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HIGHLIGHTS BACKGROUND: Successful performance in futsal depends on athletes' ability to change
+ The cutting angle impacts the angular performance error direction efficiently.

?L’Tr;lgastﬁgts;?sp:tﬁtlggg ?aaclel:x;sd' - fuenced the center of AIM: To investigate the effect of athletic background on COM kinematics during sidestep
mass's  kinematic patterr?s during sidestep cutting cutting maneuver performed at different cutting angles towards both sides.
METHOD: Eighteen futsal athletes participated, comprised of nine high-level training (Group

maneuvers;

« Even High level athletes decreased their speed high-level) and nine recreational (Group Control, GC). Twenty reflective markers were

significantly when changing directions at greater angles. placed on the participant's trunk and upper and lower limbs. Participants performed
acceleration at maximum speed and in a straight line for 10 meters, followed by a change of

ABBREVIATIONS . direction (30°, 60°, and 90°). The whole body's COM trajectory was identified using a body

égOVA é”alys'é Oft"al”ance model for each trial. Differences in angular error and COM speed were evaluated with a

GH G;gﬁg higrr:jgvel three-way analysis of variance [Group (GH vs. GC) X Cutting angle (30° vs. 60° vs. 90°) X

Side (dominant and non-dominant), with repeated measures for the last two factors].

COM Center of mass ) o . .
RESULTS: The main results indicated that the angular error increased as the cutting angle

PUBLICATION DATA increased. The high-level futsal athletes performed a cutting task for the dominant side with
Received 31 01 2022 greater speed and higher angular errors than the control group. These findings provided
Accepted 30 01 2023 important information for understanding the trajectory of the center of mass at different
Published 10 04 2023 angles and velocities and the possible repercussions on body dynamics.

CONCLUSION: Athletic background affected the kinematic patterns of the center of mass
during sidestep cutting maneuvers; when sidestep is performed with the dominant side,
high-level futsal athletes changed direction faster with more significant angular error than
recreational athletes.
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INTRODUCTION

Futsal is a high-intensity intermittent team sport characterized by multifaceted motor tasks, successive high-speed sprints,
change of directions, jumps, and landings '. The athletes perform accelerations, abrupt decelerations, and sidestep-cutting maneuvers to
diverse angles with a short recovery time between bouts 23. Therefore, movement control of the whole body during such direction
changes, whether under planned or unanticipated conditions, arises from the interactions between individuals, tasks, and environments
that require control strategies of the center of mass (COM) as a priority mechanism to change directions successfully. Also, efficiently
reorienting the body's COM from a straight trajectory to a new course after the cutting maneuver is vital for a positive outcome 4.

The risk of lower extremity injuries during athletic tasks has been associated with anatomical, hormonal, and neuromuscular
aspects 8. Additionally, the athletic background also seems to impact such risk, as elite athletes exhibit higher knee joint moments than
non-elite athletes ®. It has also been observed that higher movement competency could be expected from high-level athletes © with more
appropriate body segment placement and less injurious movement patterns. Barbado, Barbado et al. 1© showed that athletic background
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impacted trunk control during trunk perturbations and unstable sitting tasks, as well as superior trunk proprioceptive ability, postural
control, and neuromuscular responses during seated balance tasks . However, it is still unclear whether athletic experience in futsal
athletes can impact COM kinematics, especially during sidestep cutting maneuvers.

While different studies have related the sidestep cutting maneuver with knee injuries 12-16, it is known that lower limb kinematics
is strongly related to COM displacement 17. Additionally, the posterior position of the COM is also associated with an increase in braking
impulse and better control of the whole body’s forward momentum during running gait 1819 and likely during sidestep maneuvers.
Therefore, a better understanding of the COM velocity and position during fast, dynamic tasks provides essential information regarding
how individuals control stability during sports conditions. Similarly, the COM was more than two feet posterior to the base of support
when landing in athletes who suffered ACL ruptures. Further, trunk 21, hip 5, and arms kinematics are associated with peak valgus knee
moments during the sidestep-cutting maneuver 22. Therefore, the ability to redirect the COM in a new direction has been reported as an
essential strategy for preventing anterior cruciate ligament injuries 4. For example, Donnelly, Lloyd et al. 4 have found that optimizing
whole-body kinematics towards the desired direction of travel reduces peak valgus knee moments during sidestep cutting maneuvers and
decreases knee risk of injury. In addition, understanding the biomechanics underlying sidestep-cutting tasks are essential to inform
clinicians when developing injury prevention programs 23,

An in-depth look at whole-body dynamics through COM measurements can provide a valuable understanding of the control
mechanisms employed successfully to perform the sidestep-cutting maneuver 24. Previous studies reported increased lower extremity
loading and increased muscle demands as the cutting angle increased, including shear forces, hip internal rotation, and knee valgus
position contributing to knee valgus loading during cutting performed to smaller (45 degrees) and larger (110 degrees) angles 6. These
two aspects suggest the greater demand that must be controlled and the greater risk of injury if body segments are not placed correctly to
absorb the ground reaction force to redirect the COM, so investigations with different cutting angles are warranted.

This study aimed to investigate the influence of athletic background, lower limb dominance, and cutting angle in COM
kinematics during the sidestep cutting maneuver. In contrast to recreational futsal athletes, we hypothesized that professional athletes
with greater sport-specific athletic experience would perform the sidestep cutting maneuver at a greater performance level observed by
analyzing whole-body's COM variables. Moreover, we also hypothesized that the non-dominant limb would impact the kinematic patterns
of the center of mass during the sidestep-cutting task.

METHODS

Subjects

Eighteen futsal athletes, comprised of nine high-level training (Group High-level, GH; 23.6 + 2,34 years; 73.4 + 3,60 kg; 8.6 +
0,70 hours of practice/week) and nine recreational (Group Control, GC; 21.8 + 2.66 years; 70.4 + 7.81 kg; 0.77 £ 7,66 hours of
practice/week) athletes without a history of lower limb injuries in the past six months, participated in this study. All athletes were at the
beginning of the competitive season during data collection. The local Research Ethics Committee approved the study, and all participants
provided written informed consent.

Table 1. Mean and standard deviation () of age, body weight, and hours of practice/week.

Groups
GH GC
Age (years) 236+234 21.8 £2.66
Body weight (Kg) 73.4 £ 3.60 704 +£7.81
Practice/week (hours) 8.66 +0.70 0.77 £ 0.66

Experimental procedures

Three-dimensional motion data were collected during the sidestep cutting maneuvers with a motion capture system with eight
infrared cameras Optitrack™ Prime 17W (Natural Point Inc. — USA) positioned at approximately 30° from each other starting at 15°, 45°,
and 75°, and the last camera positioned further away at 120° (Figure 1). The cameras tracked passive retroreflective markers (sampled at
250 Hz) attached to the following anatomical landmarks: both anterior superior iliac spines, first sacral vertebra, prominence of the
greater trochanter, lateral and medial epicondyle of the femur, head of the fibula, lateral aspect of the calcaneal tuberosity, lateral and
medial malleolus, first and fith metatarsal heads8 (Figure 2).

Participants performed the cutting maneuver on a futsal court and wore their commonly used futsal practice shoes. All
participants completed 18 trials: three trials per cutting angle (30°, 60°, and 90° from the runway's long axis), each performed with the
dominant and non-dominant side planted on the ground for the opposite sidestep cutting maneuvers. Lower limb dominance was
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determined by asking participants which leg they used to kick the ball for a distance 25. They were instructed to perform the experimental
tasks as fast as possible and simulate their movements performed during practice. At the beginning of each anticipated trial, the athletes
were informed how they would perform the maneuver, considering the limit of the three trials for each condition.
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Figure 1. Arrangement of cameras in the data collection.

Figure 2. Participant standing in the anatomical position with the marker set utilized in this study.
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Marker trajectories were reconstructed and labeled using the software Motive® Optitrack software v.1.9 (64 bit) (NaturalPoint,
Inc.), labeled, filtered with a low-pass fourth-order Butterworth filter with a 10-Hz cut-off frequency, and exported as a .c3d format. A static

model, composed of feet, legs, thighs, pelvis, trunk, and upper arms, was created individually for each participant using the software
Visual 3D (C-motion, Inc., Rockville, MD) with the reference system defined by x-, y-, and z-axis, where the z-axis represented the
vertical direction (positive indicating upwards), the y-axis represented the anteroposterior direction (positive indicating anterior of the
participant), and x-axis was defined as the cross product of y by z (positive meaning right side).

The whole body's COM trajectory was identified for each trial using a body model explicitly created for the marker placement
protocol. COM trajectory was exported as .txt files and analyzed with the software Matlab® (MathWorks® Inc. Natick, Massachusetts,
EUA).

The COM variables of interest were calculated between the last toe-off before the sidestep-cutting maneuver and the first foot
strike after the maneuver (initial ground contact detected visually during the labelling process in Motive software). Therefore, the COM
speed and COM cutting maneuver angles were calculated within this period. Lastly, the angular error was calculated by the product
between the foot-strike angle and the proposed angle (30°, 60°, and 90°), calculating the actual COM speed and angular trajectory.
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Figure 3. lllustration of a 30° sidestep cutting maneuver. The green lines represent the trajectory of the COM. The last foot contact
before changing direction is represented in blue, and the first contact is represented in red.
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For each group, data from the three trials per condition (i.e., cutting angle and side) were average per participant. All data
presented homogeneity of variance, homoscedasticity, and sphericity. We used separate three-way analysis of variance (ANOVA) [Group
(GH vs. GC) X Cutting angle (30° vs. 60° vs. 90°) X Side (dominant and non-dominant), with repeated measures for the last two factors]
to identify differences in angular error and COM speed. When applicable, we used Bonferroni's post-hoc test. The standardized
magnitude of any significant difference was determined by calculating effect sizes (Cohen's d). The level of significance was set at
p<0.05. All statistical analyzes were performed with SPSS 20 (IBM Corp, Armonk, NY, USA) and JAMOVI software (Version 2.3, the
jamovi Project 2022).

RESULTS

Regarding COM speed, the cutting angle had a significant main effect (F2,32=117.59, p < 0.001). The COM speed was higher at
30° than at 60° (Cohen’s d=1.01, Cl: 0.68, 1.39, p < 0.001) and 90° cutting angle (Cohen’s d=3.79, Cl: 3.13, 4.67, p < 0.001). Also, the
COM speed was higher at 60° compared to the 90° cutting angle (Cohen’s d=2.23, Cl: 1.74, 2.85, p < 0.001; Table 2). Furthermore, there
was a significant interaction between group and side (F1,16=5.24, p=0.036). The GH showed a higher COM speed than the GC when the
cutting maneuver was performed on the dominant side (Cohen’s d= 0.57, Cl: 0.04, 1.16, p = 0.015; Figure 4).

Regarding angular error, there was a significant main effect of cutting angle (F232=48.03, p < 0.001). The angular error was
higher at 60° (Cohen’s d=2.83, CI: 2.23, 3.60, p < 0.001) and 90° (Cohen’s d=2.24, Cl: 1.69, 2.92, p < 0.001) compared to the 30° cutting
angle (Table 2). Moreover, there was a significant interaction between group and side (F116=8.78, p=0.009). The GC showed lower
angular error than the GH when the cutting maneuver was performed on the dominant side (Cohen’s d= -0.54, ClI: -1.12, 0.00, p = 0.015;
Figure 4). Also, the GC presented lower angular error on the dominant side than their non-dominant side (Cohen’s d=-0.54, Cl: -0.90, -
0.22,p =0.015).

Table 2. Descriptive analysis of Angular Error and Center of Mass (COM) speed.

Mean Standard Deviation
COM speed (m/s)
High-level 30° A D 5.30 0.52
ND 5.14 0.58
60° B D 4.62 0.52
ND 4.32 0.72
90° D 2.85 0.42
ND 2.89 0.42
Control 30° A D 483 0.94
ND 4.87 0.92
60° B D 3.15 1.06
ND 3.84 0.94
90° D 2.26 0.36
ND 217 0.26
Angular Error (°)
High-level 30° D 6.30 5.06
ND 5.90 3.96
60° ¢ D 29.60 9.1
ND 28.20 8.02
90° ¢ D 29.90 11.90
ND 30.90 12.60
Control 30° D™ 512 478
ND 9.17 3.67
60° ¢ DD 20.20 9.98
ND 27.00 413
90° ¢ DD 20.20 6.50
ND 27.90 14.70

Notes: COM: Center of mass; * p < 0.05; A COM speed at 30° was higher than at 60° and 90°; 8 COM speed at 60° was higher than at 90°;
CAngular error was higher at 60° and 90° than at 30° PGC showed a lower angular error on the dominant side than their non-dominant side
(independently of the cut angle).
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Figure 4. Interaction between group and side on Angular Error (A) and COM Speed (B). The blue and yellow lines represent
the Dominant and Non-Dominant sides, respectively. Note: * p < 0.05; COM: Center of Mass.

DISCUSSION

The capacity to efficiently change direction is critical to achieving success in multidirectional sports, such as futsal, soccer, and
handball 2627, Therefore, understanding the biomechanical parameters of the sidestep cutting maneuver provides the underpinnings of
training techniques for performance improvement as well as injury prevention via screening of the methods used to perform this motor
task 28. This study investigated the influence of athletic background and cutting angle on the center of mass kinematics during the
sidestep cutting maneuver. Our main finding demonstrated more angular errors during the change of direction with greater cutting
demands (i.e., a greater angle of direction change). Additionally, recreational and high-level training athletes slowed theirspeed when
greater cutting angles were performed. These findings provided important information for understanding the trajectory of the center of
mass at different angles and speeds and the possible repercussions on body dynamics, thus helping to build a more robust theoretical
framework of studies.

It is known that the angle and speed of the sidestep cutting maneuver are critical factors that directly impact knee joint load 2°
and whole-body kinematics 30-32, Also, numerous biomechanical investigations have been conducted to elucidate the inherent doubts
about changes in direction at specific angles, motivated mainly by the fact that changes in direction are the primary mechanism in the
genesis of anterior cruciate ligament injuries 28. Further, previous studies have shown that, regardless of the cutting angle, the actual
trajectory of the change of direction performed by the participants was not the same as requested, even though the participants were
instructed to change direction following the demarcation lines on the ground 33-%. Our findings show a significant effect of cutting angle on
angular error, with the average error increasing with the proposed angle. However, a direct comparison of our findings with other studies
is difficult given the differences in methodological approach across the literature. For example, the environment in which data collection is
performed (laboratory vs. futsal courts) likely impacts motor behavior; also, the approach speed is a variable not often controlled, which
we demonstrated that it can impact COM position during cutting maneuvers

Having reported participants running at different angles than our established angles of cutting maneuvers 2729, our work was the
first to elucidate the mechanisms underlying the deviation from the expected angle during the completion of the cutting task. The change
of direction to 60° performed was accomplished at 56° 33. Even at a less demanding cutting angle of 45°, the sidestep maneuver was
performed at 34.9°, 29.4°, 23.8°, and 17.5° when the approach speed was 2 m/s, 3 m/s, 4 m/s, and 5 m/s, respectively 3. Moreover,
according to Supej et al., 37 who studied the angles of 30°, 60°, 90°, 120°, 150° and 180° at two different velocities, reported the following
angles at a speed of 2.7m/s 7.5°, 10.7°, 15.0°, 16.2°, 9.6° and 1.5°. In contrast, at a speed of 4.1m/s, the angles were 6.9°, 12.7°, 14.6°,
7.0°, 8.3°, 3.2, respectively. These findings are consistent with the outcomes of our study. The angle-speed trade-off during the change
of direction decreases as the change angles increase %, influenced by the kinetic differences in the joints and segments during the
deceleration and reacceleration phases at different angles 3'. On the other hand, more significant biomechanical changes are observed
(lower limb and whole-body postures and consequent load on the knee joint) with an increase in the sidestep cutting 3133, Regarding the
differences found in limb dominance, it is possible that the technique chosen as the experimental task, the sidestep cutting maneuver in
which the change of direction is performed towards the contralateral side of the planted foot, influenced the outcome.
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The literature also reports that those who can perform sidestep tasks at higher levels can also accomplish other athletic tasks at
higher performance levels 3839, The primary interaction between groups observed in our study also highlights the differences in
performance between those with sport-specific experience and recreational athletes. The fact that greater exposure to hours of training
and the skillful motor needs inherent to the sport may allow professional athletes to use more effective strategies to accomplish changes
in direction. These studies were carried out with speeds ranging from 3m/s to 7m/s and at maximum speed 354043, As reported in our
research, Schreurs et al. 44 and Rouissi et al. 45 also demonstrated significant reductions in task execution speed as the angle of change
of direction increased (45°, 90°, 135°, and 180°) and consequent increase in completion time 4445, In terms of speed, several studies have
been conducted to elucidate the implications of different rates on changes in direction, given that speed is a critical element that
significantly influences other biomechanical variables.

The physical improvements inherent to the training include improvements in the deceleration performed by the penultimate
contact before the change of direction, facilitating more effective direction changes at higher speeds 4042, At the same time, Jones et al. 46
indicate that minimizing the decline in entry and exit speed in a shift in direction would be the most suitable for superior performance.
Furthermore, the results showed that greater deceleration capacity is eccentrically more robust and thus reduces the time of contact with
the ground during direction changes 6. Therefore, combining more effective deceleration and reduced ground contact time explains the
shorter completion times of turn-turn tasks at smaller angles .

Notable biomechanical manifestations occur during sidestep cutting maneuvers performed at increased speeds 3547, such as
the increased loads to the knee joint, represented by the increase in valgus stress and peak moment in knee abduction. On the other
hand, directional changes at reduced speeds decrease these loads but compromise the performance of the change of direction task,
explaining a conflict between performance and injury. Therefore, a balance between these conditions is necessary. Consequently,
research should be done on modalities of more effective training to optimize performance in changes of direction while minimizing loads
on the knee joint 2.

There are a few limitations to this investigation. First, this study was performed in a court environment but used visual stimuli to
dictate directional changes. Although we aimed to use an ecological approach with the experimental task, future studies should be
conducted with actual individuals as opponents. In addition, although we achieved statistically significant findings, our study had a small
sample size. Furthermore, previous biomechanical investigations with team sports showed a consistent low number of participants (e.g.,
four and eighteen) 4849, We strongly suggest that future investigations with futsal athletes performing sidestep-cutting tasks increase the
number of athletes to elucidate our non-significant findings regarding the impact of cutting angles on COM kinematics.

CONCLUSION

Recreational and high-level training futsal athletes exhibited different center of mass kinematic patterns during sidestep cutting
maneuvers. When the sidestep was performed with the dominant side, high-level futsal athletes changed direction at a faster but with
more significant angular error compared to recreational athletes. Furthermore, both groups exhibited angular errors regardless of the side
and the proposed cutting angle, with more significant angular errors with the greater change of direction angles (60° and 90°).

REFERENCES

1. Castagna C, D'Ottavio S, Vera JG, Alvarez JCB. Match demands of professional Futsal: A case study. J Sci Med Sport. 2009;12(4):490-494.
doi:10.1016/j.jsams.2008.02.001

2. Lloyd DG, Buchanan TS. Strategies of muscular support of varus and valgus isometric loads at the human knee. J Biomech. 2001;34:1257-1267.
doi:10.1016/s0021-9290(01)00095-1.

3. Bedo BLS, Cesar GM, Moraes R, et al. Influence of side uncertainty on knee kinematics of female handball athletes during sidestep cutting
maneuvers. J Appl Biomech. 2021;37(3). doi:10.1123/jab.2020-0141

4. Wyatt H, Weir G, van Emmerik R, Jewell C, Hamill J. Whole-body control of anticipated and unanticipated sidestep manoeuvres in female and male
team sport athletes. J Sports Sci. 2019;37(19):2263-2269. doi:10.1080/02640414.2019.1627982

5. Griffin LY, Agel J, Albohm MJ, et al. Noncontact anterior cruciate ligament injuries: risk factors and prevention strategies. J Am Acad Orthop Surg.
2000;8(3):141-150. doi:10.5435/00124635-200005000-00001

6. Hewett TE. Neuromuscular and Hormonal Factors Associated With Knee Injuries in Female Athletes. Sports Medicine. 2000;29(5):313-327.
doi:10.2165/00007256-200029050-00003

7. Griffin LY, Albohm MJ, Arendt EA, et al. Understanding and preventing noncontact anterior cruciate ligament injuries: A review of the Hunt Valley II
Meeting, January 2005. In: American Journal of Sports Medicine. Vol 34. ; 2006:1512-1532. doi:10.1177/0363546506286866

Bedo et al.

[ 203 | voutr [ w1 | https://doi.org/10.20338/bjmb.v17i1.294 45 of 47



YB]MB Research Article

Brazilian Journal of Motor Behavior

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.
31.

32.

33.

34.

Cesar GM, Pereira VS, Santiago PRP, et al. Variations in dynamic knee valgus and gluteus medius onset timing in non-athletic females related to
hormonal changes during the menstrual cycle. Knee. 2011;18(4):224-230. doi:10.1016/j.knee.2010.05.004

Sigward S, Powers CM. The influence of experience on knee mechanics during side-step cutting in females. Clinical Biomechanics. 2006;21(7):740-
747. doi:10.1016/j.clinbiomech.2006.03.003

Barbado D, Barbado LC, Elvira JLL, van Dieén JH, Vera-Garcia FJ. Sports-related testing protocols are required to reveal trunk stability adaptations
in high-level athletes. Gait Posture. 2016;49:90-96. doi:10.1016/}.gaitpost.2016.06.027

Glofcheskie GO, Brown SHM. Athletic background is related to superior trunk proprioceptive ability, postural control, and neuromuscular responses
to sudden perturbations. Hum Mov Sci. 2017;52:74-83. doi:10.1016/j.humov.2017.01.009

Kristianslund E, Krosshaug T. Comparison of drop jumps and sport-specific sidestep cutting: Implications for anterior cruciate ligament injury risk
screening. American Journal of Sports Medicine. 2013;41(3):684-688. doi:10.1177/0363546512472043

Bates NA, Nesbitt RJ, Shearn JT, Myer GD, Hewett TE. Relative Strain in the Anterior Cruciate Ligament and Medial Collateral Ligament during
Simulated Jump Landing and Sidestep Cutting Tasks: Implications for Injury Risk. American Journal of Sports Medicine. 2015;43(9):2259-2269.
doi:10.1177/0363546515589165

Donnelly CJ, Lloyd DG, Elliott BC, Reinbolt JA. Optimizing whole-body kinematics to minimize valgus knee loading during sidestepping: Implications
for ACL injury risk. J Biomech. 2012;45(8):1491-1497. doi:10.1016/j.jbiomech.2012.02.010

McLean SG, Huang X, van den Bogert AJ. Association between lower extremity posture at contact and peak knee valgus moment during
sidestepping: Implications for ACL injury. Clinical Biomechanics. 2005;20(8):863-870. doi:10.1016/j.clinbiomech.2005.05.007

Sigward SM, Cesar GM, Havens KL. Predictors of frontal plane knee moments during side-step cutting to 45° and 110° men and women:
Implications for ACL injury HHS Public Access. Clinical Journal of Sport Medicine. 2015;25(6):529.

Tesio L, Rota V. The Motion of Body Center of Mass During Walking: A Review Oriented to Clinical Applications. Front Neurol. 2019;10.
doi:10.3389/fneur.2019.00999

Cesar GM, Sigward SM. Dynamic stability during running gait termination: Differences in strategies between children and adults to control forward
momentum. Hum Mov Sci. 2015;43:138-145. doi: 10.1016/j.humov.2015.08.005.

Cesar GM, Sigward SM. Dynamic stability during running gait termination: Predictors for successful control of forward momentum in children and
adults. Hum Mov Sci. 2016;48:37-43. doi:10.1016/j.humov.2016.03.014

Boden BP, Dean GS, Feagin JA, Garrett WE. Mechanisms of Anterior Cruciate Ligament Injury. Orthopedics. 2000;23(6):573-578.
doi:10.3928/0147-7447-20000601-15

Dempsey AR, Lloyd DG, Elliott BC, Steele JR, Munro BJ, Russo KA. The effect of technique change on knee loads during sidestep cutting. Med Sci
Sports Exerc. 2007;39(10):1765-1773. doi:10.1249/mss.0b013e31812f56d1

Chaudhari AM, Hearn BK, Andriacchi TP. Sport-dependent variations in arm position during single-limb landing influence knee loading: Implications
for anterior cruciate ligament injury. American Journal of Sports Medicine. 2005;33(6):824-830. doi:10.1177/0363546504270455

Pollard CD, Norcross MF, Johnson ST, Stone AE, Chang E, Hoffman MA. A biomechanical comparison of dominant and non-dominant limbs during
a side-step cutting task. Sports Biomech. 2018;19(2):271-279. doi:10.1080/14763141.2018.1461236

Cowley HR, Ford KR, Myer GD, Kernozek TW, Hewett TE. Differences in neuromuscular strategies between landing and cutting tasks in female
basketball and soccer athletes. Journal of Athletic Training 67 Journal of Athletic Training. 2006;41(1):67-73. www.journalofathletictraining.org
Cesar GM, Edwards HT, Hasenkamp RM, Burnfield JM. Prediction of athletic performance of male and female athletes measured by triple hop for
distance. Trends Sport Sci. 2017;1(24):19-25.

Loturco |, Pereira LA, Reis VP, et al. Change of Direction Performance in Elite Players From Different Team Sports.; 2020. www.nsca.com
Dos'Santos T, Thomas C, Comfort P, Jones PA. The Effect of Angle and Velocity on Change of Direction Biomechanics: An Angle-Velocity Trade-
Off. Sports Medicine. 2018;48(10):2235-2253. doi:10.1007/s40279-018-0968-3

Dos’santos T, Thomas C, Jones PA, Comfort P. Assessing asymmetries in change of direction speed performance: Application of change of
direction deficit. The Journal of Strength & Conditioning Research. 2019;33(11):2953-2961. www.nsca.com

Cesar GM, Havens KL, Chang Y-J, Sigward SM. Effects of cut angle and online processing on cutting maneuvers. American Society of
Biomechanics Annual Conference. Published online 2011:1-2. www.usc.edu/go/mbrl

Hader K, Palazzi D, Buchheit M. Change of direction speed in soccer: how much braking is enough. Kinesiology . 2015;47:67-74.

Havens KL, Sigward SM. Joint and segmental mechanics differ between cutting maneuvers in skilled athletes. Gait Posture. 2015;41(1):33-38.
doi:10.1016/j.gaitpost.2014.08.005

Condello G, Kernozek TW, Tessitore A, Foster C. Biomechanical analysis of a change-of-direction task in college soccer players. Int J Sports
Physiol Perform. 2016;11(1):96-101. doi:10.1123/ijspp.2014-0458

Besier TF, Lloyd DG, Ackland TR, Cochrane JL. Anticipatory Effects on Knee Joint Loading during Running and Cutting Maneuvers. Vol 33.; 2001.
http://www.acsm-msse.org

Besier TF, Lloyd DG, Cochrane JL, Ackland TR. External loading of the knee joint during running and cutting maneuvers. Med Sci Sports Exerc.
2001;33(7):1168-1175. doi:10.1097/00005768-200107000-00014

Bedo et al.

[ 203 | voutr [ w1 | https://doi.org/10.20338/bjmb.v17i1.294 46 of 47



YB]MB Research Article

Brazilian Journal of Motor Behavior

35. Vanrenterghem J, Venables E, Pataky T, Robinson MA. The effect of running speed on knee mechanical loading in females during side cutting. J
Biomech. 2012;45(14):2444-2449. doi:10.1016/j.joiomech.2012.06.029

36. Suzuki Y, Ae M, Takenaka S, Fuijii N. Comparison of support leg kinetics between side-step and cross-step cutting techniques. Sports Biomech.
2014;13(2):144-153. doi:10.1080/14763141.2014.910264

37. Supej M, Rovan K, Kugovnik O, Holmberg LJ. The steps needed to perform acceleration and turning at different approach speeds. Original article
Kinesiologia Slovenica. 2014;20:38-50.

38. Marshall BM, Franklyn-Miller AD, King EA, et al. Biomechanical factors associated with time to complete a change of direction cutting maneuver.
The Journal of Strength and Conditioning Research. 2014;28(10):2845-2851. www.nsca.com

39. Slimani M, Nikolaidis PT. Anthropometric and physiological characteristics of male soccer players according to their competitive level, playing
position and age group: A systematic review. Journal of Sports Medicine and Physical Fitness. Published online January 1, 2019:141-163.
doi:10.23736/S0022-4707.17.07950-6

40. Kimura K, Sakurai S. A Sidestep Cut Preparation Strategy Decreases the External Load Applied to the Knee Joint. International Journal of Sport and
Health Science. 2013;11(0):109-117. doi:10.5432/ijshs.201309

41. Kristianslund E, Faul O, Bahr R, Myklebust G, Krosshaug T. Sidestep cutting technique and knee abduction loading: Implications for ACL prevention
exercises. Br J Sports Med. 2014;48(9):779-783. doi:10.1136/bjsports-2012-091370

42. Nedergaard NJ, Kersting U, Lake M. Using accelerometry to quantify deceleration during a high-intensity soccer turning manoeuvre. J Sports Sci.
2014;32(20):1897-1905. doi:10.1080/02640414.2014.965190

43, Dai B, Garrett WE, Gross MT, Padua DA, Queen RM, Yu B. The effect of performance demands on lower extremity biomechanics during landing
and cutting tasks. J Sport Health Sci. 2019;8(3):228-234. doi:10.1016/j.jshs.2016.11.004

44. Schreurs MJ, Benjaminse A, Lemmink KAPM. Sharper angle, higher risk? The effect of cutting angle on knee mechanics in invasion sport athletes.
J Biomech. 2017;63:144-150. doi:10.1016/j.joiomech.2017.08.019

45. Rouissi M, Chtara M, Owen A, et al. Effect of leg dominance on change of direction ability amongst young elite soccer players. J Sports Sci.
2016;34(6):542-548. doi:10.1080/02640414.2015.1129432

46. Jones PA, Bampouras TM, Marrin K. An investigation into the physical determinants of change of direction speed. J Sports Med Phys Fitness.
Published online 2009. https://www.researchgate.net/publication/23972989

47. Kristianslund E, Faul O, Bahr R, Myklebust G, Krosshaug T. Sidestep cutting technique and knee abduction loading: Implications for ACL prevention
exercises. Br J Sports Med. 2014;48(9):779-783. doi:10.1136/bjsports-2012-091370

48. Castagna C, Alvarez JCB. Physiological demands of an intermittent futsal-oriented high-intensity test. J Strength Cond Res. 2010;24(9):2322-2329.
WWW.Nsca-jscr.org

49. Moreno JH. Andlisis de los parametros espacio y tiempo en el futbol sala La distancia recorrida, el ritmo y direccion del desplazamiento del jugador
durante un encuentro de competicion: los casos de J.Gay (defensa), C. Marrero (cierre), J. Beto (pivote), J. Limones (ala) y J. Claveria (portero).
Educacion fisica y deportes. 2001;65(1):32-44.

Citation: Bedo BLS, Cesar GM, Soares WTE, Catelli DS, Marques JB, Gomes MM, Santiago PRP. (2023). The influence of athletic background, lower limb dominance,
and cutting angle on the center of mass kinematics during a sidestep cutting task. Brazilian Journal of Motor Behavior, 17(1):39-47.

Editor-in-chief: Dr Fabio Augusto Barbieri - Sdo Paulo State University (UNESP), Bauru, SP, Brazil.

Associate editors: Dr José Angelo Barela - Sdo Paulo State University (UNESP), Rio Claro, SP, Brazil; Dr Natalia Madalena Rinaldi - Federal University of Espirito Santo
(UFES), Vitoria, ES, Brazil; Dr Renato de Moraes — University of Sdo Paulo (USP), Ribeirdo Preto, SP, Brazil.

Copyright:© 2022 Bedo, Cesar, Soares, Catelli, Marques, Gomes and Santiago and BJMB. This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives 4.0 International License which permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Funding: This study was financed in part by the Coordenagéo de Aperfeigoamento de Pessoal de Nivel Superior - Brasil (CAPES) - Finance Code 001; and the grant,
#2010/20538-7, #2019/17729-0, #2019/04721-0, S&o Paulo Research Foundation (FAPESP); and also had a financial contribution from the Brazilian Society of
Biomechanics.

Competing interests: The authors have declared that no competing interests exist.

DOI: https://doi.org/10.20338/bjmb. v17i1.294

Bedoetal. | 2023 | VOLA7 | N.1 | https://doi.org/10.20338/bjmb.v17i1.294 47 of 47



