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Assessment of changes in the electrical activity of muscles in
classic squat with a barbell in powerlifting athletes and
people training Crossfit

Ocena zmian aktywnosci elektrycznej miesni w przysiadzie klasycznym ze sztangg u zawodnikow
tréjboju sitowego i 0sob trenujgcych Crossfit

Bartosz Ruta'(A.¢DE), Wojciech Walczak?#B.D.E), Kamila Pasternak-Mnich3C.EF),
Krzysztof Bortnik4(A.D:E.G)

Medical Spa & Wellness Sp.zo.0., Gostynin / Medical Spa & Wellness Sp.zo.0., Gostynin, Poland

2Rehabilitacja Wojciech Walczak, Tarnobrzeg / Wojciech Walczak Rehabilitation, Tarnobrzeg, Poland

3Klinika Rehabilitacji Medycznej Uniwersytetu Medycznegow t.odzi / Department of Medical Rehabilitation, Medical University of Lodz, Poland
4Centrum Sportu Uniwersytetu Medycznego w todzi / Center of Sport, Medical University of Lodz, Poland

Abstract

Aim. Assessment of the degree of muscle involvement during a squat with a barbell in powerlifters and Crossfit trainers using surface
electromyography (sEMG).

Material and methods. The study included two groups of 30 people exercising Crossfit and powerlifting, with an average age of 24 + 2.8
years. Inclusion criteria: male gender, age range-22 to 28 years and a minimum of two years of training experience. Muscle tension
measurements were made using the EMG FREEEMG300 electromyograph, in accordance with the SENIAM guidelines. The study
consisted of a total of twelve repetitions of squats with a barbell, in two series of frontsquat and backsquat techniques.

Results. The mean and mean maximum muscle tone, each time statistically significant differences were noted - in the Crossfit group it
was higher than in powerlifting.

Conclusions. The involvement of muscles during the squat with the bar and with the load equal to the body weight, performed using the
"back squad” and "front squat” techniques is significantly higher in competitors training Crossfit. The analysis of the subjective
assessment of difficulties in performing the exercises showed that the level of difficulty depends on the technique of performing the
exercises. Reported difficulties of exercises - 50% of crossfiters using the "back squat” technique and 100% of powerlifters using the

"front squat" technique.

Key words:

powerlifting, crossfit, muscle tone, SEMG

Streszczenie

Cel pracy. Ocena stopnia zaangazowania miesni podczas przysiadu ze sztanga u zawodnikéw trdjboju sitowego iosdb trenujacych
Crossfit z wykorzystaniem powierzchniowej elektromiografii (SEMG).

Materiat i metody. Badaniem objeto dwie 30-osobowe grupy ¢wiczacych Crossfit oraz tr6jbéj sitowy, o Sredniej wieku 24 + 2,8 lat.
Kryteriami wiaczenia byly: pte¢ meska, przedziat wiekowy od 22 do 28 lat oraz minimum dwa lata doswiadczenia treningowego.
Pomiary napiecia miesniowego wykonano z wykorzystaniem elektromiografu EMG FREEEMG 300, zgodnie z wytycznymi SENIAM.
Badanie polegato na tagcznym wykonaniu dwunastu powtérzen przysiadéw ze sztanga, w dwdch seriach technikami ,front squat” i ,back
squat”.

Wyniki. Srednie oraz $rednie maksymalne napiecie mie$niowe kazdorazowo, kiedy odnotowano statystycznie istotne réznice, w grupie
Crossfit byto wyzsze niz u uprawiajacych trojboj sitowy.

Wnioski. Zaangazowanie miesni podczas przysiadu z gryfem oraz z obcigzeniem réwnym masie ciata, wykonywanego technika ,back
squat’ i ,front squat” jest istotnie wyzsze u zawodnikéw trenujacych Crossfit. Analiza subiektywnej oceny trudnosci w wykonywaniu
¢wiczen wykazata, ze poziom trudnosci jest zalezny od techniki wykonywania ¢wiczen. Zgtaszane trudnosci ¢wiczen - 50%

crossfitowcéw technika ,back squat” oraz 100% u tréjboistéw technika ,front squat”.

Stowa Kkluczowe:

tréjbdj sitowy, crossfit, napiecie miesniowe, SEMG

134 www.fizjoterapiapolska.pl
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Introduction

In recent years, there has been an increased interest in
undertaking resistance training, which is in line with current
recommendations  regarding  physical activity [1].
Researchers also note that participants' motivation for this
type of activity is turning from extrinsic to intrinsic [2, 3].
The most commonly reported motives for undertaking
resistance training include: a feeling of enjoyment,
challenge, sense of belonging, as well as positive effects on
health and body weight reduction. As the popularity of
strength sports, such as powerlifting and weightlifting has
increased, so has the interest of researchers in these
disciplines. Strength, identified as the ability to overcome or
counteract external loads at the expense of muscular effort,
is the main ability on which powerlifting is based [4, 5, 6].
During a competition, a powerlifting athlete has three
attempts in each of the three disciplines: a barbell squat,
barbell bench press and deadlift. The best results achieved in
a single lift make up the total lifted weight. The barbell
squat involves bending lower limbs in knee and hip joints
and lowering the torso until the upper, proximal surface of
the thighs is below the upper, distal surface of the thighs (in
the International Powerlifting Federation regulations [7]
referred to as "tops of the knees") and then returning to the
upright position. The barbell press is performed in the
supine position on a bench. The competitor lowers the
barbell to the chest from the extended elbow position and
then returns to the starting position at the referee's signal.
While doing a deadlift, the competitor in the standing
position lifts the barbell from the ground until the torso is
fully straightened and the shoulders are retracted. The load
is determined by the weight of the barbell. During
competitions, athletes lift weights which are up to four times
bigger than their body weight [8]. They compete against
each other in various categories determined by gender, age
and body weight. According to regulations of the
International Powerlifting Federation [8], the minimum age
of competitors is 14 years. Many authors in their studies
have shown that physical characteristics, anthropometry, fat-
free mass, skeletal muscle mass and bone mass are related to
powerlifting performance and therefore to maximal strength
[9, 10, 11]. Furthermore, other studies have assessed the
relationship between anthropometry and bench press
strength and in all three powerlifting disciplines [12]. Some
authors also point out that factors such as the baseline
strength level and changes in free-fat mass can negatively or
positively influence strength development [13, 14]. Crossfit
is another kind of workout aimed at developing strength. It
improves eclements of physical fitness, including motor
characteristics (aerobic endurance, muscular strength and
endurance, flexibility, speed, coordination, precision and
control of movement, agility, balance and power) [15, 16,
17]. Training consists of various exercises aimed at
improving different skills, i.e. weightlifting, rope climbing,
carrying heavy weights on long distances. A training session
usually lasts about an hour and consists of a warm-up,
strength training and/or skill training, or fitness training for

www.fizjoterapiapolska.pl 135
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about 30 minutes and finishes with lower-intensity
workouts, including stretching [18]. In Crossfit classes,
a training programme varies according to the individual
athlete's fitness, training location, intensity, duration,
organisational form and complexity and workouts are short
but of high-intensity. Exercises are required to be done
within certain time limits or the number of repetitions is
maximum. They can be performed as individual, partner or
group training [19, 20, 21]. Apart from comprehensive
development of the body fitness, the training has
a functional character and helps to adopt pro-healthy
lifestyle. Training programmes are arranged according to
the amount of load, intensity and interval between sets in
order to suit people at different levels of advancement and
training experience. A squat is one of the most commonly
performed exercises in strength, endurance and fitness
sports training, used to increase performance and build
resistance to injuries [22, 23, 24]. This exercise involves
activation of a large number of joints, which engages
numerous muscle groups. In a squat, muscles are engaged
to actively make the movement itself and stabilise the body
during the movement, as well as maintain balance and
coordination. Squats are essential for building muscle
strength. However, squats can contribute to injuries if they
are improperly performed [25, 26]. Performing a squat with
a barbell is divided into several stages, and its technique is
adjusted individually to the type of training and the athlete's
predispositions. Both people practising Crossfit and
powerlifting use two techniques, depending on their
advancement stage of training. They are: "a front
squat" (the bar is placed in front, on the shoulders) and
"a back squat" (the bar is placed on the upper back).
Performing a squat with a barbell held in front, due to
a position of the centre of gravity and a forced position of
the trunk, is highly difficult [31]. The muscles most
involved in performing a front squat include: gluteus
medius, gluteus maximus, rectus femoris, vastus lateralis,
vastus medialis, vastus intermedius and erector spinae [27].
The "back squat" technique is less difficult so it is more
preferable by less experienced athletes. However, it allows
them to quickly achieve weight lifting progress. In
performing a squat, the trunk leans forward. This movement
engages the activation of biceps femoris muscles and
posterior muscle bands [28].

Aim of this study was to evaluate resting muscle tone
during a barbell squat in powerlifting and Crossfit athletes
with the application of surface electromyography (sEMG)
and to compare differences in the muscle tension depending
on the technique of positioning the barbell, as well as to
assess the subjective feeling of difficulty in performing
a movement with a particular technique.

Material and Methods

Material

The study group consisted of 60 members of the Lodz
Academic Sports Association and the FitFabric Fitness
Club, aged 22-28 years (24 + 2.8 years) divided into 2 gro-
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ups, with 30 subjects in each. They included athletes tra-
ining Crossfit and powerlifting. The inclusion criteria were:
the male sex, age (22-28 years old), at least two-year tra-
ining experience, ability to perform a full barbell squat with
a load equal to the athlete’s body weight, lack of contrain-
dications to training, current medical examination results.

Methods

The muscle tension test was preceded by local hair removal
and skin degreasing. Then, electrodes were placed on the
skin to test the surface muscle tension, in accordance with
SENIAM guidelines (Surface ElectroMyoGraphy for the
Non-Invasive Assessment of Muscles). The study consisted
of twelve repetitions of barbell squats, divided into two se-
ries. Series I consisted of six repetitions of a squat, perfor-
med with a barbell in the so-called Olympic style, i.c.
"a back squat". Three repetitions were performed with a lo-
ad of 20 kilograms. In the remaining three repetitions, the
load was increased to equal the body weight of the athlete.
In series II, the researchers used the same procedures but
a front squat was performed. The test was conducted in
sports shoes on a stable and flat surface.

Resting mean and maximal electrical tensions of the follo-
wing muscles were measured: left and right tibialis anterior
muscles, left and right vastus medialis, left and right rectus
femoris, left and right gastrocnemius muscles, left and right
biceps femoris, left and right gluteus medius, left and right
gluteus maximus, left and right lumbar erector spinae.

After the first three repetitions with a load of 20 kilograms
and after the next three repetitions with a load equal to the
athlete's body weight in both series I and II, the subjective
evaluation of the difficulty of performing the movement
with a particular technique was performed on a two-grade
scale, where 1 meant a movement performed without diffi-
culty and 2 meant a movement performed with difficulty.
Besides, using a measuring tape (+ 0.5), the authors made
measurements of the lower limb circumferences of the glu-
teus firstus, gluteus secondus, femur firstus, femur secon-
dus, shin firstus, shin secondus muscles.

Measurements of the electrical activity of the muscles were
performed using a FREEEMG300 EMG electromyograph
(BTS Bioengineering), borrowed from the Academic Labo-
ratory of Movement and Human Physical Performance
"DynamoLab" of the Medical University of Lodz.

Bio Lead — Lok B R — LFO — 320 electrodes, 32 mm/36 mm
in size, based on a sponge with solid gel and Ag/AgCl sen-
sor, were used for the study.

The sEMG examination was performed during a barbell squ-
at in various phases, i.e. immediately before the initiation of
the movement, during the full squat phase, and after its com-
pletion but before putting the barbell back on the rack.

Data obtained in the study were processed using the
SMARTanalyzer software — version 1.10.0225. The follo-
wing filters used were: 20 Hz high-pass Butterworth filter
and 450 Hz low-pass Butterworth filter. The signal was
rectified and the root of the square of the mean value was
calculated using a 300 ms time window.
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Fig.1. Location of EMG electrodes according to the assigned numbering on the appropriate muscle actons (source:

Archives of the Sports Center of the Medical University of £.6dz)

Statistical analysis methods

The authors calculated values of the mean, standard
deviation and median in the analysed variables by the
application of the Shapiro-Wilk test. It enabled to determine
whether the distribution of the analysed variables is normal.
The hypotheses were verified using parametric and non-
parametric tests. The t-test was applied for variables of
normal distribution and homogeneous variances. For
variables of normal distribution and non-heterogeneous
variances, the separate-variance t-test was applied. The
Mann-Whitney U test was used for a variable inconsistent
with the normal distribution. The level a = 0.05 was adopted
as significant. The Statistica v. 10 package, licence no:
AXAP301E504323AR-B as well as Microsoft Excel from
Microsoft Office 2010 were used for statistical purposes.

All study subjects signed an informed consent to participate
in the study. The Bioethics Committee of the Medical
University of Lodz gave its consent to conduct the study
(no: RNN/127/15/KB, dated 17 February, 2015).

Results

The mean values of body weight and height of the studied
athletes training Crossfit and powerlifting are presented in
Figure 2. The studied groups were homogeneous in terms of
body weight and height. The Mann-Whitney U-test showed
no differences in body weight (p-value = 0.2604) and
the t-test showed no differences in height between the gro-
ups (p-value = 0.4387). There were no statistically signifi-
cant differences in lower limb circumferences between
powerlifting and Crossfit athletes.
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Body mass [kg]
Height [cm]

crossfit tréjboj / powerlifting crossfit tréjbdj / powerlifting

Fig. 2a and 2b. Average height and average body weight of athletes

Mean values of muscle tension

The mean value of resting muscle tension depending on
the trained discipline

Obtained mean values of resting muscle tension of the
athletes are presented in Table 1. A comparative analysis
showed significantly higher mean resting tension of the
biceps femoris musclein the left lower limb in athletes
practising Crossfit (the Mann-Whitney U-test: Z = —1.9888,

p-value = 0.0467). For other muscles, no statistically
significant differences were found in the compared groups of
athletes.

Table 1. Descriptive statistics for the average resting muscle tone of athletes practicing Crossfit or powerlifting and the
statistical significance of the differences

Rest voltage [uV]
Crossfit Powerlifting

MUScle Average [WV]  Median [uV] SD [uV] Average [WV]  Median [uV] SD [uV]

left tibialis anterior 6.064 2.475 7.116 3.268 2.423 2.862 p>0,05
right tibialis anterior 7.967 2.488 9.912 11.347 2.408 39.229 p>0.05
left vastus medialis 3.265 2.683 1.703 2.778 2.553 0.686 p>0.05
right vastus medialis 2.739 2.332 1.352 2.588 2.264 0.615 p>0.05
left rectus femoris 2.641 2.366 0.941 2.513 2.545 0.241 p>0.05
right rectus femoris 2.486 2.341 0.547 2.389 2.380 0.311 p>0.05
left gastrocnemius 2.455 2272 0.485 2.527 2.300 0.714 p>0.05
right gastrocnemius 2.831 2.413 1.780 3.220 2.493 2.770 p>0.05
left biceps femoris 9.173 2.793 12.584 7.407 2.447 13.757 p <0.05
right biceps femoris 5.194 2.643 6.686 6.296 2.644 9.241 p>0.05
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Rest voltage [uV]

Crossfit Powerlifting
p-value

Average [uV] Median [uV] SD [uV] Average [uV] Median [uV]

left gluteus medius 3.785 2.662 3.268 4.505 2.577 6.488 p>0.05
right gluteus medius 4.346 2.950 3.236 3.459 2.969 2.145 p>0.05
left gluteus maximus 8.956 2.408 30.009 3.632 2.412 4.779 p>0.05
right gluteus maximus 2.959 2.467 1.272 3.231 2.501 2.971 p>0.05
left lumbar erector spinae 6.832 2.834 11.980 6.925 2.721 13.753 p>0.05
right lumbar erector spinae 6.967 3.683 9.008 7.401 3412 12.806 p>0.05

The mean value of muscle tension during a back squat
with a load of 20 kilograms

A statistical analysis showed significantly higher mean mu-
scle tension in the group of Crossfit athletes during a perfor-
mance of a back squat with a load of 20 kilograms in the
following muscles:

* the right tibialis anterior muscle (t-test results: t = —2.0894,
p-value = 0.0420);

* the right gluteus medius muscle (the U Mann-Whitney test
results: Z = —2.2313, p-value = 0.0257);

* the left erector spinae muscle (the U Mann-Whitney test
results: Z =—-2.1731, p-value = 0.0298);

* the right erector spinae muscle (the U Mann-Whitney test
results: Z =-1.9791, p-value = 0.0478).

For other muscles, no statistically significant differences we-
re found for the compared groups of athletes. Results are
presented in Table 2.

Table 2. Descriptive statistics of the mean value of muscle tension during the performance of the squat with the bar using
the "back squat" technique of athletes practicing powerlifting or powerlifting

Rest voltage [pV]
Crossfit Powerlifting

Muscle Average [0V]  Median [uV] SD [uV] Average [0V]  Median [uV] SD [uV] p-value

piszczelowy przedni lewy

132.713 111.582 47.119 122.107 123.451 46.911 p>0.05
left tibialis anterior
piszczelowy przedni prawy
) o . 133.540 127.307 39.949 111.382 114.494 34.866 p<0.05
right tibialis anterior
obszerny przys$rodkowy lewy
o 89.487 86.445 24.427 81.597 74.827 22.281 p>0.05
left vastus medialis
obszerny przysrodkowy prawy
83.883 80.842 21.453 85.296 83.436 22.362 p>0.05
right vastus medialis
prosty uda lewy
63.294 62.790 20.644 62.194 59.283 25.171 p>0.05

left rectus femoris
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Rest voltage [uV]
Crossfit Powerlifting

Muscle Average [uV] Median [uV] SD [uV] Average [uV] Median [uV] p-value

right rectus femoris 65.842 66.866 25.118 61.263 60.084 21.774 p>0.05
left gastrocnemius 32.394 30.800 16.629 29.325 28.263 8.006 p>0.05
right gastrocnemius 29.604 28.445 8.071 31.548 28.881 9.169 p>0.05
left biceps femoris 46.401 46.451 14.367 41.758 40.316 17.403 p>0.05
right biceps femoris 37.000 36.433 11.977 38.336 38.682 15.300 p>0.05
left gluteus medius 31.035 27.049 11.132 28.037 23.370 15.330 p>0.05
right gluteus medius 38.072 34.550 12.661 30.018 27.941 15.800 p<0.05
left gluteus maximus 20.179 18.764 10.377 19.800 16.438 11.147 p>0.05
right gluteus maximus 20.712 17.308 14.520 18.366 14.408 13.112 p>0.05
left lumbar erector spinae 75.840 72.251 26.448 89.280 54.486 120.607 p <0.05
right lumbar erector spinae 80.097 78.054 27.539 84.222 59.431 110.620 p<0.05

The mean value of muscle tension during a front squat
with a load of 20 kilograms in the following muscles

A statistical analysis showed significantly higher mean
muscle tension in the group of Crossfit athletes during
a performance of a front squat with a load of 20 kilograms in
the following muscles:

* the right gluteus medius muscle (the U Mann-Whitney test
results: Z = —2.5224, p-value = 0.0117);

* the right erector spinae muscle (the U Mann-Whitney test
results: Z = —2.6000, p-value = 0.0093).

For other muscles, no statistically significant differences
were found for the compared groups of athletes. Results are
presented in Table 3.

Table 3. Descriptive statistics of the mean value of muscle tone during the performance of the squat with the bar using the
"front squat" technique in athletes practicing Crossfit or powerlifting

Rest voltage [uV]
Crossfit Powerlifting

Muscle Average [1V] Median [uV] SD [uV] Average [uV] Median [uV]

left tibialis anterior 129.892 127.658 44.684 119.120 118.596 42.995 p>0.05

right tibialis anterior 129.434 131.907 38.986 111.789 106.843 35.232 p>0.05
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Rest voltage [uV]
Crossfit Powerlifting

Muscle Average [uV] Median [uV] SD [uV] Average [uV] Median [uV] p-value

left vastus medialis 89.442 87.362 22.603 83.428 75.678 27.383 p>0.05
right vastus medialis 82.857 81.016 20.544 87.817 86.863 27.042 p>0.05
left rectus femoris 65.881 62.482 21.001 62.800 61.333 23225 p>0.05
right rectus femoris 66.488 70.055 22.130 65.712 66.090 18.828 p>0.05
left gastrocnemius 31.596 29.615 16.099 28.482 28.453 6.886 p>0.05
right gastrocnemius 30.335 28.201 8.951 28.826 27.147 7.251 p>0.05
left biceps femoris 46.890 46.221 12.765 42.623 40.298 17.354 p>0.05
right biceps femoris 40.459 37.052 14.105 36.906 37.535 11.471 p>0.05
left gluteus medius 33.446 30.572 10.221 29.843 24.450 16.587 p>0.05
right gluteus medius 40.299 36.526 11.711 31.288 25378 15.732 p<0.05
left gluteus maximus 20.682 17.331 10.024 21.728 19.671 12.269 p>0.05
right gluteus maximus 21.925 16.503 14.082 20.161 15.807 13.697 p>0.05
left lumbar erector spinae 97.464 98.024 33.103 98.749 68.620 116.688 p>0.05
right lumbar erector spinae 100.697 89.273 37.730 125.973 77.184 166.530 p <0.05

The mean value of muscle tension during front and back
squats with a load equal to the body weight of Crossfit and
powerlifting athletes.

A statistical analysis did not confirm statistically significant
differences in the mean muscle tension during a back squat
with a load equal to the body weight of Crossfit and power-
lifting athletes. With regards to a front squat, performed with
such a load, no statistically significant differences were ob-
served for the two analysed groups, either. Results are pre-
sented in tables: 4 and 5.
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Table 4. Descriptive statistics of average muscle tone values during the squat with a load equal to the athlete's body
weight using the "back squat" technique in athletes practicing Crossfit or powerlifting

Rest voltage [uV]

Crossfit Powerlifting
p-value

Average [uV] Median [pV] SD [uV] Average [uV] Median [pV]

left tibialis anterior 386.859 390.159 111.850 404.449 409.166 121.649 p>0.05
right tibialis anterior 412.509 393.840 84.118 385.446 373.802 96.976 p>0.05
left vastus medialis 508.290 527.036 97.736 476.748 463.870 116.466 p>0.05
right vastus medialis 476.636 481.348 102.521 503.075 463.777 118.474 p>0.05
left rectus femoris 435.729 433.156 131.695 448.757 415.573 161.628 p>0.05
right rectus femoris 461.288 474.526 176.898 468.195 469.056 140.125 p>0.05
left gastrocnemius 148.248 142.811 64.370 140.894 138.256 41.475 p>0.05
right gastrocnemius 165.851 172.213 54.463 168.848 157.439 63.428 p>0.05
left biceps femoris 225.528 212915 76.098 234.629 196.570 91.328 p>0.05
right biceps femoris 244.092 185.900 220.649 187.268 151.566 84.445 p>0.05
left gluteus medius 133.883 129.765 46.194 128.618 106.966 73.009 p>0.05
right gluteus medius 156.631 146.030 59.719 135.819 127.191 65.197 p>0.05
left gluteus maximus 201.162 189.968 84.081 195.173 162.226 108.199 p>0.05
right gluteus maximus 205.428 181.550 78.396 182.216 165.339 100.202 p>0.05
left lumbar erector spinae 407.524 386.903 124.240 406.711 376.797 150.310 p>0.05
right lumbar erector spinae 407.015 398.544 125.401 418.065 400.824 207.482 p>0.05

Table 5. Descriptive statistics of the average muscle tension during the squat with a load equal to the body weight of the
competitor using the "front squat" technique in competitors practicing Crossfit or powerlifting

Rest voltage [uV]
Crossfit Powerlifting

Muscl
uscle Average [WV]  Median [pV] SD [uV] Average [WV]  Median [pV] SD [uV]

left tibialis anterior 126.293 119.872 41.011 126.449 124.679 42.174 p>0.05

www.fizjoterapiapolska.pl 143



s (izjoterapia polska

Rest voltage [uV]
Crossfit Powerlifting

Muscle Average [uV] Median [uV] SD [uV] Average [uV] Median [uV] p-value

right tibialis anterior 446.398 418.163 90.285 425.589 425.357 104.535 p>0.05
left vastus medialis 556.242 533.671 138.317 502.703 487.834 124.092 p>0.05
right vastus medialis 515.855 492.047 144.612 577.970 546.181 128.816 p>0.05
left rectus femoris 489.832 516.135 95.089 511.398 466.583 159.383 p>0.05
right rectus femoris 513.246 470.042 144.497 537.322 530.101 125.002 p>0.05
left gastrocnemius 161.731 148.619 64.598 142.193 128.879 39.940 p>0.05
right gastrocnemius 183.210 156.289 107.688 180.473 156.290 78.483 p>0.05
left biceps femoris 239.133 235.239 83.985 258.100 239.900 94.913 p>0.05
right biceps femoris 276.025 236.191 208.429 229.460 209.055 92.052 p>0.05
left gluteus medius 162.816 160.952 52.020 146.250 135.546 57.100 p>0.05
right gluteus medius 186.477 177.221 52.236 161.189 143.422 54.687 p>0.05
left gluteus maximus 229.087 225.366 86.370 233.782 219.108 97.580 p>0.05
right gluteus maximus 244.270 246.335 82.047 228.241 225.346 95.462 p>0.05
left lumbar erector spinae 432.487 400.846 116.527 384.549 386.831 105.644 p>0.05
right lumbar erector spinae 421.797 406.367 122.819 393.535 358.405 118.598 p>0.05

A statistical analysis confirmed statistically significant
differences in the maximum value of muscle tension during
a back squat with a load of 20 kilograms in the following
muscles:

¢ the left gluteus medius muscle (the U Mann-Whitney test
results: Z =—-2.4642, p-value = 0.0137);

* the right gluteus medius muscle (the U Mann-Whitney test
results: Z =-2.0761, p-value = 0.0379).

In Crossfit athletes, the maximal tensions of the above

muscles were higher than in powerlifting athletes. Results
are presented in Table 6.
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Table 6. Descriptive statistics of the maximum value of muscle tension during the performance of the squat with the bar
using the "back squat" technique in athletes practicing Crossfit or powerlifting

Rest voltage [uV]
Crossfit Powerlifting

-val
Average [uV] Median [pV] SD [uV] Average [uV] Median [pV] p-value

left tibialis anterior 460.288 448.041 141.757 422.655 407.405 119.387 p>0.05
right tibialis anterior 454.560 449.120 132.494 405.912 380.171 118.839 p>0.05
left vastus medialis 352.096 353.073 88.003 319.335 295.901 89.167 p>0.05
right vastus medialis 322.202 288.625 96.014 352.145 338.709 96.786 p>0.05
left rectus femoris 256.060 245.487 103.175 304.606 261.664 157.438 p>0.05
right rectus femoris 273.703 253.545 131.664 270.948 257.163 114.265 p>0.05
left gastrocnemius 102.985 96.930 51.788 102.080 98.270 38.756 p>0.05
right gastrocnemius 115.609 106.092 62.735 105.392 93.962 42.657 p>0.05
left biceps femoris 136.443 136.331 48.334 153.054 119.644 91.175 p>0.05
right biceps femoris 115.859 109.857 47.527 125.264 108.949 67.053 p>0.05
left gluteus medius 90.834 89.295 33.086 74.351 65.030 50.711 p<0.05
right gluteus medius 102.514 91.986 43.279 84.813 68.121 64.886 p <0.05
left gluteus maximus 78.005 67.737 43.349 79.417 67.882 53.431 p>0.05
right gluteus maximus 81.332 65.855 57.957 75.969 54.002 62.896 p>0.05
left lumbar erector spinae 298.890 265.786 112.578 328.682 228.091 273.554 p>0.05
right lumbar erector spinae 289.662 282.636 90.302 285.725 237.561 195.366 p>0.05

With regards to performing a front squat, there were no
statistically significant differences in the values of the
maximum tension in athletes practicing Crossfit and
powerlifting. Results are presented in Table 7.
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Table 7. Descriptive statistics of the maximum muscle tone during the front squat performed by competitors practicing
Crossfit or powerlifting

Rest voltage [uV]
Crossfit Powerlifting

-val
Average [uV] Median [pV] SD [uV] Average [uV] Median [pV] p-value

left tibialis anterior 449.953 467.795 137.305 423.385 428.978 149.474 p>0.05
right tibialis anterior 448.718 457.260 111.754 404.538 366.637 136.145 p>0.05
left vastus medialis 351.505 339.082 86.934 332.066 346.034 78.439 p>0.05
right vastus medialis 328.434 331.609 76.272 371.350 370.983 90.909 p>0.05
left rectus femoris 237.400 233.557 97.650 280.345 254.609 142.716 p>0.05
right rectus femoris 258.718 229.433 123.094 285.507 295.993 114.968 p>0.05
left gastrocnemius 96.953 85.417 53.903 99.967 84.873 45.497 p>0.05
right gastrocnemius 114.201 95.239 53.275 109.330 91.273 53.904 p>0.05
left biceps femoris 141.552 136.720 46.367 142.638 116.168 59.664 p>0.05
right biceps femoris 146.908 121.542 63.533 125.876 112.377 57.773 p>0.05
left gluteus medius 85.714 82.385 28.703 82.175 61.782 59.414 p>0.05
right gluteus medius 106.125 96.004 42.946 88.313 73.631 55.095 p>0.05
left gluteus maximus 97.018 91.120 52.796 85.450 86.084 49.444 p>0.05
right gluteus maximus 91.452 84.822 52.742 83.988 63.568 57.591 p>0.05
left lumbar erector spinae 338.859 317.629 120.091 312.644 226.976 247.921 p>0.05
right lumbar erector spinae 350.130 323.970 110.799 351.112 244.384 273.286 p>0.05

The mean values of maximal muscle tension during back and
front squats with a load equal to the athlete's body weight in
Crossfit or powerlifting subjects.

A statistical analysis did not confirm statistically significant
differences in the mean values of maximal muscle tension
during a back squat with a load equal to the body weight of
Crossfit and powerlifting athletes. With regards to a front
squat, performed with a load equal to the body weight of
Crossfit and powerlifting athletes, no statistically significant
differences were observed, either. Results are presented in
Tables: 8 and 9.
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Table 8. Descriptive statistics for the average value of the maximum muscle tone during a squat with a load equal to the
body weight of a competitor using the "back squat' technique in competitors practicing or powerlifting

Rest voltage [uV]

Crossfit Powerlifting
p-value

Average [uV] Median [uV] SD [uV] Average [uV] Median [uV] SD [uV]

left tibialis anterior 386.859 390.159 111.85 404.449 409.166 121.65 p>0.05
right tibialis anterior 412.509 393.840 84.118 385.446 373.802 96.976 p>0.05
left vastus medialis 508.290 527.036 97.736 476.748 463.870 116.466 p>0.05
right vastus medialis 476.636 481.348 102.52 503.075 463.777 118.474 p>0.05
left rectus femoris 435.729 433.156 131.69 448.757 415.573 161.628 p>0.05
right rectus femoris 461.288 474.526 176.89 468.195 469.056 140.125 p>0.05
left gastrocnemius 148.248 142.811 64.370 140.894 138.256 41.475 p>0.05
right gastrocnemius 165.851 172.213 54.463 168.848 157.439 63.428 p>0.05
left biceps femoris 225.528 212.915 76.098 234.629 196.570 91.328 p>0.05
right biceps femoris 244.092 185.900 220.64 187.268 151.566 84.445 p>0.05
left gluteus medius 133.883 129.765 46.194 128.618 106.966 73.009 p>0.05
right gluteus medius 156.631 146.030 59.719 135.819 127.191 65.197 p>0.05
left gluteus maximus 201.162 189.968 84.081 195.173 162.226 108.199 p>0.05
right gluteus maximus 205.428 181.550 78.396 182.216 165.339 100.202 p>0.05
left lumbar erector spinae 407.524 386.903 124.24 406.711 376.797 150.310 p>0.05
right lumbar erector spinae 407.015 398.544 125.40 418.065 400.824 207.482 p>0.05

Table 9. Descriptive statistics for the average value of the maximum muscle tone during a squat with a load equal to the
body weight of a competitor using the "front squat" technique in competitors practicing Crossfit or powerlifting

Rest voltage [uV]
Crossfit Powerlifting

Muscle Average [uWV]  Median [V] SD [uV] Average [uWV]  Median [V] SD [uV]

piszczelowy przedni lewy 444.274 450.155 60.194 450.829 463.069 125.751 p>0.05
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Rest voltage [uV]
Crossfit Powerlifting

-val
Muscle Average [uV] Median [uV] SD [uV] Average [uV] Median [uV] p-vatue

right tibialis anterior 131.532 117.167 38.886 120.071 118.525 28.702 p>0.05
left vastus medialis 125.182 116.513 32.690 117.337 108.177 31.036 p>0.05
right vastus medialis 116.942 108.273 33.203 120.695 120.625 27318 p>0.05
left rectus femoris 92.051 87.660 29.031 87.697 90.976 21.567 p>0.05
right rectus femoris 93.744 87.462 33.776 90.641 87.466 24.081 p>0.05
left gastrocnemius 47.149 42.390 21.903 46.312 44.124 12.463 p>0.05
right gastrocnemius 48.981 48.028 14.528 52.293 48.364 17.809 p>0.05
left biceps femoris 79.930 76.976 18.996 78.759 70.157 30.117 p>0.05
right biceps femoris 88.660 67.939 106.671 68.784 62.433 25319 p>0.05
left gluteus medius 48.714 47.469 14.615 48.055 45.066 24.921 p>0.05
right gluteus medius 60.043 57.939 16.480 50.901 51.902 22.846 p>0.05
left gluteus maximus 41.777 38.600 14.662 43.114 41.321 20.986 p>0.05
right gluteus maximus 42.594 38.604 18.488 40.740 29.875 23.876 p>0.05
left lumbar erector spinae 120.767 117.862 27.517 112.728 108.464 41.524 p>0.05

right lumbar erector spinae

125.013 119.078 35.577 112.435 107.511 37.299 p>0.05

Subjective evaluation of the level of difficulty of exercises
An analysis of results of a questionnaire on the level of
difficulty of exercises showed that 50% of Crossfit athletes
reported difficulty in performing a back squat with a 20-
kilogram barbell and with a load equal to the athlete's body
weight. None of the subjects practising Crossfit reported
difficulty in performing a front squat. In contrast, 100% of
the powerlifting athletes reported difficulty performing
a front squat, both with a 20-kilogram load as well as with
a equal to the athlete's body weight. None of the respondents
practising powertlifting reported difficulty in performing
a back squat.

Discussion
The leading techniques in barbell squat training are different
for particular groups. In powerlifting, a back squat is the
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preferred starting and training technique, whereas in
Crossfit, a front squat is such a technique. These differences
did not however significantly affect results of muscle
tension measurements. Thus, it can be concluded that
properly selected accessory exercises allow to obtain such
measurements. Although these two techniques are not
simultaneously used in training, they engage all muscles in
performing physical exercise.. When designing exercises for
each group, it is important to optimally select an exercise
programme to minimise the risk of injury. Powerlifting
athletes sustain on average 1.0-4.4 injuries per 1,000
training hours. Strombéck et al. [29] included more than
100 powerlifting athletes in his study. He observed that up
to 87% of the participants suffered an injury in the past year
and most injuries occurred during a barbell squat. In most
cases, the lumbosacral region, shoulder joints and hip joints
were exposed to injuries. Causes of injuries included
excessive training loads, an incorrect technique and the fact
that training sessions were not held systematically. The
injury rate ranges from 0.74 to 3.3 per 1,000 training hours.
Injuries have been observed to most commonly affect the
shoulder joints, the lumbosacral spine [30, 31, 32] and hip
joints and are usually caused by excessive training. Surface
electromyography (sEMG) is a quantitative method of
assessing the electrical activity of muscles, useful in
planning and monitoring training. While performing squats,
the following muscles demonstrate their highest
bioelectrical activity: rectus femoris, vastus lateralis, vastus
medialis, gluteus maximus, biceps femoris, and
semitendinosus [33, 34, 35]. Activation of particular
muscles is important while planning training sessions and is
a basis for a proper selection of exercises to effectively
strengthen selected muscles and achieve the desired effect.
It is also a tool for determining whether the squat was
performed technically properly and allows to identify
possible irregularities resulting from excessive activation of
the wrong muscle groups. If the pattern for performing
a given movement is disturbed, compensatory mechanisms
are developed to compensate for the deficit, which may
hinder the achievement of appropriate sports results and
increase the risk of injury [26, 36]. On the basis of the
conducted research and analysis of results, the authors
observed a significant difference in the mean and maximum
values of muscle tension between the group practicing
Crossfit and powerlifting. In each case, the electrical
activity of muscles was higher in Crossfit athletes. The
above relationship can be explained by the fact that,
compared with powerlifting, Crossfit is a more
comprehensive discipline which improves not only strength
and muscular endurance, but also flexibility, speed,
coordination, precision and control of movement, agility,
balance and power. Differences in the training plan and in
shaping of various motor abilities and characteristics may
also be the reason for different subjective assessment of
difficulty in performing back and front squats [37, 38]. All
powerlifting athletes reported difficulty in performing
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a barbell front squat, which, due to its specificity, is more
difficult to do. Only 50% of the Crossfit athletes reported
difficulty in performing a barbell back squat. Such results
may imply that exercises selected for training sessions in
both study groups are aimed to strengthen different muscle
groups, which are most involved in the performance of the
squat with a given technique. In contrast, the fact that the
Crossfit group twice less frequently report difficulty
performing a squat may be caused by their more
comprehensive training although differences in both the
groups were observed only for muscles which were most
activated during a particular squat. Obtained results differ
from those obtained by other authors [34, 39] who revealed
which muscle groups are most involved in the performance
of a back squat or a front squat. Results obtained by the
authors of this study revealed that during squats — both
front and back, performed with different loads, the
following muscles were most active: tibialis anterior,
erector spinae, vastus medialis and rectus femoris. The
above muscles were most active in both groups of athletes.
In order to designate training and assess the risk of injuries,
the authors found it important to analyse results of
individual measurements considering differences in the
muscle activity on the right and left side and abnormal
reduced activity of some muscles in favour of others.
Obtained results can be used to optimise the technique of
performing squats, depending on the type of sports
discipline (powerlifting/crossfit) in order to increase the
effectiveness of training and to avoid injuries, resulting
mainly from inappropriate loading of the musculoskeletal
system. The observed differences in muscle activity can be
useful in designing training exercises and improving motor
skills for people practising Crossfit and powerlifting. When
designing exercises, attention should be paid to the
difficulty of performing squats, both front and back ones. Due
to the young age of the athletes, their short training
experience, and a small size of the studied groups, it is
necessary to continue research in this area in order to
determine whether the bioelectrical activity of muscles will
depend on the training experience, trained discipline, and load,
and whether individual muscle groups, affected by different
loads, will be more or less active in favour of others.

Conclusions

1. On the basis of the study and analysis of the results, the
authors revealed that Crossfit athletes demonstrate
statistically higher muscle activity while performing both
front and back squats with a load of 20 kilograms and a load
equal to their body weight in comparison to athletes
practising powerlifting.

2. An analysis of subjective assessment of difficulty
performing exercises indicated that the perception of
difficulty depends on the technique of doing the exercise,
which may result from considerable differences in training
programmes and a selection of lower limb exercises of both
groups of athletes.
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