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Netball is a court sport characterised by frequent di-
rectional changes multidirectional jumping and landing

(unilateral and bilateral) (4,5). Lower-limb asymmetries could
compromise sport performance and put both limbs at in-
creased risk of injury if one limb is unable to cope with the
magnitude and rate of loading during dynamic tasks (5). How-
ever, currently here is no data concerning asymmetries in fe-
male netball players across age groups.

Aim.The purpose of the study was to examine differences in
hop asymmetries across age groups in female netball players.

Methods
Athletes.Young female netball players (U15, n = 15, age =
14.5 ± 0.8 years, mass = 63.3 ± 3.2 kg, height = 171.4 ±
5.6 cm; U17, n = 17, age = 15.7 ± 0.8 years, mass = 64.1 ±
7.7 kg, height = 172.6 ± 4.7 cm; U19, n = 18, age = 17.1 ±
1.1 years, mass = 69.6 ± 8.0 kg, height = 176.1 ± 5.3 cm)
participated in this study. All players were fully informed of
the requirements of the investigation and provided appropri-
ate consent to participate, with consent from the parent or
guardian of all players under the age of 18. The investigation
was also approved by the institutional review board.

Design. A cross-sectional observational design of a regional fe-
male netball academy in the United Kingdom was conducted
using field tests specific to the sport. Athletes were assessed
on height and body mass, and two hop tests (SLH and THOP)
across three age groups (under 15s [U15], under 17s [U17], and
under 19s [U19]).

Hop testing. Participants performed 3 warm-up trials on each
leg, for both hop tests (16). For the SLH, participants per-
formed a simultaneous arm swing and crouch, then hopped as
far forward as possible, taking off from one leg, before landing
on the same leg. The THOP involved participants performing
3 consecutive maximal hops along the line of the tape measure
(16). Three maximal trials were recorded on each leg for both
tests, with one minute of rest between trials. The best per-
formance of each leg from each hop test was used for further
analysis.

Statistical analysis.Asymmetries were calculated by the for-
mulae (dominant limb [D] – nondominant limb [ND]/dominant
limb [D] x 100). Limb dominance was defined as the limb that
produced the furthest hop distance. The magnitude of dif-
ferences between limbs and age groups was also expressed as
standardized mean difference [Cohen’ d, effect sizes, (ES)] (5),
and interpreted based on the scale by Hopkins (19). Hop-
kins magnitude-based inferences were also used to determine
if changes were positive, trivial or negative in comparison to

Fig. 1. Asymmetries for the single and triple hop tests.

the smallest worthwhile change (SWC, 0.2) and classified as
most unlikely (<0.5%), very unlikely (0.5-4.9%), unlikely (5.0-
24.9%), possibly (25.0-74.9%), likely (75.0-94.9%), very likely
(95.0-99.5%) and most likely (>99.5%) [35]. The effect was
deemed unclear when the confidence interval spanned both
substantial positive and substantial negative values (±0.2 x
between subject SD).

Results
The mean ± SD values for SLH and THOP of female academy
netball players by age group are presented in Table 1, while
asymmetries are presented in Figure 1. Large differences in
age were observed between U15 and both U17 (ES = 1.42)
and U19 players (ES = 2.54), while large differences in age
were found between U17 and U19 players (ES = 1.42). There
were most likely large differences in SLH-D performances, with
U19 hopping further than U15 (12.6%; ES = 1.60) and U17
players (8.2%; ES = 1.22). There were very likely moder-
ate differences in SLH-ND performances, with U19 hopping
further than U17 players (8.5%; ES = 1.10), while most likely
large differences existed between U15 and U19 players (18.0%;
ES = 1.74). Most likely large differences in THOP-D per-
formances were found between U15 and U19 players 14.7%;
ES = 1.64). There were very likely moderate differences in
THOP-ND performances, with U17 hopping further than U15
players (10.5%; ES = 1.11), while most likely large differences
in THOP-ND performances, with U19 hopping further than
U15 players (16.6%; ES = 1.66).

Figure 2 (panel A) illustrates the within-group standardized
differences in hop measures between D and ND limbs. There
were most likely moderate differences in SLH between D and
ND limbs for U15 players (7.4%; ES = 0.73), very likely small
differences for U17 players (3.2%; ES = 0.42) and most likely
small differences for U19 players (3.0%; ES = 0.50). There
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Table 1. Table 1. Dominant and nondominant limb comparison for single- and triple-hop performance among age groups.*�

Variable D ND Asymmetry (%) ES

U15

SLH (m) 1.69 ± 0.15 1.57 ± 0.18 7.4 0.73
THOP (m) 5.21 ± 0.52 4.98 ± 0.54 4.6 0.44

U17

SLH (m) 1.76 ± 0.12 1.70 ± 0.13 3.2 0.42
THOP (m) 5.61 ± 0.36 5.49 ± 0.35 2.3 0.33

U19

SLH (m) 1.90 ± 0.10 1.84 ± 0.11 3.0 0.50
THOP (m) 5.97 ± 0.38 5.79 ± 0.41 3.0 0.42

*SLH = single-leg hop; THOP = triple hop; D = dominant; ND = nondominant; ES = Cohen’s
d effect size. �Data are presented as mean ± SD.

Fig. 2. Standardized differences in single and triple hop performances: (A)

between-limb differences within all age groups; (B) difference in asymmetries between

the different age groups.

were very likely small differences in THOP between D and ND
limbs for both U15 (4.6%; ES = 0.44) and U17 players (2.3%;
ES = 0.33), while there were most likely small differences for
U19 players (3.0%; ES = 0.42).

Figure 2 (panel B) shows the between-group standardized
differences in asymmetries for hop measures. The SLH asym-
metries for U15 was very likely greater than U17 players
(ES = 1.03) and most likely greater than U19 players (ES
= 1.17), both with moderate effects. Unclear differences in
SLH asymmetries between U17 and U19 players were observed
(ES = 0.14). The THOP asymmetry ratio for U15 was likely
greater, with moderate effects, than U17 players (ES = 0.62).
There were likely small increases in THOP asymmetry ratio
for U19 compared to U17 players (ES = 0.50), while differ-
ences in THOP asymmetries between U15 and U19 players
were deemed unclear (ES = 0.26).

Discussion
Recent work (2) has shown that SLH tests produce greater
asymmetries compared to THOP tests in female athletes, with
asymmetries of 12.5 and 6.8% during the single and THOP,
respectively. Our findings agree with Bishop et al. (2) in
that SLH produced greater asymmetries than THOP (7.4%
vs. 4.6%) in U15 players. It is possible that single hori-
zontal jumping may be more sensitive at identifying asym-
metries, especially in U15 players, given the results of the
present study and those of Bishop et al. (2). Furthermore,
it could be suggested that between-limb differences may ‘even
out’ during THOP execution due to momentum being built
throughout the test (2). Additionally, it could be argued that
these movement patterns are more representative of netball
play compared to SLH from a stationary starting position (4).
Nonetheless, this finding has important implications for de-
veloping a more complete asymmetry profile in female netball
players.

The results of the current study demonstrate significant dif-
ferences between D and ND limbs for single (3.0-7.4%) and
THOP (2.3-4.6%). These results substantiate previous re-
search that found significant differences between D and ND
limbs for SLH in high school (8), basketball (12) and collegiate
(3,6) athletes. The asymmetry ratio for SLH in the current
study (3.0-7.4%) is similar with previous research (3.3-12.5%)
(2,3,6,7,11,12). In contrast, the asymmetry ratio for THOP
(3.0-4.6%) is slightly lower compared to previously reported
(5.7-6.8%) (2,3). As noted earlier, it is possible that a THOP
task is more representative of female netball play, resulting in
reduced asymmetries, as compared to soccer (2) and multi-
sport (3) athletes used in previous studies.

The results of the current study indicate the greatest SLH
asymmetries were produced by the U15 players followed by
the U17 and U19 players, respectively. These findings dif-
fer to previous research (11) indicating SLH asymmetry did
not differ between male soccer players who were pre-, circa-,
or post-peak height velocity. Furthermore, the authors found
SLH asymmetries to reduce across age and maturation. The
results of the current study further support the idea of reduced
asymmetries with age, with U17 and U19 players demonstrat-
ing reduced asymmetries in SLH compared to U15 players.
It is possible the increased asymmetry in U15 players is due
to the theory of ‘adolescent awkwardness’, whereby, due to
rapid increases in limb length, young athletes may experience
a decline in motor coordination before peak height velocity
(10). Moreover, the possible influence of training age cannot
be ruled out. Whilst this study did not confirm maturation
of the current subjects, it does offer some insight that U15
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players potentially be considered a target group for training
interventions focusing on both D and ND limbs to reduce the
risk of increased asymmetry.

The current study found that the greatest THOP asymme-
tries were produced by the U15 players and were followed in
order by the U19 and U17 players. Specifically, U15 players
demonstrated increased asymmetries compared to U17 play-
ers (4.6% vs. 2.3%), while no other differences were observed.
Differences could be due to adolescent awkwardness, but these
data also highlight that SLH tests are more sensitive than
THOP tests in detecting asymmetries in female netball play-
ers. However, caution must be applied, as such small asym-
metries may not be detrimental to athletic performance (3,7);
therefore, the focus should be on improving SLH and THOP
performance in such situations.

In this study, U19 players demonstrated superior SLH-D
performances compared to both U15 and U17 players, while
the same pattern was shown for SLH-ND performances. Fur-
thermore, U17 players demonstrated superior SLH-ND per-
formances compared to U15 players. The same pattern of
increased performance with THOP was also shown. These
differences may be explained by increased lower-body power,
with previous work indicating large relationships between ver-
tical jump height and peak power and horizontal jump per-
formance in collegiate athletes (9). Furthermore, Thomas et
al. (13) found U19 netball players to jump significantly higher
than U15 players, which may support this notion. These fac-
tors may explain the relationship between maximum strength
and asymmetry. Bailey et al. (1) reported larger asymmetries
in weaker athletes compared to stronger athletes, regardless of
sex. A note of caution is warranted because if performance is
efficient and an athlete is asymmetrical, there are still issues
that need to be addressed. Likewise, if performance is poor,
but an athlete is symmetrical, issues may still arise.

Practical Applications
� SLH tests produce greater asymmetries compared to THOP

tests, specifically in U15 players.
� U15 players demonstrated greater asymmetries for SLH

tests compared to both U17 and U19 players.
� U15 players demonstrated greater levels of asymmetry for

THOP tests compared to U17 only.
� Asymmetries in single and THOP tests seem to be estab-

lished in U15 players and appear to reduce with age, yet
it is unknown whether these between-limb imbalances are
problematic.

� Such information regarding hop asymmetries in female net-
ball players may be used by coaches and practitioners to en-
hance testing batteries and individualize training programs
to meet the requirements of the sport. Indeed, U15 players
may need to complete more D and ND unilateral training
to ensure asymmetries are not further increased.

Limitations
� This study did not examine the influence of physical mat-

uration on asymmetry. Research has shown differences in
SLH landing force across maturation, but no change in SLH
distance. Yet, it is unknown whether growth and matura-
tion affected the findings in the current study.

� Secondly, no comparisons were made between positions.
Previous research (14) has indicated that players of dif-
ferent positions within netball exhibit different SLH per-
formances. Differences in hop scores between positions in
netball players may alter asymmetries.
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