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Abstract

The aim of this study was to evaluate the relation between the maximum mean propulsive

power (MPP) obtained in the loaded jump squat (JS) and half squat (HS) exercises and func-

tional performances in vertical jumps, 40 m linear speed (VEL) and change-of-direction (COD)

tests, using the median split technique. Twenty-two male rugby sevens players from the Brazil-

ian National Olympic Team (Rio-2016) performed vertical jumping tests (squat and counter-

movement jumps [SJ and CMJ]), JS and HS exercises, COD speed test and sprinting velocity

in 40 m, in this order. Based on the results of the MPP in the JS and HS exercises the partici-

pants were divided, using the median split, into four groups as follows: higher JS, lower JS,

higher HS, and lower HS. Between-group differences in the functional tasks were detected via

magnitude-based inferences. The athletes with higher MPP in the JS were capable of jumping

higher and sprinting faster (including the COD speed test) than their weaker counterparts. This

pattern was not observed in the HS exercise. To conclude, JS was shown to be more con-

nected to sprinting, COD speed and jumping abilities than HS in elite rugby sevens players

and should be preferred for assessing and possibly training elite athletes needing to improve

speed-power related abilities.

Introduction

Specific performance in top-level sports depends on adequate training methods and precise

training load adjustments [1]. In this regard, several studies have been conducted to determine

the impact of distinct training strategies and loading patterns on the neuromechanical capaci-

ties of elite athletes [2–4]. Additionally, some research has already pointed out that some types

of resistance exercises (i.e., ballistic or non-ballistic movements) may present different effects

and relationships with speed-power related performance [5]. Whereas jump exercises are regu-

larly chosen because of their similarity to sport-specific movements and relatively low com-

plexity [6], the half squat might be recommended due to its inherent capacity to improve both

“typical force-velocity relationships” [7] and, thus, athletic performance (e.g., linear speed and

COD ability). This issue is critical to performance in team sports [8] since the requirements of
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speed and turns (i.e., change of direction) have been steadily increasing in competitions [9,10],

and these capacities are thought to determine match outcomes [11]. Accordingly, determining

the most effective exercises and loads that lead to enhancements in sport-specific force-velocity

qualities has become a relevant topic in the scientific literature [12].

For instance, a recent study exploring the particular effects of loaded jump squats and half

squats in elite soccer players revealed that both exercises are capable of reducing the decrements

in speed-power capacities that commonly occur throughout professional soccer preseasons[13].

Also, Hori et al. [14] demonstrated that standard weighted jump squats may cause larger adapta-

tions in the force applied at high velocities (peak torque during isokinetic knee flexion at 300˚.s-1),

suggesting that this exercise can be used specifically to provoke positive changes in the low-force/

high-velocity portion of the force-velocity curve. Similarly, Nibali et al. [12] proposed that athletes

who are required to produce high velocities against high external loads (e.g., rugby players over-

coming an opposing defenders tackle) be tested and trained at heavier loads, more specifically

using loaded jump squats. On the other hand, training using half squats with heavy loads (80–

90% of 1 repetition maximum) has also been shown to enhance jump and sprint performance in

soccer players [7]. Therefore, it is currently unclear which exercise mode (ballistic vs. non-ballis-

tic) is better suited to improve field-based performance indicators in team sports players.

Another common way to examine the applicability of a given exercise in sport science is by

assessing its relations with specific athletic capacities [15]. For instance, it has been reported

that loaded jump squats are closely associated with speed tests and actual sprint performance

in top-level sprinters [16,17]. In a classic correlational study, Wisløff et al. [18] showed that

maximal strength in half squats is strongly associated with sprinting speed and jumping height

in high-level soccer players. Nevertheless, in spite of the evident importance of correlational

investigations, some authors have been cautious regarding the interpretation of these out-

comes, since correlations do not necessarily imply cause and effect [19,20].

An alternative and applied strategy for estimating the influence of a particular exercise on

actual sport performance is analyzing the data provided by the median split technique [21,22].

By using this calculation, researchers can suitably group the athletes according to their physical

capacities, defining the “lower and upper bounds of performances” in a series of functional

tests. Under this perspective, it seems reasonable to consider that higher levels of performance

in two or more measurements should be directly interconnected, presenting reciprocal and

consistent relations between them. Hence, this study aimed to evaluate (and classify) via

median split calculation the performance of top-level rugby sevens players in a series of neuro-

mechanical tests (i.e., half squat, loaded jump squat, vertical jump, linear speed and change-of-

direction tests). After considering “loaded jump squats” and “half squats” as fixed factors and

separating the subjects according to their higher or lower levels of performance in these exer-

cises, we tried to detect the presence of analogous patterns between their respective outputs

(i.e., mean propulsive power) and field-based speed and jump assessments. Considering the

effectiveness of ballistic exercises (i.e., loaded jump squats) in enhancing performance [23] and

their strong correlations with speed-power related capacities [16,18], we hypothesized that

higher performances in loaded jump squats would necessarily imply in higher performances

in sprinting (except for COD speed) and jumping abilities in highly selected rugby sevens play-

ers, whose match-related performance is highly dependent on speed and power qualities.

Materials and Methods

Participants

Twenty-two male rugby sevens players (25.6 ± 3.9 years; 87.5 ± 7.6 kg; 179.5 ± 6.7 cm) from

the Brazilian National Olympic Team (Rio-2016) took part in this study. The rugby players
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were tested during the competitive phase, between the stages of the Rugby Sevens World

Series, suggesting that the athletes were close to peak performance. The athletes were briefed

about the procedures of this study before signing an informed consent form. This study was

performed in accordance with the ethical standards of the Helsinki Declaration and was

approved by the Anhanguera-Bandeirante University Ethics Committee.

Study design

In this cross-sectional study, all athletes were previously familiarized with the experimental

procedures and involved in the same training routine in the weeks prior to the study. The ath-

letes arrived at the sports laboratory in a fasting state for 2 h and free of caffeine or alcohol con-

sumption for at least 24 h. The assessments were performed in the following order: vertical

jumping tests (squat and countermovement jumps [SJ and CMJ]); maximum MPP in the

loaded jump squat (JS) and half squat (HS) exercises; change of direction (COD) speed test

and sprinting velocity (VEL) in 40 m. An interval of at least 30 min was allowed between exer-

cise tests. Before performing the test battery, the athletes completed a 20-min general standard-

ized warm-up, including 15-min of general exercises (i.e., 10-min running at a moderate pace

(between 9–10 km.h-1) followed by 5-min of lower-limb active stretching) and, prior to each

test, 5-min of test-specific exercises (e.g., submaximal JS and HS attempts prior to the JS and

HS exercise tests).

Vertical jumping tests

Vertical jumping height was determined using both SJ and CMJ. In the SJ, subjects were

required to remain in a static position with a 90˚ knee flexion angle for 2s before jumping. In

the CMJ, the rugby players were instructed to execute a downward movement followed by a

complete extension of the legs. The SJ and CMJ were executed with the hands fixed on the

hips. All jumps were performed on a contact platform (Smart Jump; Fusion Sport, Coopers

Plains, Australia) with the obtained flight time (t) being used to estimate the height of the rise

of the body’s center of gravity (h) during the vertical jump (i.e., h = gt2/8, where g = 9.81 m�s-

2). A total of five attempts were allowed for each jump, interspersed with a15s interval. The

best attempts at SJ and CMJ were retained.

Mean propulsive power

Mean propulsive power (MPP) was measured in the JS and HS exercises; all performed on a

Smith-Machine (Hammer Strength Equipment, Rosemont, IL, USA). The athletes were

instructed to execute three repetitions at maximal velocity for each load, with� 5min interval

provided between sets. The test started at a load corresponding to 40% of the individual body

mass. A load of 10% of body mass was gradually added in each set until a clear decrement in

the MPP was observed. In the JS, the athletes executed a knee flexion until the thigh was paral-

lel to the ground and, after a verbal command, jumped as fast as possible without their shoul-

der losing contact with the barbell. The HS was executed in a similar fashion to the JS, except

that the subjects were instructed to move the bar as fast as possible without losing foot contact

with the ground. To determine MPP, a linear transducer (T-Force, Dynamic Measurement

System; Ergotech Consulting S.L., Murcia, Spain) was attached to the Smith-Machine bar. The

maximum MPP output attained in each exercise was considered for further analysis. The tech-

nical specification of the MPP analysis, its calculation, and the respective validity of the equip-

ment used to perform this measurement have been previously reported in the literature

[13,24,25]. The MPP divided by the athletes’ body mass (MPP REL) obtained in each exercise

were used for analysis purposes.
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Sprinting velocity

Five pairs of photocells (Smart Speed, Fusion Equipment, AUS) were positioned at distances

of 0, 5, 10, 30, and 40 m along the sprinting course. The rugby players sprinted twice, starting

from a standing position 0.3 m behind the starting line. To avoid weather influences, the sprint

tests were performed on an indoor running track. A 5-min rest interval was allowed between

the two attempts and the fastest time was considered for the analyses.

Zig-zag change of direction (COD) speed test

The COD course consisted of four 5 m sections marked with cones set at 100˚ angles, on an

indoor court (Fig 1). The athletes were required to decelerate and accelerate as fast as possible

without losing body stability. Two maximal attempts were performed with a 5-min rest

Fig 1. A schematic presentation of the Zig-zag COD speed test. The grey circles represent the position of

the photocells.

doi:10.1371/journal.pone.0170627.g001
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interval between attempts. Starting from a standing position with the front foot placed 0.3 m

behind the first pair of photocells (i.e., starting line), the athletes ran and changed direction as

quickly as possible, until crossing the second pair of photocells, placed 20 m from the starting

line [26]. The fastest time from the two attempts was retained for analyses.

Statistical analysis

Data are presented as means ± standard deviation. Based on the results of the MPP REL in the

JS and HS exercises the participants were divided, using median split analysis, into four groups

as follows: higher JS, lower JS, higher HS, and lower HS. The differences in the variables tested

(performances in vertical jumps, 40-m sprint and COD tests), comparing higher and lower JS

groups and higher and lower HS groups were analyzed using the magnitude based-inference

method [27]. The smallest worthwhile change (SWC) was obtained by multiplying the between

athlete SD x 0.2 [27] for each variable tested. The quantitative chances of finding differences in

the variables tested, using the outcomes in raw units, were assessed qualitatively as follows:

<1%, almost certainly not; 1% to 5%, very unlikely; 5% to 25%, unlikely; 25% to 75%, possible;

75% to 95%, likely; 95% to 99%, very likely; >99%, almost certain. If the chances of having bet-

ter and poorer results were both>5%, the true difference was assessed as unclear. The magni-

tudes of the differences in the variables tested were expressed as standardized mean differences

(Cohen’s d) and their respective confidence intervals (CI)[28]. Threshold values for Cohen’s d
statistics were:<0.25, 0.25–0.50, 0.50–1, and>1 for trivial, small, moderate, and large, respec-

tively[29].

Results

The optimal loads achieved in each exercise were 75.0 ± 11.6 kg and 81.5 ± 19.8 kg, for the JS

and HS, respectively. The higher JS group demonstrated an almost certainly higher MPP REL

in the JS exercise than the lower JS group (12.3 ± 1.0 W.kg-1 vs. 10.0 ± 1.1 W.kg-1; SWC: ± 0.22;

mean difference [MD, 90% CI]: 2.30 [1.53; 3.08]; ES [90% CI]: 1.95 [1.30; 2.61]). Similarly, the

higher HS group demonstrated an almost certainly higher MPP REL in the HS exercise than

the lower HS group (11.0 ± 1.3 W.kg-1 vs. 8.3 ± 1.0 W.kg-1; SWC: ± 0.19; MD [90% CI]: 2.69

[1.83; 3.54]; ES [90% CI]: 2.58 [1.76; 3.40]).

Table 1 demonstrates the comparisons of the SJ, CMJ, sprinting velocities in 10, 30 and 40

m, and COD speed test between the higher and lower JS groups, as well as between the higher

and lower HS groups. The performance in the SJ was very likely greater in the higher JS group

than in the lower JS group (SWC: ± 0.90; MD [90% CI]: 4.22 [1.29; 7.14]), and the CMJ was

almost certainly higher in the higher JS group in comparison to the lower JS group (SWC: ±
0.83; MD [90% CI]: 5.17 [2.60; 7.73]). The comparisons of the SJ and CMJ, between the higher

HS and lower HS groups were all rated as unclear (SWC: ± 1.34; MD [90% CI]: 0.78 [-3.19;

Table 1. Vertical jumps (SJ and CMJ), sprinting velocity (VEL) and change of direction (COD) test performances in the higher and lower loaded

jump squat (JS) groups and in the higher and lower half-squat (HS) groups.

Higher JS Lower JS % of chances higher/trivial/lower Higher HS Lower HS % of chances higher/trivial/lower

SJ (cm) 45.8 ± 3.3 41.5 ± 4.5 96/04/00 Very Likely 43.7 ± 3.3 42.9 ± 6.7 38/45/17 Unclear

CMJ (cm) 48.6 ± 2.6 43.4 ± 4.1 100/00/00 Almost Certainly 45.6 ± 3.3 44.7 ± 6.2 41/43/16 Unclear

VEL 10 m (m.s-1) 5.97 ± 0.17 5.93 ± 0.18 51/34/15 Unclear 5.87 ± 0.14 5.92 ± 0.15 12/31/57 Unclear

VEL 30 m (m.s-1) 7.56 ± 0.18 7.45 ± 0.20 78/18/04 Likely 7.41 ± 0.18 7.50 ± 0.20 06/22/76 Unclear

VEL 40 m (m.s-1) 7.91 ± 0.20 7.78 ± 0.24 80/17/03 Likely 7.75 ± 0.22 7.86 ± 0.20 05/18/77 Likely

COD speed (m.s-1) 3.85 ± 0.20 3.74 ± 0.17 82/14/04 Likely 3.65 ± 0.09 3.75 ± 0.13 01/09/90 Likely

doi:10.1371/journal.pone.0170627.t001
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4.74]; SWC: ± 1.25; MD [90% CI]: 0.88 [-2.85; 4.62], for SJ and CMJ, respectively). In addition,

the comparisons of the sprinting velocity in 10 m between the higher and lower JS groups, and

between the higher and lower HS groups were all rated as unclear (SWC: ± 0.04; MD [90% CI]:

0.04 [-0.09; 0.17]; SWC: ± 0.03; MD [90% CI]: -0.04 [-0.15; 0.07], for the comparisons between

JS and HS groups, respectively). On the other hand, the sprinting velocities in 30 and 40 m

and in the COD speed were likely higher in the higher JS group in comparison to the lower JS

group (SWC: ± 0.04; MD [90% CI]: 0.11 [-0.03; 0.25]; SWC: ± 0.05; MD [90% CI]: 0.13 [-0.03;

0.29]; SWC: ± 0.03; MD [90% CI]: 0.11 [-0.03; 0.25], for velocity in 30 and 40 m, and COD speed,

respectively). In contrast, the comparison of the VEL 30 m between the higher HS and lower HS

groups was rated as unclear (SWC: ± 0.04; MD [90% CI]: -0.09 [-0.23; 0.05]). Finally, the higher

HS group demonstrated likely lower VEL 40 m and COD speed than the lower HS group (SWC:

± 0.04; MD [90% CI]: -0.11 [-0.27; 0.04]; SWC: ± 0.03; MD [90% CI]: -0.10 [-0.19; -0.01], for

velocity in 40 m and COD speed, respectively). Fig 2 depicts the standardized differences based

on Cohen’s d units in the SJ, CMJ, VEL, 10, 30, and 40 m and the COD speed between the higher

and lower JS and the higher and lower HS groups.

Discussion

This is the first study to use median split analysis to search for reciprocal relations between the

levels of performance in ballistic (i.e., loaded jump squats) and traditional (i.e., half squats)

strength-power exercises and the levels of performance in specific speed and jump tests. The

Fig 2. Standardized differences of the squat and countermovement jumps (SJ and CMJ, respectively), sprinting velocity (VEL) in 10, 30, and 40 m,

and change of direction (COD) speed test between the higher and lower loaded jump squat (JS) groups and between the higher and lower half-

squat (HS) groups. The grey area represents the smallest worthwhile change (0.20) based on Cohen’s principles.

doi:10.1371/journal.pone.0170627.g002
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main finding reported herein is that there is a direct connection between JS and functional

field-based assessments.

As expected, the athletes able to produce superior levels of muscle power in loaded jump

squats were equally capable of jumping higher and sprinting faster than their weaker counter-

parts (i.e., lower JS group). Indeed, it seems that performance in this exercise is strictly con-

nected with performance in motor tasks executed at high velocities, such as maximal sprints

and unloaded vertical jumps. From a functional standpoint, it is reasonable to assume that the

mechanical characteristics of the ballistic exercises (which do not present deceleration phases

during their concentric portions) [24] are more related to sport-specific movements directly

influenced by the rates of acceleration achieved throughout the complete ranges of motion [5],

such as jumps and short sprints. It is important to emphasize that the traditional HS presents

an inherent “braking phase” [24,25] during its upward portion, which may compromise its

relation/connection with motor tasks executed at very-high velocities [5,30,31].

Curiously, higher performances in the HS were inversely related to higher performances in

linear and COD speed. Although we do not consider that this occurrence implies causality or

even a direct relationship, it reinforces the notion that this exercise has a limited role in pro-

moting positive adaptations in athletic performance. In fact, in a classic study defining the best

predictors of sports speed, Cronin and Hansen [32] indicated that mechanical measures col-

lected from traditional squats cannot adequately express all the mechanisms responsible for per-

formance in some specific functional tasks, such as maximal sprints. According to the authors,

for significantly enhancing speed ability in elite athletes, improvement in “power to weight

ratio” via loaded JS training should be prioritized. Similar results were found by Baker and

Nance [33] and by Costill et al. [34], who failed to find significant correlations between HS mea-

sures and sprinting speed in professional rugby players and college football players. Impor-

tantly, all these correlational data have the same limitation as our median split approach, since

cross-sectional analyses do not allow us to draw definitive conclusions about training efficacy.

Nonetheless, the median split analysis can cluster players with distinct abilities, in occasions

where (not necessarily) the independent and dependent variables are significantly correlated

[22]. Its application is quite intuitive in sport settings, since technical staff could organize ath-

letes in groups according to their individual qualities, delivering training strategies directly

related to their respective physical and physiological traits.

The necessity to perform prospective investigations to confirm cross-sectional observations

is a basic requirement in science. In this regard, several studies have confirmed the chronic

effectiveness of JS on improving sports performance [23,35,36]. Remarkably, it seems that

these positive effects are independent of the “JS loading condition/variation”, although this

parameter may provoke specific/distinct adaptations in the force-velocity curve. For instance,

Loturco et al. [23] have shown that increasing JS velocity (with the aid of elastic bands) favors

adaptations in the high-velocity/low-force portion of the force-velocity curve, whereas reduc-

ing JS velocity (by using a traditional loading strategy) favors adaptations in the low-velocity/

high-force portion of the curve. Equally, McBride et al. [35] have suggested that the movement

velocity plays a determinant role in enhancing speed-related capacities, after comparing the

effects of an 8-week training program with heavy- vs. light-load JS on numerous physical per-

formance assessments. Therefore, it appears that not only the exercise selection but also the

loading strategy adopted by the coaches may have a key function in delineating the specific

neuromechanical adaptations induced by a given training scheme.

Notably, a recent study conducted with top-level soccer players has demonstrated that JS is

superior to HS for reducing the decrements in speed which commonly occur following a pre-

season conditioning phase [13]. This assumption should be tested and revisited under other

experimental designs (i.e., different training phases and/or longer interventions); however,
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unquestionably, this finding highlights the potential effectiveness of JS to increase athletic

performance. As aforementioned, this superiority may be attributed to the kinematic/kinetic

characteristic of this ballistic exercise, which circumvents any deceleration phase by requiring

subjects to accelerate throughout the complete range of motion toward the takeoff [5,31].

These same mechanical particularities can be related to the greater jumping ability (for SJ and

CMJ measures) presented by the higher JS group. Likewise, these data are in full accordance

with the close relationships usually found between sprinting speed and vertical jumping per-

formances [16,17].

Unexpectedly, higher performances in the JS were also related to higher COD speed perfor-

mances. In spite of the multifactorial nature of this ability [37,38], it seems that rugby players

with greater levels of relative power in JS are also able to perform better in COD tests. Actually,

COD speed may be defined as a highly-complex physical quality, which directly depends on

numerous motor skills, such as proper technique, straight sprinting speed, reactive strength,

concentric strength and power, ability to decelerate and accelerate fast, and left-right muscle

imbalance (among other capacities)[37,39]. As a consequence of this complexity, we expected

that the distinct levels of performance in these “isolated strength-power exercises” (i.e., HS or

JS) would be not able to differentiate the individual performances in COD tests. Again, it is

probable that the higher amounts of accelerative forces applied throughout the entire concen-

tric portion of the JS may, to some extent, explain this very interesting neuromechanical phe-

nomenon. This finding may have important implications in sport training.

From the present study, it was not possible to determine the physiological mechanisms

explaining the association between JS and jump, sprint, and COD performances in rugby sev-

ens players. However, it can be speculated that muscle architecture, as determined by the size

and relative arrangement of fiber fascicles, is significantly correlated with both the ability to

perform well in the aforementioned tests (especially in the sprint test [40,41]) and in the JS

assessments. Further, it is equally plausible that the rate of force development of athletes with

higher performances in loaded and unloaded jumps and in sprint tests is higher than in ath-

letes with lower performances, since all these variables are possibly related to the proportion of

fast twitch fibers [42] and neural drive [43,44] (e.g., initial firing rate).

Conclusions

In summary, JS was shown to be more connected to sprinting, COD speed, and jumping abili-

ties than HS in elite rugby sevens players. Notably, the slight but meaningful mechanical differ-

ences between the JS and HS, related to the full application of accelerative forces during the

entire concentric portion of the JS exercise and the presence of deceleration during the final

stages of the concentric portion of the HS exercise, determine their respective abilities in rela-

tion to functional field-based performances. Therefore, JS is suggested to better discriminate

between players with higher and lower sprint, and COD and jumping abilities than HS, and

possibly training using JS would be more effective than training using HS for improving perfor-

mance in rugby sevens players. Because of the well-established strong relationship between JS

MPP and specific performance in different sports [16,17,19,45,46] and the effectiveness of JS

training in improving jumping and sprinting capacities [13,23,35,36], this exercise has been

incorporated in assessments and training routines by elite athletes. To our knowledge, this is

the first study to show that JS relates more closely to functional task performances than HS

using the median split technique. By dividing a group of athletes around the median value, this

simple and intuitive method can be used by technical staff to 1) classify their athletes as a group

and track prospective changes caused by training/detraining (using the median), 2) identify

strengths and weaknesses of individual players (using the individual values in relation to the
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median) and, 3) help in choosing the most appropriate exercises (i.e., those with a closer rela-

tion/connection with specific functional performances) to be implemented in the training rou-

tines (e.g., loaded jump squats). Although the final item needs to be confirmed by longitudinal

observations, median-split analysis can be used in sport science to raise evidence favoring

selected strength-power exercises.
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