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Abstract

This study aimed to evaluate the between-session reliability of single-leg performance and

asymmetry variables during unilateral and bilateral countermovement jumps (CMJ).

Twenty-three basketball players completed two identical sessions which consisted of four

unilateral CMJs (two with each leg) and two bilateral CMJs. Mean and peak values of force,

velocity and power, impulse, and jump height were obtained separately for each leg using a

dual force platform. All performance variables presented an acceptable reliability (CVrange =

4.05–9.98%) with the exceptions of jump height for the unilateral CMJs and mean power,

peak velocity, peak power, and impulse for the left leg during the bilateral CMJ

(CV�11.0%). Nine out of 14 variables were obtained with higher reliability during the unilat-

eral CMJ (CVratio�1.16), and 4 out of 14 during the bilateral CMJ (CVratio�1.32). Asymmetry

variables always showed an unacceptable reliability (ICCrange = 0.15–0.64) and poor/slight

levels of agreement in direction (Kapparange = -0.10 to 0.15) for the unilateral CMJ, while an

acceptable reliability (ICCrange = 0.74–0.77) and substantial levels of agreement in direction

(Kapparange = 0.65 to 0.74) were generally obtained for the bilateral CMJ. These results sug-

gest that single-leg performance can be obtained with higher reliability during the unilateral

CMJ, while the bilateral CMJ provides more consistent measures of inter-limb asymmetries.

Introduction

The countermovement jump (CMJ) is a ballistic exercise commonly performed on a force plat-

form to comprehensively assess lower-body neuromuscular function [1,2]. The CMJ has been

also used to measure single-leg performance and detect inter-limb asymmetries [3–5]. The

assessment of inter-limb asymmetries is justified by the influence that CMJ-based asymmetry

may have on athletic performance [6,7] and injury risk [4]. Both unilateral and bilateral CMJs
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have been used to detect inter-limb asymmetries [3–6,8]. During unilateral CMJs athletes

jump from a monopodial stance with the tested leg placed on a single force platform, while

during the bilateral CMJ a bipodal stance is used with each leg positioned on an individual

force platform [5]. Although it is reasonable to believe that the inter-limb asymmetries mea-

sured during bilateral and unilateral CMJs should be closely related, research has shown that

impulse asymmetries observed during bilateral and unilateral CMJs are unrelated [3]. In fact,

it has been suggested that the unilateral CMJ represents a more robust indicator of the capacity

of each limb, while the bilateral CMJ may provide more comprehensive information about the

compensatory strategies between limbs [9]. Therefore, it is important to elucidate whether

bilateral or unilateral CMJs provides more valuable data to accurately detect inter-limb asym-

metries [10].

A high reliability is a basic requirement for any fitness test [11]. Emerging research has

explored the reliability of single-leg mechanical performance variables collected with force

platforms during unilateral and bilateral CMJs. Regardless of the tested leg, some studies have

reported a high between-session reliability (coefficient of variation [CV]� 9.8%; intraclass

correlation coefficient [ICC]� 0.75) for peak force, peak power, concentric impulse, and

jump height during the unilateral CMJ [12–18]. Similar reliability outcomes were reported for

the lower-limb differences in mean force, peak force, and concentric impulse during the bilat-

eral CMJ performed with and without arm swing (CV� 9.2%; ICC� 0.68) [5,19]. The avail-

able body of literature suggests that both CMJ variants could be reliable tests to measure

single-leg mechanical performance. Instead, Benjanuvatra et al. [3] have recommended the

unilateral CMJ to examine impulse asymmetries because it places a greater emphasis on force

production from one limb, while inter-limb asymmetries detected during the bilateral CMJ

could be more affected by the weighing phase (i.e., slight shifts of the center-of-mass toward

one side). It is worth mentioning that the purpose of the weighing phase is the accurate deter-

mination of body weight, which is essential in forward dynamics procedures [20]. Contrary to

Benjanuvatra’s et al. [3] suggestion, a recent study [19] observed that the single-leg perfor-

mance for the mean force (CVratio = 1.29–1.41), concentric impulse (CVratio = 1.56–1.63), and

eccentric impulse (CVratio = 1.45–1.75) was more reliable for the bilateral CMJ than unilateral

CMJ in elite academy soccer players. Therefore, this lack of agreement clearly emphasizes the

need to conduct additional research to elucidate which variant of CMJ exercise is more reliable

to measure single-leg performance considering other mechanical variables (e.g., velocity,

power, or jump height) and populations (e.g., basketball players).

On the other hand, only two studies [3,4] have examined the between-session reliability of

CMJ-based asymmetry variables. Impellizzeri et al. [4] showed that “Bilateral Strength Asym-
metry” was highly reliable for peak force (ICC = 0.91) measured with a single force platform

(i.e., athletes jump with one leg placed on a force platform and the other leg on a wooden plat-

form). Benjanuvatra et al. [3] also found that the “Index of Asymmetry” calculated for jump

height and concentric impulse presented a high reliability (ICC� 0.95) during bilateral and

unilateral CMJs. The scope of other studies, however, focused on answering the question of

whether asymmetry consistently favored the same leg between testing sessions (i.e., “direction
of asymmetry”) during unilateral CMJ [8,13,19]. For instance, Bishop et al. [13] found substan-
tial levels of agreement (Kappa range = 0.64–0.66) for the peak force and jump height collected

with a single force platform in recreational soccer and rugby athletes. By contrast, Bishop et al.

[8] also reported a slight to fair levels of agreement (Kappa range = 0.18–0.29) for the jump

height measured with the smartphone application “My jump 2” in national-level youth basket-

ball athletes. Therefore, further research is warranted to examine the between-session reliabil-

ity of inter-limb asymmetry variables during unilateral and bilateral CMJs in order to ensure

that the magnitude and direction are consistent between sessions [21].
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