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Abstract

Thirty-eight university basketball, hockey and netball athletes (age: 20.1 + 1.4 yrs; height 1.8 + 0.1 cm; body mass: 77.6 +
12.7 m) completed bilateral and unilateral countermovement (CM)) and horizontal jumps (H]J) across four seasonal time-
points. Mixed-design ANOVAs assessed longitudinal sex- and sport-based differences in jump performance (normalised
height/ distance), lower limb function (normalised CMJ power and impulse) and inter-limb asymmetry. Kappa coefficients
(x) assessed directional consistency in asymmetry scores. Males consistently outperformed females across all measures
(all p < 0.05) and basketballers exhibited larger HJ distances and improved lower limb function than hockey and netball
players (all p < 0.05). HJ performance and unilateral CM] power improved significantly across the sample from preseason
to competition (all p < 0.05), but improvements in CMJ performance and impulse were only observed in females and
netballers. HJ derived inter-limb asymmetry decreased from preseason to competition (all p < 0.05), while CMJ derived
asymmetries remained unchanged. Directional consistency in asymmetry was poor to substantial (kx = —0.20-0.80), with
over 60% of athletes switching limb preferences across timepoints and up to 42% between tasks. These findings support
the use of multidirectional jump testing for seasonal monitoring, although practitioners should consider both sport-spe-
cific and sex-specific factors when interpreting jump performance, function and asymmetry across a season.
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Introduction function, and inter-limb asymmetry, or how these fluctuate
across a season.

Jump displacement, typically quantified by vertical jump
height or horizontal jump distance, is commonly used to indi-
cate lower limb performance capabilities in both research and
applied settings.'*'° Jump performance is sensitive to neuro-
muscular adaptations and training effects, and has been used to
quantify inter-limb asymmetry scores, making it a valuable
measure for athlete monitoring.'>™"” Notably differences in
jump performance have been observed between sexes, with
males generally achieving greater displacement due to higher

Jumping, both horizontally and vertically, is a fundamental
movement in multidirectional team sports. The frequency
and purpose of jumping, nonetheless, varies between sports
and across positions.'™ In a 60-min netball match, for
example, players were observed to perform approximately
one jump per minute, however the goal shooter performed
36 fewer jumps than the wing attack.” Sport-specific jump
performance is influenced by a combination of maximal
strength, power output and technique efficiency which all
contribute to increasing impulse prior to take-off, a key
determinant of improved jump performance.*~® In practice,
countermovement jump (CMJ) and horizontal jump (HJ)
displacement are commonly used to assess an athlete’s
ability to maximise impulse prior to take-off. Although 'School of Science and Technology, Nottingham Trent University,
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force and power production,*>"* although normalising to

anthropometrics may attenuate these differences.® These find-
ings have led to jump displacement being utilised as a pseudo-
measure for lower limb strength and power, particularly in the
field where laboratory style rigour is impractical. Furthermore,
performing the jump tests on force plates allows lower limb
peak force, power and impulse to be determined, providing
insight into movement strategies and technique. This approach
has revealed sport-specific variations in force-time characteris-
tics with higher performance outputs in sports displaying
force-dominant strategies, which aim to maximise explosive
force in shorter contact times, versus those with time-dominant
strategies, characterised by longer contact times and lower
forces.”

Inter-limb asymmetry, defined as the difference in func-
tion or output between limbs, has gained prominence in ath-
lete monitoring due its association with injury risk and
compromised performance.'*'*'¥2°> Asymmetries are com-
monly evaluated using CMJ and HJ tests with differences
expected in limb dominance characteristics between unilat-
eral and bilateral variations.?® These measures are often
used to inform return-to-play protocols, rehabilitation pro-
gress, and strength training interventions.'?’° However,
the calculation and interpretation of asymmetry remains
contested.”! Arbitrary thresholds (e.g., 10-15%) are fre-
quently applied to define ‘meaningful’ asymmetry, despite
a lack of empirical support and the known influence of
task, metric and individual variability.*'* Recent recom-
mendations encourage the use of task-specific asymmetry
indices that account for both magnitude and direction, and
advocate for an individual approach to interpretation using
sample-specific thresholds and individual variability to
enhance practical relevance.*>*

Current findings suggest that the CMJ may be more sensi-
tive than the HJ to seasonal changes in asymmetry,'''?
although directionality is highly variable within individuals
and may mask meaningful changes over time.'***
Furthermore, existing studies are typically limited to small,
male-only cohorts within single sports, restricting the general-
isability of findings. Only one known study has included both
sexes across multiple sports.'* Finally, most athlete monitor-
ing protocols assess athletes once per mesocycle (e.g., pre-,
mid-, end-season), which may not adequately capture intra-
mesocycle fluctuations. Therefore, the purpose of this research
study was to investigate seasonal variation in jump perform-
ance, lower limb function and inter-limb asymmetry in male
and female athletes competing in different team sports.

Methods

Participants

A simulation-based a priori power analysis was conducted in
MATLAB (R2025a, Mathworks Inc, Natick, MA) to esti-
mate the minimum sample size required to detect a three-way

interaction effect (sexxsportxtime) in a 2X3 X4 mixed-
design analysis of variance (ANOVA). Monte Carlo simula-
tions (1000 iterations per sample size) assuming a medium
effect size (Cohen’s f=0.25) and an alpha level of 0.05, indi-
cated that a total sample size of 312 participants (i.e., 52 per
sexxsport group) was required to achieve 80% statistical
power. However, since it was not feasible to recruit a suffi-
ciently large and varied sample to support a full three-way
analysis, the effects of sex and sport were examined via
two independent two-way analyses instead.

For each independent two-way analysis, an a priori power
analysis was conducted using G*Power (Version 3.1,
Diisseldorf, Germany) for a 2 x4 (sexxtime) and a 3 x4
(sportxtime) mixed-design ANOVA. To achieve 80% statis-
tical power assuming a medium effect size (Cohen’s f=
0.25), an alpha level of 0.05, a correlation among repeated
measures of 0.5 and a nonsphericity correction of 1.0, a min-
imum of 24 participants would be required for a two-group
comparison (12 per sex) and a minimum of 30 participants
for the three-group comparison (10 per sport).

A total of 38 university team-sport athletes were therefore
recruited, following a detailed health screening questionnaire
to ensure eligibility, and provided written informed consent
in accordance with the guidelines of Nottingham Trent
University’s Human Invasive Ethics Committee (ID:
1535801, version 1.0, dated: 19/07/2022). To be eligible, ath-
letes were required to be aged between 18 and 35 years and
actively competing in the British University and Colleges
Sport (BUCS) League during the data collection season.
They had to be healthy, with no lower limb musculoskeletal
injuries in the six months prior to or during the study period,
and free from any known illness or condition that could affect
jumping performance. Athletes were also required to have
participated in basketball, netball or hockey as their primary
sport for a minimum of one year and routinely perform ver-
tical and horizontal jump testing as part of their training and
monitoring programme. These team sports were selected
based on the primary reliance on lower limb function, as
well as alignment in seasonal structure and availability for
repeated testing. For athletes involved in multiple sports,
their primary sport was identified as the one requiring the
greatest weekly time commitment. Participants were
instructed to report any injuries sustained during the study
and to complete an injury report form. Those who became
ineligible during the study were withdrawn and their data
excluded from analysis. The final sample size was expanded
to meet the minimum group power requirements across both
independent groups (sex and sport) whilst also accounting for
potential attrition (Table 1).

Data collection

Each participant attended Nottingham Trent University’s
Biomechanics Laboratory on four occasions, each lasting
approximately two hours, during the 2022/2023 BUCS
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Table I. Participant characteristics and demographic frequencies for the study sample.

Frequencies Demographics

Sex Sport Level
Age Height Mass

All M F B H N LI L2 L3 (years) (m) (kg)
All 38 21 17 12 16 10 5 14 19 20.1+1.4 .78 +0.11 776127
Male 10 I 0 3 7 I 203+1.2 1.84+0.08 85.1+9.4
Female 2 5 10 2 7 8 198+ 1.5 1.71 +0.09 68.4+9.8
Basketball 10 2 0 8 4 208+ 1.4 1.87 +0.08 87.9+10.1
Hockey I 5 4 | I 200+ 1.3 1.74+0.09 741 +125
Netball 0 10 | 5 4 195+12 1.74 +0.07 71.0+79

Note: body mass is the average value across all four timepoints. Abbreviations: M = male; F = female; B = basketball; H = hockey; N = netball; LI =

international; L2 = national; L3 = university.

season (1% August 2022 to 31% March 2023). Two testing
sessions were conducted during two meso-cycles of the sea-
son: pre-season (1-August/September and 2-September/
October) and competition (1-November/December and 2-
February/March) with no testing during the off-season.
Participants were scheduled to attend sessions at approxi-
mately the same time of day across all visits, and training
data were collected using a self-reported training form to
monitor team-level programming goals throughout the
season.

At the start of each visit, participants’ height and body
mass were recorded using a stadiometer and calibrated
scales, before completion of a standardised warm-up con-
sisting of jogging, dynamic stretches (e.g., walking lunges,
hamstring sweeps, side lunges), sprinting and acceleration-
deceleration drills, followed by three familiarisation CMJ
and HJ attempts. Upon completion of the warm-up, partici-
pants were reintroduced to the testing procedures and add-
itional practice attempts were permitted for each jump prior
to maximal effort testing.

Three maximal effort CMJs, separated by 60 s of rest,
were performed bilaterally first, followed by three unilateral
efforts on each leg, beginning with the right. Kinetic data
were collected using an embedded multiaxial dual force
plate system (AMTI, Watertown, MA, USA), sampling at
1000 Hz. Participants were instructed to stand upright
with hands on their hips and one foot centred on each force
platform, then squat to a self-selected depth and rapidly
explode upward to achieve maximal height, without exces-
sive hip or knee flexion during flight or on landing. For uni-
lateral tests, participants were instructed to flex the free knee
to approximately 90° and to minimise swinging of the non-
jumping limb to reduce its contribution to jump height, in a
manner similar to the influence of arm swing.*® To encour-
age maximal effort, participants were permitted to land on
one or two feet regardless of the task. An attempt was con-
sidered successful if the hands remained on the hips, there
was no excessive hip or knee flexion during the airborne
phase, and landing was completed with extended hips,

knees and ankles. Unsuccessful attempts were repeated fol-
lowing a 60-s rest period. Instructions were consistent
across all four time points and standardised feedback was
provided to ensure proper technique.

Upon completion of the CMJ attempts, three maximal
effort HJs, separated by 60 s of rest, were performed bilat-
erally first, followed by three unilateral efforts on each leg,
beginning with the right. Jump distance was measured
using a tape measure as the perpendicular distance from
the start line at take-off to the heel of the first landing
foot. Participants were instructed to stand with their toes
directly behind the start line and to jump as far forward as
possible to achieve maximal horizontal distance. An
attempt was considered successful if the first landing foot
did not move upon contact with the ground and the hands
remained on the hips throughout the jump. To minimise
learning effects, additional attempts were completed if the
jump distance improved by more than 10 cm between
attempts.

Data processing

Kinetic data for each CMJ were exported unfiltered into a
custom-made Excel spreadsheet for analysis.***” Jump
height, net impulse and peak power during the propulsive
phase, were determined due to their association with per-
formance.*® Upon inspection of the pre-season CMJ force-
time histories, the attempts across most participants lacked a
clear body-weight phase suggesting the unweighting phase
had begun prior to recording. To maintain consistency and
validity across all four time points, jump height was calcu-
lated using the flight-time method, which has demonstrated
highly validity and reliability.***' Take-off and landing
were defined as the instants when vertical ground reaction
force (GRF) crossed a threshold equal to five times the
standard deviation of the vertical force during the first
300 milliseconds of flight.>*>7*? Jump height (CMJ) and
jump distance (HJ) were both normalised to participant
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Table 2. Inter-limb asymmetry thresholds (using sample-specific thresholds and individual CV values) and category frequencies.

Countermovement Jump

Horizontal Jump

“Small to moderate”

“High to extreme”

“Small to moderate” “High to extreme”

Preseason | 11.11% (5) 17.58% (4)
Preseason 2 8.17% (6) 12.47% (6)
Competition | 8.24% (5) 13.32% (6)
Competition 2 9.94% (8) 16.47% (3)

7.47% (6) 13.52% (2)
5.46% (9) 8.81% (4)
3.36% (6) 5.80% (6)
456% (8) 6.84% (5)

(n) = number of athletes whose asymmetry score exceeded their individual CV% and the specified threshold

height to account for anthropometric differences between
individuals.

Net vertical impulse during the CMJ was derived by
using jump height to calculate vertical centre of mass
(COM) take-off velocity via the equations of constant accel-
eration, combined with each participant’s body mass. Peak
power was defined as the maximum power output during
the propulsive phase normalised to body mass. Power out-
put during the propulsive phase was calculated by multiply-
ing the vertical GRF time history by the vertical COM
velocity time history. The vertical COM velocity time his-
tory was obtained by integrating the net vertical acceler-
ation (i.e., GRF minus body weight, divided by body
mass) and scaled to align with the previously derived verti-
cal COM take-off velocity. Peak power was defined as the
maximum power output during the propulsive phase and
was normalised to body mass.

Inter-limb asymmetries in jump performance (CMJ
height and HJ distance) were quantified to detect both
asymmetry magnitude and direction between right and left
limbs (Equation 1).*! The mean of the two best trials was
used to compute an asymmetry index score (ASI) for unilat-
eral jump tests at each timepoint.

(4-B)

AST = ——— 22
Max(4, B)

x 100 )
where ASI=asymmetry index score (%), 4=right limb
value, B =left limb value.

Statistical analysis

All statistical analyses were performed using SPSS v.29
(IBM Corporation, USA). To ensure consistency across
participants and sessions, the two best bilateral and unilat-
eral CMJ and HJ attempts (defined as those producing the
greatest jump height or distance), were selected for analysis
at each time point. Within-session reliability was assessed
for these attempts using the coefficient of variation (CV)
and two-way mixed effects intraclass correlation coeffi-
cients (ICC) for absolute agreement. All tests and groups
demonstrated excellent ICC values (>0.90),** and accept-
able CV values (<10%)**** at each time point.

Normality of each jump performance and asymmetry
variable was assessed using boxplots and Shapiro-Wilk

tests, which indicated violations of the assumption of nor-
mality (p < 0.05) across both performance and asymmetry
metrics. To address this, all data were subsequently log
transformed prior to analysis. Asymmetry data were trans-
formed using logjo(|x| + 1) to account for the presence of
negative values in the dataset.

A two-way (2 X 4) mixed design ANOVA, with an alpha
significance level of 0.05, was conducted to examine differ-
ences in log transformed jump performance and asymmetry
metrics between sexes across timepoints. A second two-
way (3 x4) mixed design ANOVA was performed using
the same approach to assess differences between sports
across timepoints. The magnitude of change for group-level
comparisons was calculated using a corrected effect size
(Hedges, g) in accordance with recommendations for small
and unequal sample sizes.** Effect sizes were interpreted as
trivial (g<0.2), small (0.2 <g<0.5), medium (0.5<g<
0.8), and large (g>0.8).

Interpretation of ASI values was conducted relative to
each participant’s test CV at the corresponding time point,
based on the rationale that asymmetries exceeding an indi-
vidual’s within-session variability may be considered
meaningful.*> Sample-specific thresholds (Table 2) were
used to categorise asymmetry scores: “small to moderate”
asymmetries were defined as scores greater than the popu-
lation mean plus the smallest worthwhile change (SWC;
0.2 X between-subject SD), while “high to extreme” asym-
metries were defined as scores exceeding the population
mean plus one standard deviation (1.0 X between-subject
SD). Cohen’s kappa coefficients were calculated to assess
consistency in asymmetry direction (i.e., consistency in
preference for the right or left limb) between timepoints
and jump tests which goes undetected when using absolute
asymmetry scores in traditional statistical analyses. The
strength of agreement was characterised as follows: poor
(£ 0); slight (0.01-0.20), fair (0.21-0.40), moderate
(0.41-0.60), substantial (0.61-0.80), perfect (0.81-1.00).

Results

Jump performance

Significant interactions in bilateral CMJ height were
observed for both sex and sport over time (p <0.02), with
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Table 3. Group means and standard deviations for normalised height and inter-limb asymmetry scores (absolute values) in the bilateral
and unilateral countermovement jump at four timepoints throughout the season.

Preseason | Preseason 2 Competition | Competition 2

Bilateral (m)

*All 0.19+0.04 0.19+0.04 0.19+0.03 0.19+0.04
* Male £0.21 +0.04 F0.20+0.04 F0.20+ 0.04 F0.21 +0.04
* Female Mo.16+0.02 ! M0.17+0.02° M 0.17 +0.02 PLP? M0.17+0.02
Basketball 0.20+0.05 0.20+0.05 0.20+0.04 0.20+0.05
Hockey 0.19+0.03 0.19+0.03 0.19+0.03 0.19+0.04
Netball 0.16 +0.03 €2 0.17 +0.02 €2 0.18 +0.02 P"P2 0.18 +0.02 °**2
Unilateral: Right (m)

Al 0.10+0.02 0.10+0.02 0.10+0.02 0.10+0.02
* Male Fo0.11+0.02 Fo.11+0.02 Fo.11+0.02 Fo.11+0.02
* Female M 0.09 +0.02 M 0.09 +0.02 M 0.09+0.01 M 0.09 +0.02

Basketball 0.11+0.02 0.11+£0.02 0.11 +0.02 0.11+0.03
Hockey 0.10+0.02 0.10+0.02 0.10+0.02 0.10+0.02
Netball 0.09 +0.02 0.09 +0.02 0.09+0.01 0.09 +0.02
Unilateral: Left (m)

Al 0.10+0.03 0.10+0.02 0.10+0.02 0.10+0.02
* Male Fo.11+0.03 Fo.11+0.02 Fo.11+0.02 Fo.11+0.03
* Female M 0.09 +0.02 M 0.09 +0.02 M 0.09+0.01 M 0.09 +0.02

Basketball 0.11+0.03 0.11 +0.03 0.11+0.03 0.10+0.03
Hockey 0.10+0.02 0.10+0.02 0.10+0.02 0.10+0.02
Netball 0.09 +0.03 0.09 +0.01 0.09 +0.02 0.09+0.02
Unilateral: ASI (%)

Al 9.5+8.1 7.1+£54 7.0+64 83+82

Male 9.8+9.3 59+4. 74+73 8.1+79
Female 9.1+67 8.6+6.4 64+52 8.6+87
Basketball 10.7+10.6 6.9+3.0 9.8+82 11.8+11.8
Hockey 83+6.3 53+46 50+4.1 82+57
Netball 9.9+79 102+7.5 6.7+62 43+38
Note:

* Bold italics indicate significance at p <0.05, bold italics with underlining indicate significance at p <0.01.

* An * preceding time (All) headings represents a significant interaction of timeXxsex or timeXsport.

* An “¥ preceding time (All), sex and sport row headings represents significant main effects of time, sex or sport.

* M and F represent significant sex differences between males and females, respectively.

* B, H, and N represent significant sport differences between basketball, hockey and netball, respectively.

* PI, P2, Cl, and C2 represent significant time differences between preseason-|, preseason-2, competition-1 and competition 2,

respectively.
» Abbreviations: ASI = asymmetry index score.

females (p < 0.05, g = 0.31 to 0.46) and netballers (p <
0.05, g=0.35to0 0.66) showing a significant increase during
the competition phase compared to preseason but males,
basketballers and hockey players showing no changes
(Table 3). No significant differences were observed for uni-
lateral CMJ height (Table 3) but normalised HJ distances
increased over the season for all participants (p<0.01),
with greater unilateral and bilateral distances during the
competition phase compared to preseason (p < 0.05, g =
—0.61 to 0.47; Table 4).

Males demonstrated greater normalised jump displa-
cements than females (p < 0.01) across all CMJ and HJ
variations for all time points (CMJ: p <0.05, g =0.87 to
1.61; HJ: p <0.05, g = 0.79 to 2.28). On average, nor-
malised CMJ height was 2—4 cm higher in males than
in females (Table 3), while normalised HJ distance

was 10-12 cm greater in males across jump variations
(Table 4).

Significant differences were observed between sports for
normalised HJ distance (p = 0.05), with netballers exhibit-
ing shorter distances compared to basketball (bilateral: p <
0.05, g =0.85 to 1.04; right: p <0.05, g = 1.60 to 1.75; left:
p <0.05, g=1.48to 1.57) and hockey (bilateral: p <0.01, g
=1.39to 1.60; right: p <0.05, g=0.90 to 1.29; and left: p <
0.05, g = 0.63 to 1.18) players at all timepoints (Table 4).
No significant differences were found between sports for
bilateral or unilateral CMJ jump height (Table 3).

Lower limb function

Significant interactions in both bilateral and unilateral CMJ
impulse were observed between sexes over time (p <0.02;
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Table 4. Group means and standard deviations for normalised distance and inter-limb asymmetry scores (absolute values) in the
bilateral and unilateral horizontal jump at four timepoints throughout the season.

Preseason |

Preseason 2

Competition | Competition 2

Bilateral (m)

* All 0.96+0.12 <> <2 0.98+0.13 <> <2 1.00 +0.12 P1P2 1.01 +0.12 P1P?
* Male Flr.or+o0.12 F1.04+0.13 F1.05+0.12 F1.06+0.12

* Female M0.91+0.09 M0.91+0.09 M .95 +0.08 M 0.94 +0.09

* Basketball N1.00+0.14 N 1.00+0.16 N 1.03+0.14 N 1.03+0.15
* Hockey N 1.00+0.09 Nj.03+010 N1.04+0.08 N 1.05+0.09
* Netball B H87+0.09 B Ho.88+0.08 B Ho.91+0.09 BHo91+0.09
Unilateral: Right (m)

* All 0.83 +0.12 P><€1C2 0.86 +0.10 P! 0.89 +0.11 2LP2 0.87+0.11"%
* Male F0.87+0.12 F0.89+0.10 Fo.94+0.10 Fo.91+0.11

* Female Mo0.78+0.10 M0.81 +0.09 M .82 +0.07 M0.82+0.08

* Basketball 0.85+0.14 0.88+0.12 No0.93+0.12 N0.90+0.13

* Hockey N 0.87 +0.08 0.87+0.08 N 0.90 + 0.08 N 0.90 + 0.07

* Netball Ho76+0.11 0.80+0.10 BH 0.81 +0.09 BH 0.79 +0.08
Unilateral: Left (m)

* All 0.83+0.14 €2 0.84 +0.12 €2 0.89 + 0.10 PP2 0.87 +0.10 P'-P?
* Male F0.87+0.15 Fo0.90+0.11 Fo.94+0.10 £0.91+0.09
* Female M0.78+0.10 Mp.78+0.10 M0.82+0.07 M 0.82 +0.09

* Basketball 0.83+0.19 N 0.88+0.14 N0.92+0.13 0.88+0.13

* Hockey 0.86+0.10 N 0.87 +0.08 N0.91+0.06 N 0.90 +0.08

* Netball 0.76 £0.11 BH076+0.10 B Ho.8l+0.09 H 0.80 + 0.07
Unilateral: ASI (%)

* All 60+76< 46+42¢ 3.1 +2.7BLP? 40+29
Male 6.5+9.6 35+23 30427 39427
Female 53+4.0 6.0+5.5 33+27 4.2 +3.1
Basketball 84+ 124 38+3.6 3.6+32 48+34
Hockey 45+32 38+28 3.01+24 40+27
Netball 54+4.1 70+59 26+27 3.0+23
Note:

* Bold italics indicate significance at p <0.05, bold italics with underlining indicate significance at p <0.01.

* An * preceding time (All) headings represents a significant interaction of timeXsex or timexsport.

* An “¥ preceding time (All), sex and sport row headings represents significant main effects of time, sex or sport.

* Mand F represent significant sex differences between males and females, respectively.

* B, H, and N represent significant sport differences between basketball, hockey and netball, respectively.

* PI, P2, Cl, and C2 represent significant time differences between preseason-|, preseason-2, competition-1 and competition 2,

respectively.
Abbreviations: ASI = asymmetry index score.

Table 5). Impulse in females increased significantly from
preseason to the competition phase (p < 0.05, g = 0.15 to
0.55), whereas impulse in males only increased during the
competition phase (p < 0.05, g = 0.18 to 0.23). No signifi-
cant differences were observed in CMJ impulse between
sports over the season (Table 5).

Significant differences were observed in unilateral CMJ
peak power for all participants across the season (p < 0.05)
with greater values (p < 0.05, g = 0.16 to 0.24) observed
during the competition phase compared to preseason
(Table 6). No significant differences were observed in
CM]J peak power over the season.

Males demonstrated greater impulse (p <0.001, g=1.98
to 2.59) and peak power (all p < 0.001, g = 1.14 to 1.64)
compared to females for bilateral and unilateral CMJs
across all timepoints. Significant differences were also

observed between sports for impulse (p<0.01) and peak
power (p<0.05) for all CMJ variations, with basketballers
exhibiting greater impulse and peak power than hockey
(impulse: p < 0.05, g = 0.85 to 1.26; power: p < 0.05, g
= 0.91 to 0.95) and netball (impulse: p < 0.05, g = 1.87
to 2.72; power: p < 0.05, g = 1.10 to 1.43) players
(Tables 5-6).

Lower limb asymmetry

Significant differences were observed in HJ ASI over time
(p <0.05), with declining asymmetry scores for all partici-
pants (p < 0.05, g —0.61 to —0.39) from preseason to the
start of competition (Table 4). No other significant differ-
ences in asymmetry were observed between sexes or sports,
or across the season (Tables 3-6).
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Table 5. Group means and standard deviations for impulse and inter-limb asymmetry scores (absolute values) in the bilateral and
unilateral countermovement jump at four timepoints throughout the season.

Preseason | Preseason 2 Competition | Competition 2
Bilateral (N.s)
x All 201 + 46.6 199 + 45.1 200 + 40.9 204 + 45.8
* Male F2324303 F230+305 F227427.9¢ F2334+333¢
* Female M 1634321 €2 M1 +26.2<2 M 167 + 28.4 P22 M 168+ 30.4 PI-P2
* Basketball HN 237 +37.2 HN 238 + 35.7 HN 235+ 28.9 HN 240 4+ 37.1
* Hockey B 190 +47.6 B 189+43.8 B190+41.1 B 193+ 485
* Netball B 1744265 B168+19.5 By75s+22.7 B 178+ 185
Unilateral: Right (N.s)
x All 144 + 33.2 143 +32.3 147 + 28.6 147 + 34.1
* Male Fl168+19.7 Fl66+21.3 Fle6+215 F169+23.4
* Femnale Myr44185¢<! Myis4+181¢! M 254 18.2 PLP2C2 My194+21.8°¢
* Basketball HN 172 +23.2 HN 171 +25.3 HN 173+ 21.2 HN 174 +24.9
* Hockey B 138+34.3 B 138+31.2 B l41+263 B 139+ 36.7
* Netball Bli9+122 B120+13.6 B 1274151 B126+12.2
Unilateral: Left (N.s)
*All 142 + 33.5 144 + 33.5 144 +29.9 147 + 33.0
* Male Fl66+21.8 Fl67+220 F 1644229 F169+232"7
* Female M 144 20.7 €42 Myis419.2C1 M 120+ 17.5P0P2 My19+189"%
* Basketball HN 169 4+ 24.6 HN 174+ 26.2 HN 170 + 234 HN 170 4+ 27.7
* Hockey B137+34.7 B 1364315 B 137+29.0 B 1414365
* Netball Bl19+15.4 8120+133 B125+135 Bl27+11.0
Unilateral: ASI (%)
All 5.0+45 3.8+3.0 42 +5.1 44+4.5
Male 5.1+5.1 3.1+24 3.9+39 42+44
Female 48+38 45+3.6 47+63 4.6+4.7
Basketball 6.0+59 35+15 5.1+45 6.3+6.6
Hockey 43+34 29+27 4.1+64 43+3.0
Netball 50+44 54+42 34+33 22+1.9
Note:

* Bold italics indicate significance at p <0.05, bold italics with underlining indicate significance at p <0.01.

* An * preceding time (All) headings represents a significant interaction of timeXsex or timeXsport.

* An “¥ preceding time (All), sex and sport row headings represents significant main effects of time, sex or sport.

* M and F represent significant sex differences between males and females, respectively.

* B, H, and N represent significant sport differences between basketball, hockey and netball, respectively.

* PI, P2, Cl, and C2 represent significant time differences between preseason-|, preseason-2, competition-1 and competition 2,

respectively.
Abbreviations: ASI = asymmetry index score.

Low levels of agreement (k <0.20) in asymmetry dir-
ection were observed between timepoints for both CMJ
height and HJ distance (Table 7), with 25 (65.8%) parti-
cipants switching limb preference in the CMJ over the
course of testing and 23 (60.5%) participants doing so
in the HJ (Figures 1-2). Females were observed to
switch more than males, while basketballers had the
most consistent limb preference across time points
(Table 7). Similarly, low levels of agreement (k < 0.20)
were observed between tests at each of the four time
points (Table 8). Within each testing session, 13
(34.2%), 15 (39.5%), 16 (42.1%) and 11 (28.9%)
participants changed limb preference for the CMJ versus
HJ in preseason-1, preseason-2, competition-1 and
competition-2, respectively. Females were the most

consistent within each testing timepoint and hockey
players were the least (Table 8).

Discussion

This study aimed to investigate seasonal variation in jump per-
formance, lower limb function and inter-limb asymmetry in
male and female athletes across different team sports.
Although the original design intended to explore three-way
interactions (sexXxsportxtime), the required sample size made
this unfeasible. Instead, a sample was recruited to investigate
seasonal changes in performance, lower limb function and
inter-limb asymmetry between sexes (sexxtime) and sports
(sportxtime). While seasonal improvements in CMJ perform-
ance were confined to females and netballers for a single task
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Table 6. Group means and standard deviations for normalised power and inter-limb asymmetry scores (absolute values) in the bilateral
and unilateral countermovement jump at four timepoints throughout the season.

Preseason | Preseason 2 Comepetition | Competition 2
Bilateral (W.kg™")
All 52.7+9.2 52.1 +87 52.5+7.4 53.6+8.4
* Male F56.6+84 F56.8+9.0 F566+17.1 F581+85
* Female M47.8+179 M 46.3+3.0 My7.44+35 M 48.0+3.6
* Basketball 57.7+11.3 N5g0+11.2 N 564480 Ns5g7+105
Hockey 50.3+5.8 51.2+65 523+73 525+7.0
* Netball 50.4+9.2 B46.6+3.1 B47.9+3.7 B49.3+3.9
Unilateral: Right (W.kg™")
* All 325452 32.1 +4.7 €2 33.2+4.5% 33.4+5.1 P22
* Male F354435 F34.6+27 F35443.0 F36.1+3.5
* Female M28.9+3.5 M29.0+2.7 M30.4+3.0 M29.9+3.5
* Basketball N 36.5+6.5 N356+5.9 H N363+53 HN371+62
* Hockey 31.5+3.9 31.2+35 £320+3.9 £32.0+4.3
* Netball 8294437 B29.54+26 B31.2+3.2 B31.0+35
Unilateral: Left (W.kg™")
* All 32.5+53 32.8+5.6 ¢ 33.1+4.9 33.8+5.5° P2
* Male F352453 F359456 F356+4.9 F36.8+5.5
* Female M29.2+43 M29.0+25 M 30.0+2.4 M30.243.1
* Basketball N36.2+6.4 HN37 1471 N364+57 367+72
Hockey 31.6+4.4 B31.8+4.0 324+39 33.0+48
* Netball B29.5+4.6 B294423 B30.5+2.9 31.6+3.2
Unilateral: ASI (%)
All 55+5.7 49+5.1 45+47 6.0+6.9
Male 57+55 51+33 4.7 +47 6.9+50
Female 53+45 46+3.6 43+3.7 50+4.6
Basketball 6.5+6.4 53+3.8 6.1 £53 8.9+6.0
Hockey 46+3.6 39425 32+3.0 59+37
Netball 59+53 6.0 +4.1 46+42 27422
Note:

* Bold italics indicate significance at p <0.05, bold italics with underlining indicate significance at p <0.01.

* An * preceding time (All) headings represents a significant interaction of timeXsex or timexsport.

* An “¥ preceding time (All), sex and sport row headings represents significant main effects of time, sex or sport.

* Mand F represent significant sex differences between males and females, respectively.

* B, H, and N represent significant sport differences between basketball, hockey and netball, respectively.

* PI, P2, Cl, and C2 represent significant time differences between preseason-1, preseason-2, competition-1 and competition 2,

respectively.
Abbreviations: ASI = asymmetry index score.

variant (bilateral CMJ), improvements in HJ performance
were observed for the whole sample and across jump varia-
tions (Tables 3-4). This coincided with increased CMJ
impulse across jump variations in females at competition com-
pared to preseason and increased unilateral power outputs
across the sample (Tables 5-6). Significant sex-based dif-
ferences were identified across all jump performance and
lower limb function measures, with males consistently
outperforming females (Tables 3—6). Sport-specific effects
were evident in HJ distance and lower limb function
metrics, with basketballers consistently demonstrating
higher values than both hockey players and netballers
(Tables 3-6). Lower limb asymmetry showed minimal
change over time, and the direction of asymmetry varied
considerably both within and between jump types over
the season (Tables 7-8; Figures 1-2).

Sex-based differences

Males consistently outperformed females in both bilateral
and unilateral CMJ and HJ metrics across all timepoints
(Table 3—6). On average, males exhibited greater normal-
ised CMJ heights (Table 3), longer normalised HJ distances
(Table 4), and significantly higher normalised peak power
and impulse across all CMJ variations (Tables 5-6), sup-
porting consistent sex-based differences in lower limb
neuromuscular function previously reported in the litera-
ture.” These disparities highlight potential sex-based differ-
ences in muscle morphology and neuromechanical
characteristics which have been documented previously.
Males typically possess thicker muscles with longer fascicle
lengths, enabling greater force-production and power out-
put.”*® Greater countermovement squat depths during
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Table 7. Kappa coefficients for the changes in asymmetry
direction between timepoints for vertical and horizontal jumping
performance (height and distance, respectively).

PI& P2& ClI& PI& Pl& P2&
PR Cl () cl Q2 @

cM)

All 041 042 042 018 040 025
Male 061 026 026 005 042 026
Female  0.19 -0.07 -003 033 038 -003
Basketball 080 029 033 024 020 033
Hockey 024 —002 0I5 -0.02 039 0I5
Netbal 020 020 -020 020 052 —0.20
HJ

All 042 0I5 047 011 042 047
Male 039 045 024 —004 034 024
Female 027 004 076 028 052 076
Basketball 031 035 0.7 003 0.7 0.7
Hockey 038 043 063 000 038 063
Netball 055 000 060 040 080 060

Note: bold italics indicate slight agreement (0.01-0.20) and bold italics
with underlining indicate poor agreement (< 0).

Abbreviations: CM] = countermovement jump, HJ = horizontal jump, Pl =
preseason |, P2 = preseason 2, C| = competition |, C2 = competition 2.

CMJs have also been observed in males,’ increasing the
vertical range over which the COM can be accelerated dur-
ing the propulsive phase. This provides more time to
develop concentric force and increase net impulse, which
is directly associated with greater take-off velocity and,
consequently, jump height.>*’ The neuromuscular sex-
based differences observed through CMJ testing should

be carefully interpreted in applied settings, where they
hold important implications for training individualisation,
technique remediation, and talent identification.

Sport-specific differences

Differences were observed between sports in HJ perform-
ance and CMJ neuromuscular outputs. Basketball and
hockey athletes consistently outperformed netball athletes
in HJ distance (Table 4), while basketball players consist-
ently exhibited superior performance in normalised CMJ
power and impulse measures compared to both netballers
and hockey players (Tables 5-6). It is also important to
note that no significant sport-based differences were
observed in CMJ height, suggesting that normalised vertical
jump height may be less sensitive to sport-specific demands
than measures of power or impulse. Previous research has
highlighted sport-specific differences in neuromuscular
jump strategies. Laffaye et al.” reported athletes in outdoor
sports (e.g., soccer and baseball) tended to adopt force-
dominant movement strategies to maximise impulse under
time constraints, whereas indoor athletes (e.g., volleyball
and basketball) relied more on time-dominant strategies
where temporal constraints were less influential.
Chalitsios et al.* however, identified contrasting movement
approaches, with soccer players typically using greater CMJ
squat depth (time-dominant) and basketballers demonstrat-
ing higher rates of force development (force-dominant).
These contrary findings suggest that athlete movement
strategies may be more strongly influenced by sport-specific
task constraints than by environmental factors, such as
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Figure 1. Individual asymmetry scores for countermovement jump height at each of the four timepoints across the season. Positive
values indicate right-limb dominance in the task and negative values indicate left-limb dominance. Abbreviations: F = female.
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Figure 2. Individual asymmetry scores for horizontal jump distance at each of the four timepoints across the season. Positive values
indicate right-limb dominance in the task and negative values indicate left-limb dominance. Abbreviations: F = female.

playing indoor versus outdoors. While the findings of this
study may reflect sport-specific movement strategy
demands, analysis of CMJ force-time history metrics
describing jump strategy is required for confirmation.>®
Furthermore, they are likely influenced by the uneven distri-
bution of males and females across sport sub-groups. The
basketball cohort was predominately male (83%), netball
exclusively female (100%), and although the hockey group
was mixed, it was still male-skewed (69%; Table 1). As
such, the observed differences may partially, or fully,
reflect underlying sex-based disparities rather than
purely sport-specific effects. Nevertheless, developing
sport-specific sex-based benchmarks remains crucial for
accurately interpreting performance metrics and guiding
training interventions in applied sport environments.

Table 8. Kappa coefficients for the changes in asymmetry
direction between vertical and horizontal jumping performance at
each timepoint.

Pl P2 Cl C2
All 0.32 0.22 0.15 0.43
Male 0.23 0.19 -0.05 0.34
Female 0.46 0.14 041 0.53
Basketball 0.47 0.27 0.12 0.67
Hockey 0.13 -0.02 0.13 0.15
Netball 0.44 0.40 0.20 0.60

Note: bold italics indicate slight agreement (0.01-0.20) and bold italics
with underlining indicate poor agreement (< 0).

Abbreviations: P = preseason I, P2 = preseason 2, C| = competition |, C2 =
competition 2.

Longitudinal differences

Significant seasonal changes were observed in HJ perform-
ance and unilateral CMJ power and impulse, but improve-
ments in CMJ performance were only evident in females
and netballers and in a single task variant. Participants sig-
nificantly improved normalised HJ distance across bilateral
and unilateral variations, as well as unilateral CMJ power,
and impulse during the competition phase compared to
the preseason phase (Table 4-6). This likely reflects
improvements in athlete’s horizontal force production cap-
acity. Interestingly, these improvements in bilateral HJ dis-
tance continued throughout the season. Improvements
during preseason are often expected due to a focus on
regaining strength and power characteristics that typically
decline during periods of reduced off-season training
loads.'>*3% However, the continued increase in normal-
ised bilateral HJ distance during the competitive phase
may indicate a presence of a match-play stimulus that is
not fully replicated by pre-season strength and conditioning
practices. The pattern of improvements in HJ performance
was observed across all three sports and may be linked to
their shared reliance on sagittal plane movements such as
sprinting, cutting, and deceleration.’’

In contrast to the consistent improvements observed in
HJ performance and unilateral lower limb function, sea-
sonal improvements in bilateral CMJ height and impulse
were not consistently observed across groups and there
were no significant changes in bilateral CMJ power.
Females (and netballers, who comprise most of the female
cohort), however, demonstrated improvements in normal-
ised CMJ height and, by extension net impulse, from
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preseason to competition, while males (as well as basketball
and hockey) showed none or delayed improvements
(Table 3-6). This trend may reflect greater detraining
effects during the off-season in female athletes, particularly
in netball, which has a more clearly defined longer off-
season than basketball or hockey. As such, these athletes
may require a more targeted block of vertical force training
to restore pre-season neuromuscular function or increase
their off-season vertical loading stimulus. These findings
emphasise the importance of tailoring training strategies
to sex-specific needs and seasonal training history, espe-
cially for sports with well-defined off-seasons where neuro-
muscular detraining is more likely.

Asymmetry trends

Inter-limb asymmetry scores remained relatively consistent
across the season, with no significant main effects of time
observed for HJ distance or CMJ height, power or impulse
asymmetry scores (Tables 3, 5—6). While the mean magni-
tude of asymmetry in both vertical and horizontal jumping
measures remained largely consistent (Tables 3-6), scores
calculated from normalised CMJ height were larger (7.0—
9.5%; Table 3), than those from HJ distance (3.1-6.0%;
Table 4), CMJ impulse (3.8-5.0%; Table 5) and CMJ
peak power (4.5-6.0%; Table 6). Despite CMJ height pro-
ducing larger asymmetry scores and classifying more indi-
viduals as having “high to extreme” asymmetry (Table 2),
the HJ identified the only significant change across the sea-
son, with declining asymmetry scores from preseason to the
competition phase (Tables 3-6). This may be partly
explained by greater within-test variability in the CMJ, as
higher CVs were observed for the CMJ (1.5-6.6%) than
for the HJ (0.9-3.6%), suggesting that CMJ height (poten-
tially when derived using the flight-time method) may lack
the sensitivity required to detect meaningful changes
(Table 3). Consequently, relatively large fluctuations in
asymmetry may go undetected using CMJ height, whereas
HJ distance appears more sensitive for detecting smaller but
meaningful changes over time.

Reductions in HJ asymmetry scores during the competi-
tion phase coincided with improved HJ performance
(Table 4), which may support previous findings that inter-
limb asymmetry negatively impacts jump performance. 11,20
Concurrent improvements in lower limb function metrics,
however, suggest that neuromuscular adaptations may
also contribute to performance gains and reductions in
asymmetry. Previous research has documented larger asym-
metry scores at mid-season due to match congestion and
reduced training.“’12 Declining HJ asymmetry up to the
start of the competition phase followed by a small increase
in asymmetry at the end of the competition phase in males,
particularly basketballers, may therefore reflect accumulat-
ing fatigue during match-heavy periods. The equal

magnitude of change in both limbs, however, may have pre-
vented a detectable change in asymmetry.

The presence of large standard deviations across all
asymmetry metrics (Tables 3-6) suggests high inter-
individual variability, despite the apparent group-level sta-
bility which may be partly due to variability in the direction
of asymmetry. Kappa coefficients, indicating directional
consistency (or lack thereof), ranged from poor to substan-
tial agreement for CMJ height and HJ distance asymmetry
scores (Tables 7), indicating that the same limb was not
consistently favoured over time. For instance, one partici-
pant (31) displayed the same magnitude of CMJ height
asymmetry throughout the competition phase; however,
the right limb was favoured at the start (+13%) and the
left limb was favoured at the end (—13%). Similar direc-
tional inconsistencies were observed between tasks within
the same session, with over 30% of the sample favouring
different limbs in the CMJ versus HJ at three of four time
points (Table 8). These task-specific discrepancies reinforce
previous findings that vertical and horizontal jump tests
reflect distinct neuromuscular strategies.'*>*>> Therefore,
it is recommended that CMJ and HJ displacements are not
used interchangeably when monitoring asymmetry.

Kappa values in this study were generally higher than
those reported previously,'? potentially reflecting differ-
ences in participant age, training experience and testing fre-
quency. While Fort-Vanmeerhaeghe et al.'* assessed youth
athletes (aged 14—18) across three timepoints, the current
study tracked university athletes (aged 18-23) across four
timepoints, possibly yielding more stable asymmetry pro-
files in a more experienced and physically mature cohort.
Interestingly, directional consistency was influenced by
both sex and sport. Females changed limb preference
more often between timepoints, but less between tasks.
While basketball players showed the most stable limb pref-
erence across timepoints and hockey players were the most
inconsistent across tests. These longitudinal sport differ-
ences may be influenced by movement demand variability
between positional roles within each sport, however, the
implications of directional asymmetry consistency on per-
formance and injury risk are still unclear.

Strengths and limitations

The inclusion of four timepoints allowed for more granular
tracking of intra-mesocycle trends, such as the within-phase
changes in HJ performance and CMJ impulse, which may
have been missed in less frequent testing designs. This lon-
gitudinal approach offers a more detailed understanding of
how jump performance, lower limb function and inter-limb
asymmetry fluctuate across a competitive season. The inte-
gration of both CMJ and HJ testing, across bilateral and uni-
lateral formats, also enabled a more comprehensive
assessment of jump capacity and asymmetry profiles than
has been captured in most previous work.
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Despite the usefulness of this research, some limitations
should be considered when interpreting its findings. Firstly,
a more diverse sample of sporting backgrounds, particularly
those involving varying degrees of cyclic and acyclic move-
ment patterns, may have revealed additional findings, espe-
cially regarding jumping asymmetry.>* Secondly, there was
a strong sex bias within the basketball and netball cohorts,
meaning that observed sport effects could not be fully inter-
preted independently from sex effects. To overcome this,
the sex of the sample would need to be homogenous, or
the sample size expanded to investigate the three-way inter-
actions (sexxsportxtime). An additional testing session was
included in the current study compared to previous longitu-
dinal investigationslo’l1’17’34; however, due to scheduling
constraints, some athletes were assessed earlier within
each mesocycle than others, which may have influenced
intra-season comparisons.

The study did not account for player position, experience
level, individual fitness or weekly training loads of which
could influence jump performance and asymmetry trends.
While all players followed similar training programmes,
achieving true homogeneity in weekly load and fitness
levels across sexes and sports is unfeasible. Previous
research has shown positional demands in sports such as
netball and basketball can lead to individual differences,
with midcourt athletes who are exposed to more frequent
running and sprinting, demonstrating faster sprinting and
change of direction capabilities than defenders who engage
in more vertical-oriented activities, such as guarding and
interceptions.*>>® Future studies should aim to integrate
weekly load and fitness profiling to improve the practical
relevance of seasonal fluctuations in jump performance
and asymmetry.

The current investigation used the flight time method to
determine jump height due to an issue identifying a clear
body-weight phase within the pre-season data. Although
the flight-time method has demonstrated highly validity
and reliability compared to the impulse method,**™*" it
may lack the sensitivity required to detect subtle differ-
ences or asymmetries correctly. Furthermore, HJ tests
were performed without the use of a force platform, which
limited the ability to perform kinetic analysis.
Additionally, the study did not quantify jump technique
or strategy which may have influenced inter-individual
variation in performance or asymmetry outcomes, particu-
larly given the influence of technique on impulse gener-
ation in the CMJ and HJ.

To address non-normality in the data a log transform-
ation was applied, however, this procedure requires input
values to be greater than zero. As a result, asymmetry scores
were analysed as absolute values, thereby removing direc-
tional context. While kappa coefficients were used to quan-
tify directional consistency, the exclusion of direction from
asymmetry magnitude analyses may have contributed to the
lack of significant differences in asymmetry over time.

Practical applications

While jump performance and lower limb function in verti-
cal and horizontal jumping improved from preseason to
competition testing, the unilateral HJ was the only test to
identify improvements within preseason. This indicates
suboptimal neuromuscular characteristics and/or jump strat-
egy due to insufficient training stimulus within the pre-
season phase. Comparatively, sporting demands change
during the competition phase due to the increase in match
play and decrease in training load. The competition phase
may also provide a stimulus not fully replicated in training
due to more intensive, sport-specific vertical and horizontal
force production requirements during match play.
Practitioners should, therefore, consider strategies to
develop and maintain force production capacities, particu-
larly following off-season periods where detraining effects
are likely to occur. Furthermore, researchers should aim
to expand the understanding of horizontal force production
in HJs to match the insight currently available for vertical
force production in CMJs.*®

The variability in inter-limb asymmetry direction across
timepoints and tasks reinforces the importance of using both
HJ and CMJ assessments to capture a comprehensive asym-
metry profile. Horizontal force production can be indicated
by HJ performance, which may not be fully captured by
CMIJs. Practitioners should consider utilising both HIJs
and CMIJs to ensure sex- and sport-specific performance
and asymmetry trends are not overlooked. These insights
can help inform training prescription, athlete monitoring
and return-to-play decisions throughout the season.

Conclusion

This study provides novel insights into the seasonal vari-
ation of jump performance, lower limb neuromuscular func-
tion and inter-limb asymmetry across sex and sport in
university team-sport athletes. While vertical CMJ perform-
ance remained largely stable across the season, improve-
ments in HJ distance and unilateral CMJ power and
impulse were observed, highlighting the sensitivity of these
metrics to training adaptations. These findings support the
use of HJ testing as a complementary tool to the CMJ, par-
ticularly for detecting longitudinal changes in horizontal
force production capacity. Consistent sex-based differences
were observed, with males outperforming females across all
performance and force-related metrics. Sport-based differ-
ences also emerged, particularly in HJ and unilateral CMJ
outputs, though these were potentially confounded by
unequal sex representation within teams. This underscores
the importance of developing sport-specific, sex-sensitive
reference values in applied settings. Inter-limb asymmetry
magnitudes appeared consistent at the group level, how-
ever, large individual variability and poor directional con-
sistency were identified across timepoints and test types.
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The HJ demonstrated greater sensitivity than the CMJ in
detecting meaningful changes in asymmetry over time,
likely due to lower measurement variability. Directional
inconsistencies in asymmetry, particularly among females
and between jump tasks, reinforce the need to monitor
both magnitude and direction in athlete profiling.
Collectively, these findings highlight the utility of multi-
directional jump assessments for longitudinal athlete moni-
toring. Practitioners should consider both task- and sex-
specific factors when interpreting performance and asym-
metry trends across a season. Future research should aim
to incorporate kinetic analysis, position-specific demands
and jump technique to further contextualise performance

changes and asymmetry expression in team sport
environments.
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