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ABSTRACT

Purpose/Background: While the traditional clean and jerk maneuver implies simultaneous participation
of'a large number of muscle groups, the use of this exercise with some variations to enhance core muscle
activity remains uninvestigated. The purpose of this study was to compare the muscle activity during clean
and jerk lift when performed with a barbell, sandbag and a water bag at same absolute load.

Study Design: Descriptive, repeated-measures study

Methods: Twenty-one young fit male university students (age: 25+ 2.66 years; height: 180.71 + 5.42 cm;
body mass: 80.32 + 9.8 kg; body fat percentage: 12.41 + 3.56 %) participated. Surface electromyographic
(EMG) signals were recorded from the anterior deltoid (AD), external oblique (OBLIQ), lumbar erector
spinae (LUMB), and gluteus medius (GM) and were expressed as a percentage of the maximum voluntary
isometric contraction (MVIC).

Results: There were no significantly significant differences for AD muscle activity between conditions,
whereas muscle activation values for OBLIQ (60%MVIC), GM (29%MVIC) and LUMB (85%MVIC) were
significantly higher during the water bag power clean and jerk maneuver when compared with the other
conditions.

Conclusions: The clean and jerk is an exercise that may be used to enhance core muscle activity. Perform-
ing the maneuver with water bags resulted in higher core muscle activity compared with sandbag and
standard barbell versions

Level of Evidence: 3
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INTRODUCTION

The clean and jerk is an Olympic lift that involves
multi-joint movements while using fast movement
velocity, typically used by athletes to improve mus-
cular power.! Indeed, performance in the hang power
clean has been correlated 20-m sprint, countermove-
ment jump performance,” and several strongman
tests.® As a result, power cleans are commonly used
to assess and monitor the effectiveness of training
programs, providing valuable power and strength
information.* The clean and jerk exercise involves
complex and synchronized neural recruitment pat-
terns. As the barbell is elevated successively higher
above the base of support,® simultaneous participa-
tion of a large number of muscle groups is required,
balance disturbances occur, and thus a postural con-
trol challenge is provided. These facts suggest that
the clean and jerk may be used to induce different
muscle strength adaptations not only for athletic
conditioning but also in the clinical setting. Signifi-
cant positive associations have been found between
the power clean and several core isometric endur-
ance strength tests used in the clinical setting, such
as trunk flexion (r = 0.396), back extension (r =
0.449), right flexion (r = 0.519) and left flexion (r =
0.460).° However, there is only one study evaluating
electromyographic (EMG) activity during the clean
and jerk, and data were measured only during dif-
ferent static phases of the movement® so results may
differ when a dynamic condition is used for analy-
sis of this movement. Moreover, the use of maximal
speeds to perform the exercise can provide a greater
increase in muscle activity compared with lower
speeds’ and could provide high challenges for the
activation of postural muscles.

The clean and jerk is commonly performed using
a barbell. However, during the last decade, perfor-
mance of classic multi-joint strength exercises with
additional instability elements have become popular®
and have been studied with the purpose of under-
standing their use during rehabilitation.®® The num-
ber of alternative unstable devices is growing and
their use is common at fitness facilities and physical
therapy centers. For example, the use of bag imple-
ments (water or sand filled) as a resistance training
element has increased over recent years.'” Sandbags
or water bags may be used to perform different lifting
movements and also to simulate contact and throws,

requiring participation of a large number of muscles,
facilitating specific adaptations in occupational tasks
that require lifts and dragging objects or persons.’
However, the use of sandbags in the scientific lit-
erature and their effect on EMG measures during
exercise remain uninvestigated. The disruptive and
unpredictable forces that are provided by sandbags
or water bags require continuous body stabilization,
especially when high speeds are used.

Core strength is an important element in low back
pain and rehabilitation," related to both muscle
endurance and motor control.® Wang et al® found
in their recent meta-analysis that core training
had greater effectiveness than general exercise in
decreasing pain and improving physical function
in patients with chronic low back pain in the short
term. Instability resistance training has the aim of
stressing and reprogramming feed-forward and feed-
back systems and may be useful to induce greater
core activity when high loads cannot be used in the
presence of injury-susceptible joints or as a first step
before using high loads in untrained people.? Even
low core muscular activity (EMG) values may pro-
vide an effective stimulus to promote motor control
improvements and provide benefits in those with
low back pain.? Hence, the use of the clean and
jerk in the stable version and performed with more
unstable devices (e.g., sandbags and water bags)
may be novel and good methods to enhance core
muscle activity and improve core strength. The per-
turbations provided by the unstable versions of the
clean and jerk may provide additional stimulus for
muscle recruitment and benefits for core training in
comparison with the traditional stable version. With
this in mind, the purpose of this study was to com-
pare muscle activity during the standard clean and
jerk and the same exercise performed with a sand-
bag and a water bag. The authors hypothesized that
unstable clean and jerk lifting (sandbag and water
bag versions) would demonstrate greater core mus-
cle activity compared with the corresponding bar-
bell exercise using the same absolute load of 20 kg.

METHODS

Participants
Young fit male university students (n=21; age: 25+
2.66 years; height: 180.71 + 5.42 cm; body mass:
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80.32 + 9.8 kg; body fat percentage: 12.41 + 3.56 %)
voluntarily participated in this study. Participants
had a minimum of one year of resistance training
experience, performing at least two sessions per
week at moderate to vigorous intensity. In addition,
participants had to be familiar with the clean and
jerk exercise. None of the participants had musculo-
skeletal pain, neuromuscular disorders, or any form
of joint or bone disease. All participants signed an
institutional informed consent form before start-
ing the protocol, and the institutions’ review board
approved the study (H1421157445503). All proce-
dures described in this section comply with the
requirements listed in the 1975 Declaration of Hel-
sinki and its amendment in 2008.

Procedures

Each participant took part in two sessions: familiar-
ization and experimental sessions both at the same
hour during the morning. The first session occurred
48-72 hours (hrs) before the data collection in the
experimental session. Several restrictions were
imposed on the volunteers: no food, drinks or stimu-
lants (e.g. caffeine) to be consumed two hrs before
the sessions and no physical activity more intense
than daily activities 12 hrs before the exercises. They
were instructed to sleep at least eight hrs the night
before data collection.

During the familiarization session, height (IP0955,
Invicta Plastics Limited, Leicester, England), body
mass and body fat percentages (Tanita model BF-
350) were obtained. An assistant researcher showed
the proper clean and jerk technique, in accordance
with the NSCA guidelines.'? Then, the participants
were familiarized with the different conditions,
movement amplitude, body position, and load that
would later be used during data collection. Partici-
pants practiced the three exercises until they felt
confident and the researcher was satisfied that
proper form was achieved. The three different con-
ditions (Figure 1, Figure 2, Figure 3) were performed
with the same absolute load (i.e., 20 kg) since this
was the maximal weight that could be achieved by
either type of bag. The load of both bags was checked
before starting each testing session.

The protocol started with a light warm-up, where each
participant performed five minutes of mobility drills

Figure 1. The clean and jerk exercise performed using a bar-
bell.

without ballistic movements and then performed five
repetitions of traditional clean and jerk without addi-
tional load (i.e., only with a 10 kg barbell). The pro-
tocol continued with the preparation of participants’
skin, and followed by electrode placement, MVIC col-
lection and exercise performance. Hair was removed
from the skin overlying the muscles of interest, and
the skin was then cleaned by rubbing with cotton
dipped in alcohol for the subsequent electrode place-
ment, positioned according to established recom-
mendations' on the anterior deltoid (AD), external
oblique (OBLIQ), lumbar erector spinae (LUMB) and
gluteus medius (GM), on the dominant side of the
body. Pre-gelled bipolar silver/silver chloride surface
electrodes (Blue Sensor M-00-S, Medicotest, Olstykke,
Denmark) were placed with an interelectrode dis-
tance of 20 mm. The reference electrode was placed
between the active electrodes, approximately 10 cm
away from each muscle, according to the manufactur-
er’s specifications. All signals were acquired at a sam-
pling frequency of 1 kHz, amplified and converted
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Figure 2. The clean and jerk exercise performed using the
sandbag.

from analog to digital. All records of myoelectrical
activity (in microvolts) were stored on a hard drive
for later analysis. To acquire the surface EMG signals
produced during exercise, an ME6000P8 (Mega Elec-
tronics, Ltd., Kuopio, Finland) biosignal conditioner
was used. Prior to the exercise performance described
below, two five second MVICs were performed for
each muscle and the trial with the highest EMG was
selected. Participants performed one practice trial to
ensure that they understood the task. One minute of
rest was given between each MVIC and verbal encour-
agement was provided to motivate all participants to
achieve maximal muscle activation. Positions during
the MVICs were based on standardized muscle test-
ing procedures for the 1) AD,' 2005), 2) OBLIQ," 3)
LUMB,'*4) GM'® and were performed against a fixed
immovable resistance (i.e., Smith machine). Specifi-
cally, 1) deltoid flexion at 90° in a seated position with
erect posture and no back support, 2) a trunk curl up
at 40° with arms on chest and pressing against the
bar in an oblique direction with the participant lying
on the bench, with the feet flat on the bench and the

Figure 3. The clean and jerk exercise performed using the
water bag

knees bent at 90°, 3) trunk extension with the partici-
pant lying on the bench and pelvis fixated, the trunk
was extended against the bar, and 4) hip abduction
at 30° against the bar with the participant positioned
sidelying on their nondominant limb.

Participants performed the clean and jerk in accor-
dance with established exercise technique guide-
lines.!”? The upward movement of the bar was
performed in one continuous motion without inter-
ruption as explosive as was possible. 1-second rate
for descent to the clean and 1-second rate more
for descent to the initial position was used before
starting the subsequent repetition. Cadence of the
descent movement was controlled with the use of a
metronome set at 60 bpm (Ableton Live 6, Ableton
AG, Berlin, Germany). Visual and verbal feedback
was given to the participants in order to maintain the
range of movement and hand distance during the
data collection. Each participant performed three
consecutive repetitions in the three conditions, with
two minutes resting between exercises.
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Data analysis

All raw EMG signals obtained during MVCs as well
as during the exercises were digitally filtered using
1) high-pass filtering at 10 Hz, and 2) a moving
root-mean-square (RMS) filter of 500 ms. For each
individual muscle, peak RMS EMG of the three rep-
etitions performed at each level was determined,
and the average value of these three repetitions was
then normalized to the maximal RMS EMG obtained
during MVIC.

Statistical Analyses

A two-way repeated measures analysis of variance
(Proc Mixed, SAS version 9, SAS Institute, Cary,
NC) was used to determine if differences existed
between exercises and muscles. Factors included in
the model were Exercise (3 exercises) and muscle (4
muscles), as well as Exercise by muscle interaction.
Normalized EMG was the dependent variable. Val-
ues are reported as least square means (SE) unless
otherwise stated and p-values <0.05 were consid-
ered statistically significant.

RESULTS

AD muscle activity showed no statistically sig-
nificant differences between conditions. OBLIQ
(p<0.01), GM (p<0.05) and LUMB (p< 0.05) muscle
activation values were higher in the water bag clean
and jerk when compared with the other conditions.
Complete results and muscle activations values
expressed as a %MVIC are represented in Table 1.

DISCUSSION

The main finding of the current study was that clean
and jerk lifting with water bags provided greater
core muscle activation than traditional barbell ver-
sion or the sandbag version. This is the first study to
compare the level of muscle activity during differ-
ent variations of resistance offered during the clean
and jerk lift. However, other multi-joint exercises on
stable and unstable surfaces have been investigated.
Willardson, Fontana and Bressel'” found the same
OBLIQ muscle activation during the deadlift, verti-
cal shoulder press and the squat when the exercises
were performed with the same absolute load on a
BOSU and on a stable surface. Same muscle activa-
tion patterns were found in some studies that used
relative loads (loads previously measured for each of
the different conditions). For instance, Saeterbakken
& Fimland'® found the same OBLIQ muscle activ-
ity when participants performed a squat at a one-
repetition maximum (RM) under different unstable/
stable conditions. In another study with relative
intensities (10RM), differences between the barbell
shoulder press and the dumbbell counterpart (which
the authors considered an unstable load) were non-
existent.'” However, when the barbell exercise was
performed on a Swiss ball, decreased activation was
found in comparison with the version performed on
a bench, probably due to the higher force production
that was found during the most stable conditions.'? In
contrast to the unstable moving objects used during
the present study (sandbag or the water bag), previ-

Table 1. Mean muscle activation between conditions (n=21)

Traditional Sandbag Water bag
AD 70+6.1 (61-81) 6945.5 (61-80) 77+5.7 (68-88)
OBLIQ 26+4.7 (16-35) 27+4.9 (18-37) 60+7.9 (51-70)*
LUMB 7444.0 (66-85) 70+4.2 (62-81) 85+4.9 (76-96)*
GM 23+2.4 (15-34) 22+2.3 (14-33) 29+2.3 (22-40)*

Data are expressed as least square means + SEM (Confident intervals) in percentage
of the maximum voluntary isometric contractions (MVIC). AD= anterior deltoid;
OBLIQ= external oblique; LUMB= lumbar erector spinae; GM= gluteus medius.

*Difference between conditions statistically significant at p<0.05
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ously mentioned studies used unstable platforms or
surfaces that served as a base upon which to perform
the exercise rather than unstable implements. In the
current study, it seems that instability provided by
the sandbags was not enough to produce muscle
activation alterations. Asymmetrical movements
may produce alterations in loading?® that may spe-
cially affect OBLIQ activation because of their role
as a rotator and trunk stabilizer.? In this study, the
water bag could have provided greater asymmetrical
disturbances during the exercise due to the fluidity
of the water, especially during the final moments of
the exercise.

The water bag condition was superior in enhancing
LUMB muscle activation. Since this core muscle acts
as a spine stabilizer," it was expected that greater
muscle activation levels would appear during con-
ditions requiring higher postural control. How-
ever, it seems that when the same absolute load is
used across conditions, greater LUMB activation is
reached only when higher instability is induced and
greater challenge to the postural control systems are
provided. For example, similar LUMB muscle activa-
tion has been found during a deep squat on a Reebok
core board* and a squat, deadlift or vertical shoulder
press on a BOSU compared with the stable counter-
parts.'” However, the absence of differences could
be explained by the lower instability challenges
provided by these devices. In fact, moderately
unstable devices like the BOSU failed to enhance
muscle activity during squats performed by highly
resistance-trained participants.?® In accordance with
the current results, Anderson & Behm?* found that
unstable squats performed with the same absolute
load provoked higher LUMB muscle activation com-
pared to stable squats performed with the Smith
machine and free weights. Indeed, as occurred in
the current study, no significant differences were
identified during conditions with lower instability
difference (i.e., traditional and sandbag conditions).
In general, different findings are reported in those
studies that used a relative load, where the greater
force production that is allowed during the most sta-
ble conditions seems to be a key factor for increasing
LUMB muscle activity as was demonstrated during a
barbell shoulder press at I0RM'? and stable deadlifts
at 70% of the maximum isometric force.”> However,
previous literature suggests that all the three options

that were used in the current study may provide suf-
ficient levels of muscle activity to improve motor
control function.®

Similar muscle activation patterns were repeated
for the GM, where only the water bag condition pro-
duced higher activity than the other conditions. Sim-
ilar to the current results, Wahl and Behm?* showed
that some unstable surfaces did not produce higher
muscle activity during squat exercises in highly
resistance-trained individuals. More recently, no
GM muscle activation differences were observed
when participants performed a deep squat task with
the same absolute load on a stable and unstable sur-
face.”? As in the previously mentioned studies, the
addition of an unstable surface did not provoke sig-
nificantly greater GM activation when compared
with stable surfaces during either single limb stance
or single limb squat exercises performed with only
body weight.* However, positions or exercises that
required higher postural control adjustments such
as single limb stance or single limb squats demon-
strated enhanced GM activity when compared with
their double limb counterparts,® which highlights
the role of this muscle as a hip and pelvis stabilizer.?”
These results and the current findings suggest that
when an adequate degree of instability is achieved,
higher GM activity may be reached when exercises
are performed at the same absolute load.

Muscle activity of the AD was not significantly differ-
ent across the different clean and jerk exercises. Like-
wise, stable/unstable conditions during the shoulder
press exercise with a relative!® or the same absolute
load”® showed an absence of differences. These results
may be explained by the glenohumeral stabilizer func-
tion provided by this muscle® and the necessity of it
being activated to stabilize during either unstable loads
(as occurred in the current investigation) or unstable
surfaces.'” In addition, as was previously reported in
other studies where the AD had a primary mover role
during the exercise performance, it seems that stable
conditions may provide greater or similar muscle acti-
vation levels as more unstable conditions.*

The use of non-injured participants may be the
main limitation in the current study and thus cau-
tion should be taken when attempting to extrapolate
these results to injured populations. However, the
current study provides the first data about the use of
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unstable devices during the clean and jerk, indicat-
ing that there may be additional benefits to the use
of such devices. However, sand and water bags are
limited by the amount of weight that can be achieved
in each. For example, in the current research the
maximal allowed load of both bags was 20 kg. The
authors decided that EMG evaluation with the same
absolute load would provide valuable and applicable
results for when these devices are available at physi-
cal therapy or training centers and there is no pos-
sibility to measure and calculate a maximal relative
load. Future studies should be conducted to investi-
gate the effectiveness of these exercises in relation
to various injury conditions.

CONCLUSIONS

The results of the present study support the use
of a low-load clean and jerk maneuver as an effec-
tive exercise to strengthening the core. These data
illustrate that the clean and jerk performed with
sandbags does not provide additional benefits to
one performed with a bar. However, the clean and
jerk performed with the water bag did increase core
muscle activation compared to the other conditions.
Thus, when barbell, sandbags and water bags with
the same low loads are available to perform the
clean and jerk exercise, greater core training stimu-
lus would be achieved by using the water bag.

REFERENCES
1. Baker, D. Improving vertical jump performance
through general, special, and specific strength
training: A brief review. | Strength Cond Res.
1996;10:131-136.

2. Hori N, Newton RU, Andrews WA, Kawamori N,
McGuigan MR, Nosaka K. Does performance of hang
power clean differentiate performance of jumping,
sprinting, and changing of direction? J Strength Cond
Res. 2008;22(2):412-418.

3. Winwood PW, Keogh JWL, Harris NK.
Interrelationships between strength,
anthropometrics, and strongman performance in
novice strongman athletes. J Strength Cond Res.
2012;26(2):513-522.

4. Faigenbaum AD, McFarland JE, Herman RE, et al.
Reliability of the one-repetition-maximum power
clean test in adolescent athletes. J Strength Cond Res.
2012;26(2):432-437.

5. Eriksson Crommert M, Ekblom MM, Thorstensson
A. Motor control of the trunk during a modified

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

clean and jerk lift. Scand ] Med Sci Sports.
2014;24(5):758-763.

Nesser TW, Huxel KC, Tincher JL, Okada T. The
relationship between core stability and performance
in division I football players. J Strength Cond Res.
2008;22(6):1750-1754.

Sakamoto A, Sinclair PJ. Muscle activations under
varying lifting speeds and intensities during bench
press. Eur ] Appl Physiol. 2012;112(3):1015-1025.

Behm D, Colado JC. The effectiveness of resistance
training using unstable surfaces and devices for
rehabilitation. Int J Sports Phys Ther. 2012;7(2):226-
241.

. Wang X-Q, Zheng J-J, Yu Z-W, et al. A meta-analysis

of core stability exercise versus general exercise for
chronic low back pain. PloS One. 2012;7(12):€52082.

Sell K, Taveras K, Ghigiarelli J. Sandbag training: A
sample 4-week training program: Strength Cond J.
2011;33(4):88-96.

Cholewicki J, McGill SM. Mechanical stability of the
in vivo lumbar spine: implications for injury and
chronic low back pain. Clin Biomech Bristol Avon.
1996;11(1):1-15.

Baechle TR, Earle RW, eds. Essentials of Strength
Training and Conditioning. Vol 3rd ed. Champaign, IL:
Human Kinetics; 2008.

Criswell E, Cram JR, eds. Cram’s Introduction to
Surface Electromyography. Vol 2nd ed. Sudbury, MA:
Jones and Bartlett; 2011.

Ekstrom RA, Soderberg GL, Donatelli RA.
Normalization procedures using maximum voluntary
isometric contractions for the serratus anterior and
trapezius muscles during surface EMG analysis.

] Electromyogr Kinesiol Off J Int Soc Electrophysiol
Kinesiol. 2005;15(4):418-428.

Vera-Garcia FJ, Moreside JM, McGill SM. MVC
techniques to normalize trunk muscle EMG in
healthy women. | Electromyogr Kinesiol Off ] Int Soc
Electrophysiol Kinesiol. 2010;20(1):10-16.

Kendall FP, Kendall FP, eds. Muscles: Testing and
Function with Posture and Pain. Vol 5th ed. Baltimore,
MD: Lippincott Williams & Wilkins; 2005.

Willardson JM, Fontana FE, Bressel E. Effect of
surface stability on core muscle activity for dynamic
resistance exercises. Int | Sports Physiol Perform.
2009;4(1):97-109.

Saeterbakken AH, Fimland MS. Muscle force output
and electromyographic activity in squats with
various unstable surfaces. J Strength Cond Res.
2013;27(1):130-136.

Kohler JM, Flanagan SP, Whiting WC. Muscle
activation patterns while lifting stable and unstable

The International Journal of Sports Physical Therapy | Volume 10, Number 6 | November 2015 | Page 809




20.

21.

22.

23.

24.

25.

loads on stable and unstable surfaces. J Strength Cond
Res. 2010;24(2):313-321.

Lauder MA, Lake JP. Biomechanical comparison of
unilateral and bilateral power snatch lifts. | Strength
Cond Res. 2008;22(3):653-660.

Arokoski JP, Valta T, Airaksinen O, Kankaanpad M.
Back and abdominal muscle function during
stabilization exercises. Arch Phys Med Rehabil.
2001;82(8):1089-1098.

LiY, Cao C, Chen X. Similar electromyographic
activities of lower limbs between squatting on a
reebok core board and ground. J Strength Cond Res.
2013;27(5):1349-1353.

Wahl MJ, Behm DG. Not all instability training
devices enhance muscle activation in highly
resistance-trained individuals. J Strength Cond Res.
2008;22(4):1360-1370.

Anderson K, Behm DG. Trunk muscle activity
increases with unstable squat movements. Can |
Appl Physiol Rev Can Physiol Appliquée.
2005;30(1):33-45.

Chulvi-Medrano I, Garcia-Mass6 X, Colado JC, Pablos
C, de Moraes JA, Fuster MA. Deadlift muscle force

26.

27.

28.

29.

30.

and activation under stable and unstable conditions.
] Strength Cond Res. 2010;24(10):2723-2730.

Krause DA, Jacobs RS, Pilger KE, Sather BR, Sibunka
SP, Hollman JH. Electromyographic analysis of the
gluteus medius in five weight-bearing exercises.

] Strength Cond Res. 2009;23(9):2689-2694.

Retchford TH, Crossley KM, Grimaldi A, Kemp JL,
Cowan SM. Can local muscles augment stability in
the hip? A narrative literature review. ] Musculoskelet
Neuronal Interact. 2013;13(1):1-12.

Uribe BP, Coburn JW, Brown LE, Judelson DA,
Khamoui AV, Nguyen D. Muscle activation when
performing the chest press and shoulder press on a
stable bench vs. a Swiss ball. J Strength Cond Res.
2010;24(4):1028-1033.

Kido T, Ttoi E, Lee S-B, Neale PG, An K-N. Dynamic
stabilizing function of the deltoid muscle in
shoulders with anterior instability. Am J Sports Med.
2003;31(3):399-403.

Calatayud J, Borreani S, Colado JC, et al. Muscle
activation during push-ups with different suspension
training systems. ] Sports Sci Med. 2014;13(3):502-510.

The International Journal of Sports Physical Therapy | Volume 10, Number 6 | November 2015 | Page 810




