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Abstract

Change of directions (COD) involves multidirectional and complex actions, with
performance influenced by multiple factors. As lower limb strength is one of the
most determinant of COD performance, the present study aimed to (a) explore the
differences in strength outcomes across different lower limb muscle actions be-
tween faster and slower basketball players in COD actions at different angles and
(b) analyse the relationship between isometric, concentric and eccentric strength
outcomes and COD performance at different cutting angles. Twenty-five basketball
players (44% female) completed a battery of tests, encompassing isokinetic and
isometric squat strength assessments, along with COD tests at 45°, 90° and 180°.
Players were categorised as ‘low-performance’ and ‘high-performance’ groups based
on execution time in COD, facilitating a comparison between performance groups.
Results indicated that concentric strength showed the greatest differences between
performance groups at 45° COD (effect size > 0.813; p < 0.034). Isometric and
eccentric strength demonstrated a moderate-to-large relationship with 90° COD
performance (Rho > 0.394; p < 0.045), and all muscle actions exhibited a large
relationship with 180° COD (Rho > 0.445; p < 0.030). Moreover, the fastest players
showed higher levels of concentric strength relative to eccentric strength, regard-
less of the cutting angle. These findings hold practical applications, suggesting that
basketball coaches should train a specific kind of muscle action depending on the
individual players' COD demands, focusing on improving the rapid eccentric force

application while striving to reduce the eccentric/concentric ratio.

KEYWORDS
acceleration, agility, cutting, deceleration, team sport

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Author(s). European Journal of Sport Science published by Wiley-VCH GmbH on behalf of European College of Sport Science.

Eur J Sport Sci. 2024;1-10.

wileyonlinelibrary.com/journal/ejsc 1


https://doi.org/10.1002/ejsc.12164
https://orcid.org/0000-0002-5387-1788
https://orcid.org/0000-0002-2949-7896
https://orcid.org/0009-0006-3593-2555
https://orcid.org/0000-0003-0077-6813
https://orcid.org/0000-0002-6878-8004
https://orcid.org/0000-0002-1008-176X
https://orcid.org/0000-0003-2516-5226
mailto:francisco.barrera@ddi.uhu.es
https://orcid.org/0000-0002-5387-1788
https://orcid.org/0000-0002-2949-7896
https://orcid.org/0009-0006-3593-2555
https://orcid.org/0000-0003-0077-6813
https://orcid.org/0000-0002-6878-8004
https://orcid.org/0000-0002-1008-176X
https://orcid.org/0000-0003-2516-5226
http://creativecommons.org/licenses/by-nc-nd/4.0/
onlinelibrary.wiley.com/journal/15367290

BARRERA-DOMINGUEZ €T AL.

YRS
2 L WILEY {chs!

e ot

Highlights

cutting angle.

1 | INTRODUCTION

Change of direction (COD) actions, which are vital in basketball,
demand precise body control, muscle activation and force production
(Spiteri, Newton, Binetti, et al., 2015). This complex and multidirec-
tional skill involves planned deceleration and acceleration in different
directions (Nimphius et al., 2016), occurring frequently—over 1000
times per game (Matthew & Delextrat, 2009; Salazar et al., 2020),
with 15% of these at maximum intensity (<—3.5 m-s—2) (Svilar
et al.,, 2018). Regardless of a player's position or gender, COD is a
crucial physical ability in basketball, providing a physical advantage
over opponents, aiding in offencive positioning or enhancing defen-
cive manoeuvers (Power et al., 2022). With the rising intensity of
modern basketball (Sugiyama et al., 2021), strength and conditioning
coaches must prioritise COD, understanding its physical factors and
enhancing athletes' performance in these actions.

Efficient execution of COD relies on distinct types of muscle
actions, with athletes needing adequate eccentric strength for initial
deceleration, isometric strength during stance and concentric
strength for reacceleration in the new direction (Spiteri et al., 2014).
Achieving optimal COD at maximum speed involves the crucial
interplay of these muscle actions (Castillo-Rodriguez et al., 2012).
While prior studies have investigated physical determinants of COD,
including eccentric (Jones et al., 2022; Smajla et al., 2022), isometric
(Smolarek et al., 2023; Spiteri et al., 2014; Spiteri, Newton, & Nim-
phius, 2015) and concentric strength (Spiteri et al., 2014; Spiteri,
Newton, & Nimphius, 2015), as well as power and reactive strength
(Barrera-Dominguez et al., 2020; Castillo-Rodriguez et al., 2012),
conflicting conclusions and lack of consensus persist. Divergent
findings may stem from variations in sample characteristics, COD
assessment protocols employed (i.e., t-test vs. 505 test) and muscle
strength measurement methods (i.e., isokinetic vs. isoinertial).
Notably, the influence of muscle actions on COD likely hinges on the
task demands, which are directly affected by cutting angles (Dos'-
Santos et al., 2018). Thus, the absence of consensus in the scientific
literature is justifiable, given the challenge of comparing results
across studies using different COD assessment tests.

The analysis of mechanical demands in 180° cutting angles re-
veals the necessity for athletes to rapidly decelerate at the cut point
and then swiftly reaccelerate in the opposite direction. Previous
studies emphasise the crucial role of the deceleration phase in COD

their eccentric strength.

e Strength is undeniably a key indicator in change of directions (COD) performance. The

relationship between strength outcome measures and COD proficiency depends on the

e Cutting angles below 90° emphasise concentric strength, while those above 90° exhibit a
stronger reliance on isometric and eccentric strength.
e Rapid eccentric force production strongly correlates with COD performance across all

cutting angles. However, the fastest players exhibit higher concentric strength relative to

performance, recognising its instrumental preparation for the final
step and the subsequent reacceleration (Dos'Santos et al., 2021a;
Dos'Santos et al, 2019). In this phase, athletes experience force
peaks reaching up to six times their body mass (Harper et al., 2022),
highlighting the significance of eccentric strength in mitigating linear
momentum during pre-cutting steps and the braking phase at the
final step of the cut (Jones et al., 2017). A strong association between
the eccentric strength of knee flexors and extensors and 180° COD
performance has been reported (Jones et al., 2017). These sharp
cutting actions also extend ground contact time beyond 400 milli-
seconds during the final step (McBurnie & Dos’Santos, 2022), making
isometric strength relevant. Smolarek et al. (2023) discovered sig-
nificant correlations between peak isometric strength (measured in a
mid-thigh pull) and the ability to execute a 180° COD.

In contrast, for shear cuts below 90°, managing the moment of
inertia is pivotal, with less emphasis on deceleration (Dos'Santos
et al., 2018). Additionally, maintaining high speeds at these wider
cutting angles is crucial for higher performance (Hader et al., 2015).
While Jones et al. (2022) emphasised the substantial influence of
eccentric strength at shear angles ranging from 70° to 90°, Smajla
et al. (2022) found only trivial correlations between eccentric
strength in an isoinertial flywheel squat and 90° COD performance.

As previously mentioned, distinct muscle actions have been
demonstrated to influence COD performance, with all types of muscle
actions playing crucial roles in this complex, high-speed action (Spiteri,
Newton, Binetti, et al., 2015). Studies assessing full-spectrum strength
through dynamic movements show correlations between dynamic
strength and COD performance, particularly emphasising the elastic
and reactive components of strength at angles of 90° and 180° (Bar-
rera-Dominguez et al., 2020; Castillo-Rodriguez et al., 2012). Strength
is undeniably a key indicator in COD performance, yet consensus is
lacking on the impact of various strength measures for each muscular
action at different cutting angles.

This study sought to achieve two main purposes: (a) to examine
the differences in strength measures for different lower limb muscle
actions between faster and slower basketball players in COD actions
at different angles and (b) to analyse the relationship between iso-
metric, concentric and eccentric strength measures and COD per-
formance at different cutting angles. It was hypothesised that
associations between different muscle actions and COD exist, with
the strength of these associations varying depending on the specific
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cutting angle. Faster players engaged in cutting actions at 45° may
require greater concentric strength, those at 90° may demand
greater eccentric strength, and in the case of cutting actions at 180°,
all muscle actions may hold equal importance.

2 | MATERIALS AND METHODS
2.1 | Design

A cross-sectional experimental design was employed to analyse the
effect of specific strength characteristics on different cutting angles
and to compare different strength characteristics between “fast” and
“slow” COD basketball players at each angle. The evaluation session
comprised two main components. Firstly, participants performed the
modified 505 COD test at 45°, 90° and 180° (Barrera-Dominguez
et al, 2023). Subsequently, assessments of isokinetic strength at
0.60 m-s~* were conducted, along with 8-s isometric strength mea-
surements involving knee flexion at 65° and hip flexion at 55°, using
functional electromechanical dynamometry (FEMD).

Data collection occurred during the competitive phase of the
sports season. The strength assessment was conducted in the (blin-
ded) facility, while the COD tests were executed on the university's
basketball court. To familiarise participants with the isokinetic and
isometric strength testing procedures using FEMD, a familiarisation
session was conducted 1 week before the assessment. All partici-
pants completed both the familiarisation and assessment sessions

immediately before their basketball training sessions.

2.2 | Participants

A total of 25 basketball players (44% females; age, 23.2 + 4.69 years;
height, 182.5 & 7.69 cm; body mass, 77.4 4+ 11.3 kg), all competing in
the (blinded), voluntarily participated in this study. Participants were
recruited using convenience sampling and were included if they had
been free from lower limb injuries for at least 6 months prior to the
assessment, engage in training at least 3 days a week during the
season in addition to competitive games and possess a minimum of
10 years of basketball-playing experience.

All participants were informed of potential risks and benefits
before the study and provided written consent prior to commencing
testing procedures. This study was approved by the (blinded),
following the guidelines outlined in the Declaration of Helsinki.

2.3 | Procedures

The familiarisation session lasted 30 min, starting with 5 min of
general hip and ankle mobility exercises. Following this, the subjects
performed two sets of 30-s bodyweight isometric squats and 10
repetitions of dynamic free squats. Subsequently, familiarisation with

FEMD began, involving two sets of 8-s maximum isometric squats.

iEiss;

Finally, participants performed two sets of four repetitions (two
submaximal and two maximal) of isokinetic squats at a velocity of
0.60 m-s~! with subject-specific ranges of motion (ROM). The ROM
depended on the length of the lower limb levers of each subject and
was individually adjusted to allow them to perform an isokinetic
squat from 0° to 90° of knee flexion.

One week after familiarisation, the main evaluation took place.
Before the start of the evaluation sessions, a 15-min warm-up was
implemented, starting with general activation, including light in-
tensity jogging, a series of dynamic stretching exercises and several
acceleration runs, followed by specific potentiation exercises. Addi-
tionally, each player was instructed to ensure adequate hydration
and rest, abstain from high-intensity training for 24 h preceding the
evaluation and control caffeine and food intake at least 3 h before
each assessment.

2.3.1 | Modified 505 COD test at 45°, 90° y 180°

The execution time for speed tests was measured using single-beam
timing cells (Chronojump BoscoSystem®, Barcelona, Spain). The
timing cells were positioned 2 m apart at a height of 1 m, approxi-
mately corresponding to the height of the players' hips. Before the
test, each player was positioned 0.5 m behind the first gate in a two-
point split stance (i.e., standing with the preferred foot forward and
placed exactly 0.5 m behind the starting line). Then, each player
accelerated to maximum speed, covering 10 m in all tests, with a
turning point at the 5-m mark. At this turning point, each athlete
executed turns at angles of 45°, 90° and 180° to reach the second
gate in the shortest possible time. The COD tests at 45°, 90° and
180° were performed on both sides, with laterality determined by the
leg used during the final step when performing the COD mechanics.

2.3.2 | Isometric and isokinetic strength

Isokinetic and isometric strength were assessed during the squat
exercise using a FEMD (Myoquality, Spain) (del-Cuerpo et al.,, 2023;
Morenas-Aguilar et al., 2023; Rodriguez-Perea et al., 2021) with high
precision, featuring a three-mm displacement accuracy, a load
detection sensitivity of 100 g and a sampling frequency of 1000 Hz.
The FEMD system comprises a rope connected to the machine body,
passing through a floor-mounted pulley located just in front of the
machine. To isolate lower limb strength, the player stood with one
foot on each side of the pulley, ensuring that the application of force
against the rope remained completely vertical (Figure 1). The player
then hooked the rope to a waist harness. In the correct position,
players applied force to the rope, and a load cell detected the tension
on the rope to measure lower limb strength.

Isometric strength assessment involved conducting two sets of
8-s isometric squats with the knee flexed at 65° and the hip at 55°,
replicating the joint angles experienced during COD (Dos'Santos

et al, 2021b). The rope length was individually adjusted for each
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FIGURE 1 Isokinetic and isometric squat set-up. Initial (left) and final (right) position.

player to achieve the specified squat position. Players were instruc-
ted to exert maximum and steady force quickly.

For isokinetic strength, participants completed two sets of four
maximal repetitions of isokinetic squats at a velocity of 0.60 m-s™1.
The FEMD system precisely controlled angular velocity using a
2000 W electric motor (Martinez-Garcia et al., 2020). The squat
movement ranged from a standing position to a knee flexion of 90°
(Figure 1), encompassing the angles experienced by the lower limbs
during COD actions (Dos'Santos et al, 2021b). Rope length and
distance covered were individually adjusted for each player. Players
were instructed to resist the “pull” of the rope as much as possible
during the eccentric phase and to exert maximal force during the
concentric phase.

A five-minute rest period was maintained between each set using
the FEMD system. Mean strength values for each type of muscular
action were used to calculate eccentric/isometric (E/I), eccentric/
concentric (E/C) and isometric/concentric (I/C) strength ratios. A
sampling period of 20 milliseconds was used to analyse the peak rate
of force development (pRFD), given its demonstrated reliability in
prior studies (Haff et al., 2015).

2.4 | Statistical analyses

Means + standard deviations (SD) were used for variable de-
scriptions. The relative and absolute reliabilities of the tests were
evaluated using the intraclass correlation coefficient (ICC; ICC > 0.9
was considered strong) and the coefficient of variation (CV;
CV < 10% was established as an intraday reliability criterion). A
median cut-off score was established for the execution time of each
COD angulation, thus dividing participants according to their per-
formance in each COD test. High Performance (HP) included

participants with a performance above the 50th percentile in each
COD test. Low Performance (LP) consisted of players with a per-
formance below the 50th percentile in each COD test. Normality and
homogeneity of data were assessed using Shapiro-Wilk and Levene's
tests, respectively. Given non-compliance with assumptions, the
Mann-Whitney U-test was used to analyse the influence of the
strength variables across the different COD performance groups.
Cohen's d was calculated for effect size (ES) interpretation. Thresh-
olds for qualitative descriptors of Cohen's d were set at < 0.20
‘trivial’, 0.20-0.50 ‘small’, 0.50-0.80 ‘moderate’ and >0.80 ‘large’
(Cohen, 1988). Spearman's correlation coefficient assessed relation-
ships between the different strength variables and COD, with the
following thresholds indicating magnitude: <0.10 ‘trivial’, 0.10-0.30
‘small’, 0.30-0.50 ‘moderate’, 0.50-0.70 ‘large’, 0.70-0.90 ‘very large’
and >0.9 ‘almost perfect’ (Hopkins et al., 2009). The alpha level was
set at p < 0.05. All statistical analyses were conducted using IBM
SPSS Statistics for Macintosh (V25.0, IBM Corporation).

3 | RESULTS

Table 1 presents the mean + SD values for the assessed strength and
COD variables, along with the ICC and CV for each variable. The test
reliability, both in relative and absolute terms, was confirmed (ICC >
0.905; CV < 7.94).

Table 2 displays a comparison between LP and HP groups for
different turning angles with each strength variable. The HP group
showed the highest levels of strength for all muscle actions.
Concentric strength characteristics showed the largest significant
differences between performance groups (ES > 0.813; p < 0.034) for
a shear angle at 45°. At a cutting angle of 90°, the only variable

demonstrating significant and substantial differences between
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TABLE 1 Descriptive analysis (mean + SD) of the performance variables analysed.
Variables Mean + SD Minimal-Maximal ICC CV (%)
Isometric strength
Mean force (kg) 175.5 + 433 106.4-265.8 0.969 7.94
Peak force (kg) 203.3 + 484 125.1-296.0 0.940 717
Impulse (N-s) 14,032.2 + 3338.9 8498.1-21,238.5 0.981 4.35
Peak RFD (N/s) 9899.3 + 6175.3 2992.9-26,935.9 0.973 3.75
Concentric strength at 0.6 m-s~*
Mean force (kg) 67.4 + 32.3 21.0-129.2 0.976 777
Peak force (kg) 134.5 + 50.8 52.0-236.5 0.977 7.55
Peak RFD (N/s) 6941.5 + 3044.3 1678.9-12,451.0 0.957 7.61
Eccentric strength at 0.6 m-s™*
Mean force (kg) 165.1 + 57.7 74.3-269.1 0.982 4.24
Peak force (kg) 246.8 + 74.2 142.7-381.1 0.986 6.88
Peak RFD (N/s) 12,300.8 + 3725.2 6514.4-19,987.1 0.919 7.49
Change of direction tests
COD 45° L (s) 2.01 +0.16 1.63-2.51 0.941 2.38
COD 45° R (s) 2.01 +0.15 1.57-2.44 0.983 145
COD 90° L (s) 2.32 +0.18 1.94-2.83 0.935 2.55
COD 90° R (s) 232 £ 0.19 1.96-3.08 0.905 3.50
COD 180° L (s) 2.81 +0.21 2.54-3.44 0.955 2.25
COD 180° R (s) 2.81 +0.22 2.39-3.28 0.956 159

Abbreviations: COD, change of direction; CV, coefficient of variation.; ICC, intraclass correlation coefficient; L, left; R, right; RFD, rate of force

development; SD, standard deviation.

groups was eccentric pRFD (ES = 0.882; p = 0.035). The sharpest
COD at 180° revealed the greatest significant differences between
groups for all isometric (ES > 1.080; p < 0.015), concentric (ES > 1.03;
p < 0.010) and eccentric (ES > 0.697; p < 0.050) strength outcome
measures.

The correlation analysis between different strength outcome
measures of each muscle action and COD tests is presented in
Figure 2. Mean force (MF) and impulse in the isometric squat
exhibited moderate negative correlations that were statistically sig-
nificant with 90° (Rho > 0.394; p < 0.048) and 180° (Rho > 0.445;
p < 0.030) cutting angles. The MF of the concentric phase of the
isokinetic squat demonstrated a substantial negative correlation with
45° (Rho > 0.460; p < 0.022) and 180° (Rho > 0.551; p < 0.005)
cutting angles. In relation to eccentric strength, it was fast force
application, specifically pRFD, that displayed significant negative
correlations with all COD angles (Rho > 0.469; p < 0.019).

Table 3 displays the comparison between LP and HP groups for
different turning angles in terms of each strength ratio. Significant
large differences were identified in the E/C and I/C ratios
(ES > 0.834; p < 0.035) between performance groups, with the HP
group showing the lowest values at a 45° cutting angle. Additionally,
the I/C ratio also showed significant large differences between per-
formance groups (ES = 0.994; p = 0.030) during the 180° COD test,

indicating that those fastest at this cutting angulation resulted in the
lowest I/C ratio.

4 | DISCUSSION

The purpose of the present study was to examine differences in
strength outcome measures of lower limb muscle actions between
faster and slower basketball players in COD actions at different
angles. Additionally, the study aimed to analyse the relationship be-
tween isometric, concentric and eccentric strength outcome mea-
sures and COD performance at different cutting angles. The findings
shed light on how the disparities in performance groups for each
strength outcome measure were directly influenced by the cutting
angle. Specifically, concentric strength measures displayed the most
differences at a 45° angle, fast eccentric strength emerged as pivotal
for cuts at 90° and all muscle actions showed significant differences
at 180° COD. Noteworthy findings of this research included the
robust relationship between the pRFD and all COD angulations, the
significant relationship between concentric strength and COD at 45°
and 180° and the moderate relationship between isometric strength
and COD at 90° and 180°. Finally, the strength ratios underscored

the importance of possessing high concentric strength levels
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compared to other muscular actions for achieving superior perfor-
mance across various COD angulations.

These findings align with prior research, consistently indicating a
strong relationship between isometric (Smolarek et al., 2023; Spiteri
et al., 2014; Spiteri, Newton, & Nimphius, 2015), concentric (Spiteri
et al, 2014, 2015) and eccentric (Jones et al., 2022; Smajla
et al, 2022) strength measures and COD performance. However,
these studies only examined the relationship between strength var-
iables at a single cutting angle or within manoeuvrability tests that
involved various cutting actions across multiple angles (Nimphius
et al., 2018). Consequently, they could not provide a detailed analysis
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FIGURE 2 Spearman's Rho correlations between different
strength outcome measures of each muscle action and change of
direction tests. COD, Change of Direction time at 45° (CODA45), 90°
(COD90) and 180° (COD180) turn; RFD, Rate of Force
Development. An asterisk (*) indicates p < 0.05; two asterisks (**)

indicate p < 0.001.
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of the effect of each strength outcome measure on various COD
angulations.

The present study reinforces the existing literature's assertion
that strength is an indispensable component for successful COD
performance (Barrera-Dominguez et al., 2020; Young et al., 2002).
Furthermore, it sheds light on the specific strength characteristics of
each cutting angle. In this regard, for wide cutting angles of 45°, the
concentric strength outcome measures had the greatest influence on
COD performance. This could be explained by the emphasis on ve-
locity in these shear angles (Bourgeois et al., 2017). Achieving optimal
performance at 45° COD requires a primary focus on maintaining
high speeds (Hader et al., 2015), characterised by ground contact
times of less than 150 milliseconds and minimal braking forces
(McBurnie & Dos'Santos, 2022). Thus, it makes sense that concentric
strength is of great relevance in 45° COD.

Nevertheless, when performing COD with sharper cutting an-
gles, the strength requirements undergo significant changes, and
other strength outcome measures become increasingly influential on
COD performance. Prior research has indicated that the mechanical
characteristics of 90° and 180° cuts result in longer ground contact
times in the final step, ranging from 250 to 500 milliseconds
(McBurnie & Dos'Santos, 2022). The findings from the present study
showed a strong relationship between isometric strength and COD
performance at sharp angles. This relationship can be attributed to
the need for the lower limbs to maintain isometrically longer reaction
forces in the final step while the rest of the body undergoes reor-
ganisation and redirection towards a new direction of displacement
(Dos’Santos et al., 2021a).

In addition, it is known that 180° COD actions emphasise force-
oriented characteristics (Bourgeois et al., 2017), demanding sub-
stantial braking and reacceleration forces for higher performance.
The current results align with previous literature and show that the
sharpest angles of 180° COD are the most force-demanding, with all
assessed strength outcome measures serving as determinants in 180°
COD. Finally, it is worth noting that among all the strength outcome
measures obtained, eccentric pRFD showed the strongest relation-
ship with COD and was the sole variable that exerted a significant
impact on all cutting angles. COD actions are executed at maximal
intensities and speeds with high external load demands, as demon-

strated in recent studies that have recorded values of knee joint

TABLE 3 Comparison (mean + SD) of the different strength ratios between low performance and high performance groups classified by

each change of the direction test.

COD 45° COD 90° COD 180° p value (ES)
LP(n=12) HP(h=13) LP(n=12) HP(hn=13) LP(n=12) HP(n=13) 45° 90° 180°
Strength ratios
E/l 104+ 049 097 +038 0.92+038 107+047 1.06+052 0.96+034 0.910(0.162) 0.361(0.350) 0.820 (0.214)
E/C 353+137 245+120 291+158 302+ 122 353+ 158 244+0.94 0.035(0.834) 0.650(0.078) 0.087 (0.743)
I/C 415 +204 259+086 3604203 3.06+135 395+181 276+ 141 0.026(1.026) 0.649(0.317) 0.030 (0.994)

Note: Bold indicates significant differences between groups p < 0.05.

Abbreviations: C, concentric; COD, change of direction; E, eccentric; ES, effect size; HP, high performance group; I, isometric; LP, low performance

group.
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angular velocities ranging from 469 to 493°/s during the deceleration
phase before COD (Nedergaard et al., 2014). These elevated knee
joint angular velocities underscore the paramount importance of
rapid eccentric force production capacity and pre-activation of the
knee extensors to facilitate early pRFD occurrence within the first
40 milliseconds of stance (data not shown).

Previous studies have highlighted the crucial role of eccentric
muscle action in COD performance (Jones et al., 2017, 2022; Smajla
et al., 2022), primarily due to substantial peaks in eccentric strength
during braking actions. These peaks, reaching 168% higher than
propulsive forces (Harper et al., 2022), emphasise the importance of
eccentric strength. However, existing research often isolated
eccentric muscle action without considering its interplay with other
muscle actions or the specific COD tests performed. Our compre-
hensive study examined various strength outcome measures and
scrutinised strength ratios across all muscle actions. Surprisingly, the
swiftest players in COD exhibited higher concentric strength relative
to eccentric and isometric strength, reflected in lower E/C and 1/C
ratios. This trend was evident in both sharper (180°) and shear (45°)
cuts. These underscore the importance of possessing high concentric
strength levels compared to other muscular actions for achieving
superior performance in various COD angles. Although the capacity
to rapidly apply eccentric strength during maximum deceleration
at the COD is crucial (Harper et al., 2022), players demonstrating
rapid eccentric force production with minimal disparities between
eccentric and concentric strength excel across cutting angles. This
highlights the multifaceted nature of COD performance, emphasising
the importance of strength ratios for a more comprehensive
assessment.

To the best of our knowledge, this study represents the first
comprehensive analysis of the impact of different muscle actions
assessed with FEMD on different cutting angles in basketball
players. Even though the findings provide valuable insights into
COD performance, it is essential to acknowledge several limitations
inherent in our study. Firstly, all squats evaluated were performed
bilaterally, while actual COD actions in basketball involve bilateral
asymmetric or unilateral actions. Unilateral squat assessment with
FEMD may be more specific and better simulate COD execution,
which might lead to greater correlations, but may also show worse
ICC and CV values. Secondly, the sample size is relatively small,
which may restrict the generalisability of the findings to a larger
population. Furthermore, it is important to note that due to the
cross-sectional nature of our study, we cannot establish a cause-
and-effect relationship. Nonetheless, it is worth mentioning that
Barrera-Dominguez et al. (2023) reported improvements in COD
performance at different angles in basketball players after an 8-
week of individualised training program designed to enhance all
strength outcome measures in the squat. This further reinforces the
present research findings, adding valuable insights to the existing
literature regarding the impact of diverse strength measures on
COD. These insights may prove beneficial for coaches in devising
more effective training programmes to enhance their athletes' COD

performance.

5 | CONCLUSION

In conclusion, strength emerges as a pivotal factor influencing COD
performance, and this study sheds light on intriguing discoveries in
this domain. The results unequivocally demonstrated that the
relationship between strength outcome measures and COD profi-
ciency depends on the cutting angle. Specifically, cutting angles
below 90° emphasise concentric strength, while those above 90°
exhibit a stronger reliance on isometric and eccentric strength.
Furthermore, rapid eccentric force production strongly correlates
with COD performance across all cutting angles. However, the
fastest players exhibit higher concentric strength relative to their
eccentric strength. These findings are crucial for coaches seeking
to improve their players' COD performance. Coaches should
analyse the individual COD requirements, considering angle varia-
tions, and design tailored training programmes that focus on aug-
menting rapid eccentric force while aiming to reduce the E/C ratio.
This strategic approach could optimise basketball players’ COD
abilities.
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