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Assessment of trunk and shoulder
muscle asymmetries during
two-armed kettlebell swings:
implications for training
optimization and injury
prevention
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'Department of Physical Education and Kinesiology, College of Education, Qassim University, Qassim,
Saudi Arabia, ?Faculty of Physical Education-Abo Qir, Alexandria University, Alexandria, Egypt

Introduction: Greater side-to-side asymmetry can indicate impaired skill,
reduced power production, and an increased risk of injury. Bilateral differences
highlight the presence of asymmetries that should be assessed to understand
their impact on both injury risk and performance enhancement.

Objective: This study aimed to assessment muscle activation and bilateral
asymmetry in major trunk and shoulder muscles during a two-armed kettlebell
swing exercise.

Methods: Twenty-seven participants (age: 24.2 + 2.6 years; body mass: 82.9 +
7.7 kg; height: 176.9 + 7.0 cm) were included in the study. Electromyographic
(EMG) data were collected bilaterally from twelve muscles (six muscles per
side: anterior deltoid [AD], posterior deltoid [PD], erector spinae longissimus
[ESL], erector spinae iliocostalis [ESI], external oblique [EQ], and rectus
abdominis [RAI).

Results: Results indicated that asymmetry indices for the AD, ESL, ESI, and RA
muscles during the upward propulsion phase fell within the determined
threshold of 15%. However, the asymmetry indices for the PD and EO muscles
exceeded this threshold by 3.36% and 2.62%, respectively. The findings
suggest that trunk muscle asymmetries during the kettlebell swing are
generally less pronounced than those of the shoulder muscles, particularly
during the float phase.

Conclusion: These results provide valuable insights into bilateral muscle
asymmetry during a two-armed kettlebell swing, which can inform the
development of targeted training programs. The methods and findings of this
study may further contribute to understanding the effects of muscle balance,
symmetry, and injury mechanisms in dynamic movements.

KEYWORDS
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1 Introduction

Over the last decade, resistance training has gained popularity as a form of exercise due
to its ability to enhance athletic performance in various ways (1). Among these methods,
kettlebell training has garnered increasing interest and popularity among both professional
and amateur athletes since its introduction in 2009 (2).
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Kettlebell training is a versatile resistance-training technique
that serves multiple purposes, including improving muscular
strength  (3),
management and flexibility (2), general fitness (5), and injury
rehabilitation (6). Kettlebells
strength and conditioning programs across various sports, such
as handball (7), shot put (8), sprinting (9), and soccer (10).
Previous research has demonstrated that kettlebells can enhance

endurance (1), explosive power (4), weight

have been incorporated into

1I-RM in back squats (3), increase power output in vertical
jumps and power (11), and improve aerobic capacity in female
12). Additionally, kettlebells have been
considered for military task performance (4, 13) and as part of

soccer players (6,

the Royal Air Force’s aircrew training program (14). They are
also used in clinical settings for osteoporosis management, fall
and fracture prevention (15), and fitness enhancement among
healthcare workers (16), as well as in initiatives aimed at
improving health-related physical fitness (4, 17).

Traditionally, kettlebells are made of cast iron and increase in
size with weight. Currently, they are available in various
materials and weights, ranging from 2 kg to 92 kg (4). The six
fundamental hardstyle techniques include the Turkish get-up,
clean, swing, squat, press, and snatch and the two-handed
hardstyle swing was identified as the most frequently used
kettlebell exercise (4). This movement involves propelling the
kettlebell forward and upward with a swinging motion driven by
hip extension, transferring force to the trunk and arms (6).

Several studies have examined surface electromyography-based
muscle activation during the kettlebell swing exercise (5, 6, 18).
Research has focused on muscles most affected by the exercise,
including the anterior deltoid, erector spinae, rectus abdominis, and
external oblique (18). Van Gelder, Hoogenboom (19) demonstrated
that both one-handed and two-handed kettlebell swings effectively
Fimland (20)
specifically investigated trunk muscle activation during one-handed

recruit muscles for strengthening. Andersen,

vs. two-handed Russian kettlebell swings. Assessing muscle activity
kettlebell
understanding the exercise’s potential applications in injury

across  various swing variations is crucial for
prevention, performance enhancement, and rehabilitation (5).

Previous research has shown that unilateral and bilateral resistance
training exercises have distinct effects on trunk muscle activation (21,
22). The kettlebell swing can be performed either unilaterally or
bilaterally (6). Bilateral asymmetry, defined as differences in function
or performance between the dominant and non-dominant limb or
side, is an important factor in assessing injury risk and performance
enhancement (23). The asymmetry index (AI) is used to measure
imbalances be-tween the dominant and non-dominant limbs or
sides during performance (24). Prolonged engagement in the same
sport can lead to the development of bilateral asymmetry (25, 26),
which is increasingly recognized as a concern due to its impact on
the likelihood of sports injuries (27).

Current literature suggests that multiple evaluations of
asymmetry in a given activity may re-veal varying degrees of
imbalance, often without consistently favoring the same side or
direction (28). Madruga-Parera, Bishop (29) examined whether
asymmetry remained consistent across three unilateral jump-
based assessments among team sport participants. For advanced
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lifters, who are accustomed to lifting loads closer to their 1RM, it
is beneficial to analyze whether weight distribution asymmetries
persist in individuals with high technical proficiency (30).

Greater side-to-side asymmetry may indicate impaired skill and
power production, along with a heightened risk of injury (31).
A symmetry score of zero indicates perfect weight distribution,
while scores above zero suggest varying degrees of asymmetry, with
higher AI scores representing greater imbalance (30). To minimize
injury risk and achieve optimal performance, it is crucial to reduce
performance imbalances (32, 33). Bilateral asymmetry in functional
performance above a specific threshold has been associated with
increased sports-related injury risk (34). Thus, measuring bilateral
asymmetry in physical, biomechanical, and electromyographical
variables can be critical in athlete evaluation (35), and provide a
valuable monitoring tool (36). Consistency across these measures,
in addition to assessing bilateral asymmetry, could offer insights for
targeted exercise interventions tailored to each individual’s
dominant and non-dominant sides (37, 38).

Therefore, studying the factors influencing muscle activation
and bilateral asymmetry during the two-armed kettlebell swing
can provide valuable insights into its effectiveness, potentially
enhancing our understanding of performance improvement and
injury mechanisms. The current study aimed to identify
differences in muscle activation and bilateral asymmetry of major
trunk and shoulder muscles on both sides during the two-armed
kettlebell that bilateral
asymmetry would score low, indicating near-perfect symmetry in

swing exercise. We hypothesized

weight distribution according to the established threshold.

2 Materials and methods
2.1 Subjects and study design

A priori power analysis was calculated using G-Power software
version 3.1.9.7 (Universitit Kiel, Germany). Assuming 6 repetitions
per subject, a power of 0.80, an alpha level of 0.05, and a medium
effect size of 0.25, indicated that an average of 19 participants
would be needed for statistical tests. Based on this estimate,
27 participants were included in the study (age: 24.2 + 2.6 years;
body mass: 82.9 +7.7 kg; height: 176.9+7.0 cm). The inclusion
criteria required participants to be over 18 years old and have at
least five years of experience in kettlebell training. Participants
were excluded if they had significant gaps in their training
history (longer than six months) or if they were currently injured
or recovering from injuries that could affect their performance.
All participants provided written informed consent, and the
study was approved by the institution’s ethics committee.

2.2 Experiment protocol

Participants performed a kettlebell-specific warm-up that
included five minutes of submaximal kettlebell swings. Following
the warm-up, they completed one set of two-armed Russian
kettlebell swings, with each set consisting of five repetitions using
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a 16-kg Kkettlebell. The sequence of the exercises remained
consistent between the warm-up and the experimental tests. The
participants’  self-selected foot stance was recorded during
the initial exercise and maintained throughout all tests and the
participants were asked which limb they would prefer to use for
the exercises in order to identify which limb was dominant (39).
Using a Simi Motion Capture System (Simi Reality Motion
Analysis V. 9.0.6) that was synchronized with the EMG at 100
frames per second, video analysis was used to determine the
phases; swing phases and timing were measured upon the
participant’s signal, with the swing divided into four distinct
phases: upward propulsion, float, drop, and deceleration (Figure 1).

Participants initiated the swing by flexing their hips during the
downward movement and ex-tending them rapidly and forcefully
to lift the kettlebell to chest height in a “Russian swing” motion
(4). Each participant completed two trials of the two-armed
kettlebell swings, performing at least five repetitions per trial

10.3389/fspor.2024.1497826

with the 16 kg kettlebell (40). To avoid fatigue, a one-minute rest
period was provided between trials. The first and last repetitions
were excluded from analysis. Results from the successful trials
(two trials with three repetitions each) were averaged to generate
a single variable for each participant, which was then used in the
asymmetry index calculation and statistical analyses (Figure 2) (41).

2.3 sEMG activity recording and analysis

In accordance with SENIAM guidelines, the participants’ skin
was shaved, abraded, and cleaned with alcohol prior to electrode
application (42). Gel-coated, self-adhesive electrodes (bipolar,
10 mm diameter silver chloride surface electrodes; SKINTACT
FS-RG1/10, Leonhard Lang GmbH, Innsbruck, Austria) were
used, with a 2cm center-to-center spacing. Electrodes were
placed according to SENIAM guidelines (www.seniam.org) on
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FIGURE 1

A single cycle of two-armed kettlebell swing phases: (A—C) phase 1 (upward propulsion of the kettlebell), (C-E) phase 2 (the float: passive shoulder
flexion with hips and knees in terminal extension), (E) Mid-swing (top of the swing), (E-G) phase 3 (the drop: passive extension of the shoulders with
hips and knees in terminal extension), (G—-I) phase 4 [deceleration of the kettlebell to the end of the cycle (bottom of the swing)].
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selected trunk and upper limb muscles: rectus abdominis (RA),
external oblique (EO), erector spinae longissimus (ESL), erector
spinae iliocostalis (ESI), anterior deltoid (AD), and posterior
deltoid (PD) on both dominant and non-dominant sides.
A surface EMG device (Myon m320RX; Myon, Switzerland)
recorded the raw EMG signals, which were sampled using a 16-
bit A/D converter at 1,000 Hz. EMG data were processed using
Visual 3D software (C-Motion, Germantown, MD, USA). To
reduce movement artifacts, a high-pass Butterworth filter with a
cut-off frequency of 25 Hz and a low-pass filter at 15 Hz were
applied. The signals were preprocessed using a full-wave rectifier
and a linear envelope obtained using the root mean square
(RMS) approach with a window size of 100 ms (43). EMG signal
amplitudes were normalized to the maximum signal observed

10.3389/fspor.2024.1497826

bilateral distribution symmetry across the upper limbs and trunk
muscles (Equation 1).

2(dominant — non dominant )

Asymmetry Index (%) = %100

1

(dominant + non dominant )

An index value of zero represents perfect symmetry, while values
greater than zero indicate varying degrees of asymmetry, with
larger values signifying more pronounced asymmetry (30). The
Asymmetry Index was calculated for each muscle on both sides
based on muscle activity during the two-armed kettlebell swing.
Figures 3, 4 display the raw, rectified, and RMS values of muscle

across the two trials, including all three repetitions for activation from a representative subject.
each participant.
2.5 Statistical analysis
2.4 Asymmetry index
Descriptive statistics were reported as means and 95%
The asymmetry Index was calculated following the  confidence intervals (mean + CI). Data distribution was assessed
methodology of Sheikhi, Letafatkar (44), measures the degree of using Shapiro-Wilk tests, confirming the suitability for
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FIGURE 4
Erector spinae iliocostalis (ESI), external oblique (EO), and rectus abdominis (RA) muscle activity. (a) Raw EMG data, (b) Rectified EMG data, and (c) data
from a representative subject.

parametric analysis. Within-group differences between phases were
evaluated using repeated measures one-way analysis of variance
(RM ANOVA), with Sidak post hoc tests comparing the means of
each variable during the four phases (upward propulsion, float,
drop, and deceleration). Effect size was assessed using partial eta
squared (772p), where UZPZO.OI is a small effect, n2p20.06 is a
medium effect, and nzp >0.14 is a large effect (45). All statistical
analyses were conducted using IBM SPSS Statistics v27 (IBM"
Corp., NY, USA).

3 Results

Figure 5 displays the average values and confidence intervals
for the duration of the two-armed kettlebell swing phases. The
RM-ANOVA showed significant main effects across the exercise
phases (n7°,=0.97). post hoc comparisons indicated significant
differences among the phases (p<0.001), with the longest
duration observed during the drop phase, followed by a decrease
in the deceleration phase.

Figure 6 presents the average values and confidence intervals
for the normalized RMS (%max) of the right and left limbs

Frontiers in Sports and Active Living

during the phases of the two-armed kettlebell swing. Muscle
activities of the right and left anterior deltoid (AD), posterior
deltoid (PD), erector spinae longissimus (ESL), erector spinae
iliocostalis (ESI), external oblique (EO), and rectus abdominis
(RA) were recorded during the upward propulsion, float, drop,
and deceleration phases, respectively (Figure 6). The peak
activities of the right and left AD, PD, ESL, and ESI muscles
occurred during the upward propulsion phase, while the peak
activities of the right and left EO and RA muscles occurred
during the float phase.

Figure 7 provides the asymmetry indices for individual muscles
during each phase. During upward propulsion, asymmetry indices
were AD (—2.74%), PD (18.36%), ESL (7.66%), ESI (1.15%), EO
(—17.62%), and RA (3.88%) (Figure 7a). During the float phase,
asymmetry indices were AD (—40.67%), PD (25.49%), ESL
(629%), ESI (15.79%), EO (—0.96%), and RA (2.27%)
(Figure 7b). During the drop phase, asymmetry indices were
AD (—9.44%), PD (—0.60%), ESL (0.41%), ESI (—4.05%),
EO (—11.90%), and RA (2.31%) (Figure 7c). During deceleration,
were AD  (3.77%), PD  (30.23%),
(=5.53%), EO (—23.68%), and RA

asymmetry  indices
ESL (—6.38%), ESI
(—3.30%) (Figure 7d).
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Average values and ClI for the duration for the two-armed kettlebell
phases. Significant differences for the post hoc tests between
phases: Partial eta squared (17,2J =0.97) and asterisk signs represent
significant differences between speeds: (***) indicates p <0.001.

The RM-ANOVA revealed significant main effects for bilateral
asymmetries in AD (F=12.71, n2p=0.33) (Figure 8a), PD
(F=4.52, n%,=0.15) (Figure 8b, ESL (F=170, n’,=0.06)
(Figure 8c), ESI (F=5.45, n2p20.17) (Figure 8d), EO (F=4.30,
n’°p=0.14) (Figure 8¢), and RA (F=0.79, n°, =0.03) (Figure 8f).
Significant differences in asymmetries were found between
upward propulsion and float phases for AD (p <0.001) and EO
(p<0.05), but not for PD, ESL, ESI, or RA. Additional
significant differences were observed between the float and drop
phases for AD (p <0.001), PD (p <0.05), ESI (p <0.05), and EO
(p<0.01). For the drop and deceleration phases, significant
variations were found only for PD (p<0.05). Lastly, significant
differences were identified between the float and deceleration
phases for AD (p <0.001) and ESI (p < 0.05).

4 Discussion

The aim of this study was to identify differences in muscle
activation and examine bilateral asymmetry in the major trunk
and shoulder muscles during the two-armed kettlebell swing
exercise. To our knowledge, this is the first study to investigate
muscle activity asymmetry during the two-armed kettlebell swing
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This
insights into the effective-ness of this technique, contributing to

using electromyographic analysis. approach  provides
the understanding of performance enhancement and potential
injury mechanisms.

Based on the bilateral performance of the two-armed kettlebell
swing, we hypothesized that muscle activity would be symmetrical
between sides. However, the results revealed that the AD muscle on
the left side exhibited greater activation compared to the right,
particularly during the float phase. The discrepancy between the
sides diminished during the drop and deceleration phases. This
finding suggests that the AD muscle plays a key role in
accelerating the kettlebell specifically during the initial upward
movement, which is in agreement with Salem, Hassan (18).
During the two-armed kettlebell swing phases, the PD muscles
on both sides exhibited a high level of asymmetry (>15%),
resulting in notable differences between the dominant and
non-dominant sides during the upward propulsion, float, and
deceleration phases. In contrast, the PD muscle’s primary role is
to engage in braking movement during the drop phase, leading
to an asymmetry level of less than 15% in this phase.

Simultaneous activity of the trunk muscles (ESL, ESI, EO, and
RA) on both sides, especially during the upward propulsion, float,
and drop phases, underscores the importance of stability in the
two-armed kettlebell swing. In general, and particularly in sports,
greater joint coordination instability increases the risk of injury,
while smaller side-to-side asymmetry helps reduce this risk and
enhances training effectiveness (36, 46). Several studies have
shown that higher functional asymmetries are associated with an
increased risk of injury and are considered a known risk factor
(30, 47). Thus, reducing asymmetry in these muscles can
enhance performance and lower the risk of injury (48, 49).

To evaluate bilateral muscle activity differences, we employed
the asymmetry index (AI) method to calculate the asymmetry
between the right and left sides for each muscle. Our findings,
along with previous studies, suggest a 15% threshold of inter-
limb or side asymmetry as normal physiological variability,
serving as a reference value for injury risk (dotted lines in
Figure 7) (50-52). This study is the first to quantify and compare
muscle activity asymmetry during and between phases of the
two-armed  kettlebell
asymmetry, our findings indicate that the asymmetry indexes for

swing exercise. Regarding muscle
AD, ESL, ESI, and RA muscles during the upward propulsion
phase were within the acceptable range of 15%. These results
suggest that the observed asymmetries are within normal limits
during performance. However, the PD and EO muscles exhibited
asymmetries exceeding the targeted threshold, possibly due to
unilateral activation or compensatory responses aimed at
enhancing stability. The ESL, ESI, and RA muscles consistently
remained within the AI threshold across all four phases, likely
due to the RA’s role in core stability, facilitating force transfer
from the hip extensors to the arms and kettlebell. Additionally,
trunk muscles like the ESL are crucial for extending the trunk
during the upward phase and providing stability to prevent
spinal twisting under load (20). Extensor core muscles are
activated in response to flexion moments, further supporting

their stabilizing role (53).
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Our results support the hypothesis that bilateral asymmetry
would be minimal, indicating near-optimal weight distribution
symmetry based on the established threshold. However, the PD
muscle demonstrated high asymmetry during the upward
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propulsion, float, and deceleration phases, while the AD muscle
showed the float phase.
Additionally, the EO muscle exhibited slightly greater asymmetry
than the threshold during the

significant asymmetry during

upward propulsion and
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FIGURE 7
Muscles asymmetry data (%) for two-armed kettlebell exercise during the four phases: (a) upward propulsion, (b) the float, (c) the drop, and
(d) deceleration. The asymmetry favoring the right side was indicated by bars oriented towards the right, while the asymmetry favoring the left
side was indicated by bars oriented towards the left. Dot lines indicate; red 10% and black 15% of asymmetry threshold for right and left (L) side

deceleration phases. This highlights the critical roles of these
muscles in kettlebell training. The AD muscle generally shows
greater activation than the PD during kettlebell exercises, with
both muscles being essential for controlling the swing, especially
during the float phase (18). These asymmetry index results are
valuable for physiotherapists and strength and conditioning
coaches in identifying athletes at risk of injury, enabling the
development of targeted neuromuscular prevention programs.
Corrective strategies focused on reducing asymmetry may help
lower the risk of injury (50).

Analyzing inter-phase revealed significant
differences in the AD muscle between phases, with notable
asymmetry during the float phase, likely due to the increased

load of resisting the kettlebell’s weight and gravity. Additionally,

asymmetry

differences in bilateral asymmetry were observed between the
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float and drop, and float and deceleration phases for the PD,
ESI, and EO muscles. Our findings suggest that trunk muscle
asymmetries during the two-armed kettlebell swing are generally
lower than those observed in shoulder muscles (AD and PD),
particularly during the float phase, which plays a key role in
generating muscle activity and force during the ballistic lift
of the kettlebell.

5 Practical applications

The study’s findings have practical implications for coaches and
practitioners aiming to optimize kettlebell training. By identifying
phases with higher asymmetry, targeted corrective exercises can
be incorporated into training routines to enhance symmetry and

frontiersin.org


https://doi.org/10.3389/fspor.2024.1497826
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Abuwarda and Akl

10.

3389/fspor.2024.1497826

Rk 30-
40 607 * *
*xx xx
o 204
8
s 20+ £ a0- 5
> by °
o) <] = 104
2 o- £ 2
Q
g £ 20 £
£ E ; 0~
-t 2]
€ -20 > <
2 2 )
) o o4 @
o -10
< 404
0 T T T T 20 T T T T -20 ('\ 1 ; :\
i 2 .
\é‘oo Qﬁ b’*oQ é‘o‘\ \é\o“ ° O‘OQ 5“0‘\ o\"\o e\\o a&o 0\\0
& & & & <& & & &K N N &°
3 td <Q o o N
’b@ < o‘b Q -x‘"‘
& o‘f‘x N
Phases Phases Phases
. 20
40+
*
0=
30+ g 10
S x
< . [}
3 204 £ 10+ 2
2 5 =
2 2 ‘aE‘z 0+
T 10+ -
£ £ 20 €
€ 2 >
> £ [7)
2 od 1S <
= 7 < 104
%) < o
w O 304
04 Q -30
-2 T T T T -20 T T T T
T T T o L N
. & R & 5° i © °
& &S CORC A & 3 A
K <& N o° Q& < N & & < < &
B & O A B\ & »° I
) < < & &
& & °© &
N Qqu N
Phases Phases Phases
FIGURE 8
Pairwise comparisons associated with the significant main effects from the RM-ANOVA with mean and confidence intervals for the asymmetry index (%)
per phase: (a) AD bilateral asymmetry, (b) PD bilateral asymmetry, (c) ESL bilateral asymmetry, (d) ESI bilateral asymmetry, (e) EO bilateral, and (f) RA
bilateral asymmetry. Asterisk signs represent significant differences between speeds: (***) indicates p < 0.001, (**) indicates p < 0.01, (*) indicates p < 0.05.

reduce injury risk. Moreover, the use of SEMG to monitor muscle
activation and asymmetry provides a valuable tool for assessing
training progress and individualizing exercise prescriptions.

6 Limitations and future work

Despite the robust findings, this study has some limitations.
The relatively small sample size may limit the generalizability of
the results. Future studies should include a larger cohort to
confirm these findings. Additionally, while this study focused on
trunk and upper limb muscles, lower limb muscle activity, which
also plays a crucial role in kettlebell swings, was not assessed.
Incorporating lower limb muscles into the analysis could provide
a more comprehensive understanding of the exercise’s demands.

Frontiers in Sports and Active Living

Lastly, exploring the impact of different kettlebell weights and
swing variations could further elucidate the relationship between
load, phase duration, and muscle asymmetry.

7 Conclusions

This study concluded that asymmetry indices for the anterior
deltoid (AD), erector spinae longissimus (ESL), erector spinae
iliocostalis (ESI), and rectus abdominis (RA) muscles during the
upward propulsion phase were within the determined threshold
of 15%. However, the asymmetries of the posterior deltoid (PD)
and external oblique (EO) muscles exceeded this threshold by
3.36%-2.62%, respectively. The results suggest that trunk muscle
asymmetries during the two-armed kettlebell swing are generally
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smaller than those of the shoulder muscles (AD and PD), particularly
during the float phase. These findings highlight the importance of
monitoring bilateral muscle activity and addressing asymmetries
when performing the two-armed kettlebell swing exercise. Trainers
and professionals should consider these asymmetries to reduce
imbalances between both sides, potentially enhancing performance
and reducing injury risk. This study provides valuable insights into
muscle bilateral asymmetry during kettlebell swings, which can
inform the development of targeted training programs. The
techniques and findings presented may further our understanding
of muscle balance, symmetry, and injury mechanisms in dynamic
exercises. Ultimately, the application of these insights will need to
be tailored to each individual, requiring personalized assessment by
coaches and medical professionals to effectively address muscle
asymmetries and optimize training outcomes.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the ethics
committee of the Faculty of Sports Education, Alexandria
University. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

KA: Conceptualization, Funding acquisition, Methodology,
Visualization, Writing - original draft, Writing - review &

References

1. Jaiswal PR, Ramteke SU, Shedge S. Enhancing athletic performance: a
comprehensive review on kettlebell training. Cureus. (2024) 16(2):e53497. doi: 10.
7759/cureus.53497

2. Meigh NJ, Hing WA, Schram B, Keogh JWL. Force profile of the two-handed
hardstyle kettlebell swing performed by an rke-certified instructor. BioRxiv
[Preprint]. (2021). Available online at: https://www.biorxiv.org/content/10.1101/
2021.05.13.444085v2 (accessed July 03, 2024).

3. Lake JP, Lauder MA. Kettlebell swing training improves maximal and explosive
strength. ] Strength Cond Res. (2012) 26(8):2228-33. doi: 10.1519/JSC.
0b013e31825¢2c9b

4. Meigh NJ, Keogh JWL, Schram B, Hing WA. Kettlebell training in clinical
practice: a scoping review. BMC Sports Sci Med Rehabil. (2019) 11:19. doi: 10.1186/
s13102-019-0130-z

5. Del Monte MJ, Opar DA, Timmins RG, Ross JA, Keogh JW, Lorenzen C.
Hamstring myoelectrical activity during three different kettlebell swing exercises.
J Strength Cond Res. (2020) 34(7):1953-8. doi: 10.1519/JSC.0000000000002254

6. Andersen V, Fimland MS, Saeterbakken A. Trunk muscle activity in one- and
two-armed American kettlebell swing in resistance-trained men. Sports Med Int
Open. (2019) 3(1):E12-E8. doi: 10.1055/a-0869-7228

Frontiers in Sports and Active Living

10.3389/fspor.2024.1497826

Data Formal

administration,

editing. A-RA: Conceptualization, curation,
Methodology,

Supervision, Visualization, Writing - original draft, Writing -

Analysis, Project Software,

review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. Graduate
Studies and Scientific Research at Qassim University, publication
financial support (QU-APC—2024-9/1).

Acknowledgments

The Researchers would like to thank the Deanship of Graduate
Studies and Scientific Research at Qassim University for financial
support (QU-APC-2024-9/1).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

7. Moller M, Ageberg E, Bencke J, Zebis MK, Myklebust G. Handball sports
medicine. Handball Sports Med. (2018):413-32. doi: 10.1007/978-3-662-55892-8_30

8. Sakamoto A, Kuroda A, Sinclair PJ, Naito H, Sakuma K. The effectiveness of
bench press training with or without throws on strength and shot put distance of
competitive university athletes. Eur J Appl Physiol. (2018) 118(9):1821-30. doi: 10.
1007/s00421-018-3917-9

9. Lockie RG. A 6-week base strength training program for sprint acceleration
development and foundation for future progression in amateur athletes. Strength
Cond J. (2018) 40(1):2-12. doi: 10.1519/SSC.0000000000000341

10. Chatzinikolaou A, Michaloglou K, Avloniti A, Leontsini D, Deli CK,
Vlachopoulos D, et al. The trainability of adolescent soccer players to brief
periodized complex training. Int ] Sports Physiol Perform. (2018) 13(5):645-55.
doi: 10.1123/ijspp.2017-0763

11. Otto WH, Coburn JW, Brown LE, Spiering BA. Effects of weightlifting vs.
Kettlebell training on vertical jump, strength, and body composition. J Strength
Cond Res. (2012) 26(5):1199-202. doi: 10.1519/JSC.0b013e31824f233e

12. Falatic JA, Plato PA, Holder C, Finch D, Han K, Cisar CJ. Effects of kettlebell
training on aerobic capacity. ] Strength Cond Res. (2015) 29(7):1943-7. doi: 10.
1519/JSC.0000000000000845

frontiersin.org


https://doi.org/10.7759/cureus.53497
https://doi.org/10.7759/cureus.53497
https://www.biorxiv.org/content/10.1101/2021.05.13.444085v2
https://www.biorxiv.org/content/10.1101/2021.05.13.444085v2
https://doi.org/10.1519/JSC.0b013e31825c2c9b
https://doi.org/10.1519/JSC.0b013e31825c2c9b
https://doi.org/10.1186/s13102-019-0130-z
https://doi.org/10.1186/s13102-019-0130-z
https://doi.org/10.1519/JSC.0000000000002254
https://doi.org/10.1055/a-0869-7228
https://doi.org/10.1007/978-3-662-55892-8_30
https://doi.org/10.1007/s00421-018-3917-9
https://doi.org/10.1007/s00421-018-3917-9
https://doi.org/10.1519/SSC.0000000000000341
https://doi.org/10.1123/ijspp.2017-0763
https://doi.org/10.1519/JSC.0b013e31824f233e
https://doi.org/10.1519/JSC.0000000000000845
https://doi.org/10.1519/JSC.0000000000000845
https://doi.org/10.3389/fspor.2024.1497826
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Abuwarda and Akl

13. Pihlainen K, Santtila M, Hakkinen K, Kyroldinen H. Associations of physical
fitness and body composition characteristics with simulated military task
performance. ] Strength Cond Res. (2018) 32(4):1089-98. doi: 10.1519/JSC.
0000000000001921

14. Slungaard E, Green NDC, Newham DJ, Harridge SDR. Content validity of level
two of the royal air force aircrew conditioning programme. Aerosp Med Hum Perform.
(2018) 89(10):896-904. doi: 10.3357/AMHP.4994.2018

15. Ponzano M, Rodrigues IB, Giangregorio LM. Physical activity for fall and
fracture prevention. Curr Treatm Opt Rheumatol. (2018) 4(3):268-78. doi: 10.1007/
540674-018-0103-5

16. Jakobsen MD, Sundstrup E, Brandt M, Andersen LL. Effect of physical exercise
on musculoskeletal pain in multiple body regions among healthcare workers:
secondary analysis of a cluster randomized controlled trial. Musculoskelet Sci Pract.
(2018) 34:89-96. doi: 10.1016/j.msksp.2018.01.006

17. Feito Y, Hoffstetter W, Serafini P, Mangine G. Changes in body composition,
bone metabolism, strength, and skill-specific performance resulting from 16-weeks
of hift. PloS one. (2018) 13(6):e0198324. doi: 10.1371/journal.pone.0198324

18. Salem A, Hassan A, Tilp M, Akl A-R. Antagonist muscle co-activation during
kettlebell single arm swing exercise. Appl Sci. (2021) 11(9):4033-43. doi: 10.3390/
app11094033

19. Van Gelder LH, Hoogenboom BJ, Alonzo B, Briggs D, Hatzel B. Emg analysis
and sagittal plane kinematics of the two-handed and single-handed kettlebell swing:
a descriptive study. Int J Sports Phys Ther. (2015) 10(6):811-26.

20. Andersen V, Fimland MS, Gunnarskog A, Jungard GA, Slattland RA, Vraalsen
OF, et al. Core muscle activation in one-armed and two-armed kettlebell swing.
J Strength Cond Res. (2016) 30(5):1196-204. doi: 10.1519/JSC.0000000000001240

21. Saeterbakken A, Andersen V, Brudeseth A, Lund H, Fimland MS. The effect of
performing bi- and unilateral row exercises on core muscle activation. Int J Sports
Med. (2015) 36(11):900-5. doi: 10.1055/5-0034-1398646

22. Behm DG, Leonard AM, Young WB, Bonsey WA, MacKinnon SN. Trunk muscle
electromyographic activity with unstable and unilateral exercises. J Strength Cond Res.
(2005) 19(1):193-201. doi: 10.1519/1533-4287(2005)19<193: TMEAWU>2.0.CO;2

23. Hodges §J, Patrick RJ, Reiser RFI. Effects of fatigue on bilateral ground reaction
force asymmetries during the squat exercise. ] Strength Cond Res. (2011) 25
(11):3107-17. doi: 10.1519/JSC.0b013e318212de7b

24. Trecroci A, Bongiovanni T, Cavaggioni L, Pasta G, Formenti D, Alberti G.
Agreement between dribble and change of direction deficits to assess directional
asymmetry in young elite football players. Symmetry (Basel). (2020) 12(5):787-96.
doi: 10.3390/sym12050787

25. Hart NH, Nimphius S, Weber J, Spiteri T, Rantalainen T, Dobbin M, et al.
Musculoskeletal asymmetry in football athletes: a product of limb function over time.
Med Sci Sports Exerc. (2016) 48(7):1379-87. doi: 10.1249/MSS.0000000000000897

26. Gray J, Aginsky KD, Derman W, Vaughan CL, Hodges PW. Symmetry, not
asymmetry, of abdominal muscle morphology is associated with low back pain in
cricket fast bowlers. J Sci Med Sport. (2016) 19(3):222-6. doi: 10.1016/j.jsams.2015.
04.009

27. Ford KR, Myer GD, Hewett TE. Valgus knee motion during landing in high
school female and male basketball players. Med Sci Sports Exerc. (2003) 35
(10):1745-50. doi: 10.1249/01.MSS.0000089346.85744.D9

28. Bishop C, Turner A, Jarvis P, Chavda S, Read P. Considerations for selecting
field-based strength and power fitness tests to measure asymmetries. J Strength
Cond Res. (2017) 31(9):2635-44. doi: 10.1519/JSC.0000000000002023

29. Madruga-Parera M, Bishop C, Read P, Lake J, Brazier ], Romero-Rodriguez D.
Jumping-based asymmetries are negatively associated with jump, change of direction,
and repeated sprint performance, but not linear speed, in adolescent handball athletes.
] Hum Kinet. (2020) 71:47-58. doi: 10.2478/hukin-2019-0095

30. Whittal MC, Zwambag DP, Vanderheyden LW, McKie GL, Hazell T], Gregory
DE. High load with lower repetitions vs. low load with higher repetitions: the impact
on asymmetry in weight distribution during deadlifting. Front Sports Act Living.
(2020) 2:560288. doi: 10.3389/fspor.2020.560288

31. Bishop C, Pereira LA, Reis VP, Read P, Turner AN, Loturco I. Comparing the
magnitude and direction of asymmetry during the squat, countermovement and
drop jump tests in elite youth female soccer players. J Sports Sci. (2020) 38(11-
12):1296-303. doi: 10.1080/02640414.2019.1649525

32. Sabet S, Letafatkar A, Eftekhari F, Khosrokiani Z, Gokeler A. Trunk and hip
control neuromuscular training to target inter limb asymmetry deficits associated
with anterior cruciate ligament injury. Phys Ther Sport. (2019) 38:71-9. doi: 10.
1016/j.ptsp.2019.04.014

Frontiers in Sports and Active Living

1

10.3389/fspor.2024.1497826

33. Sugiyama T, Kameda M, Kageyama M, Kiba K, Kanehisa H, Maeda A.
Asymmetry between the dominant and non-dominant legs in the kinematics of the
lower extremities during a running single leg jump in collegiate basketball players.
J Sports Sci Med. (2014) 13(4):951-7.

34. Guan Y, Bredin §, Jiang Q, Taunton J, Li Y, Wu N, et al. The effect of fatigue on
asymmetry between lower limbs in functional performances in elite child taekwondo
athletes. J Orthop Surg Res. (2021) 16(1):33. doi: 10.1186/s13018-020-02175-7

35. Lake JP, Mundy PD, Comfort P, Suchomel TJ. Do the peak and mean force
methods of assessing vertical jump force asymmetry agree? Sports Biomech. (2020)
19(2):227-34. doi: 10.1080/14763141.2018.1465116

36. Zhang K-K, Chen Y-M, Li Y-G, Yao S, Su Y, Wang IL. Different drop heights in
bilateral asymmetry and interjoint coordination during repetitive drop-jumps.
Symmetry (Basel). (2021) 13(9):1590-9. doi: 10.3390/sym13091590

37. Trecroci A, Rossi A, Dos’Santos T, Formenti D, Cavaggioni L, Longo S, et al.
Change of direction asymmetry across different age categories in youth soccer.
Peer]. (2020) 8:9486. doi: 10.7717/peerj.9486

38. Bishop C, Read P, Lake J, Chavda S, Turner A. Interlimb asymmetries:
understanding how to calculate differences from bilateral and unilateral tests.
Strength Cond J. (2018) 40(4):1-6. doi: 10.1519/SSC.0000000000000371

39. Kotsifaki A, Whiteley R, Van Rossom S, Korakakis V, Bahr R, Sideris V, et al.
Single leg hop for distance symmetry masks lower limb biomechanics: time to discuss
hop distance as decision criterion for return to sport after acl reconstruction? Br
J Sports Med. (2022) 56(5):249-56. doi: 10.1136/bjsports-2020-103677

40. McGill SM, Marshall LW. Kettlebell swing, snatch, and bottoms-up carry: back
and hip muscle activation, motion, and low back loads. J Strength Cond Res. (2012) 26
(1):16-27. doi: 10.1519/JSC.0b013e31823a4063

41. Zhao H, Seo D, Okada J. Validity of using perceived exertion to assess muscle
fatigue during back squat exercise. BMC Sports Sci Med Rehabil. (2023) 15(1):14.
doi: 10.1186/s13102-023-00620-8

42. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development of
recommendations for SEMG sensors and sensor placement procedures.
] Electromyogr Kinesiol. (2000) 10(5):361-74. doi: 10.1016/S1050-6411(00)00027-4

43. Quittmann OJ, Meskemper J, Albracht K, Abel T, Foitschik T, Struder HK.
Normalising surface emg of ten upper-extremity muscles in handcycling: manual
resistance vs. sport-specific mvics. ] Electromyogr Kinesiol. (2020) 51:102402.
doi: 10.1016/j.jelekin.2020.102402

44. Sheikhi B, Letafatkar A, Hogg J, Naseri-Mobaraki E. The influence of kinesio
taping on trunk and lower extremity motions during different landing tasks:
implications for anterior cruciate ligament injury. J Exp Orthop. (2021) 8(1):25.
doi: 10.1186/540634-021-00339-w

45. Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a
practical primer for T-tests and anovas. Front Psychol. (2013) 4:863. doi: 10.3389/
fpsyg.2013.00863

46. Stagi S, Mulliri G, Doneddu A, Ghiani G, Marini E. Body composition and
strength symmetry of kettlebell sport athletes. Biology (Basel). (2023) 12(3):440-50.
doi: 10.3390/biology12030440

47. Choi AR, Yun TS, Lee KS, Min KK, Hwang H, Lee KY, et al. Asymmetric loading
of erector spinae muscles during sagittally symmetric lifting. ] Mech Sci Technol.
(2009) 23(1):64-74. doi: 10.1007/s12206-008-1009-1

48. Dos’Santos T, Bishop C, Thomas C, Comfort P, Jones PA. The effect of limb
dominance on change of direction biomechanics: a systematic review of its importance
for injury risk. Phys Ther Sport. (2019) 37:179-89. doi: 10.1016/j.ptsp.2019.04.005

49. Hart NH, Spiteri T, Lockie RG, Nimphius S, Newton RU. Detecting deficits in
change of direction performance using the preplanned multidirectional Australian
football league agility test. J Strength Cond Res. (2014) 28(12):3552-6. doi: 10.1519/
JSC.0000000000000587

50. Fort-Vanmeerhaeghe A, Gual G, Romero-Rodriguez D, Unnitha V. Lower limb
neuromuscular asymmetry in volleyball and basketball players. ] Hum Kinet. (2016)
50:135-43. doi: 10.1515/hukin-2015-0150

51. Hewit J, Cronin J, Hume P. Multidirectional leg asymmetry assessment in sport.
Strength Cond J. (2012) 34(1):82-6. doi: 10.1519/SSC.0b013e31823¢83db

52. Munro AG, Herrington LC. Between-session reliability of four hop tests and the
agility T-test. ] Strength Cond Res. (2011) 25(5):1470-7. doi: 10.1519/JSC.
0b013e3181d83335

53. Brown SH, Potvin JR. Constraining spine stability levels in an optimization model
leads to the prediction of trunk muscle cocontraction and improved spine compression
force estimates. J Biomech. (2005) 38(4):745-54. doi: 10.1016/j.jbiomech.2004.05.011

frontiersin.org


https://doi.org/10.1519/JSC.0000000000001921
https://doi.org/10.1519/JSC.0000000000001921
https://doi.org/10.3357/AMHP.4994.2018
https://doi.org/10.1007/s40674-018-0103-5
https://doi.org/10.1007/s40674-018-0103-5
https://doi.org/10.1016/j.msksp.2018.01.006
https://doi.org/10.1371/journal.pone.0198324
https://doi.org/10.3390/app11094033
https://doi.org/10.3390/app11094033
https://doi.org/10.1519/JSC.0000000000001240
https://doi.org/10.1055/s-0034-1398646
https://doi.org/10.1519/1533-4287(2005)19%3C193:TMEAWU%3E2.0.CO;2
https://doi.org/10.1519/JSC.0b013e318212de7b
https://doi.org/10.3390/sym12050787
https://doi.org/10.1249/MSS.0000000000000897
https://doi.org/10.1016/j.jsams.2015.04.009
https://doi.org/10.1016/j.jsams.2015.04.009
https://doi.org/10.1249/01.MSS.0000089346.85744.D9
https://doi.org/10.1519/JSC.0000000000002023
https://doi.org/10.2478/hukin-2019-0095
https://doi.org/10.3389/fspor.2020.560288
https://doi.org/10.1080/02640414.2019.1649525
https://doi.org/10.1016/j.ptsp.2019.04.014
https://doi.org/10.1016/j.ptsp.2019.04.014
https://doi.org/10.1186/s13018-020-02175-7
https://doi.org/10.1080/14763141.2018.1465116
https://doi.org/10.3390/sym13091590
https://doi.org/10.7717/peerj.9486
https://doi.org/10.1519/SSC.0000000000000371
https://doi.org/10.1136/bjsports-2020-103677
https://doi.org/10.1519/JSC.0b013e31823a4063
https://doi.org/10.1186/s13102-023-00620-8
https://doi.org/10.1016/S1050-6411(00)00027-4
https://doi.org/10.1016/j.jelekin.2020.102402
https://doi.org/10.1186/s40634-021-00339-w
https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/10.3390/biology12030440
https://doi.org/10.1007/s12206-008-1009-1
https://doi.org/10.1016/j.ptsp.2019.04.005
https://doi.org/10.1519/JSC.0000000000000587
https://doi.org/10.1519/JSC.0000000000000587
https://doi.org/10.1515/hukin-2015-0150
https://doi.org/10.1519/SSC.0b013e31823e83db
https://doi.org/10.1519/JSC.0b013e3181d83335
https://doi.org/10.1519/JSC.0b013e3181d83335
https://doi.org/10.1016/j.jbiomech.2004.05.011
https://doi.org/10.3389/fspor.2024.1497826
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Assessment of trunk and shoulder muscle asymmetries during two-armed kettlebell swings: implications for training optimization and injury prevention
	Introduction
	Materials and methods
	Subjects and study design
	Experiment protocol
	sEMG activity recording and analysis
	Asymmetry index
	Statistical analysis

	Results
	Discussion
	Practical applications
	Limitations and future work
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


