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ABSTRACT

Lockie, RG, Callaghan, SJ, Berry, SP, Cooke, ERA, Jordan, CA,
Luczo, TM, and Jeffriess, MD. Relationship between unilateral
jumping ability and asymmetry on multidirectional speed in
team-sport athletes. J Strength Cond Res 28(12): 3557-
3566, 2014-The influence of unilateral jump performance,
and between-leg asymmetries, on multidirectional speed has
not been widely researched. This study analyzed how speed
was related to unilateral jumping. Multidirectional speed was
measured by 20-m sprint (0-5, 0-10, 0—20-m intervals), left-
and right-leg turn 505, and modified T-test performance. Uni-
lateral jump performance, and between-leg asymmetries, was
measured by vertical (VJ), standing broad (SBJ), and lateral
(LJ) jumping. Thirty male team-sport athletes (age = 22.60 *
3.86 years; height = 1.80 £ 0.07 m; mass = 79.03 = 12.26
kilograms) were recruited. Pearson’s correlations (r) determined
speed and jump performance relationships; stepwise regression
ascertained jump predictors of speed (p = 0.05). Subjects were
divided into lesser and greater asymmetry groups from each
jump condition. A 1-way analysis of variance found between-
group differences (p = 0.05). Left-leg VJ correlated with the
0-10 and 0-20-m intervals (r = —0.437 to —0.486). Right-
leg VJ correlated with all sprint intervals and the T-test (r =
—0.380 to —0.512). Left-leg SBJ and LJ correlated with all tests
(r=—0.370 to —0.729). Right-leg SBJ and LJ related to all
except the left-leg turn 505 (r = —0.415 to —0.650). Left-leg
SBJ predicted the 20-m sprint. Left-leg LJ predicted the 505 and
T-test. Regardless of the asymmetry used to form groups, no
differences in speed were established. Horizontal and U
performance related to multidirectional speed. Athletes with

Address correspondence to Robert G. Lockie, robert.lockie@newcastle.
edu.au.

28(12)/3557-3566

Journal of Strength and Conditioning Research
© 2014 National Strength and Conditioning Association

asymmetries similar to this study (VJ = ~10%; SBJ = ~3%;
LJ = ~5%) should not experience speed detriments.

KEY WORDS between-leg imbalance, linear speed, change-of-
direction speed, horizontal power, lateral power

INTRODUCTION

eg power is a necessary part of the physiological

make-up of athletes from team sports (6,7,21),

which include field-based sports such as the foot-

ball codes, and court sports such as basketball and
European handball. Lower-limb power should manifest
within the step patterns for running gait (31). However,
when considering the implications on a team-sport athletes’
gait, it is important to note that these athletes must be able
to sprint in multiple directions (39,45). Multidirectional
speed encompasses both linear and change-of-direction
speed (24). Linear speed involves straight-line maximal run-
ning; change-of-direction speed combines the ability to
accelerate and decelerate rapidly, and change direction,
which is also a component of agility (45). Leg power has
been stated to be an essential component of both linear
(21,31) and change-of-direction speed (39,45).

Leg power is often extrapolated through performance in
jump tests (32). Although jumping does not provide a direct
measure of power, jump assessments are easy to administer by
a strength and conditioning coach, and they provide a valid
assessment of an athlete’s physical capacity (6). As an exam-
ple, higher-level football players perform better in assessments
such as the vertical jump (V]) and standing broad jump (SBJ)
when compared with players from lower levels (13,40). The
relationship between power measured by jump tests and
speed has been investigated within the literature. The consen-
sus is that team-sport athletes with better jump performance
will tend to be faster in multidirectional speed tests (13,21,40).
However, most research that has analyzed this relationship
has used bilateral assessments, including the vertical counter-
movement (3,7,21) and squat jumps (3,7); SBJs (13,35,42); and
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drop jumps from certain heights (7,21). In contrast, there is
less research investigating relationships between unilateral
jump performance and multidirectional ~ speed
(4,15,26,28,32). This is despite the fact that multidirectional
sprinting is a cyclic activity, which stresses an athlete’s ability
to generate unilateral power (39,45).

Brughelli et al. (5) stated that when relating leg power
to physical performance, it should be specifically defined in
regards to direction (e.g., vertical, horizontal, or lateral), and
the type of projection (i.e., bilateral or unilateral). Maulder and
Cronin (26) found that unilateral vertical countermovement
and squat jumps related to the 20-m sprint (correlation coef-
ficient [r] = —0.52 to —0.73). Unilateral V] performance has
also been related (= —0.71) to 25-m sprint time in female
collegiate soccer players (28), whereas unilateral horizontal
jump performance, restricted to a concentric-only take-off,
was a significant predictor (= —0.73 to —0.86) of 20-m sprint
performance in athletes from a variety of sporting back-
grounds (26). In contrast, Meylan et al. (32) found that
unilateral V] (» = —0.248 to —0.410) and L] (» = —0.284
to —0.288) were relatively poor predictors of a change-of-
direction speed test that involved 2 up-and-back cuts over
a 5-m distance in physical education university students.
However, a physical education student may not be as condi-
tioned as an experienced team-sport athlete in making max-
imal changes of direction, highlighting the need to investigate
this capacity specifically in this population. Indeed, in line
with Maulder and Cronin (26), Meylan et al. (32) suggested
that the unilateral horizontal jump performance could be used
as a predictor for speed, and investigation into team-sport
athletes could confirm this. Because of the relative paucity
of research, the relationship between unilateral power mea-
sured by typical jump tests and multidirectional sprinting spe-
cific to team-sport athletes requires further analysis.

Although there is value in determining the relationship
between unilateral jump performance and multidirectional
speed, there may be an even greater need to ascertain the
impact that jump and power asymmetries between the legs
has upon sprint performance. Indeed, previous research has
shown that greater between-leg isokinetic strength asymme-
tries measured for the knee flexors and extensors can
negatively impact multidirectional speed (24). Given that
unilateral jumping does provide an indication of lower-
limb function (2,4,34,37), there is limited research that has
documented the influence of leg power asymmetries as mea-
sured through jump performance on linear and change-of-
direction sprinting. Braci¢ et al. (4) observed greater asym-
metries in track sprinters, measured by unilateral vertical
countermovement jumps from each leg, related to slower
sprint starts due to a lower impulse generated on the track
starting blocks. However, between-leg asymmetries may not
impact team sport-specific performance (15,37). When con-
sidering asymmetries defined by unilateral V] performance,
Hoftman et al. (15) found that they did not relate to change-
of-direction speed as measured by the 3-cone drill in colle-
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giate football players. However, Hoffman et al. (15) did not
measure asymmetries defined by horizontal jumps or Ljs.
Given the practicality of using jump performance as a mea-
sure of leg power, there is a need to further analyze how
unilateral jump performance and asymmetry may relate to
multidirectional speed in team-sport athletes.

Therefore, this study will analyze the relationship that
unilateral jumping measured by single-leg V], horizontal
jump, and LJs, has with multidirectional speed in team-sport
athletes. Multidirectional speed will be measured by the
20-m sprint, 505 change-of-direction speed test, and mod-
ified T-test. The 505 is also a popular test for team sports, as
it can isolate cutting off 1 leg (9). This test has been used to
assess athletes from sports such as soccer (25), rugby league
(12), and cricket (20) because of the 180° direction changes
required in certain situations for these athletic activities. The
T-test has also been used for a range of athletes who perform
linear sprint accelerations, lateral shuffling, and back pedal-
ing in their sport, including basket ballers (8), volley ballers
(11), and general team-sport athletes (36,38). A modified
version that shortens the test distance makes the assessment
more team sport specific (36). Subjects will also be split into
lesser and greater asymmetry groups for each jump condition,
whereby any differences in speed performance between the
groups will be determined. It is hypothesized that those sub-
jects who demonstrate better jump performances and lesser
asymmetries in between-leg unilateral jumping will also pos-
sess faster multidirectional speed. This research has signifi-
cance for strength coaches in that it will document the
relationship between unilateral jumping and linear and
change-of-direction speed, and demonstrate the movement
planes in which team-sport athletes should develop power.
Furthermore, this study will also show whether asymmetries
in multidirectional leg power can impact linear and change-of-
direction speed in experienced team-sport athletes, providing
guidance in conditioning programs for these athletes.

MEeTHODS

Experimental Approach to the Problem

This study examined the relationship between unilateral
jump performance (vertical, horizontal, and lateral), and
between-leg asymmetries derived from the jumps, with
multidirectional speed (20-m sprint, 505, and modified
T-test) in team-sport athletes. A cross-sectional analysis of
experienced team-sport athletes was conducted. Pearson’s
correlation analysis determined significant relationships
between unilateral jump performance and multidirectional
speed. Stepwise multiple regressions ascertained the primary
jump predictors of speed within the current study. Finally, sub-
jects were split into lesser and greater asymmetry groups ac-
cording to each jump condition to analyze any differences
between the groups in multidirectional speed. The dependent
variables were: 20-m sprint time, including the 0-5 m, 0-10 m,
and 0-20-m intervals; time in the 505 for turns off the left and
right feet; modified T-test times with movement initiation to
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Figure 1. Layout of the 505. Subjects sprinted over the 10-m distance
through the timing gate and over the 5-m distance to the turning point.
They then planted either their left or right foot on the turning point to stop
and change direction, before returning back through the timing gate.

the left and right; distances for the unilateral V], horizontal
jump, and LJ; and the between-leg percentage differences in
the height and distance for jumps in each plane of movement.

Subjects

Thirty male recreational team-sport athletes (age = 22.60 =+
3.86 years; height = 1.80 * 0.07 m; mass = 79.03 = 12.26 kg)
volunteered to participate in this study. Subjects were
recruited if they (a) were aged 18 years or older, (b) currently
participated in a team sport (e.g., soccer, basketball, baseball,
rugby league, rugby union, Australian football, and touch foot-
ball), (c) had a team sport training history (=2 times per week)
that extended over the previous year, (d) were currently train-
ing for a team sport (=3 h-wk™1), (¢) maintained their normal
physical activity during the duration of the study, and (f) did
not have any medical conditions compromising participation
in the study. Although there may be certain differences in
traits between different sport participants, the analysis of
performance regarding physical characteristics common to
athletes from assorted team sports has been conducted within
the literature (21,24,36,38). All subjects were familiar with the
tests performed in this study, which occurred within the com-
petition season for all subjects. The institutional ethics com-
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Figure 2. Layout of the modified T-Test. Subjects sprinted forwards 5 m
to touch the top of the middle marker. They then side-shuffled 2.5 m to
the left or right to touch the next marker, side-shuffled 5 m in the opposite
direction to touch the next marker, side-shuffled 2.5 m back to touch the
middle marker again, before back-pedaling past the start line.

mittee approved the methodology and procedures used in this
study. All subjects received a clear explanation of the study,
including the risks and benefits of participation, and written
informed consent was obtained before testing.

Procedures

Testing was conducted over 2 sessions, separated by 1 week.
Each session lasted for 30-40 minutes in duration. Day 1
consisted of the 20-m sprint, and the jump tests, which were
performed in the order documented in the methods. The
505 and modified T-test were completed on day 2. All as-
sessments were conducted in the biomechanics laboratory at
the university, which had a textured concrete floor. Before
data collection on day 1, the subject’s age, height, and body
mass were recorded. Height was measured barefoot using
a stadiometer (Ecomed Trading, Seven Hills, Australia).
Body mass was recorded using electronic digital scales
(Tanita Corporation, Tokyo, Japan). A standardized warm-
up, consisting of 10 minutes of jogging at a self-selected pace
on a treadmill, 10 minutes of dynamic stretching, progressive
speed runs over the testing distances, and practice jumps,
was completed before each session. Subjects were tested at
the same time of day for both testing sessions, did not eat for
2-3 hours before their sessions, and refrained from intensive
exercise and any form of stimulant in the day before testing.
Subjects were permitted to consume water ad libitum
throughout the sessions. Three-minute recovery was allo-
cated between speed test trials; 2-minute recovery was
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TaeLe 1. Descriptive data (mean = SD; 90% confidence intervals [CI]) for the 0—
20-m sprint (0-5, 0-10, and 0-20-m intervals), 505 with turns off the left and
right leg, T-test with initial movement to the left or right, and unilateral vertical,
standing broad, and lateral jump, and between-leg asymmetries for each jump

condition.

Vertec (on the subjects’ domi-
nant upper-limb side), and
while keeping his heels on the
floor, reached upward as high
as possible, fully elevating the
shoulder to displace as many
vanes as possible. The last vane

Speed and jump variables Subject mean (n=30) 90% CI

moved was recorded as the
0-5m (s) 1.033 = 0.075 1.010-1.056 subject’s standing reach height
0-10m (s 1.760 + 0.010  1.729-1.791 and zero reference. The jump
0-20 m (s) 3.039 = 0.164 2.988-3.089 involved th biect leapin
505 left (s) 2.398 + 0.093  2.369-2.427 mvolved the subject feaping as
505 right (s) 2397 = 0.110  2.362-2.430 high as possible using a 1-foot
T-Test left (m) 6.281 * 0.082  6.167-6.395 take-off, with no preparatory
T-Test right (m) 6.285 + 0.368  6.181-6.388 step, and then landing on both
Left leg vertical jump (m) 0.39 = 0.08 0.37-0.42 feet. Height was recorded in
Right leg vertical jump (m) 0.40 = 0.07 0.38-0.42 timeters fi hichest
Vertical jump between-leg asymmetry (%) 10.4 = 10.8 7.0-13.7 centimeters from MIghest vane
Left leg standing broad jump (m) 2.05 + 0.19 1.99-2.11 moved, by subtracting the
Right leg standing broad jump (m) 2.03 + 0.17 1.98-2.08 standing reach height from
Standing broad between-leg asymmetry (%) 3.3 + 3.0 2.4-4.3 the jump height. This measure-
Left leg lateral jump (m) 1.86 = 0.19 1.80-1.92 ment was converted to meters
Right leg lateral jump (m) 1.82 = 0.21 1.76-1.89 for the final analvsis. No re-
Lateral jump between-leg asymmetry (%) 5.1 = 3.9 3.9-6.3 YSIS-

strictions were placed on the

provided between jump test trials. For each jump test, 3 trials
were performed for each leg; the best jump trial for each leg
was used for analysis. The order of which leg was tested first
was randomized between subjects (18). Bilateral asymme-
tries were expressed as a percentage through the formula:
(better performing leg — lesser performing leg)/better per-
forming leg X 100 (24,34). The better performing leg was
defined as the leg with the greater jump height or distance.

Twenty-Meter Sprint

Twenty-meter sprint time was recorded by a timing lights
system (Fusion Sports, Coopers Plains, Australia). Gates
were positioned at 0, 5, 10, and 20 m, at a height of 1.2 m.
Sprints over 5 m (20,21), 10 m (20,21,37), and 20 m (8,26)
have been used in the assessment of team-sport athletes.
Subjects began each sprint from a standing start 0.3 m
behind the start line to trigger the first gate. Once ready,
subjects were allowed to start in their own time and were
instructed to run maximally through all timing gates once
they initiated their sprint. If the subject rocked backwards or
forwards before starting, the trial was disregarded and
repeated following the required rest interval. Time for each
distance was recorded to the nearest 0.001 seconds. Subjects
completed 3 trials, with the fastest trial used for analysis.

Unilateral Vertical Jump

The V] was used as an indirect measure of leg power in the
vertical plane. A Yardstick apparatus (Swift Performance
Equipment, Wacol, Australia) was used to measure VJ
performance (35). The subject initially stood side-on to the
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knee angle during the eccentric

phase of the jump. The proce-

dures used for the unilateral

V], with a countermovement
freely chosen by subjects and the contribution of arm swing,
have been used previously within the scientific literature
(27,34,37), and thus were adopted for this study. All subjects
were instructed to use a countermovement; if they did not,
the trial was disregarded and reattempted.

Unilateral Standing Broad Jump

The SBJ was used as an indirect measure of horizontal
power. The subject placed the toes of both feet on the back
of the start line, before balancing on the leg to be tested.
With a simultaneous arm swing and crouch, the subject then
leaped as far forward as possible, taking off from 1 leg, before
landing on 2 feet (32). Subjects had to “stick” the landing for
the trial to be counted. If the subject did not do this, the trial
was disregarded and another was attempted. Subjects were
instructed to use a countermovement, and no restrictions were
placed on body angles attained during the preparatory phase
of the jump or the arm swing used, which was as per the
unilateral VJ (27,34,37). The distance was measured to the
nearest 0.01 m using a standard tape measure (HART Sport,
Aspley, Australia), perpendicular from the front of the start line
to the posterior aspect of the back heel at the landing (13,35).

Lateral Jump

Lateral jump performance was used as an indirect measure
of lateral power for each leg. The subject started by standing
on the testing leg with the medial border of the foot of the
leg being tested level with the start line (32), and self-selected
the preparatory crouch distance. Subjects then jumped lat-
erally to the inside, and landed on 2 feet. To be consistent
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TasLE 2. Correlations between 0- and 20-m sprint (0-5, 0-10, and 0—-20-m intervals), 505 with turns off the L and R
leg, T-test with initial movement to the L or R, and unilateral VJ, SBJ, and LJ, and between-leg asymmetries for each

jump condition.*

0-5m 0-10m 0-20 m 505 L 505 R T-Test L T-Test R

Left-leg VJ

r —0.328 —0.437 —0.486 —0.033 —0.238 —0.202 —0.232

p 0.077 0.0167 0.0067 0.863 0.206 0.285 0.218
Right-leg VJ

r —0.400 —0.454 -0.512 —0.062 —0.224 —0.380 —0.452

P 0.0297 0.0127 0.0047 0.746 0.235 0.0397 0.0127
VJ asymmetry

r —0.176 —0.145 —0.132 0.073 0.083 0.124 0.061

p 0.353 0.443 0.485 0.701 0.664 0.514 0.747
Left-leg SBJ

r —0.560 —0.662 —0.729 —0.370 —0.535 —0.558 —0.642

P 0.0017 <0.001+ <0.001% 0.0447 0.0027 0.001% <0.001+
Right-leg SBJ

r —0.464 —0.574 —0.650 —0.306 —0.484 —0.561 —0.569

p 0.0107 0.001% <0.001+ 0.100 0.0077 0.0017 0.001%
SBJ asymmetry

r 0.076 0.062 0.059 0.027 0.036 0.060 0.000

p 0.691 0.743 0.755 0.889 0.849 0.755 0.999
Left-leg LJ

r —0.451 —0.582 —0.646 —0.472 —0.585 —0.665 —0.721

p 0.0237 0.001% <0.001+ 0.0097 0.001% <0.0017 <0.001%
Right-leg LJ

r —0.415 —0.508 —0.599 —0.318 —0.474 —0.467 —0.546

p 0.0237 0.0047 <0.001+ 0.087 0.008+ 0.0097 0.0027
LJ asymmetry

r —0.066 —0.004 —0.027 0.189 0.176 0.029 —0.081

P 0.727 0.983 0.888 0.316 0.352 0.878 0.672

*L = left; R = right; VJ = vertical jump; SBJ = standing broad jump; LJ = lateral jump; r = correlation coefficient; p = significance.

+Significant (p = 0.05) relationship between variables.

with the other jump tests (27,34,37), subjects were instructed
to use a countermovement, and no restrictions were placed
on the arm swing used or the range of the preparatory
crouch. The distance jumped was measured with a standard
tape measure (HART Sport) to the nearest 0.01 m, perpen-
dicular from the start line to the lateral margin of the take-off
leg. If subjects did not “stick” the landing and over-balanced,
the trial was disregarded and reattempted.

505 Change-of-Direction Speed Test

As previously acknowledged, the 505 was used in this
research due to its utilization in team-sport assessment, as
it isolates change-of-direction ability for each leg (12,20,25).
The methodology used for the 505 was instituted as per
established methods (9), with 1 timing gate (Fusion Sports,
Coopers Plains, Australia) used to record time. The set-up is
shown in Figure 1. During the warm-up, subjects were al-
lowed to familiarize themselves with the movement patterns
required for the 505. Subjects used a standing start with the
same body position as per the 20-m sprint, with their front
foot 0.3 m behind the start line. The subjects sprinted

through the timing gate to the turning line, indicated by a line
marked on the floor and markers. Subjects placed either the
left or right foot, depending on the trial, on or behind
the turning line, before sprinting back through the gate.
Three trials were recorded for turns off the left and right
leg, the order of which was randomized among the subjects.
Time was recorded to the nearest 0.001 seconds. If the sub-
ject changed direction before hitting the turning point, or
turned off the incorrect foot, the trial was disregarded and
the subject completed another trial after the rest period. The
fastest trial for each of the 505 conditions was used.

Modified T-Test

As stated, the T-test incorporates linear sprints, lateral
shuffling, and back pedaling, which are actions required of
team-sport athletes, and thus, this test is often used in their
assessment (8,11,36,38). A modified T-test, incorporating
shorter distances, was used for this research (36). The small-
er distances between markers are representative of the sprint
accelerations required in team sports, were designed to make
the T-test more specific to field and court sport athletes, and
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TaBLE 3. Stepwise linear regression analysis
between 0- and 20-m sprint (0-5, 0-10, and
0-20-m intervals), 505 with turns of the left and
right leg, and modified T-test with initial
movement to the left or right (dependent
variables), and unilateral vertical, standing
broad, and lateral jump, and between-leg
asymmetries for each jump condition.*

Best predictors
of the speed Significance
tests r r (p)

0-5-m interval

Left-leg SBJ 0.560 0.313 0.001
0-10-m interval

Left-leg SBJ 0.662 0.438 <0.001
0-20-m interval

Left-leg SBJ 0.729 0.532 <0.001
505 L

Left-leg LJ 0.472 0.222 0.009
505 R

Left-leg LJ 0.585 0.343 0.001
T-test L

Left-leg LJ 0.665 0.442 <0.001
T-test R

Left-leg LJ 0.721 0.519 <0.001

*L = left; R = right; r = multiple regression correlation
coefficient; p = significance; SBJ = standing broad jump;
LJ = lateral jump.

are a reliable assessment of change-of-direction speed (36).
Markers were positioned as shown in Figure 2, with a start line
indicated by tape on the laboratory floor, 0.3 m behind the 1
timing gate used in the test (Fusion Sports). Subjects faced
forwards at all time during the modified T-test. To start the
test, subjects sprinted 5 m forwards to touch the top of the
middle marker. They then side-shuffled 2.5 m to the left or
right, depending on the trial, to touch the next marker, side-
shuffled 5 m in the opposite direction to touch the next marker,
side-shuffled 2.5 m back to touch the middle marker, before
back-pedaling to pass through the timing gate again to finish.
The hand that was on the same side as the shuffle direction (i.e.,
the left hand when shuffling to the left, and the right hand
when shuffling to the right) was used to touch the marker.
Subjects were not to cross their feet when side-shuffling. Failure
to adhere to this meant the trial was stopped and another
attempted after the required rest period. Six trials were com-
pleted in total; 3 with movement initiation at the middle
marker to the left, and 3 with movement initiation to the right.
The order of trials was randomized among the subject group,
and the best trial from each T-test condition was analyzed.

Statistical Analyses
Descriptive statistics (mean * SD and 90% confidence inter-
vals) were used to provide the profile for each measured
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parameter. The Levene statistic was used to determine
homogeneity of variance of the data. Pearson’s 2-tailed cor-
relation analysis (p = 0.05) determined relationships
between speed test times (0-5, 0-10, 0-20 m, 505 with left-
and right-leg turns, and T-test with initial movement to the
left or right), and unilateral jump performance and between-
leg asymmetries for the V], SB], and LJ. The strength of the
correlation coeflicient was designated as per Hopkins (17).
For the purpose of this study, an r value between 0 and 0.3,
or 0 and —0.3, was considered small; 0.31 to 0.49, or —0.31
to —0.49, moderate; 0.5 to 0.69, or —0.5 to —0.69, large; 0.7
to 0.89, or —0.7 to —0.89, very large; and 0.9 to 1, or -0.9
to —1, near perfect for predicting relationships. Additionally,
stepwise multiple regression analyses (» = 0.05) were con-
ducted for the 20-m sprint, 505, and T-test, to further analyze
their relationships with V], horizontal jump, and L] perfor-
mance and asymmetries. Each speed test acted as a depen-
dent variable.

To extend the analysis of unilateral jump performance and
asymmetries, subjects were split into groups of lesser and
greater asymmetry derived from each jump condition. To
ensure that the groups were composed of subjects with
different levels of jump asymmetry, a cutoff point was
established through the formula mean + (0.2 X 8D of the
mean) (23). Multiplying the between-subjects SD by 0.2 pro-
vides the smallest worthwhile change in the mean for this
sample (16). By providing a cutoff point above the overall
jump asymmetry mean for either V], SBJ, or LJs as measured
in this study, ensured that subjects higher than this value had
greater jump asymmetry. Therefore, subjects above this cut-
off point were placed in the greater asymmetry group; sub-
jects below this were placed in the lesser asymmetry group.
A 1-way analysis of variance (p = 0.05) calculated significant
differences between the dependent variables (i.e., the multi-
directional speed test times). All statistics were computed
using the Statistics Package for Social Sciences Version

20.0 (IBM, Armonk, NY, USA).

REsuLTS

The descriptive data for this study is shown in Table 1. The
mean unilateral V] asymmetry was larger (10.4 * 10.8%)
than that for the SBJ (3.3 = 3.0%) and L] (5.1 = 3.9%). Seven
of 14 correlations for the unilateral VJs were significant
(Table 2). For both the horizontal and lateral unilateral
jumps, 13 of 14 relationships were significant. None of the
between-leg jump asymmetry measures correlated with any
of the multidirectional speed tests.

All significant correlations were negative, indicating that
greater jump heights or distances were associated with faster
speed test times. The left-leg V] moderately correlated with
the 0-10 and 0-20-m intervals of the 20-m sprint. The right-
leg V] correlated with all intervals in the 20-m sprint, ranging
from moderate to large, and the T-test with initial movement
to the left (moderate). The left-leg SB] correlated with all
the speed test times; 1 correlation was moderate (505 with
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TasLE 4. Descriptive data for the unilateral VJ, SBJ, and LJ A, 0-20-m sprint (0-5, 0—10, and 0—20-m intervals), 505 with turns off the L and R, T-test with initial

movement to the L or R, when subjects are split into groups of LA and GA based upon between-leg A for each jump condition.*

Standing broad jump Lateral jump

Vertical jump

GA (hn=13)

LA (h=17)

GA (hn=28)

LA (n = 22)

GA (n=10)

LA (n = 20)

0.670

114 £11.8 76 +73 0.407 96 =79 11.4 = 14.0
<0.001+

<0.001+

221 £11.0

45 = 35

VJ A (%)

0.059
<0.001+%

45 *+ 3.6

24 * 22
23 £ 1.7
1.036 * 0.064
1.760 += 0.093

74 24
7.0+ 4.0
1.039 = 0.080
1.762 = 0.113

1.8 £ 14
44 + 3.7
1.031 = 0.075

1.759 * 0.098

0.749
0.515

3.6 + 3.8

5.7 = 45
1.001 = 0.063

1.727 £ 0.083

3.057 £ 0.172 3.001 = 0.149

3.2 =27
2.395 = 0.103

4.7 = 3.6

1.049 = 0.077
1.776 £ 0.105

SBJ A (%)
LJ A (%)
0-5m (s)

8.7 = 2.8
1.029 * 0.089

1.758 = 0.112

3.042 £ 0.155 3.033 = 0.181

0.101

0.813

0.784
0.940
0.881

0.102
0.208
0.387

0.967

0-10 m (s)

0.888
0.726
0.689
0.819

3.036 = 0.156 3.046 *= 0.197

2.401

0-20 m (s)
505 L (s)

2.405 = 0.123

2.393 *= 0.091
2.388 = 0.102
6.267 = 0.345

0.811 +0.087 2.392 = 0.116 0.828

2.404 = 0.093
2.405 = 0.093

6.263 = 0.364 6.318 £ 0.392

2.405 = 0.123
6.299 = 0.409

6.306 = 0.294 6.257 = 0.392

0.861

2.394 = 0.088 2.402 * 0.164

6.292 + 0.334
6.287 = 0.303

0.756
0.704

0.632

2.391 = 0.120

505 R (s)

0.804
0.957

6.253 = 0.474
6.279 = 0.434

T-test L (s)

0.696

6.306 = 0.342 6.242 * 0.333

T-test R (s)

lesser asymmetry; GA = greater asymmetry;

lateral jump; r= correlation coefficient; LA

left; R =right; VJ = vertical jump; SBJ = standing broad jump; LJ

asymmetries; L

A =

+Significant (p = 0.05) difference between the groups.

significance.

p=

left-leg turn), 5 were large, and 1 was very large (0-20-m
interval). The SBJ for the right leg related to all but the
505 with the left-leg turn, and correlations ranged from mod-
erate (0-5-m interval) to large (0-20-m interval). The L]
mirrored the results of the SBJ, with the left leg correlating
with all speed test times; 2 correlations were moderate, 4
were large, and 1 was very large (T-test with initial move-
ment to the right). The right-leg L] moderate to largely
correlated with all speed tests bar the left-leg turn 505.
The models produced only 1 variable as the primary
contributor to the best predictive relationships between the
speed tests and measures of unilateral leg jump performance
and asymmetry from the current study (Table 3). For all
intervals of the 20-m sprint, performance in the left-leg SBJ]
was the significant predictor. For all the change-of-direction
speed tests, the left-leg 1] was the significant predictor.
Table 4 displays the data for the jump asymmetries. These
data were used to split the subjects into groups of lesser and
greater asymmetry. The cutoff point for group division on
behalf of the V], SBJ, and L] symmetries was 12.6, 3.9, and
5.8%, respectively. For each jump condition, only the asym-
metry that was used to split the sample was significant.
There were no significant differences between any lesser or
greater asymmetry groups for any of the speed tests.

Di1scUsSION

Although acknowledged as an important component of
multidirectional speed, unilateral jump performance in team-
sport athletes has not been widely analyzed within the
current literature. The influence that between-leg asymme-
tries defined by unilateral jumping may have upon multidi-
rectional speed has also not been thoroughly investigated.
Therefore, this study examined the effect that unilateral leg
power, as measured by single-leg jump tests (vertical,
horizontal, and lateral), and between-leg jump asymmetries,
had upon performance in a 20-m sprint, 505, and modified
T-test. The results indicated that horizontal jump and L]
performance related to multidirectional speed. Asymmetries
as measured by between-leg differences in jump perfor-
mance in the 3 different planes of motion did not seem to
significantly relate to multidirectional speed. To an extent,
this may have been a consequence of the sample group, in
that collectively the subjects from the current study generally
did not demonstrate overly pronounced asymmetries (i.e.,
above 15%). Correlation analyses do have limitations, in that
factors such as subject body mass, physique, flexibility,
technique, and leg strength can have an effect on the
statistical models that are derived (5). This interplay of phys-
iological and technical factors would have contributed to the
fact that only 2 of 34 significant correlations were very large
(left-leg SBJ and 0-20-m sprint; left-leg L] and T-test with
movement initiation to the right). However, the size of the
correlations found in this research is similar to those estab-
lished in the literature analyzing relationships between leg
power and running speed (21,28,32,35).
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Unilateral Jumping and Speed

Regarding unilateral jump performance, the findings from
this study support previous research, as well as confirm
aspects of coaching logic. What is important to consider is
that technique associated with unilateral jumps is specific
(32,33). This would affect any transfer to sport-specific per-
formance, including multidirectional speed. An example of
this was shown with the unilateral VJ. Previous research has
established a relationship between unilateral V] performance
and a 20- (26) and 25-m (28) sprint, and this was supported
to an extent by the current study for both the left and right
legs (Table 2). Interestingly, V] performance from either leg
did not correlate with the 505, and there was only 1 correla-
tion with the modified T-test. The right-leg V] moderately
correlated with the T-test with movement initiation to the left,
with only 14% of the common variance explained (Table 2).
To effectively change direction, athletes will tend to lower
their center of gravity (41), and place a greater emphasis on
lateral movement (43). This would suggest a reduced empha-
sis on vertical power when changing direction, which is
reflected in the results drawn from this research.

The unilateral SB] established significant relationships
with all 3 speed tests. For the left-leg SB] and the speed
tests, the common variance ranged from 14% for the 505
with a left-leg turn, and up to 53% for the 0-20-m sprint
interval. Better performance in the bilateral SB] has been
linked to faster linear sprint performance over distances of
less than 30 m (1), and improvements in short (i.e., less than
20 m) linear sprints have been associated with increased
horizontal power (22,35). More specifically, the unilateral
SBJ has also been linked to linear 10-m sprint performance,
and change-of-direction speed in a test requiring 180° cuts,
in male physical education students (32). As there are sim-
ilarities in the mechanics for the unilateral SB] and the sprint
step (30), it is not surprising that there would be an associ-
ation with a maximal linear sprint. This was further con-
firmed by the predictive relationships that the left-leg SBJ
had with each interval of the 20-m sprint (Table 3). Further-
more, both the 505 and modified T-test feature linear accel-
erations over short distances (Figures 1 and 2). Given the
importance of an increased step length for acceleration, and
how this has been linked to horizontal power (22), change-of-
direction tests that feature these accelerations should also have
a relationship with unilateral horizontal jump performance.

The single-leg L] tests for both legs also correlated with
speed over all the 20-m sprint intervals (Table 2). Although
linear sprinting does not involve lateral projection, the muscles
recruited required for explosive straight-line sprints, and for
maximal jumping, are similar. For example, the hamstrings,
quadriceps, and gluteal muscles are all active during a unilat-
eral jump (14). These muscles are also recruited during the
sprint step (19). Thus, similar recruitment of muscles required
for maximal sprinting and lateral jumping would provide
some basis for the significant relationships found in this
study. More specifically, better L] performance for both legs
correlated with faster times in the 505 and modified T-test
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(Table 2). This is contrary to previous research that suggested
that lateral power, as measured by a L] test, did not significantly
relate to change-of-direction speed (32). The highest explained
common variance was 52% for the left-leg L] and T-test with
movement initiation to the right. The L] for the left leg was also
the most significant predictor for performance in all conditions
for both the 505 and T-test in this study (Table 3). The specific
movements required for the 2 change-of-direction speed
tests (i.e., the 505 featured a hard 180° cut to change direction
within the test; the T-test involved lateral shuffling) illustrate
why unilateral jump performance and power would relate to
these assessments. Previous literature has suggested that the
ability to complete explosive movements laterally will contrib-
ute to change-of-direction speed (39,45). The results from this
research provide support to this notion.

When considering isokinetic strength asymmetries
between particular muscle groups, differences of less than
15% are generally viewed as not being functionally signifi-
cant (2,29,37). Using this value as a guide, the mean values,
when considering all subjects from the current study, dem-
onstrate that any between-leg differences would generally
not be deemed functionally significant (V] = 10.4 * 10.8%;
SB] = 3.3 = 3.0%; LJ = 5.1 *= 3.9%; Table 1). Previous
analysis of collegiate-aged athletes has also shown relatively
minor between-leg differences for unilateral jump tasks, such
asa VJ (2,29,33), SBJ and L] (33), or hop for distance (2). The
VJ asymmetries were also similar to those detailed for colle-
giate football players (9.7 = 6.9%) (15). As further evidence
of the between-leg jump differences recorded being function-
ally insignificant, asymmetries for the vertical, SBJ, or L] did
not correlate with any measure of multidirectional speed
(Table 2). Nevertheless, a novel cutoff point, which involved
splitting the subjects into lesser and greater asymmetry
groups considering a value that was 1 SD above the group
mean (16,23), was used to further investigate the influence of
asymmetries for each unilateral jump condition. The speci-
ficity of unilateral jumps is highlighted in this study (5,32,33),
as when groups were split into lesser and greater asymmetry
groups, only the particular jump in question exhibited a sig-
nificant difference (e.g., when splitting groups according to
unilateral V] symmetry, only the V] asymmetry was signifi-
cantly different between the groups; Table 4). However, even
after this process, there were no significant differences in any
measure of multidirectional speed when considering asym-
metries defined by the unilateral V], SBJ, or LJs (Table 4).

These results suggest that the asymmetries defined by
unilateral jump tests do not relate to multidirectional sprint
performance. This supports Hoffman et al. (15), who found
V] asymmetries did not significantly affect change-of-
direction speed. These results may be related to certain
inherent technique adjustments athletes will make in
response to strength or power imbalances between the
limbs. Yoshioka et al. (44), who used computer modeling
to examine vertical jumping with leg strength differences,
found that the stronger leg compensated for the weaker
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leg by allowing some lateral movement within the body to
more evenly distribute the load. Furthermore, any strength
or power imbalances between the limbs will tend to reduce
as a team-sport athlete’s training age increases (10). Given
that all the subjects in this study were adults and experienced
team-sport athletes, the sample from this research may have
relatively lesser leg power asymmetries than other athletic
populations. Indeed, the greater asymmetry groups as
defined by the SBJ (74 + 2.4%) and LJ (8.7 = 2.8%), still
had between-leg differences well under the suggested 15%
functional significance value (2,29,37). In addition, the size of
the greater asymmetry groups was less than half the sample
in each case (V] = 10; SB] = 8; L] = 13; Table 4). It would be
of benefit to test the multidirectional speed capabilities of
team-sport athletes that have unilateral vertical, horizontal,
and lateral asymmetries in excess of 15%. Nevertheless, the
results from this study imply that as long as jump asymme-
tries are not excessive (i.e., not greater than 15%), then there
should be no negative effects to multidirectional speed.

PRACTICAL APPLICATIONS

This research has several practical applications for the
strength and conditioning professional. First, this study
provides confirmation of coaching logic regarding the value
of unilateral and horizontal power to multidirectional speed.
Team-sport athletes should ensure they possess sufficient
single-leg horizontal and lateral power, which can be defined
by unilateral standing broad and lateral jumping. These types
of assessments are relatively straightforward to administer by
strength and conditioning coaches, providing a further
indication of their benefits. Unilateral horizontal and lateral
power should assist with acceleration, both linearly and after
a direction change as measured in this study (i.e., after a 180°
cut, or transitioning to lateral shuffling and back pedaling).
Unilateral vertical power should also contribute to linear
speed. To develop these capacities concurrently, exercises
that involve explosive actions in these planes of movement
(e.g., hopping, bounding, lateral bounds, zig-zag bounds)
would be of benefit. Further to this, the results from this
study indicate that functional asymmetries defined by unilat-
eral jump performance of less than 15% should not be a det-
riment to multidirectional speed. For athletes with relative
symmetry between the legs, bilateral jump tests as measure-
ments of leg power are still of value as a monitoring tool.
Nonetheless, strength and conditioning coaches should
monitor unilateral power in their athletes, and training prac-
tices should still be directed towards achieving leg power
symmetry. Future research should analyze the influence of
leg power asymmetries defined by jump performance on
multidirectional speed when the sample features individuals
with a pronounced unilateral difference (ie., greater than
15%). Investigation of the effects that a specific training inter-
vention could have on unilateral jump performance, and by
extension multidirectional speed, would also be of benefit for
team-sport athletes.
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