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ABSTRACT

Purpose: A variation in squatting technique is using arms to actively push the barup with the upper
limbs which is common in bodybuilding. This study aimed to compare the Electromyography
(EMG) activity of selected muscles during squat with and without upper limb assistance.

Methods: This was a quasi-experimental study. Fifteen healthy male power lifters (using the
convenience sampling method) participated in this study. Participants performed 2 sets of 5
repetitions while squatting 70% of their one-repetition maximum with and without upper limb
assistance. Surface EMG signals were collected from 6 muscles using a wireless electromyography
with a sampling frequency of 1200 Hz. The paired sample t test was used for statistical analyses at
a significance level of P<0.05. The obtained data were analyzed using SPSS.

Results: Average activity of the gluteus medius during the upward phase of squatting with
upper limb assistance increased by 17.1% (P=0.017), compared to squatting without upper limb
assistance. Mean activity ratio of the vastus medialis during the downward phase with upper
limb assistance showed a 6% decrease (P=0.008). During the downward phase of squatting with
upper limb assistance, the mean activity ratio of the vastus medialis to vastus lateralis increased
by 15% (P=0.039). During the upward phase with upper limb assistance, the maximum activity
of the gluteus medius increased by 22% (P=0.043).

Conclusion: The activity level of the gluteus medius and the activity ratio of the vastus medialis
to vastus lateralis increased as a result of squatting with upper limb assistance. This could possibly
be helpful in the rehabilitation or prevention of injuries such as patellofemoral pain or iliotibial
band friction syndrome. It could also have implications for training variation.
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Highlights

® Average activity of the gluteus medius during the upward phase of squatting with upper limb assistance increased
compared to squatting without upper limb assistance.

® Mean activity of the vastus medialis during the downward phase with upper limb assistance showed a decrease of
6 percent.

® During the downward phase of squatting with upper limb assistance, the mean activity ratio of the vastus medialis
to vastus lateralis increased.

e During the upward phase with upper limb assistance, maximum activity of the gluteus medius increased.

Plain Language Summary

A variation in squatting technique, the use the arms to actively push the bar up with the upper limbs is common in
bodybuilding. However this technique was not evaluated from scientific view. This study aimed to compare the Elec-
tromyographic (EMG) activity of selected muscles during squatting with and without upper limb assistance. Fifteen
healthy male power lifters participated in this study. Participants performed two sets of five repetitions while squatting
70% of their one-repetition maximum with and without upper limb assistance. In six muscles surface EMG signals
were collected using a wireless electromyography system. The activity level of the gluteus medius and the activity ratio
of the vastus medialis to the vastus lateralis showed increases as a result of squatting with upper limb assistance. This
could possibly be helpful in the rehabilitation and prevention of injuries such as patellofemoral pain or iliotibial band

friction syndrome. It could also have implications for training variation.

1. Introduction

ower limb strengthening exercises are an

important intervention in the treatment

and prevention of lower limb injuries

[1]. Knee and hip muscles strengthening

exercises are considered as an important

part in the rehabilitation protocols for
hip, knee, and even ankle injuries [2]. Injuries could be
caused by a number of factors, including the weakness
of gluteus in controlling internal rotation movements,
hip abduction, leading to patellofemoral pain [3], ilio-
tibial band friction syndrome [4], and back pain [5, 6].
Although prospective studies are few in this field, cross-
sectional studies showed an abduction angle and a larger
internal rotation in people with these injuries compared
to healthy subjects [7-10].

Another possible cause of patellofemoral pain syn-
drome has been reported to be the lower activity ratio
of the Vastus Medialis to the Vastus Lateralis (VM/VL)
[11]. Moreover, the lower activity ratio of Hamstring to
Quadriceps (H/Q) is associated with the anterior cruciate
ligament injury [12-14]. Accordingly, it is necessary to
introduce appropriate training methods to improve the
function of these muscles and their activity ratios.

A large number of training programs for knee rehabili-
tation use squat as the basis for their exercises [1]. Evi-
dently, squat exercise is an alternative to everyday func-
tional activities such as climbing the stairs, sitting down,
standing up, running, and hopping. Recent studies have
recommended single leg squat in unstable conditions like
Swiss ball use against a wall for further strengthening of
the gluteal muscles [1, 4]. The gluteal muscles activity
increases with unstable squat, compared to stable squat,
which is caused by the challenge posed to pelvic stability,
resulting in increased hip adduction moment [2, 15, 16].

Despite the increased activity of gluteal muscles, the in-
creased hip adduction moment can raise injury risk during
exercise, especially in the rehabilitation of patients with
patellofemoral pain syndrome or iliotibial band friction
syndrome [1]. For this reason, it seems necessary to ex-
plore an alternative exercise to typical squat for the re-
habilitation of these patients that it improves the gluteal
muscle activity and vastus medialis/ vastus lateralis activ-
ity ratios without increasing the hip adduction moment.
Furthermore, if the new movement has a greater ratio of
H/Q activity, it may be useful for the prevention and reha-
bilitation of anterior cruciate ligament injury [17].

Jafarnezhadgero AA, et al. Electromyographic Activity of Selected Muscles During Squat Exercise. PTJ. 2018; 7(4):215-224.
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Another squat variation involves the use of the upper
limbs to push the weight up during the upward phase of
the movement. Performing this technique, the weight is
pushed up changing muscle coordination. This difference
in coordination could provide an alternative to squatting
on an unstable surface by improving activity ratios and
average muscle activity that increase injury risk. How-
ever, it is assumed that the aforementioned technique is
usually performed as a personal preference rather than
the result of a scientific study addressing the role of up-
per limb support during squat and its effect on lower
body muscle activity. This study aimed to investigate the
Electromyography (EMG) activity in lower limb muscles
during squat with and without upper limb support.

2. Materials and Methods

This was a quasi-experimental study. Statistical popu-
lation included subjects (age range: 20-40 years) who
were sufficiently experienced (at least 3 years) in squat-
ting with and without upper limb support and executed
the 2 movements, regularly. Based on G*power software
calculation, a sample of at least 14 individuals was re-
quired in order to achieve a statistical power of 0.8 with
an effect size of 0.8 at the significance level of 0.05 [18].
In total, 15 healthy male powerlifters (using the conve-
nience sampling method) participated in this study with
the Mean+SD age, weight, and height values of 27.2+7.6
years, 79.9£7.9 kg, and 179+10.6 cm, respectively, in
November 2016.

Written informed consent was obtained from all
study participants and questionnaires related to sports
medicine were completed by the participants prior to
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administering the tests. This study has been approved
by the Ethics Committee of Mohaghegh Ardabili Uni-
versity according to the Declaration of Helsinki. None
of the participants had a history of knee injuries, frac-
tures in lower limb, or lower limbs and trunk disorders
and surgeries. A week before conducting the test, the
experiment was explained to the subjects and the one
repetition maximum test was measured [19] for both
techniques, in all subjects.

Feet were positioned shoulder width apart or slightly
wider with toes pointed slightly outward during the squat
[19] (Figure 1A). The legs position was kept the same
for each set of repetitions. The start and the endpoint of
the movements was 90° flexion with full knee extension,
and vice versa. The tempo of the movements was con-
trolled by a metronome and the upward and downward
phases took 1 second. Six Vicon cameras and 16 reflec-
tive markers were used to determine the beginning and
end of each phase (Figure 1).

The markers were placed on the right and left lower
limbs according to the Plug-in-Gait model. This study
used a standard Olympic Bar Barbell (20.5 kg) and spe-
cific weights. Subjects embarked on a 10-minute stretch-
ing or other exercises to warm-up [20]. Proper execution
of movements was supervised by an experienced coach.
Surface EMG signals were collected using a wireless
16-channel electromyography unit (BTS FREEEMG
300, BTS Bioengeering, Italy) with a sampling frequen-
cy of 1200 Hz and a signal-to-noise ratio of over 100
dB. Disposable Ag/AgCl adhesive electrodes were used.
Before placement of the electrode, hair was shaved in the

-

-
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Figure 1. (A) Observation of the accuracy of recorded muscle activity during isometric contraction in each muscle, (B)
Positions of the subject, the electrodes, and markers from an anterior view
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site and the skin was cleaned with alcohol wipe to reduce
the electrical resistance of the skin.

The electrodes were placed on the right hip muscles
(Vastus Medialis [VM], Rectus Femoris [RF], Vastus
Lateralis [VL], Semitendinosus [ST], Gluteus Medius
[Glut. M], and Erector Spinae [ES], L3) according to the
SENIAM European protocol [11]. The electrodes were
placed in the interface between the nerve center of the
muscle and distal tendon. Center to center spacing of the
electrodes was 20 mm. In order to ensure the accuracy
of recorded activity of each muscle, the muscle signal
was confirmed visually on a monitor when the subject
isometrically contracted the muscle (Figure 1B). Sub-
sequently, Maximum Voluntary Isometric Contraction
(MVIC) of the muscles were collected and used to nor-
malize the data.

The MVIC repetitions of the quadriceps group were
recorded in a flexion state of 90° for hip and knee joints
during a knee extension movement in a sitting position.
The MVIC repetitions of biceps femoris and semimem-
branosus muscles were recorded in the same position
while flexing the knee joint [21]. The MVIC of the glu-
teus medius was recorded during isometric lying hip
abduction [22]. In order to record MVIC of the erector
spinae (L3), the subjects performed an isometric trunk
extension in a prone position on a table while the lower
limbs and trunk were fixed on the table by a belt [23].

For shortening the test time and avoiding fatigue, the
subjects performed 2 MVIC repetitions of 4 seconds for
each muscle or muscle group in random order. The sub-
jects were given 2 min of rest between each repetition.
After completion of the MVICs and a 5 min rest, the
subjects performed each technique for 5 sets of 2 repeti-
tions at 70% of their one repetition-max. A rest time of
5 min was allowed between each set. Implementation of
two techniques was randomly directed among the total
10 sets. Squatting with upper limb assistance is shown in
Figure 2. The upper limb assistance was not quantified
during each repetition and was monitored by a trained
coach. To prevent the effect of fatigue, a submaximal
work load was used with a low number of repetitions
and adequate rest between sets.

Data obtained from the surface electrodes were ana-
lyzed through EMG Analyzer software and band-pass fil-
tered (10 to 500 Hz). The myoelectric activity of muscles
(root mean square error) was calculated during both up-
ward and downward phases. Muscle activity was normal-
ized by dividing the EMG activity by the muscle MVIC
values multiplied by one hundred. The average and peak
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Figure 2. Squatting with the support of upper limb

muscle activity during each phase was determined. The
average ratio of the VM/VL activity and H/Q activity
were also calculated and compared in both techniques.

The H/Q activities, respectively, were calculated by the
sum of 2 biceps femoris and semitendinosus muscles
and total activity of vastus medialis, rectus femoris, and
vastus lateralis. The amount of general co-contraction
was measured from the sum of electromyographic ac-
tivities in all of the knee joint muscles [24]. Directed co-
contraction between interior and exterior muscles as well
as the flexor and extensor muscles of the knee joint were
calculated by the following equation [24]:

Directed co-contraction= 1-(average agonist muscle
activity/ average antagonist muscle activity)

When the directed co-contraction is closer to zero, co-
contraction is higher, and if the number is closer to 1 or
-1, co-contraction will be lower.

The obtained data were statistically analyzed using
SPSS. The Shapiro-Wilk test verified normal distribu-
tion of the obtained results. Accordingly, the paired t
test was used for statistical analyses at a significance
level of P<0.05.

3. Results

The Mean+SD values of one maximum repetition test
during squatting with and without the upper limb as-
sistance were 212443 kg and 194448 kg, respectively.
The results showed no significant differences (P>0.05)
between the 2 squat techniques among the average ac-
tivities of the vastus medialis, rectus femoris, vastus late-
ralis, semitendinosus, biceps femoris, and erector spinae

Jafarnezhadgero AA, et al. Electromyographic Activity of Selected Muscles During Squat Exercise. PTJ. 2018; 7(4):215-224.
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Table 1. Average electromyography activity of muscles (% MVIC) during squat with and without the help of upper limb

wacks  Wbosumertine it L t
VM 107.4160.2 102.31£56.3 -0.620 0.545
RF 44.8+16.1 47.1+25.9 0.489 0.633
VL 114.2+58.7 103.8£55.4 -1.630 0.125
Upward ST 15.5+7.6 14.9+8.0 -0.704 0.493
BF 13.615.9 14.617.2 0.986 0.341
ES (L3) 40.9+19.7 44.7+23.7 0.778 0.449
Glut. M 24.3+£17.9 28.5+21.2 2.723 0.017*
VM 89.2+37.9 94.5+46.6 1.000 0.334
RF 51.3+18.2 52.6+20.3 0.287 0.778
VL 99.9+48.3 88.3145.5 -1.456 0.167
Downward ST 9.3+4.2 8.814.0 -3.0.89 0.008*
BF 8.9+3.5 11.9+14.4 0.773 0.452
ES (L3) 23.9+28.8 42.5+20.0 -0.759 0.461
Glut. M 25.1+21.7 23.9+28.8 0.316 0.757
*P<0.05 PHYSICAL TREAT MENTS

Abbreviations: VM: Vastus Medialis; RF: Rectus Femoris; VL: Vastus Lateralis; ST: Semitendinosus; BF: Biceps Femoris; Glut.

M: Gluteus Medius; ES (L3): Erector Spinae

during the lifting phase (Table 1). However, average glu-
teus medius activity during the upward phase with upper
limb assistance revealed approximately 17.1% increase
(P=0.017), compared to the lack of the upper limb sup-
port. In addition, mean activity of the semitendinosus
during the downward phase with upper limb assistance
showed approximately 6% decrease (P=0.008) (Table 1).

There were no significant differences between the aver-
age ratio of normalized electromyographic activity for

1.61 mWithout upper limb
assistance
Wi .
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assistance
£ 08
©
o
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o T —
VM/VL Ham/Quad
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Figure 3. Average VM/VL and H/a ratios during the squat
upward phase with and without upper limb support

the VM/VL and H/Q during squatting with and without
upper limb assistance (P>0.05) (Figure 3). On the other
hand, the VM/VL ratio of the downward phase with up-
per limb assistance increased by 15% compared to the
same activity recorded without the support of upper limb
(P=0.039). The H/Q ratio of the squatting downward
phase showed no significant differences between the 2
situations (P>0.05) (Figure 4).
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Figure 4. Average VM/VL and H/Q ratios during the squat
downward phase with and without upper limb support
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Figure 5. Directed co-contraction of the mediolateral mus-
cles of the knee joint in squat with and without support of
upper limb

Figure 6. General co-contraction of the knee joint during the
squat phase with and without the support of upper limb

statistically significant (P=0.087) (Figure 5). The gen-
eral co-contraction around the knee joint showed no sta-
tistically significant differences (P>0.05) between two
techniques (Figure 6).

There were no significant differences between the me-
diolateral muscles of knee during upward and downward
squat phases on the amounts of directed co-contraction
with and without upper limb support (Figure 5). How-
ever, directed co-contraction of the mediolateral muscles
of the knee during squatting without upper limb assis-
tance was higher in the downward phase than the same
in upper limb assistance, though the difference was not

Maximum muscle activities during the squat with and
without use of upper extremity are demonstrated in Ta-
ble 2. The results indicate that the maximum activity of

Table 2. Maximum level of electromyographic muscle activity (% MVIC) during the squat phase with and without upper limb use

wades  MUeupeuny W uppernd :
VM 242.8+97.4 242.9+113.5 1.521 0.151
RF 115.7+49.4 121.2¢47.5 0.936 0.365
VL 207.0+107.7 201.2+113.8 -0.535 0.601
Upward ST 25.7+12.6 26.4+14.6 0.557 0.586
BF 2444115 26.5+12.4 1.345 0.200
ES (L3) 82.5+40.7 86.8+36.6 0.494 0.629
Glut. M 41.2431.1 48.7+35.5 2.228 0.043*
VM 186.3+90.8 199.5+113.9 1.169 0.262
RF 119.7455.9 111.7+46.2 -1.265 0.227
VL 182.5+88.3 177.3+100.6 -0.585 0.568
Downward ST 16.09+8.6 16.748.5 1.352 0.198
BF 16.5%9.0 18.7£20.3 0.390 0.702
ES (L3) 70.2431.9 76.1+36.2 1.173 0.260
Glut. M 37.2432.0 38.9+37.6 0.608 0.553

*P<0.05.

Abbreviations: VM: Vastus Medialis; RF: Rectus Femoris; VL: Vastus Lateralis; ST: Semitendinosus; BF: Biceps Femoris; Glut.
M: Gluteus Medius; ES (L3): Erector Spinae

Jafarnezhadgero AA, et al. Electromyographic Activity of Selected Muscles During Squat Exercise. PTJ. 2018; 7(4):215-224.
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the gluteus medius during the upward phase with assis-
tance was 22% greater than the same without assistance
(P=0.043). Maximum activities of other muscles in both
upward and downward phases showed no significant dif-
ferences (P>0.05) between two conditions (Table 2).

4. Discussion

The present study investigated the EMG activity of
lower limb muscles during squat with and without up-
per limb support. The results indicate that the average
activities of vastus medialis, rectus femoris, vastus late-
ralis, semi-chordal, biceps femoris, and erector spinae
muscles during the upward phase were not significantly
different between two squat styles of with and without
upper extremity support. However, mean activity of
the gluteus medius during the upward phase with upper
limb assistance showed a significant increase, compared
to the same condition without upper limb assistance.
Weakness of the gluteus medius is a major cause of
pelvic instability and back pain [6]. Its weakness is also
related to increased hip adduction moment and knee val-
gus, which were involved in the susceptibility to patel-
lofemoral pain [25-28], iliotibial band friction syndrome
[4], and increased leg pronation [29]. Thus, due to the
greater activity of this muscle during squat with upper
limb assistance compared to typical squat, this technique
could be used to prevent or rehabilitate people with the
aforementioned injuries.

During the downward phase with upper limb assis-
tance, the average activity of the semitendinosus mus-
cle approximately declined by 6%. The average ratio
of the VM/VL ratio in the downward phase with upper
limb assistance showed a significant increase compared
to that with no assistance. Prior research suggest that two
muscular mechanisms prevent outward displacement of
the patella [30-33] which are impaired in those with
patellofemoral pain.

The first one involves a difference in the activity of the
vastus medialis compared to vastus lateralis [30]. The
second one is associated with the higher activity of VM/
VL ratio in normal subjects compared to those with patel-
lofemoral pain syndrome [31-33]. Given the higher VM/
VL ratio during squatting with upper limb support than
that without the aid of upper limbs in the current study,
it would be advantageous to repeat as much movements
as possible during exercise in patients with patellofemo-
ral pain syndrome as opposed to squatting without upper
limb support. However, a better proof of this finding re-
quires further studies, especially on such patients.

January 2018. Volume 7. Number 4

During the downward phase without upper limb assis-
tance, the directed co-contraction of mediolateral mus-
cles of the knee joint was higher than in squatting with
upper limb assistance, although this difference was not
statistically significant. Activation of the co-contraction
of agonist and antagonist muscles of the mediolateral
parts of the knee neutralizes the adduction moment ex-
erted on the knee joint [24]. The increased co-contrac-
tion of the mediolateral muscles of the knee is associated
with mediolateral osteoarthritis in the joint [34].

Knee osteoarthritis is considered as a leading cause of
disability in old age [35-37]. Detection of the causes and
prevention of knee osteoarthritis, especially in adoles-
cence, could result in lower health care costs as well as a
higher efficiency in performing daily activities. Accord-
ing to the present results of the two studied techniques,
squatting without the help of the upper limb, particularly
during the downward phase, can probably be recom-
mended to strengthen the quadriceps in patients with me-
dial compartment knee osteoarthritis. To further verify
this issue, it is necessary to compare the mediolateral co-
contraction of the knee joint during these two movements
in patients with medial compartment knee osteoarthritis.

The H/Q ratio during both phases of the squat showed
no significant differences between two conditions. A re-
duction in H/Q ratio accounts for risk of injury to the an-
terior cruciate ligament [38]. This study found no signifi-
cant differences in H/Q ratio during execution of the two
different squat styles. There is no differences between 2
movements, with regard to strengthening the quadriceps
muscles in people suffering from anterior cruciate liga-
ment damage willing to put less strain on the ligament
and simultaneously strengthen the muscle group.

The general knee joint co-contraction within the squat
phases did not show any significant differences between
the 2 techniques. Because an increase in general co-
contraction often leads to increased joint loads [39-41],
higher level of general co-contraction in the long term
can increase loading on the joint tissues and cause tis-
sue destruction and ultimately knee osteoarthritis. Our
findings disclosed no differences in the rate of general
co-contraction between two methods of squatting with
and without upper extremity support.

Limitations of this research included lack of studying
females. Pelvic geometry differs between males and fe-
males and could result in differences in muscle coordi-
nation during these two techniques, and the assistance
provided by the upper limbs was also not quantified. In
addition, this study disregarded potential mechanisms
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to reveal how these changes occur. A possible explana-
tion could be that pushing the barbell up while leaning
forward in squat increases activity of the posterior chain
and consequently the gluteus medius.

Due to the higher levels of gluteus activity and a higher
VM/VL ratio during squat with upper limb support, the
movement could be recommended in the prevention and
rehabilitation of patellofemoral pain syndrome, iliotibial
band friction syndrome, and gluteal muscles weakness.
Further studies on these populations are required to de-
termine their impact on improving the rehabilitation.
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