European Journal of Human Movement, 2020: 44, 67-79

RELIABILITY AND USEFULNESS OF HALF-SQUAT 1RM
ESTIMATION THROUGH MOVEMENT VELOCITY
IN U18 SOCCER PLAYERS
Pedro Moreno-Navarro; José Luis Hernández-Davó;
Iván Peña-González
Department of Sport Sciences of Miguel H ernandez University, Spain.
__________________________________________________________________________________________________________________
ABST RACT
Introduction: Assessment of strength in youth athletes using a safety, time-efficient and reliable test
is crucial for strength and conditioning professionals. T he purpose of this study w as to examine the
reliability of the one-repetition maximum (1RM) estimation through movement velocity in youth
soccer players. In addition, the relationships betw een 1RM estimation w ith peak pow er (PP),
jumping and sprinting performance w ere checked. Material and methods: Tw enty -two youth soccer
players (16.8±0.6 years) took part in the study. Participants completed a 1RM estimation in the
half-squat, squat jump (SJ), countermovement jump (CMJ) and 30m sprint in three different
occasions. Results: T he 1RM estimation show ed good absolute (SEM<10% ) and relative (ICC>0.7)
reliability scores. T he estimated 1RM value w as significantly low er in the trial 1 compared to the
trials 2 and 3. T he estimated 1RM and the PP output show ed significant correlations (r=0.538 0.560) w ith jumping and sprinting performance. Discussion: T hese data suggest the n ecessity to
perform at least one familiarization session to obtain a reliable 1RM estimation through movement
velocity in youth soccer players. Once youth soccer players are familiarized w ith the 1RM
estimation protocol, coaches could use this evaluation to obtain a reliable measure of players'
maximal strength in a time-efficient w ay.
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FIABILIDAD Y UTILIDAD DE LA ESTIMACIÓN
DEL 1RM EN MEDIA SENTADILLA A TRAVÉS
DE LA VELOCIDAD DE MOVIMIENTO
EN JUGADORES DE FÚTBOL SUB18
RESUMEN
Introducción: La evaluación de la fuerza en los deportistas mediante el uso de un test seguro,
eficiente y fiable es crucial para los profesionales del acondicionamiento físico. El objetivo de este
estudio fue examinar la fiabilidad de la estimación de la repetición máxima (1RM) a través de la
velocidad de movimiento en jóvenes jugadores de fútbol. Además, se analizó l as relaciones entre la
estimación de 1RM con el pico de potencia (PP), la altura de salto y el sprint. Material y métodos:
Veintidós jóvenes jugadores de fútbol (16,8 ± 0,6 años) participaron en el estudio. Los participantes
completaron un test de 1RM en media sentadilla, squat jump (SJ), salto en contra movimiento (CMJ)
y sprint de 30 m en tres ocasiones diferentes. Resultados: La estimación del 1RM mostró buenos
valores de fiabilidad absoluta (SEM <10% ) y relativa (ICC> 0.7) . El valor estimado de 1RM fue
significativamente menor en la prueba 1 en c comparación con las pruebas 2 y 3. La estimación del
1RM y PP mostr aron correlaciones significativas (r = 0.538 -0.560) con el rendimiento en saltos y
sprint. Discusión: Estos datos sugieren la necesidad de realizar al menos una sesión de
familiarización para obtener una estimación fiable d el 1RM a través de la velocidad de movimiento
en jugadores de fútbol juveniles. Una vez que los jugadores de fútbol juveniles estén familiarizados
con el protocolo de estimac ión 1RM, los entrenadores podrían usar esta evaluación para obtener
una medida fiable de la fuerza máxima de los j ugadores de una manera eficiente en el tiempo.
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INT RODUCT ION
Soccer performance is determined by multiple v ariables, including
technical, tactical, physical and psychological factors (Aguiar, Botelho, Lago,
Maças & Sampaio, 2012). Although during a match the aerobic system
predominates (Stone & Kilding, 2009), short and intermittent hi gh-i ntensity
actions are crucial for soccer success, despite repres enting a small proportion
of the overall match (Carling, Le Gall & Dupont, 2012; Stolen, Chamari, Cas tagna
& Wisloff, 2005). For example, s traight sprint actions are the most frequent
events in goal situations (Faude, Koch & Meyer, 2012). In this regard, the
athl etes' strength levels have been suggested as a key factor for sprinti ng and
jumpi ng performance (Comfort, Stewart, Bloom & Clarkson, 2014; Weakley et
al., 2017). For example, s everal authors have shown strong correlations
between v ariables such as one repetition maximum (1RM) and sprinting time
(Comfort et al., 2014) and jumping performance (Weakley et al., 2017). For that
reason, the inclusion of strength training sessions withi n the habi tual training
schedule has become essential in soccer (Asadi, Ramírez-Campillo, Arazi & Saez
de Villareal, 2018; Rodríguez -Rosell et al., 2016). Consequently, for a proper
resistance training prescription, some authors have highlighted the importance
of assessing the strength levels in soccer players (Faude et al., 2012).
Among the different ways to analyze maximal strength, the 1RM is one of
the most us ed tests for evaluating muscular strength (Kraemer et al., 2002).
The 1RM tes t is considered the gold standard for maximal strength ev aluation
(Seo et al., 2012) and offers the possibility of establishing ini tial loads and loadprogressions in strength training programs (Ryman -Augus tsson & Sv antesson,
2013). Due to the extensive use of the 1RM test, it is crucial that the test shows
high-reliability scores. Thus, strong research has looked into the reliability of
the 1RM tes t using different population such as untrained middle -aged
individuals (Levinger, Goodman, Hare, Jerums, Toia & Selig, 2009; McCurdy,
Langford, Cline, Doscher & Hoff, 2004; Seo et al., 2012; Tagesson & Kvist, 2007)
and well-trained individuals (Comfort et al., 2014; Weakley et al., 2017). In this
regard, the 1RM test has shown high to very-high reliability scores (e.g.
intraclass correlation coefficient [ICC] > 0.91) (Seo et al., 2012), although
several authors have reported differences in the test-retest 1RM squat values
(Ritti-Dias, Avel ar, Salvador & Cyrino, 2011; Ryman -Augustsson & Sv antesson,
2013). Therefore, it is a source of debate whether the 1RM test has a l earning
effect, and, in consequence, if it needs a familiarization process, especially in
young i ndividuals with no experience i n resistance training (Ritti -Dias et al.,
2011). In addi tion, is still controversial if the 1RM test requirements (high
muscular, tendon and bone stress) are unsafe (Rontu, Hannul a, Leskinen,
Linnamo & Salmi, 2010) or not (Faigenbaum, Milliken & Westcott, 2003) for
young populations.
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Due to the afferomentioned dificulties in applying direct 1RM evaluations,
the us e of barbell velocity (velocity-based resistance trai ning) using linear
position transducer has emerged as a more practical alternative (Conceiçao,
Fernandes, Lewis, González -Badillo & Jiménez-Reyes, 2016; Loturco et al., 2016;
Loturco et al., 2017). This method is based on the linear load-velocity
relationship and allows coaches, not only to determine power output across
different intensities but also to estimate 1RM with v ery high accuracy
(González-Badillo & Marques, 2010). In addition, the load-velocity relationship
has proved to be very strong in a wide range of exercises and dif ferent
populations (Balsalobre-Fernández, Marchante, Baz-Valle, Alonso-Molero,
Jiménez & M uñoz-López, 2017; González-Badillo & M arques, 2010; Loturco et
al., 2017). Some of the advantages of this kind of evaluation are reductions in
injury risk and decreases in the time s pent during evaluation (Conceiçaco et al.,
2016; Ji dovtseff, Harris, Cri elaard & Cronin, 2011; Loturco et al., 2016). The
validity and reliability of strength evaluation using movement velocity have
been previously established in trained and highly-trained individuals
(González-Badillo & Marques, 2010; González-Badillo & Sánchez -Medina, 2010),
with ICC values over 0.9 (Balsalobre-Fernández et al., 2017; Marques &
Izquierdo, 2014). Nevertheless, to the best of the authors' knowledge, there is
no research concerning the reliability of the 1RM estimation using movement
velocity with a submaximal load in young soccer players.
Thus, the aim of the present study was to analyse the reliability and the
learning effect in the 1RM es timation through movement velocity in young
soccer players. A secondary aim of this study was to ev aluate the relationships
the estimated 1RM value with vari ables linked to soccer success such as
jumping and sprinting performance.
M ET H OD
Design
A withi n participants test-retest study design was used to assess the
reliability of the 1RM es timation in the half-squat exercise using movement
velocity. Participants attended three testing sessions separated by 1 week.
During all the sessions, the estimation of 1RM i n the half-squat exercise using
movement velocity was evaluated. Additionally, within the same testing
sessions, squat jump (SJ), countermovement jump (CMJ) and 30-meter linear
sprint (30-m spri nt) performance was also evaluated to assess the
relationships between these variables and the es timated 1RM value. Aiming at
avoiding experimental variability, all subjects were scheduled at the same time
for each testi ng session. Before tes ting, all subjects completed a standardized
warm-up consisting of 5 minutes of self-selected light-to-moderate runs, lower-
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limb dynamic stretching and sub -maximal attempts of sprinting and jumping
tests.
Participants
A total of 22 young male soccer play ers (age: 16.8 ± 0.6 y ears; height: 174.1
± 5.6 cm; weight: 65.3 ± 7. 5 kg) took part in the study. All the subjects were
licensed and reported, at least, a minimum of eight years' experi ence in soccer
training and competi tion. Nevertheless, subjects had no experience in regular
resistance training and strength ev aluation. The subjects and thei r guardi ans
were fully informed about the res earch and wri tten informed consent was
signed prior to participation i n the study. An Ethics Commi ttee from the Miguel
Hernandez University approved this s tudy and it conformed to the
recommendations of the Declaration of Helsinki.
Testing
One repetition maximum (1RM) in the half-squat exercise. The 1RM
estimation for the play ers was carried out in a Smith Machi ne (Multipower
M953; Technogym, Gambettola, Italy), and the kinematic data were recorded
using a linear position transducer (T -Force system, Ergotech, Spain), which
recorded the bar position with an analog-to-digital conversion rate of 1,000 Hz
and an accuracy of 0.0002 m. The linear transducer was interfaced to a
computer by means of a 14-bit analog-to-digital data acquisition board, in
which specialized software application (T-Force Dynamic Measurement System,
T-Force system, Ergotech, Spain) automatically calculated the relev ant kinetic
and kinematic parameters. A high validity and reliability of this system has
been previously reported (González-Badillo & Marques, 2010).
For the 1RM estimation half-squat test, subjects started from a shoulderwidth stance apart and the barbell resting on the upper-back, approximately at
the lev el of the acromion, wi th the knees and hi ps fully extended. Each subject
descended until his knees reached 90º (thighs parallel to the ground), and
subsequently, ascended to the upright position (Ryman -Augustsson &
Svantesson, 2013). Subjects started with an absolute load representing the 50%
of their body mass and thereafter, the load was gradually increased in 10-kg
until the mean propulsive velocity was < 0.5 m·s -1. Using this submaximal load,
participants performed 4 intended maximal repetitions and the 1RM was
automatically estimated by the specialized software of the linear position
transducer. Several studies hav e supported the use of movement velocity for
1RM estimation (González -Badillo & Sánchez-Medina, 2010; Izquierdo et al.,
2006; Loturco et al., 2016). To avoid cumulated fati gue, the rest interval
between sets was set at 4 minutes.
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Jumping tests. The jumping ability was tested using the SJ and the CMJ. For
each jumping modality, subjects performed two maximal attempts on a contact
platform (Globus Ergotester®, Italia) according to Bosco, Luhtanen and Komi
(1983) (6) and the higher jump of each tes t was recorded for further analysis.
During both tests, subjects were requi red to place and maintai n thei r hands on
thei r hips during the whole jump to eliminate arm swing. In addition, play ers
were required to mai ntain thei r legs fully extended during the flight ph ase. In
the SJ, play ers started the jump in a mai ntained (2 seconds) squat position at 90
degrees of knee flexion without the possibility of countermovement previous to
the jump. The 90º of knee flexion and the no countermovement previous the
jump was controlled using an adjustable hurdle. For the CMJ, pl ayers were
allowed to perform a countermovement jump using a self-determined depth.
The resting time between attempts was set at two minutes.
Sprint test. The time during a 30-m sprint in a s traight line was meas ured
by means of photocells (Witty System, Microgate, Bolzano, Italy). The players
performed two maximal sprints interspersed wi th 3 min of passive recovery.
Each s print was initiated from an individually chosen standing position 50 cm
behind the photocell. The fastest attempt was used for analysis.
Statistical Analyses
Descriptive data (mean ± SD) were calculated for all variables in the three
sessions. A Kolmogorov-Smirnov s tatistical tes t was used to confirm data
normality. To analyze the reliability of each test, the relative reliability of the
different meas ures was analyzed using an intraclass correlation coefficient of
two-way mixed single measures [ICC (3, 1)], calculating 90% confidence limits
(CL). The ICC v alues were interpreted as follows: excellent (0.90 to 1.00), high
(0.70 to 0.89), moderate (0.50 to 0.69) and low (< 0.50). The relative reliability
values were obtained using a spreadsheet designed by Hopkins (2015).
Additionally, the absolute reliability was assessed using the sta ndard error of
measurement (SEM). SEM was calculated applying the following formula (SD
[pooled] × √(1-ICC)) (Hopkins, 2000). SEM values were expressed in units and
as a percentage of the mean score. Likewise, minimal detectable change (MDC)
was calculated through the formula (1.96 × SEM × √2). Bl and -Altman plots to
90% limits of agreement were used to visualize the systematic differences
between measures. A repeated-meas ures ANOVA was performed to evaluate
the learning effect between different sessions being the withi n-subject factor.
Hedges’ g index (dg) was used to estimate the effect size between different
sessions. The dg values were categorized as trivial (dg < 0.2), small (0.2 ≤ dg <
0.5), moderate (0.5 ≤ dg < 0.8) and large (dg ≥ 0.8 ). The relations hips between
all the vari ables measured in the study were assessed using the Pearson's
product moment correlation coefficients (r) and interpreted as trivial (< 0.3),
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small (0.30-0.49), moderate (0. 50-0.69) and large (≥ 0.7). For the correlational
analysis, strength parameters (estimated 1RM) were normalized rel ative to
each player’ body weight. Statistical significance was set at p < 0.05.
RESULT S
Table 1 shows the data regarding the reliability of all the v ariables tested in
the s tudy. The 1RM showed high to excellent relative reliability in all trials (ICC >
0.70) and a good absolute reliability (SEM < 10%). Bland-Altman plots showed
no systematic change among trials in 1RM, although great reductions in the
limit of agreement between tri al 1-2 and trial 2-3 were found (Fi gure 1).
Regarding the reliability in the jumping and sprinting tests, all of them showed
high relative reliability (ICC > 0.8) and good absolute values of reliability (SEM
< 10%).
TABLE 1
Reliability scores of the different performance test in youth soccer players.
Reliability scores between trial1-2
SEMb
SEMa MCDa
ICC3,1b
(%)
Units Units
1RM (kg) 8.47 (6.79-11.41) 9.67 26.80 0.78 (0.58-0.89)
SJ (cm) 5.18 (4.16-6.98) 1.82 5.04 0.85 (0.70-0.93)
CMJ (cm) 6.64 (5.33-8.94) 2.44 6.76 0.77 (0.57-0.88)
T30m (s) 1.63 (1.31-2.19) 0.07 0.19 0.70 (0.47-0.85)
Test

Reliability
SEMb
(%)
4.24 (3.40-5.70)
5.32 (4.27-7.17)
4.87 (3.90-6.56)
1.45 (1.17-1.96)

scores between trial2-3
SEMa MCDa
ICC3,1b
Units Units
5.29 14.66 0.92 (0.84-0.96)
1.83 5.07 0.82 (0.66-0.91)
1.79 4.96 0.87 (0.75-0.93)
0.07 0.19 0.74 (0.47-0.85)

1RM: 1 repetition maximum of back squat estimated by movement velocity; SJ: Height in
squat jump; CMJ: Height in countermovement jump; T30m: time in 30 m sprint test; SEM:
standard error of measure; MDC: minimal detectable change; ICC: intraclass correlation
coefficient.
aData are presented as mean; b Data are presented as mean and 90%CI.

FIGURE 1: Bland-Altman plots showing the systematic differences between trials.

Concerni ng the s trength values duri ng the three different testing sessions,
the estimated 1RM showed significant differences between trials (F = 9.31; p <
0.01), being this estimated 1RM value significantly lower in the trial 1
compared with the trial 2 (dg = 0.79; high) (Table 2).
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TABLE 2
Descriptive data and comparison between trials (mean ± SD) .

Test

N

1RM (kg)
SJ (cm)
CMJ (cm)
T30m (s)

Trial 1

Mean
22 114.09
22 35.13
22 36.80
22 4.49

Trial 2

Mean Difference
2-1
SD % dg
p
17.57 9.52 0.79 0.004
3.91 -2.39 -0.33 0.09
4.30 -0.32 -0.03 0.97
0.13 0.44 0.19 0.32

Trial 3

SD Mean
SD Mean
± 21.28 124.95 ± 18.05 122.57
± 4.73 34.29 ± 4.38 33.70
± 4.62 36.69 ± 5.12 36.51
± 0.14 4.51 ± 0.11 4.53

±
±
±
±

Mean Difference
3-2
% dg
p
-1.91 -0.32 0.15
-1.70 -0.23 0.25
-0.48 -0.07 0.66
0.35 1.71 0.14

1RM: 1 repetition maximum of back squat estimated by movement velocity; SJ: Height in
squat jump; CMJ: Height in countermovement jump; T30m: time in 30 m sprint test; d g:
effect size; SD: standard deviation.

As is shown in Table 3, the normalized (relative to body mass) strength
parameter (estimated 1RM) showed significant moderate correlations wi th all
the variables tested (SJ, CMJ, 30 m sprint).
TABLE 3
Relationships between strength parameters (relative to body-mass), jumping, and
sprinting performance.
Test
1RM
PP
SJ
CMJ
T30m

1RM

PP
.905 **

SJ
.538 **
.539 *

CMJ
.560 *
.452 *
.902 **

T30m
-.559 **
-.412 *
-.553 **
-.634 **

1RM: 1 repetition maximum of back squat estimated by movement velocity; PP: maximum
peak pow er of half-squat with the 60% of 1RM; SJ: Height in squat jump; CMJ: Height in
countermovement jump; T30m: time in 30 m sprint test
*p<0.05; **p<0.01.

D ISCUSSION
The aims of this study were to assess the reliability of the 1RM estimation
through movement velocity in the half-squat exercise in youth soccer play ers
and to analyze the potential relationships between this measure and
performance variables such as sprinting and jumping ability. The mai n finding
was that 1RM estimation showed hi gh v alues of absolute and relative reliability,
although the estimated 1RM values differed significantly between testing
sessions (being greater in the 2nd tes ting day). With regard to correlation
analysis, the es timated 1RM v alue s howed significant correlations with both
jumping and sprinting performance.
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Due to the practical impact of the strength assessment (e.g. quantifying
strength lev els, traini ng intensity prescription, return-to-sport decision), it is
crucial that the test used for ev aluation shows high reliability. The results of the
pres ent study have shown that both relative (ICC > 0.7) and absolute (SEM <
10%) reliability scores in the estimation of 1RM i n the half-squat exercise
ranged from hi gh to excellent. Previous research has re ported hi gh reliability of
the di rect 1RM squat evaluation in different populations such as healthy active
males (ICC = 0.99), and healthy active females (ICC = 0.97) (Seo et al., 2012), as
well as in untrained males and femal es (ICC > 0.95) (Marques & Izquierdo,
2014). In addition, Weakley et al., (2017) showed v ery hi gh inter-day reliability
scores for 1RM squat in youth rugby players with no experience in resistance
training. Nevertheless, controversial data about the reliability of 1RM have
been previously reported, as Ritti-Dias et al., (2011) showed significant
increases in the 1RM squat when comparing the first with the third testing
session. Of note that this difference was only found in the group of no previous
resistance training experience. The resul ts of the present study highlight the
necessity of at least one familiarization session before obtaini ng a reliable
measure of the 1RM through movement velocity wi th a submaximal load. The
mechanisms underlying the inter-day increases in 1RM may be related to the
inexperience in the sample analyzed. In this population, changes in movement
execution (posture corrections) as well as changes in neural adaptations (e.g.
motor unit recruitment, rate coding) could be responsible of such between days strength increments (Ritti-Dias et al., 2011).
Although the us e of wearable devices and linear position transducers to
control training intensity through movement v elocity has increased
exponenti ally, to date, no res earch has inves tigated the inter-day reliability of
1RM es timation in young soccer pl ayers. The results of the present study are in
agreement wi th data of previous research that showed a very hi gh intra-day
reliability of movement v elocity while performing 1RM (Balsalobre-Fernández
et al., 2017; Balsalobre-Fernández, Marchante, Muñoz -López & Jiménez, 2017).
In another study, Stock, Beck, Defrei tas and Dillon (2011) reported high test retest reliability values for the peak barbell velocity when using intensities
ranging between 10 and 70% of 1RM, but moderate reliability with heavy loads
(80 and 90% of 1RM). The results of the present s tudy do not agree with Stock
et al. (2011) as the load used for 1RM prediction in the present study was
superior to the 80% of 1RM, and both the ICC and the SEM showed good values.
The discrepancies between these s tudi es may be explained by differences in the
exercise used, as while Stock et al. (2011) used the bench press exercise (free weight), in the present study the exercise performed was the half-squat in a
Smith machine. In fact, in a more recent study, Banyard, Nosaka, Sato and Haff
(2017) reported very good absolute reliability (CV < 10%) for velocity vari ables
European Journal of H uman Movement, 2020: 4 4 , 67-79
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in the back -squat exercise using a wide range of loads (20 -100% 1RM).
Nevertheless, although the 1RM es timation showed good reliability scores, the
1RM values differed significantly between trials 1-2 (see Table 2). This fact
suggests a learning effect for the 1RM es timation test, at leas t, when performed
by young soccer pl ayers. Therefore, for strength evaluation and subs equent
training prescription, a minimum of two testi ng session should be performed
when using the 1RM estimation through movement velocity using submaximal
loads.
The relations hips between maximal dynamic strength and both sprinting
and jumpi ng performance in soccer players have been widely reported
(Comfort et al., 2014; Wisloff, Castagna, Helgerud, Jones & Hoff, 2004). In the
pres ent study, the estimated 1RM value showed significant correlations with
jumpi ng and sprinting performance. The magnitude of the relationships
between 1RM and sprinting (r = -.559) and jumping performance (r = .538
and .560 for SJ and CMJ, res pectively) are in line with previous studies carried
out i n elite soccer players (r = -.710 and .780 for sprint and CMJ) (Wisloff et al.,
2004), and quite similar to thos e found by Comfort et al. (2014) in youth soccer
players (r = -. 672; .635; and .619 for sprint, SJ, and CMJ, respectively). The
results of the present study corroborate the high rel ationshi p between an
estimated measure of maximal strength through movement velocity in the halfsquat, and performance in sprinting and jumping actions. Some authors have
proposed that variables such as movement velocity against submaximal loads
and power-related variabl es are better predictors of sprinti ng and jumping
performance (Loturco et al., 2018), al though s trong research also supported the
relationships between 1RM values and both sprinting and jumping ability
(Comfort et al., 2014; Wisloff et al., 2004). By using the 1RM estimati on test
through movement velocity with a submaximal load coaches would be
obtai ning athl etes information in a comprehensive way. Therefore, this kind of
testing protocols are time-efficient and provide practical data for both training
prescription and to control training-induced strength changes.
CONCLUSIONS
When testing youth soccer pl ayers wi th no experi ence in resistance
training, strength and conditioning coaches should be aware of the necessity of
performing at least two sessions to obtain reliable meas ures of 1RM es timation
though movement velocity. Once a previous familiarization session has been
performed, the use of 1RM estimation through movement velocity in the halfsquat exercise represents a reliable and time-efficient way to assess maximal
dynamic strength in youth soccer players. Consequently, these test could be
used for strength evaluation as well as for the subsequent resistance training
prescription.
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