trained individuals
more than training at 70-80% of HRmax. Similarly, Tabata et al. (1996) antiebede
(2009) showed that individuals who performed HIIT programs on a cycle ergormeter a
supramaximal intensities (120-170% of M@ax) increased their aerobic capacity more
than individuals who performed low intensity, continuous work. Enhancing aerobic
endurance through HIIT can also lead to improvements in athletic performanee 4 Aft
weeks of HIIT, well trained rowers significantly improved their 2000 m tirDeslér,
Fell, Gregory, Shing, & Williams, 2009) while cyclists improved their 40 km timaés

(Laursen, Shing, Peake, Coombes, & Jenkins, 2005). Additionally, Helgerud, Engen,



Wisloff, and Hoff (2001) found that improving soccer players’ aerobic capacity tiaroug
HIIT led to enhancements in multiple variables of soccer performance.

Unfortunately, there is a limited amount of evidence-based research examining
kettlebells and their potential cardiorespiratory benefits. In one of thstieles on the
subject, Farrar and colleagues (2010) found that performing 12 min of continuous
kettlebell swings provided a metabolic challenge of sufficient intensiéb @HRmax
and 65% of V@max) to increase Vénax more than traditional circuit weight training.
Jay et al. (2010) conducted a randomized control trial examining the effectfeljedet
training on musculoskeletal pain symptoms andMax. Participants performed
kettlebell swing progressions 3 days a week for 8 weeks. Results showedangnifi
reductions in neck and shoulder pain, as well as low back pain when compared to an
inactive control group; however, there was no change ismMé&R. The few studies
examining the effects of kettlebells on cardiorespiratory fithess haveqadeguivocal
results. A possible reason may be that training intensities have vanedioderate to
high. Schnettler et al. (2010) found during one exercise session that the 15:325 MVO
protocol elicits adequate intensities to improve,M@x. Yet, there are no studies that
show that kettlebell training can improve aerobic capacity over time. Further
investigation into this topic is a necessity as kettlebells are becomingraasingly
popular training tool.

Statement of the Purpose
The purpose of this study was to determine the effects of a kettlebehdraini

program on aerobic capacity, or Y@ax. There are no studies that show kettlebell



training can improve aerobic capacity over time. A circuit trainingrprogserved as the
control during the 4-week intervention.
Hypotheses

The purpose of this study was to determine if a specific kettlebellngaini
program improved Vé@mnax in female soccer players. Players were assigned to the
kettlebell (KB) or circuit weight training control (CWT) groups. The nupdipesis was
that after the 4-week training period, there would be no difference im&gains
between the KB and CWT groups. Alternate hypothesis 1 was that aftexitiiegt
period, the KB group would have a greater gain iniéx than the CWT group.
Alternate hypothesis 2 was that after the training period, the KB groufu\kave less
gain in VGQmax than the CWT group.
Delimitations

All participants were on the roster of a NCAA Division | collegiate waia
soccer team. Participants had to be at least 18 years old to participate@selrch
study. Prior to pretesting, all participants were free of any upper or mdgrinjury
that would keep them from participating in physical activity and/or competiti
Participants assigned to the KB group demonstrated safe and efficiangtectvhen
performing the kettlebell snatch. Proper technique was needed to mirtiizekt of
injury. This was demonstrated by correctly bracing the abdominals and shoulde
throughout the exercise to help protect the lower back and shoulder complex, as well as

correctly activating the posterior trunk extensors.



Limitations

Possible limitations to this study included the participants' willingreeegédrcise
at high intensity levels, exercise outside of the team's practice and conditiand
variations in the amount of practice and conditioning of individual players. Other
limitations included the participants' diet and body weight throughout the intervent
period. An increase or decrease in body weight would affect the particiedatis’e
VO,.

Definitions

In this study, the KB group followed the 15:15 MY @rotocol created by
Kenneth Jay (2009) and presente¥iking Warrior Conditioning It was defined as
multiple sets of 15 s of kettlebell snatching separated by 15 s of rest. The 15:15 MVO
protocol was used as the kettlebell intervention in this study.

A kettlebell snatch is a dynamic exercise performed with a kettleDelling the
snatch, the kettlebell travels from between an individual’s legs to a lockoubpositi
above the head (Jay, 2009). This is the foundation exercise of the 15: 15kt ol.
Summary

Despite a limited amount of literature, kettlebell training has the potémtial
improve aerobic capacity if the exercise intensity is sufficient &Fatral., 2010). HIT
has been shown to significantly improve aax in untrained and well-trained
individuals (Graef et al., 2009; Helgerud et al., 2007; Tabata et al., 1996; Thomas et al.,
1984). The 15:15 MV@protocol incorporates both high intensity interval training and

kettlebells. A recent study by Schnettler et al. (2010) showed that onesexsssion of



the 15:15 MVQelicited an exercise intensity sufficient to improve f@x. There are
only a handful of studies that have examined the cardiorespiratory responseste ittt
Moreover, there are no studies that show that kettlebell training can improbécae
capacity over time. Therefore, the purpose of this study was to determintetite eff a

kettlebell training program on aerobic capacity.



Chapter 2
Review of Literature

Kettlebells and kettlebell training as a research topic are still d neae
Literature regarding kettlebell training is scarce. However, thiekett intervention in
this study uses high intensity interval training. Therefore, this rewavexamine
kettlebell training and the effects of HIIT on W@ax and athletic performance.
Kettlebell Training

Kettlebells have been around for many years and are native to Russia. They are
routinely used by the Russian military Special Forces to build muscle,sestangth,
and improve cardiorespiratory endurance (Tsatsouline, 2006). A kettlebell can be
described as a cannonball with a handle (Schnettler et al., 2010). Kettlebelizarg g
popularity in this country and are being used in different strength and conditioning
programs (Farrar et al., 2010). However, there is a lack of evidence-bassd i
concerning the effectiveness of kettlebells as a training modalityerRirgsmost
information on kettlebells can be found in books, training manuals, and online forums.
There are only a handful of peer-reviewed, kettlebell research suidicddiable in the
United States. More attention to this growing research area is needed.

In one of the few studies examining the effects of kettlebells, Fetredr (2010)
documented the cardiorespiratory demands of a particular kettlebell protdenl. T
purpose of this study was to investigate the heart rate response and oxygen cost of
performing the "US Department of Energy Man Maker," a kettlebellazsse protocol

designed to increase cardiorespiratory fitness. Ten college-aged maagevaited to



perform as many kettlebell swings as possible with a 16 kg kettlebell for 12aundi
minutes. The initial test session established the participant’s bag€lpneax from a
treadmill running test using the Bruce protocol and a metabolic cart thatireda
expired gases. During the second test session, participants performed ihdakéa"
while heart rate and oxygen consumption were recorded each mirheganean intensity
of the exercise bout was 65.3#8% of VOmax. Mean heart rate was 163.3 bpm, or
86.8 +6.0% of HRmax. Based on guidelines set by the ACSM, the heart rate and VO
maintained during the 12 min kettlebell exercise were sufficient to improve
cardiorespiratory fithess (Thompson et al., 2010). These values are draatéret
oxygen consumption and heart rate values previously found in circuit weight training
(Farrar et al., 2010). Therefore, this kettlebell exercise protocol eglgaimetabolic
demand of sufficient intensity to improve cardiorespiratory fitness.

In one of the first randomized control studies examining the effects ofidadttle
training on musculoskeletal pain symptoms and aerobic fitness, Jay et al. (2010)
implemented a workplace resistance intervention consisting of a four keéttebelise
progression for a group of 40 participants with neck and low back pain. The participants
were relatively inactive individuals who worked long hours at a desk or computer and
had no previous kettlebell experience. The intervention consisted of kettlebell swings,
with and without a kettlebell, kettlebell deadlifts, and single arm kettlsimahigs.
Participants performed each exercise 10 times with 30 s to 1 min rest betvgeén set
days per week for 8 weeks. Progression was individually based and involved increasing

kettlebell weight or number of repetitions per set. The kettlebell intervention



significantly decreased pain intensity in the neck/shoulder and low back aneaighyf
increased back extension strength when compared to an inactive control gronugp. Us
Astrand's standardized method to estimater&x from a submaximal workload, there
was no change in V4hax in the intervention group.

VO,max Snatch Protocol. Kenneth Jay, a Master Russian kettlebell instructor,
describes in his bookjiking Warrior Conditioning how individuals can train their
cardiorespiratory system and improve M@x by utilizing several kettlebell exercise
protocols that he developed (Jay, 2009). These protocols involve specific work-to-rest
ratios of kettlebell snatching at high intensities (at or neamé&R) for extended periods
of time. Work-to-rest intervals allow a high work intensity to be maintaimexighout
the entire exercise. This places a significant demand on both the aerobic antianae
metabolic pathways. The kettlebell snatch is a common exercise used byllbose w
regularly train with kettlebells. According to Paval Tsatsouline, a kettlexpert and
founder of the Russian Kettlebell Certification®, the kettlebell snatch ojevel
outstanding cardiorespiratory endurance and has considerable carryovesitalphy
activities such as running and jumping (Tsatsouline, 2006). It is a dynamic aodiexpl
exercise that involves multiple muscle groups. During the snatch, the kettlabels
from between an individual's legs to a lockout position above the head. This motion is
reversed and repeated at a rapid pace, increasing the velocity that tihelkétdeels.

As velocity increases, power output increases, resulting in a higher edpéanditure

and oxygen consumption (Jay, 2009).



Before the Viking Warrior Conditioning protocol can be started, a caderice tes
(cMVO,) must be performed to determine the kettlebell snatch repetition number. The
cMVO; involves a 5 min test in which the snatch cadence increases every minute:

1% minute: 10 repetitions per minute or 1 repetition per 6.0 s

2" minute: 14 repetitions per minute or 1 repetition per 4.2 s

3% minute: 18 repetitions per minute or 1 repetition per 3.3 s

4™ minute: 22 repetitions per minute or 1 repetition per 2.7 s

5" minute: As many repetitions as possible in 1 min
With each minute, the tested person switches arms. The repetition numbeecahie
the fifth minute is needed to calculate the interval snatch cadence foletiede
protocol, such as the 15:15 MY@rotocol (Jay, 2009).

The 15:15 MVQ protocol calls for a 15 s work-to-rest ratio (15 s of high intensity
work followed by 15 s of rest) throughout an established duration. The number of
repetitions achieved in the fifth minute of the cMM®@st is divided by 4. This
determines the interval snatch cadence that will be used in every 15 s worl interva
throughout the exercise protocol (Jay, 2009). For example, if 24 repetitions anweedchi
in the final minute of the cMV@) then the 15:15 MV@snatch cadence is 6 for every 15
s work interval. Thus, 6 repetitions of single arm snatches must be performed during
every 15 s work interval throughout the exercise duration. A 15 s rest interval follows
every work interval, and participants switch arms after every resvait This allows

the intensity to be maintained at or near 100% for the entire workout. The exercis

10



duration can be adjusted; however, a high intensity must be maintained during each 15 s
work interval (Jay, 2009).

A recent study by Schnettler et al. (2010) examined physiological respornse
cMVO, test and the 15:15 MV protocol. The main purpose of this study was to
determine the energy cost and relative intensity of the two kettlebell werkkight
males and 2 females were recruited to take part in three phases of teatingpants
performed treadmill testing using the Bruce protocol to determine makenal rate and
oxygen consumption. On separate testing days, participants performed the cMVO
kettlebell snatch test and the 15:15 Mp&Datch protocol. Heart rate and oxygen
consumption were measured. Maximal oxygen consumption during treadmill teang w
23% higher than the mean YQuring the cMVQ test. During the 15:15 MV&snatch
protocol, heart rates and Y@ere 93% and 78% of maximal values, respectively. These
results fall within the ACSM guidelines for improving cardiorespiratoness
(Thompson et al., 2010), suggesting that performing the 15:15/Wé@kout for 20 min
could enhance aerobic capacity. The 15:15 M¥@atch protocol places a substantial
demand on both the oxidative and nonoxidative metabolic pathways (Schnettler et al.,
2010).

High Intensity Interval Training

Maximal oxygen consumption is one of the most important factors determining
cardiorespiratory fitness (Helgerud et al., 2007). Traditional enduramocmty,
characterized by large work volumes of continuous running or cycling at a moderate

intensity, has long been utilized to improve ¥@x. HIIT programs, on the other hand,

11



require working at or near maximal intensity for shorter periods of timgheHexercise
intensities elicit greater changes in ¥@ax than lower intensities (Gormley et al., 2008).
When total work and training frequency are matched, higher intensity leadgdo lar
improvements in V@nax (Helgerud et al., 2007). HIIT has been shown to be
comparable to and, in some cases, better than traditional endurance training for
improving aerobic capacity (Graef et al., 2009; Helgerud et al., 2007; Tabatal&0ét
Thomas et al., 1984).

Thomas et al. (1984) investigated the effects of multiple training protocols on
VO,max in untrained men and women. In this study, 59 people were randomly assigned
to one of four exercise groups: a 4 mile continuous run at 75% of HRmax, a 2 mile
continuous run at 75% of HRmax, an 8 set interval of a 1 min run at 90% of HRmax
followed by 3 min of active rest, and a no exercise control. Each group completed the
assigned exercises 3 days a week for 12 weekgné©Owas measured before and after
the 12 week training program. Only the interval group showed a statisticaificzgint
improvement in V@nmax compared to the control. The authors concluded that a high
intensity interval running program can improve cardiorespiratory fitness innadrai
populations.

Similarly, Helgerud et al. (2007) conducted a study to compare differenhgyaini
intensities matched for energy expenditure. Forty moderately trained wiale
randomly assigned to one of four groups: a continuous run at 70% of HRmax for 45 min
(LSD), a continuous run at 85% of HRmax for 24.25 min (LT), a sprint interval

consisting of 47 repetitions of 15 s of running at 90-95% of HRmax followed by 15 s of

12



active rest at 70% HRmax (15:15), and a 4 set interval of 4 min of running at 90-95% of
HRmax followed by 3 min of active rest at 70% of HRmax (4 x 4). Each group trained 3
days a week for 8 weeks. Results showed significant increasesimaX@nd stroke
volume in the 15:15 and 4 x 4 groups following training compared to LSD and LT
groups. The increases in stroke volume corresponded to the increasesiaxy O
signifying a close relationship between the two. Thus, HIIT was mordieéedt

improving VO:max than high volume, continuous exercise (Helgerud et al., 2007).
These results are consistent with Gormley et al. (2008) who also showed thahe/he
volume of exercise is controlled, higher intensities improveriv& more than lower
intensities. In this study, 55 participants were separated into a moddeté/O,

reserve), vigorous (75% \Weserve), near Vénax intensity (95% VQreserve), or no
exercise group and completed a progressive 6 week training protocol. The duration of
exercise sessions was calculated to match work volumes for all groups. Eatdeexe
group progressively increased exercise frequency and duration throughoutebk 6 w
training period. All exercise groups significantly increasegnax, with greater aerobic
improvements in the higher intensity groups.

Tabata et al. (199@)vestigated the aerobic and anaerobic effects of continuous
endurance training and HIIT in recreationally active males. In expetriome, 7 males
completed a continuous endurance training program 5 days a week for 6 weeks. The
participants performed continuous exercise on a bicycle ergometer for 60 70 atf
VO,max. In experiment two, 7 different males, also moderately active, perfa@rioesi

sets of 20 s of high intensity work (170% of M@ax) on a bicycle ergometer for the

13



same frequency and duration as the participants in experiment one. Each 20 s work
interval was followed by 10 s of rest. Both programs increasesnd&) although only
the HIIT program increased anaerobic capacity. The 6 week HIIT prograroved
participants' VGmax by 7 ml-kg*min™*and anaerobic capacity by 28%. The continuous
endurance training program increased,@x by 5 ml-kg*min™. In this study,
anaerobic capacity was defined as the maximal accumulated oxygendiefiuga 2 to
3 mile exhaustive bicycle test. The authors concluded that both training programs
increased maximal oxygen consumption, although HIIT concurrently improved@erobi
and anaerobic capacities.

Graef et al. (2009) investigated the effects of a 4-week HIIT prograroreatine
supplementation on cardiorespiratory fitness. Forty-three males were tsupdaced in
a creatine group (Cr), a placebo group (PI), or a control group. The control group did not
participate in any exercise during the 4-week period. The Cr and PI groups cdrtiptete
same HIIT program, consisting of 5 sets of 2 min of exercise on a begdeneter with
1 min rest intervals between sets. They exercised 5 days a week, witrebalays at
higher intensities. Exercise intensities ranged from 80 to 120% gia&R as the
training program progressed. The investigators found that the 4-week HIbEgqrot
significantly increased Vgpeak and time to exhaustion at M¥@ak in both the Cr and PI
groups.

Training adaptations become increasingly difficult to obtain as individuals
become highly trained. In order to compete at high levels, it is imperative thésthle

achieve a high level of fitness. Improvements in performance fornamietl athletes
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become difficult to achieve even when training volumes increase (Dyilld., 2009). In
addition to increasing Vénax, recent studies have also shown that HIIT improves
athletic performance in well-trained athletes.

Driller et al. (2009) found that HIIT increased endurance performancghiyhi
trained individuals. Ten well trained rowers (5 females and 5 males) cochaléteveek
HIIT program and a 4-week continuous moderate work training program (CT) in a
crossover design. Rowers were randomly placed into either the HIIT or CT grdbp for
first 4 weeks of training. After the initial 4 weeks, participants switcredihg groups
and completed another 4 weeks of training. During the HIIT program, participants
performed 8 work intervals at 90% of their velocity at;@€ak for 2.5 min. Each work
interval was separated by a rest interval that required the heau ratarn to 70% of
HRmax. The CT protocol consisted of 60 min of work on a bicycle ergometer at
workloads corresponding to a blood lactate concentration of 2 to 3 mM. After 4 weeks of
HIIT, 2000 m rowing time and power significantly improved compared to the CT
intervention. This study was one of the first to show that HIIT programs graificantly
improve performance in well trained rowers (Driller et al., 2009).

Similarly, Laursen et al. (2005) found that well trained cyclists can lhéroefi
HIIT. In this study, 38 cyclists with 3 or more years of cycling expegavere tested in
multiple performance tests and a time-to-exhaustion test. They then undedsertk
HIIT training program, exercising 2 days a week on a bicycle ergontessticipants
were placed into one of four training groups. Group 1 performed eight 1:2 work-to-rest

intervals at VQpeak power output for a duration corresponding to 60% of their time to
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exhaustion. Group 2 followed the same protocol as group 1, but rest periods were based
on the time for heart rate to return to 65% of HRmax. Group 3 performed twelve, 30 s
sprints at 120% of peak power output with 4.5 min rest between bouts. Group 4 was the
control group that performed a low intensity exercise program. After thentygeriod,
HIIT groups 1 through 3 showed significant improvements in 40 km time trials and peak
power output (Laursen et al., 2005). Only group 1 and 2 showed significant
improvements in Vgpbeak compared to the control group. It is evident that a 4-week
HIIT program can significantly improve both anaerobic and aerobic capanities|
trained cyclists, and is associated with an improvement in cycling perfoenfraursen
et al., 2005).

Helgerud et al. (2001) investigated the effects of aerobic endurancadgrami
performance in elite junior soccer players. Nineteen soccer players fooatitgvjunior
soccer teams participated in this study. Nine players were assigneditoreytgroup
and 10 to the control. The training intervention consisted of four, 4 min running intervals
at 90 to 95% of HRmax, separated by jogging intervals at 50-60% of HRmax. The
intervention program was performed in addition to the seasonal workout routine 2 days a
week for 8 weeks. After the 8 week training period ,M@x increased by 10.8%, lactate
threshold increased by 16%, and running economy increased by 6.7%. Video analysis of
the participants' competitive matches showed that the trained group incrgaked t
distance covered by 20%, number of sprints per player by 100%, and number of

involvements with the ball by 24.1% (Helgerud et al., 2001). Increases in these sariable
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ultimately improved the athletic performance of the high-intensity, intéiaed,
soccer players.
Circuit Weight Training

Circuit weight training (CWT) is a strength and conditioning protocol that
incorporates multiple forms of resistance exercise in a predetermicegssion
(Haennel, Teo, Quinney, & Kappagoda, 1989). It can be characterized bygfight
resistances and short rest periods that result in a relatively high cacdilavatemand
and lactate concentration during the short duration of the workout program (&otshal
Berger, & Kraemer, 2004). Typically, CWT is performed by using freghtgior fixed
weight machines to isolate small muscle groups. However, performing continuous
multijoint and multiplanar resistance exercises that mimic movemerngsiits £an
potentially elicit a greater aerobic effect than traditional CWT thrdbg continual use
of larger muscle groups (Lagally, Cordero, Good, Brown, & McCaw, 2009).

An early study by Haennel et al. (1989) showed that the cardiovasculds effec
CWT are comparable to those of cycling. Thirty-two male participants placed into
one of four groups: a no exercise control group, two different CWT groups thatdutilize
multiple hydraulic exercise machines, or a bicycle exercise groupCWhegroups
differed in the number of repetitions performed, with one group performing the
maximum number of repetitions per exercise and the other group performingo/6f80
maximal repetitions per exercise. Participants exercised 27 min a day & dagk for
9 weeks. Results showed significant increases ismé&R for all exercise groupp €

.05). The investigators attributed this to significant increases in stroke &@@umO05).
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In contrast, Beckham and Earnest (2000) investigated the acute aeratigcadffe
CWT. They found that using light and moderate resistance during a free weigtit c
training session did not elicit sufficient cardiorespiratory stimulusfrave aerobic
capacity. Twelve males and 18 females participated in this study. Eacippatt
performed a treadmill stress test to measurgnvdX. Participants then completed two
randomly assigned, videotaped free weight CWT programs with light or moderate
resistance. Results showed that both CWT sessions required consideralgXygen
consumption (< 30% Vénax) than the minimal 40-50% of \if@serve recommended
for improving aerobic fitness (Thompson et al., 2010).

Monteiro et al. (2008) investigated the acute physiological effects ofitieoett
CWT protocols. Ten males and 15 females were placed in a traditional CWT program
and a combined CWT program that included weight training and treadmill running. The
traditional CWT program consisted of 60 s work bouts at each exercise, while the
combined CWT program consisted of 30 s of resistance training and 30 s of treadmill
running. Each program had 15 s rest bouts between each exercise. The combined CWT
program required greater relative and absolute ¥ calorie expenditure compared to
the traditional CWT progranp(< .05). Additionally, compared to males, females
worked at a significantly greater percentage obw@x in both the traditional and
combined CWT programs. The authors concluded that a CWT program that combines
bouts of running, such as the one in this study, can provide an efficient stimulus for

improving cardiorespiratory fitness in both males and females.
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Summary

Exercise intensity is an important variable in exercise prescriptayher
exercise intensities are more effective at improvingiéx than low to moderate
intensities. High-intensity interval running and cycling protocols haga bhown to
significantly improve aerobic capacity. Additionally, HIIT can improvdetic
performance in well trained individuals. Circuit weight training has laésen used to
improve aerobic capacity. More recently, kettlebell training has been shovititto el
exercise intensities sufficient to increaseXfax. The 15:15 MV@kettlebell snatch
protocol utilizes HIIT to elicit high exercise intensities that have thenpiateo increase
VO,max similar to that of high-intensity sprint and cycling protocols. Howeliere are
few studies using kettlebells, and most have measured the acute effectsytd a s
kettlebell training session. One study examined the effect of an 8 welebdktiraining
program on aerobic capacity in relatively inactive individuals who did not have previous
experience with kettlebells (Jay et al., 2010). The exercises includedhéktlsings
and deadlifts, which are appropriate exercises for beginners. Althoughotiram
increased back extension strength, there was no change in aerobic fithessdneasgr

a submaximal test.

19



Chapter 3
Methods

The purpose of this study was to determine the effects of a kettleb@hdrai
program on aerobic capacity. The kettlebell protocol (15:15 MWt was used is
described in Kenneth Jay's bodkking Warrior Conditioningand is explained in this
chapter. To assess aerobic capacity,nd&x was measured during a graded exercise test
on a bicycle ergometer. Eighteen female collegiate soccer plagezgecruited as
participants and were assigned to either the KB group or CWT group. Atini¢tesKB
group implemented a kettlebell protocol as part of an off-season workout, whitesthle
in the CWT group followed a typical strength and conditioning program. Kelitle
training was conducted 3 days per week for 4 weeks. Maximal aerobic gapasit
assessed before and after the 4-week program to determine the afealscof the
kettlebell intervention. This chapter presents information on the participants,
instrumentation, procedures, research design, and data analysis for this study.
Participants

Participants were recruited from a population of 21 female NCAA Diviki
collegiate soccer players. Prior to measuringiMéx at the beginning of the study, two
players sustained significant injuries that disqualified them as partisipBetween the
pre-VOmax and the cMV@tests, another participant sustained an injury that
disqualified her from participation. Ten participants were selectetidd{B group.
They were free of any upper and lower extremity injuries that would prévemtfrom

participating in physical activity and/or competition. This was asddssa Board of
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Certification (BOC) Certified Athletic Trainer (ATC). Additiongllto reduce the risk of
injury, participants in the KB group exhibited proper technique for a kettletaith.
This was demonstrated by correctly bracing the abdominals and shouldehtubting
exercise to help protect the lower back and shoulder complex as well as gorrectl
activating the posterior trunk extensors. This was assessed by a RusdebeKe
Certified Strength and Conditioning Specialist (RKC/CSCS). The payfitipants not
selected for the intervention group were placed in the CWT group. All participants
frequently trained with kettlebells as part of their seasonal strendtbaaditioning
program, although the kettlebell snatch was not an exercise routinely impeiment
I nstrumentation

Aerobic capacity was measured using an Ultima metabolic cart and a Lode
Excalibur electronic cycle ergometer (both from Medical Graphics CorPast, MN).
Heart rate and rhythm were monitored from a 12-lead electrocardiog@@)( Blood
pressure (BP) was measured manually with a blood pressure cuff, sphggometer,
and stethoscope. The Borg 6-20 scale was used to assess the particpegiteg
exertion during the V@nax test. Participants used Russian kettlebells® (12 kg) during
the kettlebell snatch test and intervention protocol. Russian kettlebeltademarked
by Dragon Door (St. Paul, MN) as the most authentic and original kettlebelsdeai
A Gym Boss (St. Clair, MN) interval timer was used to maintain the KG graup’k
and rest intervals during the training intervention. Work and rest intereaésset at 15
s. Polar heart rate monitors were used to measure heart rates during glekBveand

CWT programs.

21



Procedures

Approval was obtained from San José State University's Institutional Review
Board. All participants provided written consent and an updated medical historyoprior t
testing. Within the year, all participants had undergone a medical exemmiaatl were
cleared for athletic participation by the team’s ATC and physiciansinptire testing
and training sessions, the same ATC was present.

Testing procedures. There were two testing sessions prior to the start of the
training program. During the first testing session, weight and hegjlet measured
using a platform scale (Accu-weigh, San Francisco, CA) and stadiomsfmctigely.
Weight was measured to the nearest 0.1 kg. Height was measured to theamearest
Electrode sites for the 12-lead ECG were cleaned by using anvalyasi and alcohol.
Standard placement for the six chest electrodes (V1 to V6) was used. Amndelect
were placed just below the clavicle, and leg electrodes were placed psitbelrib
cage. Seat height was adjusted parallel to the participants’ greatertter while
standing next to the cycle ergometer. Resting BP and ECG were recordedesatdd
on the ergometer. Participants were connected to the metabolic cart widigint ai
facemask fitted with a pneumotach and sampling line. Ventilation, and oxygen and
carbon dioxide concentrations in the expired air were measured with each breath.
Participants selected a comfortable pedaling rate and were encouragaittain that
rate throughout the test. Following a 2 min unloaded warm-up, resistanceeddogas
25 W each minute until the participant could not continue. Blood pressure was measured

every 2 min during the graded exercise test (GXT), and ratings of peteiedion
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(RPE) were obtained each minute. Participants were considered to have achieved a
maximal effort if two of the following criteria were met: A heateraithin 12 beats per
minute (bpm) of age-predicted maximal heart rate, calculated as 207 — (@ Thx ag
years); a respiratory exchange rate (RER)X®, or a RPE_27 (Thompson et al.,

2010). All participants completed the first testing session within 6 days. The&®dme
protocol was repeated after the 4-week training period to evaluate aerabiwtrai
effects.

During the second testing session, individual kettlebell snatch repetition rsumbe
were determined for participants in the KB group. A continuous 5 min kettlebelhsna
procedure was used, with the snatch cadence increasing every minutepaPésticsed
a 12 kg Russian Kettlebell® to perform their snatches. Time and snatch cadesce wer
monitored by the investigator and strength coach. Prior to testing, panteipad a 5
min warm-up period performing kettlebell swings at their own intensity. Dugeoly e
minute of the test, participants were instructed to switch arms, with theaanarm
starting the test. During the first minute, participants performed 10h&sa or 1 snatch
every 6.0 s. Snatch cadence increased each successive minute. During the satond, thir
and fourth minutes, participants performed 14, 18, and 22 snatches, respectively. This
corresponded to a snatch cadence of 1 snatch every 4.2, 3.3, and 2.7 s, respectively.
During the fifth minute, participants performed as many kettlebeltsaatas possible.
The number of kettlebell snatches achieved by each participant in the fifitermias
divided by 4. The resulting number represented the kettlebell repetitidospent

during each 15 s work interval of the kettlebell training intervention.
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Training procedures. After completing all pretesting, participants continued
their off-season strength and conditioning program under the supervision of the
RKC/CSCS. At the time of the study, participants had already completeckd ofdbe
hypertrophy phase of their periodized strength program. Much of the program was
focused on the hips and legs, with standard linear periodization progressions for
traditional resistance training. All volumes and load assignments fell upgertiophy-
specific adaptations. Each resistance session lasted approximatelyolldwing each
resistance session, the soccer team finished each training session \ittYaaerobic
cardiovascular training. The training week consisted of 4 days of on-the-fiétd wor
Mondays were heavy aerobic days that repeated each week. Tuesdaysdtohsishix
of aerobic and anaerobic, soccer-specific skill drills. Thursdays wered dpg
involving very high anaerobic sprint bouts. Fridays were programmed for gayneljla
keep their soccer skills refined, the athletes were divided into two teamsifiomsges.
Independent of the KB and CWT interventions, training was rigorous, and players were
intentionally placed under significant amounts of fatiguing work.

Both the KB and CWT groups followed the same resistance training routine. The
20 min KB or CWT protocols were performed between the strength training and on-the-
field training sessions. The KB group performed a kettlebell snatch protodeltiuhi
CWT group performed a circuit workout consisting of multiple free weight and body
weight exercises. Participants performed the KB or CWT intervention on Mgnday
Tuesdays, and Thursdays in weeks 1, 2, and 4. In week 3, participants completed the

intervention sessions on Tuesday, Thursday, and Friday due to schedule changes.
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Participants in the KB group performed the 15:15 M\éxtlebell snatch
protocol with 15 s work and rest intervals using a 12 kg kettlebell. For @Beswvork
interval, participants performed their individual snatch cadences that ieutatzd on
the second day of testing. They were instructed to perform their snasciass as
possible. Each 15 s work interval was followed by a 15 s rest interval. Particysmats
instructed to begin with their dominant arm and switch arms with each 15 s work interval
This was repeated for 20 min, although the total work time was 10 min. The KB group
was supervised and encouraged by the main investigator and RKC/CSCS to wotk as har
as possible.

The CWT group performed different free weight and dynamic body weight
exercises as part of a circuit during the 20 min training sessions. € icicorporated
multiple muscle groups and was developed by the RKC/CSCS. Participantstedmple
five exercises in succession (1 set), and a total of 5 sets. Total work t&i€wan.

The five exercises included 20 ball squats, 20 sit ups, 10 windmills, 10 jump squats, and a
400 m sprint/run. Participants performed ball squats and jump squats by deep squatting
to a medicine ball, using only the participants’ body weight. During jump squats,
participants jumped explosively out of the deep squat position. Windmills were

performed by side bending while stabilizing a 12 kg kettlebell overhead. Betesis

exercise did not involve ballistic movements with the kettlebell, it waslassified as

kettlebell training in this study. The CWT group was supervised and encouraded by t
main investigator and RKC/CSCS to work as hard as possible

Resear ch Design
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This study was experimental with pre and postmeasurements. The 15:35MVO

kettlebell snatch protocol was used as the kettlebell intervention. Theddftet
protocol on aerobic capacity was examined and compared to a CWT group. Pasticipant
who missed 25% or more of the training sessions (3 or more of the 12 training sessions)
were excluded from data analysis. There were no exclusions due to alssalice a
participants completed at least 75% of the training sessions.
Data Analysis

Descriptive statistics (means and standard deviations) were cadcidatge,
height, weight, and pre and post ¥@ax values. A two-way repeated measures
ANOVA was planned to evaluate differences inf@x between the KB and CWT
groups over time. The alpha level was st @t05 to determine statistical significance.
However, the normality assumption for the two-way repeated measures AM@Y not
met; thus, four t-tests were used to examine differences between grdupsatime.

Because of this, the pre-set alpha level was adjusted t60125.
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Chapter 4
Results

Twenty-one NCAA Division | female soccer players were eligible tappate
in the study. Prior to testing, two participants failed to meet the inclusionabtrause
of injuries. One participant was injured after completing the pretest and didmplete
the posttest. Additionally, one participant in the KB group completed the torgtaad
training sessions before sustaining an injury. She was cleared to partcgzgte before
posttesting; however, during the posttest she reported symptoms 10 min into the GXT
and the test was stopped before she reached maximal effort. Becausghafrttiata
were excluded from the analyses. Thus, data are reported for 17 participants,Bn the
group and 8 in the control group. Demographic data are reported in Table 1.
Table 1

Demographic Data

CWT Group KB Group All Participants
(n=8) (n=9) (N=17)
Age (yrs) 19.5 (1.1) 19.9 (1.1) 19.7 (1.0)
Height (cm) 161.7 (5.5) 170.1 (4.3) 166.1 (6.4)
Weight, pre (kg) 59.9 (3.4) 68.1 (9.4) 64.2 (8.2)
Weight, post (kg) 59.9 (3.4) 67.2 (8.9) 63.8 (7.6)

Note Values are means (SD).

27



Initially, to examine differences in Vhax between the KB and CWT groups
over time, a two-way repeated measures ANOVA was planned. However, thadityorm
assumption was not met; thus, four t-tests were used, and the preset alpha level was
adjusted tp < 0.0125. As shown in Table 2, there was no significant difference in
VO,max values between the KB and CWT groups before the intervet{idh~= 1.027,
p =.321. Similarly, there was no significant difference in,M@x values between the
KB and CWT groups after the interventia(l,5) = -0.299p = .769. The 4-week
intervention did not significantly increase W@ax in the CWT groug(7) =-0.253p =
.808. However, the 4-week intervention did significantly increasgné® in the KB
group,t(8) = -3.482p = .008. The average increase was 2.3 nmitrkin™, or
approximately a 6% gain. Additionally, the change in,M@x was compared between
the CWT and KB groups. The data did not meet the normality assumptiohtésta
thus, the difference in median values between the groups was examined using a Mann-
Whitney Rank Sum Test. The median change for the CWT and KB groups was 0.15 and
2.1 ml-kg?min™, respectively, Mann-Whitney U statistic = 5800 .038. Thus, the
increase in V@max for the KB group was significantly greater than the increase in the

CWT group.
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Table 2

VO,max Values for the Control and Kettlebell Groups

CWT Group KB Group
(n=18) (n=9)
ml-kg~'min* L-min™ ml-kg='min* L-min®
Pre VOmax 37.8(3.1) 2.257 (0.141) 36.2(3.2)  2.448 (0.209)
Post VOmax 38.1(2.5) 2.278(0.178) 38.5(3.9) 2.563 (0.142)

Change, Pre to Post 0.3(2.9) 0.021 (0.183)2.3 (2.0) 0.115 (0.150)

Note Values are means (SD)p = .008 compared to pre \i@Dax.

Therefore, the 4-week intervention increasediéx in the KB group, but not in

the CWT group. Kettlebells can be used as a training modality within a higisityte

interval training program to improve aerobic capacity in female caliegioccer players.
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Chapter 5
Discussion

This study examined the effects of a 4-week kettlebell training progra
aerobic capacity. The kettlebell training program used the 15: 15 \¢x@ocol
described by Jay (2009). This protocol uses high intensity kettlebell snatchbsl5Eac
work bout is followed by 15 s of rest, for a total duration of 20 min (10 min of exercise
and 10 min of rest). Three training sessions were held each week over a geweek
Participants in the CWT group performed a circuit workout consisting ofvegght and
body weight exercises for the same exercise duration. In contrasta timé kg min™
increase in V@max in the CWT group, the KB group gained 2.3 mi*kgjn™, or a 6.4%
increase in maximal aerobic capacity. When expressed relative to by, wains in
VO,max may result from an increase in muscle oxidative capacity or a loss of body
weight. There was no change in body weight for the CWT group over the 4-week
intervention; however, the KB group lost an average of 0.9 kg. The average gain in
absolute VGmax for the KB group was 0.115 L-rifinwhichrepresents a 4.7% increase.
Thus, the increase in maximal aerobic capacity in the KB group was pyichaeito an
increase in muscle oxidative capacity, rather than a loss of body weighg thei4-
week intervention. The results support the first alternate hypothesis ttkd the
intervention would result in a greater improvement in,W@x than the CWT
intervention.

The present study is one of the first to investigate the effects @iedttraining.

Previous studies have measured HR and ¥Sponses during a single kettlebell exercise
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session, and results have indicated that the intensity was sufficient to improve
cardiorespiratory fitness (Farrar et al, 2010; Schnettler et al., 2010). HoJayet al.
(2010) found no gain in aerobic capacity after an 8 week progressive kettlelgedimr
Participants in the Jay et al. study were relatively inactive and hadvioysd&ettlebell
experience. The kettlebell exercises included swings and deadlifts. tlastpn
participants in the present study were intercollegiate athletes whanggdtained with
kettlebells. Participants selected for the KB group demonstrated sadiaisht
technique when performing the kettlebell snatch, a high intensity, dynaerase.
Schnettler et al. (2010) reported that HR was 93% of HRmax anav&€78% of
VO,max during the 15:15 MV@snatch protocol used in this study. Although the
present study used a 4-week training program compared to the 8 week progpldmy us
Jay et al. (2010), the exercise intensity was likely much greater. The 1¥Q2 M
protocol is a high intensity workout with 15 s rest intervals between each 15 s work bout.
In contrast, Jay et al. (2010) used a progressive kettlebell program with 3 B@ts of
repetitions, and a 30-60 s rest between sets. Results from the present stodgiatent
with research showing that higher exercise intensities elicitegraaprovements in
VO,max (Gormley et al., 2008; Helgerud et al., 2007). Additionally, Helgerud et al.
(2001) found that improving Vénax in soccer players enhanced their on-field
performance by increasing total distance covered, number of sprints, and number of
involvements with the ball.

Training with kettlebells is becoming increasingly popular. Thus, fututhest

in this area are clearly needed. Understanding the acute responses andilong ter
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physiological adaptations to kettlebell training is crucial. Spedyicatiditional
research is needed to evaluate the effects of kettlebell training on asrdl@oaerobic
metabolism, strength and power development, and sport performance.
Limitations

Because this study used the kettlebell snatch, a dynamic and advancéelkettle
exercise, these findings should only be generalized to individuals who are tiaohe
have experience using kettlebells. The CWT group in this study performedia cir
weight training program for the same duration as the KB group. In contrasti& the
group, the CWT group did not show a significant gain invi@x. This could be due to
a difference in exercise intensity and total work, as both of these variagresot
directly calculated or compared. Physical activity, in addition to the KB/T
interventions and regular off-season workout program, was not controlled or documented.
Additional exercise could potentially affect Wi@ax measured after the 4-week
intervention. Although the KB group increased M@ax, the training duration was only
4 weeks. A longer training program may result in greater aerobic adaptdtioady,
the number of participants in the KB and CWT groups was small, which reduced the
power to detect a change in the CWT group. The power to detect a changgnaxvO
was 5% for the CWT group compared to 84% for the KB group.
Practical Application

Kettlebells are a unique and practical option for strength training and
conditioning. Athletes who use kettlebells in their exercise program cantiadity

increase aerobic capacity in a short amount of time by using the 15:15 kéi@bell
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protocol. This protocol may also be used during injury rehabilitation. AthAdtedhave
sustained a lower extremity injury that warrants little to no impact adiarpethis
protocol as an alternative to maintain cardiovascular fitness. The kétsiesiteh is a
low impact, dynamic exercise that also provides sufficient resistancauscle

strengthening, in addition to enhancing cardiovascular fitness.
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Appendix A

Raw Data
Pre Post Pre Post
Participant Group (n=10) Age Ht Wt Wt VO,max VO,max
101 KB 20 173.2 59.9 60.2 35.3 40.9
103 KB 20 1748 779 71.8 32.9 34.9
106* KB 21 1575 544 53.9 39.7 37.6
107 KB 21 166.1 69 70 33.7 35.8
108 KB 19 170.2 57.7 5.9 40.4 44.8
109 KB 18 170.7 57.9 57.9 38.6 41.1
115 KB 19 1659 695 68.1 38.5 41.1
116 KB 20 166.4 66.7 65 36.6 38.7
117 KB 21 166.4 68.4 67.4 39 37.4
118 KB 21 177.3 86.3 86.5 31 32.2
Participant  Group (n=8)

102 CWT 20 163.6 57.2 57.5 38.2 35.9
104 CWT 19 162.8 644 64.7 36.3 36.6
105 CWT 19 170.2 63.7 64.4 36.6 36.8
110 CWT 21 154.7 55.9 58.5 44.7 42.7
112 CWT 19 1554 604 60 38.5 36.3
113 CWT 18 159.8 61.8 58.3 35.5 36.8
114 CWT 19 167.6 59.8 60.8 34.5 41.2
119 CWT 21 159.3 55.7 54.9 38.1 38.2

Note KB = kettlebells, CWT = circuit weight training; age in yearsghein cm, weight in kg,
VO,max in ml-kg*min™. *ParticipantLl06 became symptomatic during posttest (11 days
postinjury). Data were not included in statistical analyses.
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