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Electromyographic evaluation of spine and lower extremity
muscles during repeated and sustained bodyweight deep-squat
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Abstract

Introduction. Squat is a preferred exercise included in
strengthening and rehabilitation protocols due to its ability to
recruit large muscles of the spine and lower extremities. Speed
of performing movement and regular practice are known
to influence muscle activation. However, muscle activation
during fast-repeated bodyweight deep-squat and sustained
deep squat remains less explored. Aim of Study. This study
aimed at exploring muscle activation during fast and sustained
bodyweight squat and observing the effect of habitual squat
exposure on spine and lower extremity muscle strength and
activation. Material and Methods. Forty healthy adults (30-45
years), with varying daily squat exposure, were recruited for this
cross-sectional study following an institutional ethical approval.
Superficial electromyography of the erector spinae, rectus
abdominis, gluteus maximus, gluteus medius, vastus lateralis,
biceps femoris and the gastrocnemius was recorded during
a single controlled squat, repeated fast squat and sustained squat.
Muscle strength was evaluated using a trunk-leg dynamometer.
Results. Higher muscle activity was observed during the ascent
phase (81-240% MV C) and the descent phase (76-292% MVC) of
asingle squat, whereas the sustaining squat demanded low muscle
activity (27-58% MVC). Repeated fast squatting elicited 2.5-
-10 times greater muscle activation than sustained squat. Muscle
activity did not vary significantly among people with varying
squat exposure. A moderately strong negative correlation was
observed between deep squat repetitions and age (r = —0.710,
p < 0.001), whereas a moderate positive correlation was
observed between deep squat repetitions and force developed
during trunk and leg dynamometry (r = 0.610, p < 0.001,
r=0.654, p <0.001, respectively). Substantial co-activation of the
erector spinae—rectus abdominis, biceps femoris—vastus lateralis
and gluteus maximus—gluteus medius was observed during fast
repeated squat. Conclusions. Repeated, dynamic, bodyweight
deep-squatting exercises elicited greater muscle activation
compared to sustained squat. Exercises over and above habitual
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activities of daily living involving sustained squatting are
essential to obtain greater benefits in muscle strength.
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Introduction

quat exercises are an important component of

strengthening protocols especially in sports training
and musculoskeletal rehabilitation [5, 12, 19, 23, 24].
Deep squat is a triple flexion movement, which moves
the hip, knee and ankle joints over an almost full range
of motion, simultaneously activating several muscles of
the spine and lower extremities [12, 13, 24].
Superficial electromyography (sSEMQG) is an established,
non-invasive, electrophysiological recording technique
used to detect electric potential generated due to muscle
excitation [30]. Muscle activation patterns during
exercises, the level of activation and a comparison against
maximum voluntary contraction, enables a comparison
of capacity versus performance of an individual during
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an activity. Based on observations during EMG studies,
exercises can be prescribed to enhance activation of
specific muscles as well as determine the intensity of
activity required to elicit the desired strengthening
effect.

Several studies have reported the muscle activation
pattern during deep squat. Squat is initiated by the
deactivation of the erector spinae to bring about trunk
flexion. Further, hip-knee flexion and ankle dorsiflexion
are brought about by the activation of the tibialis
anterior and hamstring muscles [13, 16]. As the knee
flexion progresses, a strong knee extensor activity is
generated to counterbalance the external flexor torque
and maintain balance. Knee flexion beyond 70° results
in an increased muscle activity of the vastus lateralis,
gastrocnemius and gluteus maximus [7]. At full depth
of squat, the thigh-calf contact results in a reduction
of torque [27]. However, biarticular muscles such as
hamstrings and quadriceps co-contract to maintain
knee stability [21]. Although EMG activity during the
eccentric and concentric phase of squat is reported,
muscle activity during sustained, bodyweight deep
squat and fast repeated, bodyweight deep squat is poorly
explored. This information would be particularly useful
while prescribing squat exercises to obtain a maximal
strengthening effect, using bodyweight, in healthy
adults and people with weak spine and lower extremity
muscles.

Secondly, people from the Asian and African subcontinents
are already habituated to spending a varying duration
of time in the deep-squat posture to perform activities
of daily living and occupational tasks [14]. Physical
activity involving deep squat can serve as a beneficial
exercise stimulus inducing physiological adaptation in
muscles of lower extremities [20]. It was hypothesized
that static-dynamic muscle activations while performing
ADL would lend greater muscle strength and muscle
activation in people with high squat exposure.
Therefore, the objectives of this study were to explore
muscle activation of lower extremities and spine
muscles during repeated and sustained deep squat and
to identify whether habitual squat exposure leads to
differences in muscle activation and strength of spine
and lower extremity muscles. The information gained
would be useful for prescribing tailor-made squat
exercise programs for healthy people and people with
movement dysfunctions.

Aim of Study
This study aimed at exploring muscle activation during
fast and sustained bodyweight squat and observing the
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effect of habitual squat exposure on spine and lower
extremity muscle strength and activation.

Material and Methods

An observational, cross-sectional, electromyography-
based study was undertaken to explore muscle activation
during repeated and sustained deep squat. Ethical
approval was sought from the Ethical Committee for
Research on Human Subjects (MGMIHS/RS/2015-
-16/190). Participants were tested at the Centre of
Human Movement Sciences. Forty healthy adults,
not engaged in formal strength training or physical
activity programs, were recruited. People with known
musculoskeletal, cardiovascular, respiratory, metabolic
or neurologic disorders, musculoskeletal injury or
pain in the past year or any discomfort that prevented
participation were excluded. A written informed consent
was obtained from all participants as per the Declaration
of Helsinki guidelines.

Participants

Participants were grouped based on squat exposure
into non-squatters (people with nil squat exposure,
n = 15; 7 male, 8 female) and habitual squatters who
were further classified as activity of daily living (ADL)
squatters (i.e. people who adopt squatting to perform
self-care activities and household chores, n = 14; 7 male,
7 female) and occupational squatters (i.e. people who
adopt squatting for occupational tasks and ADL, n = 11;
5 male, 6 female). People with squat exposure for
self-care and household chores were classified as
ADL squatters, while people with squat exposure for
occupational activity in addition to ADL were classified
as occupational squatters.

Procedure

Squat exposure was quantified using a reliable and
validated tool, i.e. the MGM Ground Level Activity
Questionnaire [3]. Habitual physical activity was
quantified using the International Physical Activity
Questionnaire — Short Form (IPAQ) [9].

Muscle activity was recorded during single squat,
repetitive squat, sustained deep squat and maximum
voluntary contraction (MVC) using wireless superficial
electromyography (SEMG) 8 channel system (Trigno
Wireless EMG System; Delsys, Inc., Boston, MA,
USA) at a sample rate of 2,000 Hz, with a bandwidth
of 20-450 Hz, common mode rejection ratio >80 dB,
and noise <0.75 pV. Muscle activity was evaluated
on the right side of the body as previous studies have
demonstrated that deep squat is a symmetrical activity [22].
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Bipolar sensors were placed on the skin over seven
muscles, namely the erector spinae, rectus abdominis
(as prime movers of the trunk), gluteus maximus,
gluteus medius, vastus lateralis, biceps femoris and the
medial head of the gastrocnemius (as primary muscles
controlling motion at the hip, knee and ankle joints
during squat activity) [11]. Electrodes were placed as
per SENIAM (Surface Electromyography for the Non-
Invasive Assessment of Muscles) recommendations
[24]. Following skin preparation by shaving, peeling
and cleaning the electrodes were positioned as described
by researchers in previous studies [1, 24, 25, 26, 27].
Electrodes were secured with adhesive tape to prevent
displacement during exercise.

EMG was recorded while performing a 10-second
maximum voluntary contraction (MVC), targeting each
muscle using standard methods, in order to normalize
and compare muscle activity between the different
activities and groups. The sSEMG signal of MVC was
recorded using functional test positions described
previously [5, 6, 18, 19, 20]. Maximum manual
resistance was opposed by the researcher in a direction
opposite to the motion being tested [4].
Electromyography data from mid-8 seconds of the 10
second MVC were analysed using the EMG analysis
software (National Instruments, Austin, TX). Raw
EMG data were band-pass filtered at 20 to 450 Hz and
smoothed using a root mean square sliding window
function with a time constant of 20 milliseconds,
window length of 0.125 sec and window overlap of
0.0625 sec. Data was inspected for artifacts and power
spectral analysis was performed. Data corrupted with
motion artifacts and high signal noise were excluded
from the analysis.

Muscle activity was evaluated while participants
performed a single deep squat. Participants were
requested to keep hands stretched forwards, adopt
a comfortable stance, descend to deep squat (150° knee
flexion), sustain the position for 5 seconds and ascend
to stand.

For evaluation of muscle activity during sustained
deep squat, participants were requested to keep hands
stretched forwards, adopt a comfortable stance, descend
to deep squat, sustain the position for 30 seconds and
ascend to stand. Participants were given a 5-minute rest
period following the test.

Patterns of muscle activity during fast repetitive squat
were evaluated using the 30-second deep-squat test.
Participants were instructed to perform as many deep
squat repetitions as fast as possible, in a period of 30
seconds. The number of complete squat-stand repetitions
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was recorded. A higher number of repetitions indicated
greater muscle strength-endurance. sSEMG was recorded
continuously during the test. No participant reported
any discomfort during the test. Participants were given
a 5-minute rest time following the test.

Muscle strength of lower extremity and trunk muscles
was evaluated using a calibrated Back-Leg-Chest
Dynamometer (Model SH5007, Sachan Corporation,
Korea). The dynamometer measured isometric muscle
strength, recorded in kilograms (kg) of force. Vertical
upward force was applied to a handle attached to an
adjustable chain. Participants were instructed to stand
on the base of dynamometer with knees flexed to 30°
and pull handle upwards with maximal force while
extending the spine and to maintain the isometric hold
for 10 seconds. During measurement of leg strength
participants maintained a 110° knee flexion and
simulated the action of rising from a chair while exerting
maximal force on the handle of the dynamometer [28].

Statistical analysis

Statistical analysis was performed using the SPSS
Version 24 software. Normality of data was tested
using the Shapiro—Wilk test. As the data followed
normal distribution, parametric tests were used for
further analysis. Measures of central tendency and
dispersion were calculated. RMS of muscle activity
normalised with RMS of MVC was used for analysis.
Muscle activity during single squat, sustained squat
and fast repetitive squat was compared using ANOVA.
BMI and IPAQ scores were used as covariates while
comparing muscle strength between the three groups
using ANCOVA. Correlations between variables were
analysed using Spearman’s correlation coefficient.

Results

Demographic characteristics of the three groups are
presented in Table 1.

All three groups were matched on marginal distributions
for age and gender. However, it was difficult to match
the three groups on body mass due to inherent lifestyle
variations in groups. Daily deep-squat exposure was
nil in non-squatters, moderate in ADL-squatters (mean
exposure 33 min/day) and high in occupational squatters
(mean exposure 104 min/day).

Habitual physical activity was scored using the
International Physical Activity Questionnaire — Short
Form. Large standard deviations were observed in
habitual physical activity with habitual squatters
reporting higher levels of physical activity than non-
squatters (Table 1).
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Table 1. Demographic characteristics, habitual physical activity and daily squat exposure in non-squatters, ADL squatters and

occupational squatters

Non-squatters ADL squatters Occupational squatters .
Variable n=15 n=14 n=11 Al\f (_)‘;jzlit;zlﬁéll(')gv A
Mean (SD) Mean (SD) Mean (SD)
Age (years) 36.3(3.4) 36.7(5.2) 39.3(5.7) 0.221
Height (cm) 157.9 (8.8) 161.1(10.9) 155.2 (8.3) 0.117
Body mass (kg) 65.9 (11.6) 60.4 (16.6) 51.2(10.1) <0.001*
BMI (kg/m?) 26.4 (3.8) 229 (4.4) 21.2 (4.0 <0.001*
IPAQ score (MET min/week) 326.3 (605.4) 1048.3 (2722.0) 1943.8 (4219.8) 0.193
Daily squat exposure (min) 0 33.7 (28.6) 104.5 (96.8) <0.001*
Muscle strength

Trunk dynamometry (kg) 61.5(27.4) 63.1(33.9) 78.2 (35.2) 0.485
Leg dynamometry (kg) 42.6 (15.8) 46.6 (19.38) 54.3 (19.35) 0.368

Note: ADL — activity of daily living
* level of significance p < 0.05

Table 2. Performance on 30-second deep squat test and muscle activity of seven prime movers of trunk and lower extremities
during 30-second repeated deep squat and 30-second sustained squat in non-squatters, ADL squatters and occupational squatters

Variable N&Z:g‘é;tg)rs Aﬁt;fl(l;ge)rs Occu;;\a;{tizﬁa(lss]c)l;latters p-value using ANOVA
30-sec DST reps 13.8 (3.0) 13.7(3.1) 14.0 (5.5) 0.857
RMS % MVC during 30-sec repeated deep squat
Erector spinae 320.6 (240.2) 249.6 (168.2) 261.6 (178.7) 0.712
Rectus abdominis 213.6 (118.6) 175.2 (118.3) 214.1 (292.9) 0.843
Gluteus maximus 187.6 (169.4) 122.0 (86.4) 114.8 (77.4) 0.391
Gluteus medius 245.1 (474.3) 144.1 (189.2) 95.9 (34.2) 0.606
Vastus lateralis 2459 (171.8) 232.6 (202.6) 128.9 (54.8) 0.404
Biceps femoris 337.5(384.8) 534.9 (571.8) 115.6 (45.5) 0.160
Gastrocnemius 482.7 (452.0) 218.3 (197.0) 177.9 (100.2) 0.597
RMS % MVC during 30-sec sustained deep squat
Erector spinae 38.7 (19.5) 57.8 (49.8) 65.1 (45.5) 0.559
Rectus abdominis 62.3 (70.5) 83.1(115.3) 114.3 (124.4) 0.532
Gluteus maximus 39.4 (61.0) 49.0 (46.5) 39.3 (41.1) 0.907
Gluteus medius 20.0 (19.2) 14.9 (9.8) 33.2(44.2) 0.378
Vastus lateralis 31.6 (19.4) 63.7 (83.4) 46.8 (42.5) 0.590
Biceps femoris 36.1(39.0) 28.6 (30.6) 30.5(23.5) 0.900
Gastrocnemius 43.8 (55.1) 14.2 (8.6) 353 (45.2) 0.458
Note: ADL — activity of daily living; DST — deep squat test
Level of significance p < 0.05
22 TRENDS IN SPORT SCIENCES March 2021
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A single deep squat elicited substantial activation of all
tested prime movers of the trunk and lower extremities
in all the three groups of healthy adults. The average
time taken to perform a single squat was 4.5 sec, with
the mean speed of 0.226 m/s. The average speed of
descent was 0.209 m/s, whereas the speed of ascent was
0.247 m/s in a single squat.

During the 30-second repeated fast deep squat test,
participants could perform on average 13.7 squats
(SD 3.9). Mean time taken to perform one squat during

fast repeated squatting was 2.3 sec, while the speed was
0.447 m/sec, which was 2 times the speed of a single
squat. Therefore, it was not surprising that repeated
deep squat elicited 2.5-10 times greater muscle activity
compared to a 30-second sustained squat (p < 0.05-
-0.001). Non-squatters demonstrated muscle activity
equivalentto 1.87-4.82 times MVC, ADL squatters 1.22-
-5.32 times MVC and occupational squatters presented
0.95-2.21 times MVC during repeated squats. In turn,
during sustained squatting lower muscle activation

Table 3. Comparison of muscle activity during descent, sustained and ascent phases of single squat among non-squatters, ADL

squatters and occupational squatters

oS0 Mo Men(SDy Pl g ANOVA
RMS % MVC during descent phase of squat
Erector spinae 147.8 (202.9) 143.1 (160.3) 137.6 (99.3) 0.992
Rectus abdominis 101.0 (71.3) 64.6 (40.2) 64.3 (72.1) 0.405
Gluteus maximus 118.6 (172.2) 58.8 (43.6) 140.8 (122.7) 0.744
Gluteus medius 45.0 (43.3) 52.5(48.9) 134.5 (260.1) 0.409
Vastus lateralis 112.3 (54.7) 64.2 (24.6) 77.9 (44.1) 0.072
Biceps femoris 287.7 (564.7) 268.2 (249.4) 322.8 (559.0) 0.968
Gastrocnemius 167.4 (101.2) 34.7 (33.1) 135.5(88.2) 0.228
RMS % MVC during sustained phase of squat
Erector spinae 38.4 (23.3) 56.6 (45.4) 59.5(22.1) 0.377
Rectus abdominis 64.4 (78.6) 55.7 (44.7) 33.2(39.6) 0.573
Gluteus maximus 23.3(30.4) 30.4 (29.4) 48.8 (33.9) 0.478
Gluteus medius 15.5(15.3) 22.8 (27.4) 43.7 (84.5) 0.503
Vastus lateralis 26.9 (14.9) 22.3(17.3) 37.0 (19.1) 0.246
Biceps femoris 99.3 (135.6) 52.7(109.3) 22.4 (15.8) 0.390
Gastrocnemius 98.4 (99.5) 13.4 (4.4) 22.7 (21.7) 0.073
RMS % MVC during ascent phase of squat
Erector spinae 196.3 (202.7) 118.5 (65.3) 217.2 (175.9) 0.418
Rectus abdominis 94.3 (88.4) 81.4 (86.8) 69.4 (55.6) 0.826
Gluteus maximus 103.5 (86.9) 93.2(73.9) 290.3 (183.9) 0.327
Gluteus medius 82.6 (125.1) 71.6 (68.5) 243.0 (196.2) 0.408
Vastus lateralis 146.1 (81.8) 87.1(43.2) 75.3 (58.0) 0.070
Biceps femoris 345.6 (357.6) 166.3 (165.0) 210.7 (161.9) 0.265
Gastrocnemius 201.7 (178.3) 127.5 (96.3) 147.8 (50.3) 0.909

Note: ADL — activity of daily living
Level of significance p < 0.05
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equivalent to 0.20-0.62 times MVC was observed in
non-squatters, 0.14-0.83 times MVC in ADL squatters
and 0.30-1.14 times MVC in occupational squatters.
The number of repetitions performed during a 30-second
DST and muscle activity were not significantly different
between the three groups (Table 2, Figure 1).
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Figure 1. Average muscle activity of seven prime movers
of trunk and lower extremity during descent, sustain, ascent
phases of single deep squat, repeated deep squat and sustained
deep squat

A moderately strong negative correlation was observed
between deep-squat repetitions and age (r = —0.710,
p < 0.001), whereas a moderate positive correlation
was observed between deep-squat repetitions and force
developed during trunk and leg dynamometry (r = 0.610,
p <0.001, r=0.654, p < 0.001, respectively).
Secondly, we observed variations in muscle activity
among the three groups of people with varying quantum
of daily deep-squat exposure. Discernibly, people with
varying squat exposure demonstrated varying patterns
of movement during deep squat. Most non-squatters
could not perform a foot-flat squat. Squat was initiated
with trunk flexion, hip-knee flexion and raising heels off
the ground at full depth of squat. Greater trunk flexion
was observed at full squat depth. In contrast, ADL and
occupational squatters could perform a foot-flat deep-
squat while maintaining an erect trunk. Participants
were allowed to perform a natural squat, as it was
hypothesized that controlling the squat movement
would influence the muscle activation pattern. Despite
variations in movement pattern, no significant difference
was observed in the activity of the sampled muscles,
which could be due to large standard deviations in RMS
(Table 3).

Additionally, force generated during trunk and leg
dynamometry did not differ significantly between the
groups. There was arelatively marked negative correlation
between strength measures and age (r =-0.381, p=0.01
and r =-0.405, p = 0.006 respectively) (Table 1). A very
strong positive correlation was observed between trunk
and leg muscle force (r=0.810, p <0.001). No influence
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of the habitual level of overall physical activity or BMI
was observed on trunk-leg dynamometry force when
the IPAQ scores and BMI were used as covariates.

Discussion

The current study explored activation of spine and lower
extremity muscles during single squat, sustained and
repeated deep squat using electromyography along with
a comparison of muscle activity and muscle strength in
people with varying squat exposure.

Although numerous muscles are recruited during
deep squat, only the prime movers of the spine and
lower extremities were evaluated in this study due
to the technical limitation of available EMG channels.
Bodyweight deep squat activated all seven selected
muscles. Greater activation was observed during the ascent
(81-240% MVC) and descent phases (76-292% MVC)
compared to the sustaining phase of squat (27-58% MVC).
Higher EMG activity during repeated squatting may be
attributed to greater angular speed compared the sustained
static phase of a sustained squat. Dynamic squatting
demands greater muscle activation in order to maintain
joint stability and a satisfactory execution technique [4,
17, 18]. Non-squatters demonstrated greater activation
of the erector spinae (3.2 times MVC), vastus lateralis
(2.4 times MVC), biceps femoris (3.3 times MVC),
vastus lateralis (2.4 times MVC) and the gastrocnemius
(4.8 times MVC), which may be attributed to the
greater forward flexion of the trunk, need for greater
stabilization of the knee and the plantar flexed foot
during squat. Comparatively, ADL and occupational
squatters required lower muscle activation during
repeated squat as they were habituated to performing
squat. The lower recruitment of the erector spinae
(2.4-2.6 times MVC), vastus lateralis (1.2-2.3 times
MVC) and the gastrocnemius (1.7 -2.1 times MVC)
in ADL and occupational squatters may be a result of
motor engrams formed during the habitual activity
associated with a reduced synergistic muscle activity,
greater stability of the knee, enhanced postural control
leading to lower proximal hip and distal ankle muscle
activation. Compared to dynamic squatting, lower
muscle activation was observed in all the three groups
during sustained squat. Sustaining the squat posture
brought about contact between the posterior thigh-
calf and anterior abdominal wall-thigh, which offered
passive stability to the trunk and pelvis and reduced
overall muscle activity required to sustain the posture.
Secondly, substantial co-activation of the erector
spinae-rectus abdominis, biceps femoris—vastus
lateralis and the gluteus maximus—gluteus medius was
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observed during deep squat. Similar findings are reported
while performing partial and parallel squats to varying
depth [12]. During repeated squat, the muscle activity
ratio of the erector spinae : rectus abdominis pair was 1.3,
whereas during sustained squat it was 0.6, indicating that
the erector spinae was activated to a greater extent during
dynamic squatting, whereas its activity reduced during
sustained squat due to the passive anterior support. In
contrast, the ratio between the vastus lateralis : biceps
femoris pair was 0.7 during repeated squat and 1.5 during
sustained squat, indicating that a greater activation of the
hamstring muscles was required to maintain knee stability
to sustain the posture. Thus, repeated squat emerges as an
effective exercise bringing about activation of dynamic
stabilisers of the spine, hip and knee.

Additionally, published reports indicate that muscle
activity equivalent to 10-25% MVC is effective in
stabilizing the spine during functional activities of daily
living [5]. Observations from this study demonstrated
that repeated squats elicited substantial activation of
prime stabilisers of the spine, namely the erector spinae
and rectus abdominis, which was 1.3-5.3 times greater
than in the case of sustained squat. Fast, repetitive
activity of short duration could result in post-activation
potentiation and enhancement of muscle performance
due to an increased excitability of a—motoneurons and
recruitment of fast-twitch muscle fibres [15, 26, 29].
Thus, dynamic deep squat training at progressive speeds
may be useful in strengthening programs for people
with trunk and lower extremity muscle weakness.
While repetitive, dynamic squat results in greater
muscle recruitment, sustaining squat would result in
the passive stretch of soft tissues, thereby influencing
the lower extremity joint range of motion [2]. Hence,
sustained squat would provide benefits in terms of joint
motion, whereas a repetitive dynamic loading stimulus
may be of greater benefit in strengthening programs
targeting lower extremity and spine muscles. Previous
studies have established that strength training of spine
and lower limb muscles is beneficial for people with
degenerative disorders such as knee osteoarthritis
[10], low back pain and osteoporosis [8], thus making
it imperative to address muscle dysfunction and
imbalance prophylactically. Specifically, weakness of
knee extensor muscles is associated with increased risk
of developing symptomatic and functional deterioration
in people with knee OA and weakness of spine muscles
in people with low back pain. Hence, bodyweight
exercises such as squat that target muscle strength can
be included as an integral component of rehabilitation
and health promotion programs.
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Furthermore, we explored differences in muscle strength
among people with varying habitual squat exposure.
Although muscle strength increased with daily squat
exposure, the difference was not significant. This may be
due to the fact that habitual squatters were required to
largely sustain deep squat posture for a prolonged duration
of time rather than perform repeated dynamic squats.
High duration exposure to static squat probably did not
provide a sufficient stimulus to bring about physiological
adaptations characteristic to dynamic, repetitive high
intensity training [6, 14]. On a positive note, even people
who had given up adopting squat for performing ADL,
could perform both repeated squats and sustained squat,
although with slight alterations in movement patterns.
These observations indicate that dynamic squat training
can be safely initiated by both non-squatters and habitual
squatters, and included into daily routine to obtain benefits
such as greater mobility and muscle strength.

Certain limitations of the study cannot be overlooked.
Deep squat is a large range of motion activity, involving
contact between body segments resulting in movement
artefacts. These limitations were addressed by accurate
positioning of electrodes, visual inspection of raw and
processed data for artifacts, deletion of corrupt data and
outliers from analysis. However, SEMG results may be
interpreted with caution for such muscles as the biceps
femoris, which was prone to greater artefacts.

Conclusions

Deep squat resulted in substantial activation of spine
and lower extremity muscles. Repeated squatting
elicited highest activity levels, which was 2.5-10 times
greater muscle activation than sustained squat. Muscle
activity and strength were similar in people with varying
squat exposure, suggesting that engaging in a dynamic
squat activity, over and above habitual activities of
daily living involving sustained squatting, is essential
to obtain greater benefits in muscle strength.

Conflict of Interests
The authors declare no conflict of interest.

References

1. Adjenti SK, Louw G, lJelsma J, Unger M. An
electromyographic study of abdominal muscle activity in
children with spastic cerebral palsy. S Afr J Physiother.
2017;73(1):341. doi:10.4102/sajp.v73i1.341.

2. Agarwal BM, van Deursen R, Mullerpatan RP. Influence
of habitual deep squatting on kinematics of lower
extremity, pelvis and trunk. ITHRS. 2018 Mar;7(1):1-19.
doi:10.5455/ijhrs.0000000139.

TRENDS IN SPORT SCIENCES 25



10.

I1.

12.

13.

14.

26

AGARWAL, DEURSEN, MULLERPATAN

Agarwal B, Mullerpatan R. MGM Ground Level Activity
Exposure Questionnaire ©2018. Indian Copyright Office,
Government of India. Available on request.

Begalle RL, Distefano LJ, Blackburn T, Padua DA.
Quadriceps and hamstrings coactivation during
common therapeutic exercises. J Athl Train. 2012 Jul—
Aug;47(4):396-405. doi:10.4085/1062-6050-47.4.01.
Boudreau SN, Dwyer MK, Mattacola CG, Lattermann C,
Uhl TL, McKeon JM. Hip-muscle activation during the
lunge, single-leg squat, and step-up-and-over exercises.
J Sport Rehabil. 2009;18(1):91-104. doi:10.1123/jsr.18.1.91.
Campos GE, Luecke TJ, Wendeln HK, Toma K,
Hagerman FC, Murray TF, Ragg KE, Ratamess NA,
Kraemer WIJ, Staron RS. Muscular adaptations in
response to three different resistance-training regimens:
specificity of repetition maximum training zones. Eur J
Appl Physiol. 2002 Nov;88(1-2):50-60. doi:10.1007/
s00421-002-0681-6.

Caterisano A, Moss RF, Pellinger TK, Woodruff K,
Lewis VC, Booth W, et al. The effect of back squat
depth on the EMG activity of 4 superficial hip and thigh
muscles. J Strength Cond Res. 2002 Aug;16(3):428-432.
Chastin SF, Mandrichenko O, Helbostadt JL, Skelton DA.
Associations between objectively-measured sedentary
behaviour and physical activity with bone mineral density
in adults and older adults, the NHANES study. Bone.
2014 Jul;64:254-262. doi:10.1016/j.bone.2014.04.0009.
Craig C, Marshall AL, Sjostro M, Bauman AE, Booth ML,
Ainsworth BE, et al. International Physical Activity
Questionnaire: 12-country reliability and validity. J] Am
Coll Sports Med. 2003;35(8):1381-1395. doi:10.1249/01.
MSS.0000078924.61453.FB.

Culvenor AG, Ruhdorfer A, Juhl C, Eckstein F,
Oiestad BE. Knee extensor strength and risk of
structural, symptomatic, and functional decline in knee
osteoarthritis: a systematic review and meta-analysis.
Arthritis Care Res (Hoboken). 2017 May;69(5):649-658.
doi:10.1002/acr.23005.

De Luca C. The use of surface electromyography in
biomechanics. J Appl Biomech. 1997;13(2):135-163.
Dionisio VC, Lu’cioAlmeida G, Duarte M, Hirata RP.
Kinematic, kinetic and EMG patterns during downward
squatting. J Electromyogr Kinesiol. 2008;18:134-143.
doi:10.1016/j.jelekin.2006.07.010.

Escamilla RF. Knee biomechanics of the dynamic squat
exercise. Med Sci Sports Exerc. 2001 Jan;33(1):127-141.
doi:10.1097/00005768-200101000-00020.

Folland JP, Williams AG. The adaptations to strength
training: morphological and neurological contributions
to increased strength. Sports Med. 2007;37(2):145-168.
doi:10.2165/00007256-200737020-00004.

TRENDS IN SPORT SCIENCES

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Gotas A, Wilk M, Statsny P, Maszczyk A, Pajerska K,
Zajac A. Optimizing half squat post activation potential
load in squat jump training for eliciting relative maximal
power in ski jumpers. J Strength Cond Res. 2017
Nov;31(11):3010-3017. doi:10.1519/JSC.00000000000
01917.

Hase K, Sako M, Ushiba J, Chino N. Motor strategies
for initiating downward-oriented movements during
standing in adults. Exp Brain Res. 2004;158:18-27.
doi:10.1007/s00221-004-1875-4.

Komi PV, Linnamo V, Silventoinen P, Sillanpdd M.
Force and EMG power spectrum during eccentric and
concentric actions. Med Sci Sports Exerc. 2000;32:1757-
-1762. doi:10.1097/00005768-200010000-00015.
Matheson JW, Kernozek TW, Fater DC, Davies GJ.
Electromyographic activity and applied load during
seated quadriceps exercises. Med Sci Sport Exerc.
2001;33:1713-1725. doi:10.1097/00005768-200110000-
00016.

Naclerio F, Faigenbaum AD, Larumbe-Zabala E, Perez-
Bibao T, Kang J, Ratamess NA, Triplett NT. Effects
of different resistance training volumes on strength
and power in team sport athletes. J Strength Cond
Res. 2013 Jul;27(7):1832-1840. doi:10.1519/JSC.0b0
13e3182736d10.

Rao S, Gokhale M, Kanade A. Energy costs of
daily activities for women in rural India. Public
Health Nutr. 2008 Feb;11(2):142-150. doi:10.1017/
S1368980007000055.

Roebroeck ME, Doorenbosch CAM, Harlaar J, Jacobs R,
Lankhorst GJ. Biomechanics and muscular activity
during sit-to-stand transfer. 1994 Jul;9(4):235-244.
doi:10.1016/0268-0033(94)90004-3.

Sahasrabudhe SS, Agarwal BM, Mullerpatan RP.
Comparison of muscle activity and energy cost between
various bodyweight squat positions. Clin Kinesiol.
2017;71(2):19-24.

Schoenfeld BJ. Squatting kinematics and kinetics
and their application to exercise performance. J Hum
Kinet. 2010;24(12):3497-3506. doi:10.1519/JSC.0b0
13e3181bac2d7.

SENIAM. Recommendations for sensory location based
on individual muscles. Retrieved June 27, 2018, from:
http://seniam.org/.

Shipton EA. Physical therapy approaches in the treatment
of low back pain. Pain Ther. 2018 Dec;7(2):127-137.
doi:10.1007/s40122-018-0105-x.

Slater LV, Hart JM. Muscle activation patterns
during different squat techniques. J Strength Cond
Res. 2017 Mar;31(3):667-676. doi:10.1519/JSC.0000
000000001323.

March 2021



27.

28.

29.

Vol. 28(1)

ELECTROMYOGRAPHIC EVALUATION OF SPINE AND LOWER EXTREMITY MUSCLES DURING REPEATED...

Sriwarno AB, Iwanaga K, Shimomura Y, Katsuura T.
The effects of heel elevation on postural adjustment
and activity of lower extremity muscles during deep
squatting-standing movement in normal subjects. J Phys
Ther Sci. 2008;20(1):31-38.

Ten Hoora G, Muscha K, Meijerb K, Plasquia G.
Test-retest reproducibility and validity of the back-
leg-chest strength measurements. Isokinet Exerc Sci.
2016;24(3):209-216.

Timon R, Allemano S, Camacho-Cardenosa M,
Camacho-Cardenosa A, Martinez-Guardado I, Olcina G.

30.

Post-activation potentiation on squat jump following
two different protocols: traditional vs. inertial flywheel.
J Hum Kinet. 2019 Oct;69:271-281. doi:10.2478/hukin-
2019-0017.

Vigotsky A, Halperin I, Lehman GJ, Trajano GS,
Vieira TM. Interpreting signal amplitudes in surface
electromyography studies in sport and rehabilitation
sciences. Front Physiol. 2018 Jan;8:985. doi:10.3389/
fphys.2017.00985.

TRENDS IN SPORT SCIENCES 27



