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Abstract: Previous research has shown that kettlebell swings (KBS), utilizing the hip-hinge technique,
exhibit similar lower-limb muscle activation patterns to sprint running. This study investigated
whether the inclusion of KBS in the warm-up enhances sprint performance. Moderately trained
males (n = 12) and females (n = 8) performed KBS and a control (CON) condition (passive rest) in
random order before performing three 20-m sprint trials separated by 4 min. No condition (KBS
versus CON) effects, time effects or condition by time interactions were found for sprint times at 5-m
and 10-m. A significant time effect was found for sprint time at 20-m with faster sprint time at 12
min compared to 4 min (p = 0.022). No condition effect or condition by time interaction was found
for sprint time at 20-m. Small to moderate correlations were found for change in sprint time (CON
minus KBS) and KBS load at 4, 8, and 12 min. It appears the KBS is not effective for potentiating 20-m
sprint performance; however, any potential benefit from the inclusion of KBS as a preconditioning
exercise for sprinting may be influenced by individual strength capabilities with KBS.
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1. Introduction

Preconditioning exercises, consisting of high resistance or ballistic activities, can be utilized
by athletes in the minutes prior to power-based exercises in order to improve performance [1–4].
Studies have shown acute improvements in countermovement vertical jump height [3,5,6] and 20-m
sprint [7–10] following resistance exercises such as barbell squats and power cleans. An acute
enhancement in exercise performance following a preconditioning exercise is attributed to the
post-activation potentiation (PAP) phenomenon, in which muscular performance characteristics are
acutely enhanced as a result of their contractile history [11]. There have been two main theories
proposed to explain an enhancement in athletic pursuits from PAP. These include (1) increased
stimulation of the central nervous system, after preconditioning exercise, prior to an explosive
activity [11,12] and (2) increased phosphorylation of myosin regulatory light chains within muscle
fibres [12]. Both these theories explain an increase in contraction velocity of the potentiating muscle,
thus leading to an increase in its power output during an explosive activity such as jumping, throwing,
and sprinting.

Contrary to the findings of PAP effects on subsequent exercise performance, some studies have
reported that acute exercise performance did not change [13,14] or was impaired [15] following a
preconditioning exercise. An explanation for the conflicting results is likely due to the coexistence of
potentiation and fatigue within the contracting muscle. For there to be an improvement in muscle
performance after a preconditioning exercise, the potentiating effect must dissipate at a slower rate
than the effect of fatigue. Findings from two meta-analyses [16,17] showed that individual strength
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profiles influence the rest period needed to induce PAP. Stronger compared to weaker individuals
required shorter rest intervals (3–7 versus 6–12 min) with the former also having a longer potentiation
duration (up to 12 min). An explanation for the shorter rest period required to induce PAP among
stronger individuals is likely due to their greater fatigue resistance to heavier loads, greater distribution
of type 2 muscle fibers and prior resistance training experience [13,18,19].

When using a resistance exercise to potentiate an athletic task, the effectiveness of the intensity
and volume prescribed also appears to be influenced by muscular strength. The potentiating effect
has been shown to be larger for stronger individuals when higher intensities are used (>85% of
1RM), and larger for weaker individuals when moderate intensities are used (60–84% of 1RM). In
terms of training volume, stronger individuals express greater potentiation levels after a multiple
set protocol, while weaker individuals benefit more from a single set protocol [16,17]. This suggests
that for stronger individuals an increase in PAP from single to multiple sets outweighs the increase
in fatigue. Therefore, individual characteristics (e.g., muscular strength and training experience)
and various aspects of the exercise protocol used such as rest period, intensity and volume may
influence the PAP effect from preconditioning exercises [12]. Previous studies that have investigated
the effects of preconditioning exercises on sprint performance have used ballistic exercises such as
depth jumps and alternate leg bounding [20,21] or resistance exercises such as barbell squats and
power cleans [6–10,22–25]. The majority of these studies have shown improved sprint performance
following the ballistic exercises [20,21] and resistance exercises [6–10,25]. However, it remains uncertain
which type of exercise is more effective for maximizing the potentiating effect on sprinting [2,16].
Whereas the ballistic exercises require minimal equipment (e.g., weight vest) or no equipment, the
performing of resistance exercises requires specialized equipment (e.g., barbells, weight plates, squat
rack), which is generally inaccessible immediately prior to competitions [2,23]. To date, no study
has investigated whether the kettlebell swing (KBS), in which repetitions are performed rapidly, as a
preconditioning exercise can enhance sprint performance. Kettlebells are portable and can be easily
transported; therefore, kettlebell exercises may be a suitable alternative to barbell exercises to induce a
potentiating response to improve sprint performance. Furthermore, KBS with moderate loads have
been shown to produce similar power outputs to jump squats using heavier loads [26] and to initiate
higher proportion of horizontal to vertical propulsive forces compared to barbell squats and jump
squats [27,28]. As such, KBS could potentially have a higher transferability to sprint running than
squats. This would benefit track and field athletes more so than athletes involved in other sports
(e.g., soccer, basketball, rugby) since the PAP effects will only last a short period of time. Whilst
the PAP effect is generally observed with relative loads ≥ 60% 1RM [17], the loads used with KBS
are typically prescribed based on a specific absolute load and have not exceeded 32 kg [26,29–32].
One possible reason for not expressing KBS loads based on a % 1RM could be due to the manner KBS
are performed i.e., rapidly, which is not suited for 1RM testing. Therefore, to allow for a KBS load to
be standardized according to an individual’s physical capabilities, the load could be determined based
on highest mean power output. The primary aim of this study was to investigate whether including
KBS (utilizing the hip hinge technique) in the warm-up enhances sprint performance in moderately
trained males and females. A secondary aim was to examine whether a more pronounced PAP effect
is observed in participants with greater leg strength and power. We hypothesized that sprint time
would improve after performance of KBS compared to a control condition involving a passive rest.
Also, we hypothesized that the PAP effect will be larger among participants with greater leg strength
and power.

2. Materials and Methods

2.1. Participants

Twenty healthy adults (12 males; 8 females), participated in the study. The sporting background
of the participants included soccer, rugby, basketball, track and field, and martial arts. Characteristics
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of the participants are reported in Table 1. The inclusion criteria for this study included being aged
18–30 years, regularly performing at least 150 min of moderate exercise per week or 75 min of vigorous
exercise per week, and having a minimum six months resistance training experience. Each participant
was risk assessed via the use of the American College of Sports Medicine pre-exercise screening
questionnaire and were deemed to be healthy. An information statement explaining all the procedures,
benefits and risks of the study were given to the participants, as well as being verbally explained
before commencement. Verbal and written informed consent was provided by the participants prior
to commencing the study. The study protocol was approved by the University of Sydney Human
Research Ethics Committee.

Table 1. Anthropometric and Muscle Performance Characteristics of Participants.

Variable Males (n = 12) Females (n = 8)

Age (y) 21.7 ± 2.3 21.9 ± 2.0
Height (cm) 178.3 ± 7.0 159.2 ± 4.4

Body Mass (kg) 74.5 ± 8.3 54.1 ± 5.2
Fat Mass (kg) 9.2 ± 6.3 12.2 ± 3.0
Body Fat (%) 12.4 ± 7.1 23.4 ± 4.0

Lean Body Mass (kg) 62.7 ± 6.0 39.5 ± 3.2
Optimal Load for KBS (kg) 42.5 ± 14.0 27.3 ± 3.8
Isometric LE Strength (Nm) 308.6 ± 66.6 209.6 ± 50.4

Isokinetic LE Power at 90 ◦/s (W) 431.5 ± 84.7 268.8 ± 74.1
Isokinetic LE Power at 250 ◦/s (W) 1030.1 ± 236.1 685. 6 ± 170.3

KBS = kettlebell swing; Optimal Load for KBS = load that achieves the highest mean power for the KBS;
LE = leg extension.

2.2. Preliminary Sessions

Two preliminary sessions were conducted during the first two weeks (one session each week)
(Figure 1). Each session involved anthropometric measures (height and weight), leg extensor strength
and power testing, KBS practice and testing, and sprint practice. The best performance from the two
preliminary sessions was used for the leg extensor strength and power, and KBS performance. On a
separate visit during the second week body composition (i.e., lean body and fat mass) was assessed.

Leg strength and power of the knee extensors was assessed via isometric torque and isokinetic
power respectively, using the Biodex isokinetic (Biodex System Pro 2, New York, USA) dynamometer.
For assessment of isometric torque, participants completed 1 set of 3 maximum voluntary contractions
(MVC) for each leg at a knee angle of 90 degrees flexion. Contractions were held for five seconds with
40 s rest between each contraction and 60 s rest between each leg. The assessment of isokinetic power
involved participants completing 2 sets of 5 maximal concentric reciprocal contractions at two different
angular velocities (90 ◦/s and 250 ◦/s). There was 60 s rest between sets and 120 s rest between each leg.
Prior to testing, participants became familiar with both testing procedures by performing submaximal
contractions for each muscle group as a warm-up. The best results for each leg were added together to
calculate isometric torque and isokinetic power of the leg extensors.

Participants were instructed and practiced the KBS with a hip dominant movement where
emphasis was placed on maximal hip recruitment, and minimal knee flexion [26,33]. This technique
was incorporated due to the generation of high horizontal propulsive forces, and increased activation
of the posterior leg musculature corresponding with sprint running [26,27,34]. Mean power from KBS
was measured via a linear force transducer (Gym Aware Power Tool, Canberra, Australia) attached to
the kettlebell clamp. This was done via participants performing two swings where the mean power
from the second swing was recorded, with loads progressing from light to heavy (increments of
approximately 5–10 kg). There was approximately 30 s rest between trials for lighter loads and 60 s rest
for heavier loads, based on participants’ perceived exertion. Once there was a decline in mean power
output detected, no further increases in load were performed and the previous load (i.e., producing
the highest mean power output) was used for the KBS in the experimental sessions. Sprint time
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was measured using wireless timing gates (Timing Solutions, Victoria, Australia) and were set up
at 0-m, 5-m, 10-m and 20-m positions. Participants commenced the sprint following a three-second
countdown and from a three-point stance with the participant’s foot and hand placed 50 cm behind
the first timing gate. This ensured the participants commenced from a standardized position and did
not trigger the gate prematurely. Data provided from the timing gate system was sprint time to each
gate. Sprints were performed on a concrete surface under cover and shielded from winds (i.e., area
between buildings). Participants were familiarized with sprinting using a three-point stance during
the preliminary sessions. Five sprint attempts were given to each participant during each preliminary
session and feedback on their three-point sprint start was provided by a co-investigator (K.K). Sprints
commencing with a three-point stance has been used in previous studies investigating the PAP effect
on sprint performance [7,24] and has been shown to be highly reliable (ICC = 0.92) [35].Sports 2019, 7, x FOR PEER REVIEW 4 of 13 
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A whole-body dual energy x-ray absorptiometry scanner (Lunar Prodigy, GE Medical Systems,
Wisconsin, USA) was used to measure body composition. Scans were performed under standardized
conditions (early morning, overnight fasted, and standardized body positioning on the scanning
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bed), by co-investigator (G.C.W). Inter-rater reliability based on scans at baseline was excellent for
lean body and fat mass (ICC: 0.98–0.99 and CV: 1.1–2.4% respectively). Lean body and fat mass was
determined using the system’s software package enCORE 2011 (version 13.60.033, GE Medical Systems,
Wisconsin, USA).

2.3. Experimental Sessions

A repeated measures, crossover, experimental design with random treatment order, was used to
investigate the acute effects of KBS on sprint performance (Figure 1). This study design was used to
minimize the effects of bias (e.g., allocation and performance bias) and confounders (i.e., known and
unknown). In week three, participants attended two experimental sessions separated by at least 48–72
h. One of the experimental sessions involved KBS and the other session a passive rest-control (CON)
condition prior to performing three 20-m sprints at 4, 8 and 12 min. In week 4, the same sessions as in
week 3 were repeated, so there was a total of four experimental sessions performed over a two-week
period. All participants were instructed not to perform any exercise at least 24 h prior to all sessions.
Participants were also instructed to abstain from caffeine and alcohol consumption for at least 12 h
before all sessions. These precautions were taken to minimize the effect on the outcome measures.
An experienced exercise scientist supervised all sessions.

Each experimental session commenced with a 10-min standardized warm-up which incorporated
light jogging, dynamic stretching, tuck jumps and sprinting. Dynamic stretching mainly focused on the
lower body muscles utilized in sprinting and included standing forward leg swings, walking lunges,
and internal and external hip rotation. Following the stretches three 20-m sprints (two minutes rest
between bouts) were performed progressing to maximal effort on the last sprint.

For the KBS condition, participants performed 2 sets of 5 KBS using a modified apparatus of
the kettlebell, the Kettle Clamp (Kettle Clamp, Ohio, USA). Briefly, dumbbells are attached to the
kettle clamp which allows for a greater weight range to be used; otherwise, limited by standard
kettlebell weights. Participants completed each set of KBS within one minute, with three minutes
of passive rest incorporated between sets; therefore, the total duration of the KBS exercise was five
minutes. After completion of the KBS, participants rested in a standing position for four minutes
prior to performing the first 20-m sprint. The 4-min rest period was selected due to previous literature
describing moderately trained individuals requiring 3–7 min of recovery to offset the level of fatigue
after a heavy resistance warm-up, in order to produce a potentiating response [16,36]. Subsequent
sprints were performed at 8- and 12-min post KBS, again with participants resting in a standing
position between bouts. For the CON condition, after participants completed their warm-up, they
rested in a standing position for nine minutes prior to the first sprint. The rest period prior to the first
20-m sprint for the CON condition matched the time between completion of the warm-up and the first
sprint during the KBS condition (i.e., KBS duration of 5 min plus 4 min passive rest). Participants then
performed sprints at 13- and 17-min post warm-up. Therefore, sprints were performed 4, 8 and 12 min
post CON condition. The best sprint performances to 5-m, 10-m and 20-m from the KBS and CON
sessions were used for data analysis.

All 20 participants completed the preliminary sessions and the week 3 experimental sessions.
However, there were technical issues in week 3 that led to data not being recorded for one of the
three sprints for four participants. Therefore, the week 4 data for these sprints and not the best of two
performances were used for these participants. Also, in week 4, one male participant was unable to
complete both the KBS and CON sessions and one female participant could not complete the KBS
session (both due to unrelated musculoskeletal injuries). For these two participants the week 3 results
were used and not the best of the two experimental weeks. The test-retest reliability between sessions
was therefore assessed on sample size n ≥ 16.
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2.4. Statistical Analysis

All data were inspected visually and statistically for normality using the Kolmogorov–Smirnov
test and were found to be normally distributed. Data are presented as mean ± standard deviation.
Descriptive statistics of males and females including body composition (lean body and fat mass) and
muscle performance (leg extensor strength and power, KBS optimal load) were reported to describe
fitness-related characteristics of the participants in this study. Test-retest reliability (i.e., sessions in
week 3 versus week 4) was calculated using intraclass correlation coefficients (ICC) and assessed using
the scale < 0.5 poor, 0.5–0.75 moderate, >0.75–0.9 good, and >0.90 excellent reliability. Effects of KBS
on sprint time were analyzed using a two factor repeated measures ANOVA, one factor being time
(with three levels: 4, 8, and 12 min) and the other being condition with two levels corresponding to the
two conditions (KBS and CON). For significant ANOVA results, a post hoc Tukey’s test was used to
determine which group means differed. Effect Sizes (ES) between the two conditions were calculated
using Morris and Deshon’s equation 8 [37]. The magnitude of the ES were assessed using the following
criteria; trivial: ≤ 0.2, small: 0.21–0.59, moderate: 0.6–1.19, large: 1.2–1.99, very large: 2.0–3.9, and
extremely large: ≥ 4.0 [38]. Percent (%) changes for each condition were calculated using the following
formula: % change = ((CON value minus KBS value) divided by CON value) multiplied by 100.

Partial correlation analyses (adjusting for sex) were performed to examine relationships
between change in sprint performance (difference between KBS and CON) and muscle performance
characteristics (relative load used for KBS, relative isometric strength, and isokinetic power at 90 ◦/s
and 250 ◦/s). Strength of correlations were qualitatively assessed using the following criteria: trivial
(r < 0.1), small (r > 0.1 to 0.3), moderate (r > 0.3 to 0.5), strong (r > 0.5 to 0.7), very strong (r > 0.7 to 0.9),
nearly perfect (r > 0.9), and perfect (r = 1.0) [38]. All analyses were performed using SPSS Statistics
Version 24 for Windows, with significance level set at p < 0.05.

3. Results

3.1. Effect of Kettlebell Swings versus Control on Sprint Time

Sprint time at 5-m, 10-m and 20-m following the three respective recovery times (4, 8, and 12 min)
for the two conditions (KBS versus CON) is displayed in Table 2. There were no condition effects, time
effects or condition by time interactions for sprint times at 5-m and 10-m. At 5-m, small ES in favor
of CON were found at all recovery times (ES = −0.10 to −0.19), whereas at 10-m trivial ES between
conditions were found at all recovery times (ES = −0.02 to −0.08). A significant time effect was found
for sprint time at 20-m (p = 0.042), with the post hoc analysis revealing a faster sprint time at 12 min
compared to 4 min (p = 0.022). There was no condition effect or condition by time interaction found for
sprint time at 20-m. Trivial ES between conditions at 20-m were found at all recovery times (ES = −0.02
to −0.04). Intra Class Correlations between the two experimental weeks showed that reliability was
good to excellent (ICC = 0.77–0.97).

3.2. Effect of Muscle Performance Characteristics on PAP

Table 3 displays the relationship between change in sprint time (i.e., CON minus KBS sprint
time) following conditions and muscle performance characteristics. There were moderate negative
correlations found for change in sprint time and KBS load (absolute and relative) at 4 min recovery
(r = −0.31 to −0.42). This finding suggested that participants with a greater KBS load (absolute and
relative) had a faster sprint time at 4 min following the CON compared to KBS condition. At 8- and
12-min recovery time there were small to moderate positive correlations found for change in sprint
time and KBS load (absolute and relative) (r = 0.21 to 0.37). This result suggests faster sprints at
8 and 12 min following KBS for participants with greater KBS load (absolute and relative). Trivial
to small correlations between change in sprint time and all other muscle performance measures
(i.e., isometric strength, isokinetic power at 90 ◦/s and 250 ◦/s) were found at 5-m, 10-m and 20-m for
all recovery times.



Sports 2019, 7, 36 7 of 11

Table 2. Sprint time at 4-, 8- and 12-min following kettlebell swing and control conditions.

Distance (m) Condition 4 min % Change (ES) 8 min % Change (ES) 12 min % Change (ES)
ANOVA (p)

C T C × T

5
KBS 1.12 ± 0.10 2.2

(−0.19)
1.11 ± 0.12 1.4

[−0.10]
1.11 ± 0.09 1.3

(−0.14)CON 1.10 ± 0.12 1.10 ± 0.12 1.09 ± 0.09 0.204 0.924 0.780

10
KBS 1.90 ± 0.17 0.8

(−0.08)
1.90 ± 0.18 0.3

(−0.02)
1.89 ± 0.15 0.4

(−0.05)CON 1.89 ± 0.17 1.90 ± 0.18 1.88 ± 0.15 0.528 0.217 0.860

20
KBS 3.31 ± 0.31 0.4

(−0.04)
3.30 ± 0.33 0.2

(−0.02)
3.29 ± 0.32 0.3

(−0.04)CON 3.30 ± 0.31 3.29 ± 0.32 3.28 ± 0.30 0.545 0.042 * 0.921

* Significant at p < 0.05.; C = condition effect; C × T = condition x time interaction; CON = control; ES = effect size; KBS = kettlebell swing; m = metres; min = minutes; T = time effect. A
positive % change indicates a slower time for KBS compared to CON.

Table 3. Correlation matrix between change in sprint time (control minus kettlebell swing conditions) and muscle performance characteristics.

Variable KBS Load Relative KBS
Load

Isometric LE
Strength

Relative
Isometric LE

Strength

Isokinetic LE
Power at 90 ◦/s

Relative
Isokinetic LE

Power at 90 ◦/s

Isokinetic LE
Power at 250 ◦/s

Relative
Isokinetic LE

Power at 250 ◦/s

Sprint (4 min post)
5-m −0.42 −0.39 −0.11 −0.05 0.09 0.12 0.05 0.07

10-m −0.41 −0.38 −0.08 −0.01 −0.01 0.04 0 0.03
20-m −0.36 −0.31 −0.08 0 0.05 0.13 0.05 0.11

Sprint (8 min post)
5-m 0.37 0.34 0.04 −0.04 0.14 0.06 0.10 −0.01

10-m 0.27 0.25 −0.03 −0.10 0.11 0.05 0.08 0
20-m 0.21 0.25 −0.18 −0.21 0.06 0.08 0.10 0.08

Sprint (12 min post)
5-m 0.22 0.35 −0.26 −0.19 0.01 0.11 0.17 0.23

10-m 0.23 0.29 −0.04 −0.02 0.13 0.14 0.19 0.16
20-m 0.23 0.29 −0.09 −0.07 0.14 0.18 0.22 0.21

* Correlation is significant at p < 0.05. Relative = Expressed relative to body mass. KBS = kettlebell swing; LE = leg extension; min = minutes. Positive correlation = faster sprint time from
KBS correlated with muscle performance measure.
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4. Discussion

This study investigated whether including kettlebell swings (KBS) in a warm-up enhances 20-m
sprint performance. To our knowledge, this is the first study to incorporate KBS as a preconditioning
exercise prior to sprint running. The findings from the present study showed no potentiating effect of
KBS on sprint time. Initial sprint time over 20-m was found to improve following further attempts
regardless of whether a KBS were included in the warm-up or not. The small to moderate positive
correlations found between change in sprint time and KBS load suggests that people with the ability to
lift heavier loads for the KBS may require at least 8 min recovery, if any potentiation effect is to result.
Furthermore, including KBS in a warm-up may be detrimental to sprint time for people stronger with
this exercise if performed 4 min or less before a sprint. Therefore, while it appears that including KBS
in a warm-up does not influence subsequent sprint performance, it may be dependent on individual
strength capabilities with the KBS.

Previous research investigating the acute effects of high resistance exercises on sprint performance
have used barbell squats [6,9,10,25], with one study incorporating power cleans [7]. However, the
dynamics of the KBS are thought to be more movement specific to sprint running than barbell squats,
where there is greater horizontal propulsive forces and higher activation of the muscles (hamstrings
and gluteals) incorporated in sprint running. In addition, a study by Manocchia et al. [39] found KBS
to transfer effectively to Olympic style lifts as well as other explosive movements. This was due to
the KBS performed rapidly, which led to increased maximal power output and increased rate of force
development. For the present study, it seemed plausible that due to KBS being performed rapidly,
an increased activation of the hamstrings and gluteal muscles, producing high forces and velocities
(similar to barbell squats and power cleans) would acutely enhance sprint performance. Results from
the current study showed that the implementation of KBS as a preconditioning exercise did not improve
sprint time at any distance and recovery time. This finding may be attributed to the study design that
was implemented (i.e., exercise prescription) and characteristics of the participants in the present study
(e.g., individual strength, training experience, type 2 muscle fiber distribution) [13,16–18].

A lack of improvement in acute exercise performance following a preconditioning exercise is
thought to be linked to the coexistence of potentiation and fatigue within the contracting muscle [5,40].
The majority of research on PAP have reported improvements in sprint performance following recovery
times ranging from 4–12 min [7,9,10], with two studies reporting the greatest potentiating effect to
occur between 7–10 min [8,25]. Based on this evidence, rest intervals of 4, 8 and 12 min seemed
to be adequate to enable the potentiating effect from the KBS to dissipate at a slower rate than the
effect of fatigue [40]. Furthermore, 4–5 min is required between explosive performance to replenish
immediate fuel stores [12,40]. However, similar to the findings of the present study, no reductions
in sprint time were found at 4, 8 and 12 min following a 3RM barbell squat in a group of sub elite
rugby players. Therefore, it is possible that the strength levels of participants in the previous and
present study may have contributed to the absence of a potentiating stimulus [16,17,23]. In the present
study, the participants were recreationally trained individuals that were participating in various sports.
In contrast, the studies that have found a potentiating effect on sprint performance have been in
professional rugby players, and track and field athletes, who are known to possess greater relative
strength compared to sub-elite sportspeople [8,23,24]. Another plausible explanation is that other
exercises performed during the warm-up (e.g., jumps/sprints) provided similar enhancement as the
KBS and potentially masked the KBS effect.

Previous research has also found that athletes involved in explosive sports tend to exhibit a
greater potentiating effect than recreationally trained individuals [13,16,17]. This is highlighted in one
study [13] where athletes increased their countermovement jump height after a 5RM barbell squat,
as compared to recreationally trained individuals whom experienced a decline in countermovement
jump height. It could also be hypothesized that individuals with greater power output capabilities
may have greater PAP potential. This may be supported by the present study findings of small to
moderate correlations found for KBS (absolute and relative loads) and sprint performances at 8 and
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12 min. Whereas, strength measured isometrically and at different velocities from the knee extensors
does not appear to relate to the ability to potentiate sprint performance from KBS based on the present
study findings of trivial to small correlations. Therefore, it appears that individuals who were stronger
with the KBS experienced a greater improvement in sprint performance following the KBS condition
(i.e., greater PAP effect).

Multiple sets (≥ 2) at a moderate intensity have been shown to be more optimal for potentiation
than a single set protocol [17], although a multiple set protocol should also theoretically produce more
fatigue than a single set [16]. Also, an individual’s strength level has been shown to effect PAP from
single and multiple set protocols [17], with stronger individuals benefiting from multiple set protocols
while weaker individuals benefited from single sets. Since the participants in the present study were
recreationally trained, it is possible that the prescription of multiple sets of KBS as a preconditioning
stimulus for the 20-m sprint was not suitable. However, since sprint performance measures were quite
similar at all recovery times for both the KBS and CON conditions, it seems unlikely that fatigue as a
result of the KBS condition (i.e., 2 sets of 5 repetitions) negatively influenced the results.

A strength of the current study was the good to excellent reliability between the two experiment
weeks for the KBS and CON conditions. As such, there is increased confidence in the results showing
that KBS do not acutely enhance 20-m sprint performance in recreationally trained adults. It is possible
that the KBS may potentiate other activities such as the vertical jump, which is another activity
commonly investigated in PAP research [5,15] and should be investigated in future research.

There are several limitations that need to be acknowledged when interpreting the findings of the
present study. The technique used for the KBS needed to be slightly modified when a heavier load
was used. Rubber hexagonal dumbbells were attached to the kettle clamp and as the load increased
so did the width of the dumbbell, which resulted in stronger participants adopting a wider stance
to remain balanced during the KBS. This wider stance used by the stronger participants may have
reduced the ability of the hips and hamstrings to develop maximum power throughout the movement,
with greater focus on maintaining a balanced position. Additionally, there is no function on the kettle
clamp to adjust the orientation of the dumbbell where the rubber hexes are facing anteriorly and
posteriorly. This would have allowed participants with higher optimal loads to perform the swings
without modification of their technique. Finally, the inclusion of both males and females as participants
may have contributed to the mixed findings due to sex differences in relative strength. However, we
did consider sex differences when analysing relationships with muscle performance characteristics
through running partial correlation analyses that were adjusted for sex.

5. Conclusions

The findings from the present study indicate that the KBS does not potentiate sprint performance.
Therefore, it is not recommended that athletes perform KBS as a preconditioning exercise for the
potentiation of the 20-m sprint. It is possible that these results were influenced by individual strength
capabilities. Since this is the first known study to investigate the effect of KBS as a preconditioning
exercise on sprint performance, further research is required to substantiate the current study’s findings.

Author Contributions: Conceptualization, D.A.H.; Formal analysis, M.H.; Investigation, K.K.; Methodology, K.K.
and G.C.W.; Project administration, D.A.H.; Supervision, D.A.H.; Writing—original draft, K.K.; Writing—review
and editing, K.K., C.F., M.H. and D.A.H.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Baker, D. Acute effect of alternating heavy and light resistances on power output during upper-body complex
power training. J. Strength Cond. Res. 2003, 17, 493–497. [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/12930175


Sports 2019, 7, 36 10 of 11

2. Maloney, S.J.; Turner, A.N.; Fletcher, I.M. Ballistic exercise as a pre-activation stimulus: A review of the
literature and practical applications. Sports Med. 2014, 44, 1347–1359. [CrossRef] [PubMed]

3. McCann, M.R.; Flanagan, S.P. The effects of exercise selection and rest interval on postactivation potentiation
of vertical jump performance. J. Strength Cond. Res. 2010, 24, 1285–1291. [CrossRef] [PubMed]

4. Saez Saez de Villarreal, E.; Gonzalez-Badillo, J.J.; Izquierdo, M. Optimal warm-up stimuli of muscle activation
to enhance short and long-term acute jumping performance. Eur. J. Appl. Physiol. 2007, 100, 393–401.
[CrossRef] [PubMed]

5. Hirayama, K. Acute effects of an ascending intensity squat protocol on vertical jump performance. J. Strength
Cond. Res. 2014, 28, 1284–1288. [CrossRef] [PubMed]

6. Evetovich, T.K.; Conley, D.S.; McCawley, P.F. Postactivation potentiation enhances upper-and lower-body
athletic performance in collegiate male and female athletes. J. Strength Cond. Res. 2015, 29, 336–342.
[CrossRef]

7. Seitz, L.B.; Trajano, G.S.; Haff, G.G. The back squat and the power clean: Elicitation of different degrees of
potentiation. Int. J. Sports Physiol. Perform. 2014, 9, 643–649. [CrossRef]

8. Bevan, H.R.; Cunningham, D.J.; Tooley, E.P.; Owen, N.J.; Cook, C.J.; Kilduff, L.P. Influence of postactivation
potentiation on sprinting performance in professional rugby players. J. Strength Cond. Res. 2010, 24, 701–705.
[CrossRef]

9. Linder, E.E.; Prins, J.H.; Murata, N.M.; Derenne, C.; Morgan, C.F.; Solomon, J.R. Effects of preload 4 repetition
maximum on 100-m sprint times in collegiate women. J. Strength Cond. Res. 2010, 24, 1184–1190. [CrossRef]

10. Matthews, M.J.; Matthews, H.P.; Snook, B. The acute effects of a resistance training warmup on sprint
performance. Res. Sports Med. 2004, 12, 151–159. [CrossRef]

11. Lorenz, D. Postactivation potentiation: An introduction. Int. J. Sports Phys. Ther. 2011, 6, 234–240. [PubMed]
12. Tillin, N.A.; Bishop, D. Factors modulating post-activation potentiation and its effect on performance of

subsequent explosive activities. Sports Med. 2009, 39, 147–166. [CrossRef] [PubMed]
13. Chiu, L.Z.; Fry, A.C.; Weiss, L.W.; Schilling, B.K.; Brown, L.E.; Smith, S.L. Postactivation potentiation response

in athletic and recreationally trained individuals. J. Strength Cond. Res. 2003, 17, 671–677. [PubMed]
14. Hanson, E.D.; Leigh, S.; Mynark, R.G. Acute effects of heavy- and light-load squat exercise on the kinetic

measures of vertical jumping. J. Strength Cond. Res. 2007, 21, 1012–1017. [CrossRef] [PubMed]
15. Arias, J.; Coburn, J.W.; Brown, L.E.; Galpin, A.J. The acute effects of heavy deadlifts on vertical jump

performance in men. Sports 2016, 4, 22. [CrossRef] [PubMed]
16. Seitz, L.B.; Haff, G.G. Factors Modulating Post-Activation Potentiation of Jump, Sprint, Throw, and

Upper-Body Ballistic Performances: A Systematic Review with Meta-Analysis. Sports Med. 2016, 46,
231–240. [CrossRef] [PubMed]

17. Wilson, J.M.; Duncan, N.M.; Marin, P.J.; Brown, L.E.; Loenneke, J.P.; Wilson, S.M.; Jo, E.; Lowery, R.P.;
Ugrinowitsch, C. Meta-analysis of postactivation potentiation and power: Effects of conditioning activity,
volume, gender, rest periods, and training status. J. Strength Cond. Res. 2013, 27, 854–859. [CrossRef]
[PubMed]

18. Chiu, L.Z.F.; Barnes, J.L. The Fitness-Fatigue Model Revisited: Implications for Planning Short- and
Long-Term Training. Strength Cond. J. 2003, 25, 42–51. [CrossRef]

19. Hamada, T.; Sale, D.G.; Macdougall, J.D. Postactivation potentiation in endurance-trained male athletes.
Med. Sci. Sports Exerc. 2000, 32, 403–411. [CrossRef]

20. Byrne, P.J.; Kenny, J.; O’Rourke, B. Acute potentiating effect of depth jumps on sprint performance. J. Strength
Cond. Res. 2014, 28, 610–615. [CrossRef]

21. Turner, A.P.; Bellhouse, S.; Kilduff, L.P.; Russell, M. Postactivation potentiation of sprint acceleration
performance using plyometric exercise. J. Strength Cond. Res. 2015, 29, 343–350. [CrossRef] [PubMed]

22. Crewther, B.T.; Kilduff, L.P.; Cook, C.J.; Middleton, M.K.; Bunce, P.J.; Yang, G.-Z. The acute potentiating
effects of back squats on athlete performance. J. Strength Cond. Res. 2011, 25, 3319–3325. [CrossRef] [PubMed]

23. Healy, R.; Comyns, T.M. The application of postactivation potentiation methods to improve sprint speed.
Strength Cond. J. 2017, 39, 1–9. [CrossRef]

24. Mcbride, J.M.; Nimphius, S.; Erickson, T.M. The acute effects of heavy-load squats and loaded
countermovement jumps on sprint performance. J. Strength Cond. Res. 2005, 19, 893–897. [PubMed]

http://dx.doi.org/10.1007/s40279-014-0214-6
http://www.ncbi.nlm.nih.gov/pubmed/24943044
http://dx.doi.org/10.1519/JSC.0b013e3181d6867c
http://www.ncbi.nlm.nih.gov/pubmed/20393352
http://dx.doi.org/10.1007/s00421-007-0440-9
http://www.ncbi.nlm.nih.gov/pubmed/17394010
http://dx.doi.org/10.1519/JSC.0000000000000259
http://www.ncbi.nlm.nih.gov/pubmed/24126897
http://dx.doi.org/10.1519/JSC.0000000000000728
http://dx.doi.org/10.1123/ijspp.2013-0358
http://dx.doi.org/10.1519/JSC.0b013e3181c7b68a
http://dx.doi.org/10.1519/JSC.0b013e3181d75806
http://dx.doi.org/10.1080/15438620490460503
http://www.ncbi.nlm.nih.gov/pubmed/21904700
http://dx.doi.org/10.2165/00007256-200939020-00004
http://www.ncbi.nlm.nih.gov/pubmed/19203135
http://www.ncbi.nlm.nih.gov/pubmed/14636093
http://dx.doi.org/10.1519/00124278-200711000-00005
http://www.ncbi.nlm.nih.gov/pubmed/18076238
http://dx.doi.org/10.3390/sports4020022
http://www.ncbi.nlm.nih.gov/pubmed/29910270
http://dx.doi.org/10.1007/s40279-015-0415-7
http://www.ncbi.nlm.nih.gov/pubmed/26508319
http://dx.doi.org/10.1519/JSC.0b013e31825c2bdb
http://www.ncbi.nlm.nih.gov/pubmed/22580978
http://dx.doi.org/10.1519/00126548-200312000-00007
http://dx.doi.org/10.1097/00005768-200002000-00022
http://dx.doi.org/10.1519/JSC.0b013e3182a0d8c1
http://dx.doi.org/10.1519/JSC.0000000000000647
http://www.ncbi.nlm.nih.gov/pubmed/25187244
http://dx.doi.org/10.1519/JSC.0b013e318215f560
http://www.ncbi.nlm.nih.gov/pubmed/22076086
http://dx.doi.org/10.1519/SSC.0000000000000276
http://www.ncbi.nlm.nih.gov/pubmed/16287357


Sports 2019, 7, 36 11 of 11

25. Wyland, T.P.; Van Dorin, J.D.; Reyes, G.F.C. Postactivation potentation effects from accommodating resistance
combined with heavy back squats on short sprint performance. J. Strength Cond. Res. 2015, 29, 3115–3123.
[CrossRef] [PubMed]

26. Lake, J.P.; Lauder, M.A. Mechanical demands of kettlebell swing exercise. J. Strength Cond. Res. 2012, 26,
3209–3216. [CrossRef] [PubMed]

27. Beardsley, C.; Contreras, B. The Role of Kettlebells in Strength and Conditioning: A Review of the Literature.
Strength Cond. J. 2014, 36, 64–70. [CrossRef]

28. Lake, J.P.; Lauder, M.A. Kettlebell swing training improves maximal and explosive strength. J. Strength
Cond. Res. 2012, 26, 2228–2233. [CrossRef]

29. Duncan, M.J.; Gibbard, R.; Raymond, L.M.; Mundy, P. The Effect of Kettlebell Swing Load and Cadence on
Physiological, Perceptual and Mechanical Variables. Sports 2015, 3, 202–208. [CrossRef]

30. Jay, K.; Frisch, D.; Hansen, K.; Zebis, M.K.; Andersen, C.H.; Mortensen, O.S.; Andersen, L.L. Kettlebell
training for musculoskeletal and cardiovascular health: A randomized controlled trial. Scand. J. Work
Environ. Health 2011, 37, 196–203. [CrossRef]

31. Maulit, M.R.; Archer, D.C.; Leyva, W.D.; Munger, C.N.; Wong, M.A.; Brown, L.E.; Coburn, J.W.; Caplin, A.J.
Effects of Kettlebell Swing vs. Explosive Deadlift Training on Strength and Power. IJKSS 2017, 5, 1–7.
[CrossRef]

32. Otto, W.H.I.; Coburn, J.W.; Brown, L.E.; Spiering, B.A. Effects of Weightlifting vs. Kettlebell Training on
Vertical Jump, Strength, and Body Composition. J. Strength Cond. Res. 2012, 26, 1199–1202. [CrossRef]
[PubMed]

33. Holmstrup, M.E.; Jensen, B.T.; Evans, W.S.; Marshall, E.C. Eight Weeks of Kettlebell Swing Training Does not
Improve Sprint Performance in Recreationally Active Females. Int. J. Exerc. Sci. 2016, 9, 437–444. [PubMed]

34. Delecluse, C. Influence of strength training on sprint running performance. Current findings and implications
for training. Sports Med. 1997, 24, 147–156. [CrossRef] [PubMed]

35. Duthie, G.M.; Pyne, D.B.; Ross, A.A.; Livingstone, S.G.; Hooper, S.L. The reliability of ten-meter sprint time
using different starting techniques. J. Strength Cond. Res. 2006, 20, 246–251. [CrossRef] [PubMed]

36. Seitz, L.B.; Reyes, A.; Tran, T.T.; Saez de Villarreal, E.; Haff, G.G. Increases in lower-body strength transfer
positively to sprint performance: A systematic review with meta-analysis. Sports Med. 2014, 44, 1693–1702.
[CrossRef] [PubMed]

37. Morris, S.B.; DeShon, R.P. Combining effect size estimates in meta-analysis with repeated measures and
independent-groups designs. Psychol. Methods 2002, 7, 105–125. [CrossRef]

38. Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine
and exercise science. Med. Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef]

39. Manocchia, P.; Spierer, D.K.; Lufkin, A.K.; Minichiello, J.; Castro, J. Transference of kettlebell training to
strength, power, and endurance. J. Strength Cond. Res. 2013, 27, 477–484. [CrossRef]

40. Rassier, D.E.; Macintosh, B.R. Coexistence of potentiation and fatigue in skeletal muscle. Braz. J. Med.
Biol. Res. 2000, 33, 499–508. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1519/JSC.0000000000000991
http://www.ncbi.nlm.nih.gov/pubmed/25968229
http://dx.doi.org/10.1519/JSC.0b013e3182474280
http://www.ncbi.nlm.nih.gov/pubmed/22207261
http://dx.doi.org/10.1519/SSC.0000000000000048
http://dx.doi.org/10.1519/JSC.0b013e31825c2c9b
http://dx.doi.org/10.3390/sports3030202
http://dx.doi.org/10.5271/sjweh.3136
http://dx.doi.org/10.7575//aiac.ijkss.v.5n.1p.1
http://dx.doi.org/10.1519/JSC.0b013e31824f233e
http://www.ncbi.nlm.nih.gov/pubmed/22344061
http://www.ncbi.nlm.nih.gov/pubmed/27766131
http://dx.doi.org/10.2165/00007256-199724030-00001
http://www.ncbi.nlm.nih.gov/pubmed/9327528
http://dx.doi.org/10.1519/R-17084.1
http://www.ncbi.nlm.nih.gov/pubmed/16686548
http://dx.doi.org/10.1007/s40279-014-0227-1
http://www.ncbi.nlm.nih.gov/pubmed/25059334
http://dx.doi.org/10.1037/1082-989X.7.1.105
http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://dx.doi.org/10.1519/JSC.0b013e31825770fe
http://dx.doi.org/10.1590/S0100-879X2000000500003
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Preliminary Sessions 
	Experimental Sessions 
	Statistical Analysis 

	Results 
	Effect of Kettlebell Swings versus Control on Sprint Time 
	Effect of Muscle Performance Characteristics on PAP 

	Discussion 
	Conclusions 
	References

