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Abstract. The aim of this study was to identify changes in the pattern of movement during performance of the overhead squat, as well
as possible differences between the sexes, during a protocol of an extreme conditioning program. The subjects were eleven men (28.6
T 4.5 years, 85.1 £ 8.4 kg, 1.80 £ 0.07 m, and 13.8 £ 7.7 months of practice) and eleven women (30.5 £ 4.8 years, 68.2 £ 10.36
kg, 1.70 £0.05m, and 20.3 £ 17.01 months of practice), all of whom were extreme conditioning program practitioners. The protocol
chosen for the training was the “Nautical Nancy”, which consisted of 5 rounds of 15 overhead squats and 400 meters of rowing. During
the exercise, an analysis was performed in which the shoulder, knee, and hip flexion angles were analyzed in the first and last rounds.
For men, there were increases of the shoulder and hip flexion angles, while the women showed increase of the shoulder flexion angle
and decrease of the knee flexion angle. Changes in technique occurred due to the attempt at self-preservation on the part of the prac-
titioners, when exposed to the protocol, which could lead to increased risk of injury.

Key words: CrossFit; High Intensity Functional Training; Resistance Training; Biomechanics; Exercise Technique.

Resumen. El objetivo de este estudio fue identificar los cambios en el patron de movimiento durante la ejecucion de la sentadilla por
sobre la cabeza, asi como las posibles diferencias entre los sexos, durante un protocolo de un programa de acondicionamiento extremo.
Los sujetos fueron once hombres (28,6 & 4,5 afios, 85,1 * 8,4 kg, 1,80 £ 0,07 m y 13,8 = 7,7 meses de practica) y once mujeres
(30,5 = 4,8 afios, 68,2 £ 10,36 kg, 1,70 £ 0,05 m y 20,3 £ 17,01), todos practicantes del programa de acondicionamiento extremo.
El protocolo elegido para el entrenamiento fue el “Nautical Nancy”, que consistio en 5 rondas de 15 sentadillas sobre la cabeza y 400
metros de remo. Durante el ejercicio se realiza un analisis en el que se analizaron los angulos de flexion de hombre, rodilla y cadera en
la primera y iltima ronda. Para los hombres, hubo aumentos en los angulos de flexion del hombre y la cadera, mientras que las mujeres
mostraron un aumento del angulo de flexion del hombro y una disminucion del angulo de flexion de la rodilla. Los cambios en la técnica
ocurrieron debido al intento de autopreservacion por parte de los practicantes, cuando se expusieron al protocolo, lo que podria
conducir a un mayor riesgo de lesion.

Palabras claves: Crossfit; Entrenamiento Intervalico de Alta Intensidad; Entrenamiento de Fuerza; Biomecanica; Técnica de Ejerci-

cio.
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Introduction

Extreme conditioning programs (ECPs) have gained in
popularity in recent years (Aune & Powers, 2017; Tibana &
de Sousa, 2018). These forms of training use high volume
and high intensity repetitions, with short or no rest periods
(Hooper et al., 2014; Lichtenstein & Jensen, 2016). In ad-
dition to constantly varied movement with moderate to
high loads, including metabolic exercises, gymnastic move-
ments, and Olympic weightlifting (OW) (Hooper et al.,
2014; Lichtenstein & Jensen, 2016). The protocols adopted
involve the coordination of large muscle groups and multi-
ple joints, using basic OW exercises such as squats, dead-
lifts, snatch, and clean and jerk, among others (Hooper et
al., 2014). The inclusion of these OW movements has be-
come an area of emphasis in such training programs
(Hedrick & Wada, 2008).

The OW movements are consistently those most cited
as possible causes of injuries in ECP practitioners, with
greater incidence in the shoulder, lumbar, and knee regions
(Keogh & Winwood, 2017). Male practitioners tend to in-
jure themselves more frequently than females, despite the
fact that the biomechanical patterns of women result in
more musculoskeletal stresses that increase the risk of in-
jury (Mauntel et al., 2015; Weisenthal et al., 2014).

Injury rates are higher in ECP than in OW practitioners,
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due to the fact that the exhausting routines of ECPs lead to
faster muscle fatigue, which when associated with complex
movements can increase the degree of risk (Hak et al.,
2013). Errors in technique, together with muscle fatigue,
are identified as the main risk factors for these injuries
(Keogh & Winwood, 2017).

Examples of complex ECP movements are snatch and
clean and jerk, performed with high intensity muscle con-
tractions, requiring high levels of strength and momentum
(Hak etal., 2013). The overhead squat (OHS) is one of the
exercises most used during learning of these movements,
due to their similarity with the bar grip phase (Altepeter &
Mike, 2017; Soriano et al., 2019).

The OHS, a functional movement used to improve per-
formance, emphasizes the strength of the posterior chain
and the stabilization required to keep the bar above the head
(Altepeter & Mike, 2017). It allows the practitioner to feel
comfortable, since the movement necessitates a neuromus-
cular balance similar to that in the snatch (Altepeter &
Mike, 2017; Aspe & Swinton, 2014).

This exercise is difficult to execute and is used in evalu-
ation of functional movement (Clifton et al., 2015). Given
the indications of high injury rates and the considerable de-
mand for sports that involve these movements, it is im-
portant to have accurate knowledge of the effects on the
joints involved in each phase of the OHS, in order to be able
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to improve training, enhance performance, and predict in-
juries (Sprey et al., 2016).

Therefore, the aims of this study were to identify
changes in the pattern of movement while performing the
OHS (assessed by sagittal 2D kinematic analysis), together
with possible differences between the sexes, during a pre-
defined protocol for ECPs.

Materials and Methods

Subjects

All the subjects evaluated in the study were CrossFit®
practitioners familiar with the OHS. The risks and benefits
of the experiment were explained to all the participants,
who subsequently signed a free and informed consent doc-
ument approved by the Ethics Committee for use in hu-
mans.

For the inclusion of the subjects in the study, it was nec-
essary to practice in an affiliated CrossFit gym, not to have
any musculoskeletal discomfort that would hinder the eval-
uation, and to have had at least six months of practice. In-
jury rates can be significantly higher in athletes with little
training time, requiring care to ensure the correct move-
ment patterns in these practitioners (Mehrab et al., 2017).

Twenty-two practitioners were evaluated in the study,
consisting of 11 men (28.6 + 4.5 years; 85.1 = 8.4 kg; 1.80
T 0.07 m; body mass index 27 * 1.67; and practice for
13.8 £ 7.7 months, 4.4 £ 1.12 days per week) and 11
women (30.5 *+ 4.8 years; 68.2 1 10.36 kg; 1.70 1 0.05
m; body mass index 24.5 £ 2.80; and practice for 20.3 £
17.01 months, 5.2 £ 0.87 days per week).

Evaluation Protocol

Before performing the evaluation protocol, the Per-
ceived Recovery Status Scale was applied. In sports, this
scale is used as a tool to identify the first overtraining indi-
cators, in addition to allowing individuals to adjust training
loads and volumes. The scale was applied prior to the ses-
sion and if the participant reported a value less than five on
the scale, the session was suspended and scheduled again for
the same week and at the same time (Mehrab et al., 2017).
All the evaluations were carried out at the same time of the
day, between 10:00 a.m. and 3:00 p.m., in the same week.

Before the protocol, the subjects performed a warm-up,
which consisted of five minutes on a cycle ergometer at re-
sistance level five, with a speed of 60 rpm. This was fol-
lowed by dynamic stretches, including body weight squats,
forward and lateral lunges, knee hugs, quadriceps stretches,
and a straight leg march (Hooper etal., 2014). The training
took place in a temperature-controlled environment 22-
25°C, with monitoring by a properly trained professional.

The chosen protocol was the “workout of the day”
(WOD), “Nautical Nancy®”, which consisted of 5 rounds of
15 overhead squats and 400 meters of rowing, performing
the protocol in the shortest time possible. All the subjects
completed the WOD individually. The training loads were
predefined by the protocol and consisted of 43 kg (95
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pounds) for men and 29 kg (65 pounds) for women.

Before the WOD), markers with contrasting colors, eas-
ily recognizable by the software, were placed on the domi-
nant side of each subject, on the side of the bar, on the lat-
eral malleolus, on the side to the knee joint center, on the
side to the anterosuperior iliac spine, laterally to the nipple
line (men), and laterally to the height of the xiphoid process
(women). These markers enabled measurement of the knee
flexion angle, hip flexion angle, and shoulder flexion angle
(Figure 1).

Shoulder Angle

Hip Angle

Knee Angle

Figure 1. Shoulder, hip, and knee angles measured during the overhead squat.

The squats were filmed with a video recorder and were
later analyzed using Kinovea® 0.8.27 video analysis soft-
ware, for a two-dimensional kinematic evaluation of the
OHS. The knee, hip, and shoulder flexion measurements
were recorded at the top and bottom of each squat repeti-
tion, with the bottom being considered as the last frame be-
fore the subject performed the upward movement. The
camera was positioned on a tripod, at a height of 1.5 m and
distance of 2.5 m from the participant.

The subjects were instructed to perform all the pre-
scribed repetitions as rapidly as possible and without paus-
ing. Markings were made on the floor, so that all the repe-
titions were performed in the same position, and the time
to complete the WOD was recorded. The round time was
also recorded, with the point of reference for the start of a
new round being the moment when the subject adopted the
overhead position.

Immediately after completing the protocol, all the sub-
jects provided subjective perceived exertion responses, us-
ing the Borg CR10 scale, which is a useful tool for prescrib-
ing and controlling training intensity during sessions of an
extreme conditioning program, due to its high correlation
with lactate and the number of repetitions completed (Al-
samir Tibana et al., 2019; Foster et al., 2001; Morishita et
al., 2018).

Training Load Quantification

For quantification of the magnitude of the internal load,
by means of the subjective perceived exertion (SPE) for the
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session, the product of the SPE score was multiplied by the
duration of the session (in minutes). The resulting value re-
flected the magnitude of the daily internal load of the train-
ing session (in arbitrary units). Other studies have used the
session SPE method to quantify the internal load of training
in various sports (de Andrade Nogueira et al., 2016; Freitas

etal., 2014).

Data Analysis

The mean values for the shoulder, hip, and knee flexion
angles in men and women were calculated for each repeti-
tion. The difference between the highest and lowest values
for each angle was taken as an index of change in the tech-
nique. The coefficient of variation between the first and last
rounds was evaluated for the three joints. Only the first and
last rounds were analyzed, and the angular values for the
three joints were compared. The variations between the
rounds and the times for completion of these rounds were
evaluated using the dependent t-test, while the independent
t-test was applied for the differences between men and
women.

Person’s test was used for the correlation between the
mean angular values for the three joints and the angular var-
iations of the first and last rounds, the time of practice in
the modality, the Borg CR10 scale, the time for completion
of the WOD, and the Perceived Recovery Status Scale re-
sult. Correlations values will be classified as very low be-
tween 0-0.01; low with 0.1-0.3 values; moderate between
0.3-0.5; high between 0.5-0.7; very high between 0.7-0.9;
and between 0.9-1.0 almost perfect (Hopkins et al., 2009).
All the statistical tests were performed using SPSS software
(SPSS Inc., Chicago, IL, USA). An a priori alpha level of
0.05 was adopted in all the analyses.

Results

The results provide the average values for the Perceived
Recovery Status Scale, the time for completion of the
WOD, the times for completion of the first and fifth
rounds, the Borg CR10 scale, the internal load of the ses-
sion, and comparison between the two groups for all the

variables (Table 1).

Table 1.
Data on sports practice among the subjects.
Mean (SD) Men Women p

Practice time (months) 13.8(7.77)  20.3(17.01)  0.272
Weekly frequency (days) 4.4(1.12) 5.2(0.87) 0.071
Perceived Recovery Status Scale 8.9 (1.58) 7.9 (1.45) 0.137
WOD completion time (minutes) ~ 19.49 (5.15)  19.56 (4.96)  0.973
Round 1 completion time (minutes) ~ 3.31 (0.71) 4.01 (1.21) 0.116
Round 5 completion time (minutes)  3.93 (1.50) 3.48 (0.93) 0.414
Borg CR10 scale 7 (1.79) 8.5 (1.21) 0.039%

Training load quantification (AU) 140.97 (60.89) 167.66 (57.19) 0.302
WOD = Workout of the day; SD = Standard deviation; *p<0.05.

For women, the mean angular values for shoulder, hip,
and knee flexion during the WOD were 207.7° £ 1.11°,
95.2°£0.99°, and 93.96° £ 1.52°, respectively. For men,
the mean values were 204° = 2.12° 101.9° £ 4.7°, and
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108° £ 4.67°, respectively. The mean angular values for the
three joints in the first and last rounds, the completion times,
and the angle variation quotient values are compared be-
tween groups and within the same group (Tables 2 and 3).

Table 2.
Comparison between the mean values of the hip, knee, and shoulder flexion angles
for the first and last rounds.

Mean (SD) First round Last round p
Men
Completion time (minutes)  3.31 (0.71) 3.93 (1.50) 0.194
Shoulder flexion (degrees)  200.98° (2.2) 203.84° (2.1) 0.004*
Hip flexion (degrees) 94.15° (2.07) 102.55° (3.2) 0.000%
Knee flexion (degrees) 116.78° (31.8)  105.65° (1.9) 0.190
Women
Completion time (minutes) ~ 4.01 (1.21) 3.48 (0.95) 0.036*
Shoulder flexion (degrees) — 205.95° (1.6) 208.8° (1.3) 0.000%
Hip flexion (degrees) 94.85° (1.8) 94.96° (1.8) 0.796
Knee flexion (degrees) 95.85° (0.9) 91.87° (0.9) 0.000*

SD = Standard deviation; *p<0.05.

Table 3.
Comparison between the mean values of the hip, knee, and shoulder flexion angles
for men and women.

Mean (SD) Men Women p
First round
Shoulder flexion (degrees) ~ 200.98 (2.2) 205.95 (1.6) 0.000*
Hip flexion (degrees) 94.15 (2.07) 94.85 (1.8) 0.338
Knee flexion (degrees) 116.79 (31.8) 95.85 (0.9) 0.000%
Last round
Shoulder flexion (degrees)  203.84 (0.43) 208.8 (1.3) 0.000*
Hip flexion (degrees) 102.55 (3.2) 94.96 (1.8) 0.000%
Knee flexion (degrees) 105.65 (1.9) 91.87(0.9) 0.000%

SD = Standard deviation; *p<0.05.

For men, positive and strong correlations were found
between the hip and shoulder flexion values in the first
round (r = 0.781, p = 0.001), and between the shoulder
flexion values in the last round and the knee and hip flexion
values in the last round (r = 753, p = 0.001, and r = 0.746,
p = 0.001, respectively). Positive and moderate correlation
was obtained between the knee and hip flexion values in the
last round (r = 0.637, p = 0.011).

For women, a strong negative correlation was found be-
tween the result of the Perceived Recovery Status Scale and
the time of practice (r = -0.873; p = 0.000). A strong neg-
ative correlation was also found between the time of prac-
tice and the time for conclusion of the WOD (r = -0.738,
p = 0.026). Strong positive correlation was observed be-
tween the weekly frequency and the Perceived Recovery

Status Scale result (r = -0.715, p = 0.013).
Discussion

The aims of this study were to identify changes in the
movement pattern during OHS performance, as well as dif-
ferences between genders, during a predefined protocol for
ECPs. A novelty of the work is the analysis of the OHS by
means of two-dimensional kinematics, underscoring the
need for more studies on the theme.

Between the first and last rounds, the men showed in-
creases of the shoulder and hip flexion angles, while the
women showed increase of the shoulder flexion angle and
decrease of the knee flexion angle.
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In a good OHS, for balance and stability, the bar should
always remain aligned with the middle of the foot. The cor-
rect technique is critical, because if at some point the prac-
titioner becomes unstable, pushing the bar forward or back-
ward can lead to injuries (Horschig et al., 2017).

Altering the position of the bar appears to be common,
since in another study, only a small percentage of healthy
individuals successfully completed the movement (Teyhen
etal., 2012), with the subjects tending to push the bar back-
wards during the procedure, as shown by the average shoul-
der flexion value of 200° found for both groups.

The shoulder is the location for which there are the most
self-reported injuries, with practitioners citing inappropri-
ate technique as one of the main factors, associated with fre-
quent exposure to hyperflexion and abduction (Aune &
Powers, 2017; Dominski et al., 2022; Hak et al., 2013).
The mean shoulder flexion values found for both groups
were suggestive of hyperflexion, putting the shoulders of
these subjects at possible risk during performance of the
OHS. In this position, there is ligament laxity, while muscle
insufficiency could also affect the ability to maintain joint
stability.

It has been reported that the ideal shoulder flexion angle
is 180° and that coaches should instruct practitioners to
keep their arms above the head at all times, so that the arms
represent a continuation of spinal alignment (Bishop et al.,
2016). The flexibility levels of shoulder movements per-
formed by women practicing ECPs (Magalhdes et al., 2020)
showed a tendency to decrease with longer time of practice
in the modality, indicating the need for attention of the
practitioner, together with adequate training, in order to
avoid the development of inappropriate movement pat-
terns.

The OHS is one of the exercises most likely to be in-
volved in possible injury, due to the significant load placed
on the shoulders, so it is essential that coaches are aware of
the skills of the practitioners (Aune & Powers, 2017). The
inclusion of the OHS for screening movement patterns is
important because of its ability to test and challenge the
joint mobility of practitioners, involving a greater amount
of muscle than other variations such as the back squat, for
example. The analysis of movement patterns without the
arms above the head can result in a lack of information on
aspects such as trunk stability and shoulder position (Aspe
& Swinton, 2014; Bishop et al., 2015).

In comparison to the genders, the men presented a
higher value for the knee flexion angle in the first round, as
well as higher values for the hip and knee flexion angles in
the last round. The women presented higher values for the
shoulder flexion angle in the first and last rounds during the
performance of the OHS.

In two other studies that analyzed changes of the hip and
knee angles in execution of the back squat and the body-
weight squat, during the same ECP WOD, decrease of the
knee flexion angle and increase of the hip flexion angle were
observed for both men (in the bodyweight squat) and
women (in the back squat) (Frost et al., 2015; Hooper et
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al., 2013).The two studies had methodological differences,
compared to the present work, since maximum repetitions
were used throughout the WOD.

In the last round, the men showed increased hip flexion
angle, compared to the first round, while the women
showed decreased knee flexion angle. These changes in
technique, as in the studies cited above, were probably a
demonstration of self-preservation, with the squat being ab-
breviated when the individuals were submitted to programs
with a high number of repetitions. This suggested that they
were unable to use the same proprioceptive mechanisms,
altering the efficiency of movement and potentially increas-
ing the risk of injury by various mechanisms (Hooper et al.,
2014). Changes in technique and muscle fatigue are high-
lighted as the main risk factors for such injuries in these
practitioners (Hooper et al., 2013).

The men showed an increase in hip flexion during the
last round and had significantly higher hip flexion values,
compared to the women, as observed in another study with
analysis of the OHS for only five repetitions, where men
also presented greater hip flexion than women (Mauntel et
al., 2015).

Individuals with greater hip flexion have increased for-
ward inclination of the trunk, which can be associated with
higher shear force in the spine, potentially leading to com-
pensation and injuries in the lumbar region. Consequently,
this region was at risk of injuries in the men participating in
the study, during the performance of the OHS (Hooper et
al., 2014).

These compensations, such as leaning the trunk forward
and increasing the hip flexion angle, do not seem to happen
in small ranges of motion, so it is important for the trainer
to observe the capacity of each participant, so that the exe-
cution remains correct throughout the entire range of mo-
tion (Bishop et al., 2016).

In a study that evaluated the influence of movement
speed during various tasks in male firefighters, it was found
that when performing a squat, practitioners tended to de-
crease the knee flexion angle and increase the hip flexion
angle (increasing the trunk flexion angle) (Frost et al.,
2015). This change in the pattern of movement was at-
tributed to the fact that the subjects were instructed to per-
form the movement as quickly as possible, resulting in their
attention shifting from posture and movement (internal fo-
cus) to the speed at which the movement was performed
(external focus), which could cause them to ignore move-
ment patterns that would allow them to move more effec-
tively or safely (Frost et al., 2015).

A similar effect could have occurred in the present
work, because the practitioners were instructed to perform
the repetitions as quickly as possible, and a characteristic of
the WOD was that in a competition, the practitioner with
the fastest movement would be the winner, rather than the
one with the most effective movement.

Another study evaluating the influence of load on the
pattern of joint movement showed that the subjects also
used the hip-to-knee strategy, with hip dominance
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increasing as the load increased, suggesting that varying load
could lead to continuous change in the mechanics of the
movement (Flanagan & Salem, 2008). This could have oc-
curred here, although it was not possible to fully understand
the perception of each subject concerning the load imposed
by the WOD.

For the men in this study, strong and positive correla-
tions were found between hip and shoulder flexion, be-
tween knee and shoulder flexion, and between hip and knee
flexion, showing the importance of a global analysis of the
joints and their influence on the execution of the move-
ment. For example, low hip stability can lead to greater re-
cruitment of the rectus femoris, due to compensation,
which can put the knee joint at risk (de Souza et al., 2017).

Hence, for the practice of ECPs, care is recommended
so that it can minimize the exposure of the practitioners to
injuries. This should include evaluation of the movements
of the practitioners, correct progression during training,
correct rest intervals between training sessions, direct su-
pervision by the trainers, and the awareness of the practi-
tioner.

Changes or errors in technique, together with muscle
fatigue, are identified as the main risk factors for injuries in
these practitioners (Keogh & Winwood, 2017). Mateé-
Muioz et al. (2017) analyzed the levels of lower limb fa-
tigue in different WODs, observing that the WOD with
more Olympic weightlifting movements was associated
with high lactate levels, making the practitioners more sus-
ceptible to fatigue.

Fatigue may be caused by high intensity and volume dur-
ing ECP sessions, added to short rest intervals. Conse-
quently, in addition to the high technical demand of exer-
cises such as the OHS, these fatigue processes, when not
mitigated, can cause injuries due to failure to perform the
movements (Smilios et al., 2010).

The intensity of the exercise sessions can be monitored
by the subjective perception of exertion and its correlation
with lactate and the number of repetitions performed,
providing a practical and economical tool for the prescrip-
tion and monitoring of training (Alsamir Tibana et al.,
2019). In this study, the practitioners presented subjective
perception of effort values of 7 £ 1.79 for women and 8.5
T 1.21 for men, which, despite being high to very high val-
ues, were not correlated with angular changes during the
WOD.

A possible limitation of the study was the difficulty in
standardizing the intensity of the load based on a predefined
protocol of the modality, since practitioners may present
differences in their perceptions of the intensity of the
WOD. Nonetheless, an attempt was made to estimate the
day-to-day maxima for the modality. The low number of
participants could also be considered a limitation.

However, it was possible to obtain a preliminary eluci-
dation of the posture patterns associated with the execution
of movements for this sport modality. This was achieved
using methods that are inexpensive and easy to apply, in-
cluding the Perceived Recovery Status Scale (Laurent etal.,
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2011), the Borg CR10 scale (Foster et al., 2001; Morishita
etal., 2018), and 2D analysis. Two-dimensional analysis is
a reliable and valid tool that allows professionals from dif-
ferent areas of health to identify changes and risks in move-
ments, enabling adjustments and timely interventions (Ri-
beiro et al., 2020; Schurr et al., 2017). Despite the control
with tools that are easy to apply, the study sample is a limi-
tation of the study, as its number is limited and was chosen
for convenience, and thus may not represent the real result
of changes. Therefore, more robust studies are needed.

The practitioners showed changes in the pattern of
movement during the protocol, with alteration of their
squat technique. Such changes in technique due to exposure
to an excessive number of repetitions can increase the risk
of injury. The participants abbreviated the movement in an
attempt at self-preservation, but changes such as shoulder
hyperflexion and increased hip flexion could occur as a re-
sult of exposure to moderate to heavy loads, with little or
no rest interval. The men made greater use of the hip strat-
egy, while the women had higher mean hyperflexion values.
Both of these changes should be noted by coaches and prac-
titioners, in order to minimize the risk of injury.

Practical Applications

The results found point to the need to know the differ-
ent postural patterns related to the individual's biotype, the
training time and the load used. This knowledge becomes
an important resource for professional trainers. For ex-
treme conditioning program practitioners, the perception
of their posture is important for knowing their limits and,
thus, avoiding injuries and loss of sports performance. The
results also indicate that new studies are directed to analyze
with different loads, different age groups and training time,
in addition to evaluation in other positions and exercises
used in this program.

Conclusions

It is concluded that there are changes in relation to gen-
ders. Men use the hip strategy more and women have higher
mean values of hyperflexion. Changes such as hyperflexion
of the shoulder and greater flexion of the hip occur when
exercisers are exposed to a moderate to heavy load, with
little or no rest interval.

Acknowledgements

This work was carried out with the support of Coor-
denagdo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES, Finance Code 001). Master’s degree scholarships
were provided by Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPq) and Fundagio de Amparo
a Pesquisa do Estado de Minas Gerais (FAPEMIG, Programa
de Bolsas de Iniciacido Cientifica).

Conflicts of interest

Retos, nmero 50, 2023 (4° trimestre)



2023, Retos, 50, 50-56

© Copyright: Federacién Espafiola de Asociaciones de Docentes de Educacidn Fisica (FEADEF) ISSN: Edicion impresa: 1579-1726. Edicién Web: 1988-2041 (hetps: / /recyt.fecyt.es/index.php /retos/ index)

All authors declare no potential conflict of interest re-
lated to this article.

References

Alsamir Tibana, R., Manuel Frade de Sousa, N., Prestes, ].,
da Cunha Nascimento, D., Ernesto, C., Falk Neto, ]J.
H., Kennedy, M. D., & Azevedo Voltarelli, F. (2019).
Is Perceived Exertion a Useful Indicator of the Meta-
bolic and Cardiovascular Responses to a Metabolic Con-
ditioning Session of Functional Fitness? Sports (Basel,
Switzerland), 7(7), 161.
https://doi.org/10.3390/sports7070161

Altepeter, M., & Mike, J. (2017). Snatch Balance Tech-
nique. Strength & Conditioning Journal, 39(5), 82.
https:/ /doi.org/10.1519/SSC.0000000000000311

Aspe, R. R., & Swinton, P. A. (2014). Electromyographic
and kinetic comparison of the back squat and overhead
squat. Journal of Strength and Conditioning Research,
28(10), 2827-2836.
https:/ /doi.org/10.1519/]SC.0000000000000462

Aune, K. T., & Powers, ]J. M. (2017). Injuries in an Ex-
treme Conditioning Program. Sports Health, 9(1), 52—
58. https://doi.org/10.1177/1941738116674895

Bishop, C., Edwards, M., & Turner, A. (2016). Screening
movement dysfunctions using the overhead squat. Pro-
fessional Strength and Conditioning Journal.

Bishop, C., Read, P., Walker, S., & Turner, A. (2015).
Assessing movement using a variety of screening tests.
Professional Strength & Conditioning, 37, 17.

Clifton, D. R., Grooms, D. R.,; & Onate, J. A. (2015).
Overhead deep squat performance predicts functional
movement screen™ score. International Journal of Sports
Physical Therapy, 10(5), 622—627.

de Andrade Nogueira, F. C., de Freitas, V. H., Miloski, B.,
de Oliveira Cordeiro, A. H., Zacaron Werneck, F.,
Yuzo Nakamura, F., & Gattas Bara-Filho, M. (2016).
Relationship Between Training Volume and Ratings of
Perceived Exertion in Swimmers. Perceptual and Motor
Skills, 122(1), 319-335.
https://doi.org/10.1177/0031512516629272

de Souza, L. M. L., da Fonseca, D. B., Cabral, H. da V., de
Oliveira, L. F., & Vieira, T. M. (2017). Is myoelectric
activity distributed equally within the rectus femoris
muscle during loaded, squat exercises? Journal of Electro-
myography and Kinesiology: Official Journal of the Interna-
tional Society of Electrophysiological Kinesiology, 33, 10—
19. https://doi.org/10.1016/j.jelekin.2017.01.003

Dominski, F. H., Siqueira, T. C., Tibana, R. A., & An-
drade, A. (2022). Injuries in functional fitness: An up-
dated systematic review. The Journal of Sports Medicine
and Physical Fitness, 62(5), 673—-683.
https://doi.org/10.23736/50022-4707.21.12218-2

Flanagan, S. P., & Salem, G. J. (2008). Lower extremity
joint kinetic responses to external resistance variations.

24(1), 58-68.

Journal ~ of  Applied  Biomechanics,

_55-

https://doi.org/10.1123/jab.24.1.58

Foster, C., Florhaug, J. A., Franklin, ]., Gottschall, L.,
Hrovatin, L. A., Parker, S., Doleshal, P., & Dodge, C.
(2001). A new approach to monitoring exercise train-
ing. Journal of Strength and Conditioning Research, 15(1),
109-115.

Freitas, V. H., Nakamura, F. Y., Miloski, B., Samulski, D.,
& Bara-Filho, M. G. (2014). Sensitivity of Physiological
and Psychological Markers to Training Load Intensifica-
tion in Volleyball Players. Journal of Sports Science & Med-
icine, 13(3), 571-579.

Frost, D. M., Beach, T. A. C., Callaghan, J. P., & McGill,
S. M. (2015). The Influence of Load and Speed on Indi-
viduals’ Movement Behavior. Journal of Strength and Con-
ditioning Research, 2909), 2417-2425.
https://doi.org/10.1519/]SC.0000000000000264

Hak, P. T., Hodzovic, E., & Hickey, B. (2013). The nature
and prevalence of injury during CrossFit training. Jour-
nal of  Strength  and  Conditioning  Research.
https://doi.org/10.1519/]SC.0000000000000318

Hedrick, A., & Wada, H. (2008). Weightlifting Move-
ments: Do the Benefits Outweigh the Risks? Strength &
Conditioning Journal, 30(6), 26.
https://doi.org/10.1519/5SC.0b013e31818ebc8b

Hooper, D. R., Szivak, T. K., Comstock, B. A., Dunn-
Lewis, C., Apicella, J. M., Kelly, N. A., Creighton, B.
C., Flanagan, S. D., Looney, D. P., Volek, J. S.,
Maresh, C. M., & Kraemer, W. J. (2014). Effects of
fatigue from resistance training on barbell back squat
biomechanics. Journal of Strength and Conditioning Re-
search, 28(4), 1127-1134.
https:/ /doi.org/10.1097/]SC.0000000000000237

Hooper, D. R., Szivak, T. K., Distefano, L. J., Comstock,
B. A., Dunn-Lewis, C., Apicella, J. M., Kelly, N. A,
Creighton, B. C., Volek, J. S., Maresh, C. M., & Kra-
emer, W. J. (2013). Effects of resistance training fatigue
on joint biomechanics. Journal of Strength and Condition-
ing Research, 27(1), 146—153.
https://doi.org/10.1519/]JSC.0b013e31825390da

Hopkins, W. G., Marshall, S. W., Batterham, A. M., &
Hanin, ]J. (2009). Progressive statistics for studies in
sports medicine and exercise science. Medicine and Sci-
ence in  Sports and  Exercise, 41(1), 3-13.
https://doi.org/10.1249/MSS.0b013e31818cb278

Horschig, A., Sonthana, K., & Neff, T. (2017). The Squat
Bible: The Ultimate Guide to Mastering the Squat and Finding
Your True Strength. https://www .ali-
bris.com/search/books/isbn/9781540395429

Keogh, J. W. L., & Winwood, P. W. (2017). The Epide-
miology of Injuries Across the Weight-Training Sports.
Sports  Medicine (Auckland, N.Z.), 47(3), 479-501.
https://doi.org/10.1007/540279-016-0575-0

Laurent, C. M., Green, ]J. M., Bishop, P. A., Sjékvist, J.,
Schumacker, R. E., Richardson, M. T., & Curtner-
Smith, M. (2011). A practical approach to monitoring
recovery: Development of a perceived recovery status
scale. Journal of Strength and Conditioning Research, 25(3),

Retos, nmero 50, 2023 (4° trimestre)



2023, Retos, 50, 50-56

© Copyright: Federacién Espafiola de Asociaciones de Docentes de Educacidn Fisica (FEADEF) ISSN: Edicion impresa: 1579-1726. Edicién Web: 1988-2041 (hetps: / /recyt.fecyt.es/index.php /retos/ index)

620-628.
https://doi.org/10.1519/]SC.0b013e3181c69ec6
Lichtenstein, M. B., & Jensen, T. T. (2016). Exercise ad-

diction in CrossFit: Prevalence and psychometric prop-
erties of the Exercise Addiction Inventory. Addictive Be-
haviors Reports, 3, 33-37.
https://doi.org/10.1016/j.abrep.2016.02.002
Magalhdes, L., Neto, A., Walsh, 1., & Bertoncello, D.
(2020). Benefits of extreme fitness programs for women. §,
274-281. https://doi.org/10.18554 /re-
facs.v8i2.4336
Mate-Muiioz, J. L., Lougedo, J. H., Barba, M., Garcia-Fer-
nandez, P., Garnacho-Castano, M. V., & Dominguez,
R. (2017). Muscular fatigue in response to different mo-
dalities of CrossFit sessions. PloS One, 12(7), e0181855.
https://doi.org/10.1371/journal.pone.0181855
Mauntel, T. C., Post, E. G., Padua, D. A., & Bell, D. R.
(2015). Sex Differences During an Overhead Squat As-
sessment. Journal of Applied Biomechanics, 31(4), 244—
249. https://doi.org/10.1123/jab.2014-0272
Mehrab, M., de Vos, R.-]., Kraan, G. A., & Mathijssen, N.
M. C. (2017). Injury Incidence and Patterns Among
Dutch CrossFit Athletes. Orthopaedic Journal of Sports
Medicine, 5(12), 2325967117745263.
https://doi.org/10.1177/2325967117745263
Morishita, S., Tsubaki, A., Nashimoto, S., Fu, J. B., &
Onishi, H. (2018). Face scale rating of perceived exer-
tion during cardiopulmonary exercise test. BMJ Open
Sport &  Exercise  Medicine,  4(1), 000474,
https://doi.org/10.1136/bmjsem-2018-000474
Ribeiro, D. B., Rodrigues, G. de M., & Bertoncello, D.
(2020). Intra and inter-rater reliability in dynamic val-
gus in soccer players. Rev. Bras. Med. Esporte, 396—400.
Schurr, S. A., Marshall, A. N., Resch, J. E., & Saliba, S. A.
(2017). Two-dimensional video analysis is comparable
to 3D motion capture in lower extremity movement

- 56 -

assessment. International Journal of Sports Physical Ther-
apy, 12(2), 163-172.

Smilios, 1., Hikkinen, K., & Tokmakidis, S. P. (2010).
Power output and electromyographic activity during
and after a moderate load muscular endurance session.
Journal of Strength and Conditioning Research, 24(8),
2122-2131.
https://doi.org/10.1519/]SC.0b013e3181a5bc44

Soriano, M. A., Suchomel, T. J., & Comfort, P. (2019).
Weightlifting Overhead Pressing Derivatives: A Review
of the Literature. Sports Medicine (Auckland, N.Z.), 49(6),
867-885. https://doi.org/10.1007/540279-019-
01096-8

Sprey, J. W. C., Ferreira, T., de Lima, M. V., Duarte, A.,
Jorge, P. B., & Santili, C. (2016). An Epidemiological
Profile of CrossFit Athletes in Brazil. Orthopaedic Journal
of Sports  Medicine, 4(8), 2325967116663706.
https://doi.org/10.1177/2325967116663706

Teyhen, D. S., Shaffer, S. W., Lorenson, C. L., Halfpap,
J. P., Donofry, D. F., Walker, M. J., Dugan, ]. L., &
Childs, J. D. (2012). The Functional Movement Screen:
A reliability study. The Journal of Orthopaedic and Sports
Physical Therapy, 42(6), 530-540.
https://doi.org/10.2519/jospt.2012.3838

Tibana, R. A., & de Sousa, N. M. F. (2018). Are extreme
conditioning programmes effective and safe? A narrative
review of high-intensity functional training methods re-
search paradigms and findings. BM] Open Sport & Exercise
Medicine, 4(1), e000435.
https://doi.org/10.1136/bmjsem-2018-000435

Weisenthal, B. M., Beck, C. A., Maloney, M. D., DeHa-
ven, K. E., & Giordano, B. D. (2014). Injury Rate and
Patterns Among CrossFit Athletes. Orthopaedic Journal of
Sports Medicine, 2(4), 2325967114531177.
https://doi.org/10.1177/2325967114531177

Retos, nmero 50, 2023 (4° trimestre)



