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ABSTRACT

Background: ACL injury prevention programs are less successful in female basketball players than in soccer players.
Previous authors have identified anthropometric and biomechanical differences between the athletes and different
sport-specific demands, including a higher frequency of frontal plane activities in basketball. Current injury risk
screening and preventive training practices do not place a strong emphasis on frontal plane activities. The medial and
lateral triple hop for distance tests may be beneficial for use in the basketball population.

Hypothesis/Purpose: To 1) establish normative values for the medial and lateral triple hop tests in healthy female
collegiate athletes, and 2) analyze differences in test scores between female basketball and soccer players. It was
hypothesized that due to the frequent frontal plane demands of their sport, basketball players would exhibit greater
performance during these frontal plane performance tests.

Study Design: Cross-sectional.

Methods: Thirty-two NCAA Division-1 female athletes (20 soccer, 12 basketball) performed three trials each of a
medial and lateral triple hop for distance test. Distances were normalized to height and mass in order to account for
anthropometric differences. Repeated measures ANOVAs were performed to identify statistically significant main
effects of sport (basketball vs. soccer), and side (right vs. left), and sport x side interactions.

Results: After accounting for anthropometric differences, soccer players exhibited significantly better performance
than basketball players in the medial and lateral triple hop tests (p < 0.05). Significant side differences (p=0.02) were
identified in the entire population for the medial triple hop test, such that participants jumped farther on their left
(400.3+41.5 cm) than right (387.9+43.4 cm) limbs, but no side differences were identified in the lateral triple hop.
No significant side x sport interactions were identified.

Conclusions: Women's basketball players exhibit decreased performance of frontal plane hop tests when compared
to women'’s soccer players. Additionally, the medial triple hop for distance test may be effective at identifying side-to-
side asymmetries

Level of Evidence: 3
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INTRODUCTION

Multidirectional women'’s sports, including basket-
ball and soccer, have relatively high anterior cru-
ciate ligament (ACL) injury incidence rates.! With
these elevated risks, ACL injury prevention pro-
grams have been designed to decrease the risk of
injury and subsequent long-term ramifications (e.g.
financial costs, increased risk of osteoarthritis) asso-
ciated with an ACL rupture.>® Most prevention pro-
grams encompass some combination of strength,
agility, and plyometric training to improve lower
extremity biomechanics during high-risk sport
related activities like jumping and cutting.* How-
ever, the effectiveness of these programs is different
between the sports, as women'’s soccer players have
shown a higher reduction of injury risk compared
to women's basketball players.>® The reason for the
lack of effectiveness for injury prevention programs
in women’s basketball is unknown.

One reason for the decreased effectiveness of pre-
vention programs in basketball may be because
women'’s basketball and soccer players differ anthro-
pometrically, and employ different biomechanical
movement strategies during sport-specific tasks.
Women’s basketball players are taller, heavier, have
greater lean body mass, and possess a higher body
fat percentage compared to women’s soccer play-
ers.”? Biomechanically, basketball players jump and
land with larger ground reaction forces, while soccer
players display higher ground reaction forces during
cutting tasks.’® While jumping, landing, and cutting
with higher ground reaction forces may increase
explosiveness and performance, this strategy may
also place these two different groups of female ath-
letes at a relatively higher risk of injury during their
respective tasks. Support for this contention is found
in that 60% of ACL injuries in basketball occur dur-
ing a jump landing, whereas the majority of soccer
injuries are the result of a cutting mechanism."'*

Another reason that ACL injury prevention programs
may have differing success in women'’s basketball
and soccer players may be related to the distinctly
different demands of the two sports. Basketball play-
ers jump vertically and move medially and laterally
to a greater extent than soccer players while soc-
cer players cover more ground horizontally while
cutting and running in a straight line.'>'® Current

prevention programs lack emphasis on medial and
lateral demands, consequently making them more
specific to the demands of soccer, and potentially
more successful in soccer than basketball players.

Similarly, conventional physical performance tests,
such as the drop vertical jump, triple hop for dis-
tance, broad jump, and timed 6M hop test are com-
monly used to help identify those that may be at
risk for injury and a good candidate for preventa-
tive training by assessing landing biomechanics or
side-to-side asymmetries,'® yet these standard tests
are predominantly based in the sagittal plane and
do not analyze an athlete’s ability to move in other
planes. Compared to sagittal plane movements, fron-
tal plane movements elicit distinct lower extrem-
ity kinematics and kinetics.*® Frequent movement
in the frontal plane may alter performance and/or
injury risk and warrant screening tests that empha-
size frontal plane demands to complement standard
sagittal plane tests.

The frontal plane-focused medial and lateral triple
hop for distance tests are relatively new tests that
may help to identify deficits in frontal plane move-
ments to help explain differences between basketball
and soccer players; however, these modified single
leg performance tests have only been assessed in
dancers with hip pathology.?’ Thus, the purpose of
this paper was to 1) establish normative values for
the medial and lateral triple hop for distance tests
in healthy female collegiate athletes, and 2) analyze
differences in test scores between female basketball
and soccer players. It was hypothesized that due to
the frequent frontal plane demands of their sport,
basketball players would exhibit greater perfor-
mance during these frontal plane performance tests.

METHODS

Subjects

Thirty-two NCAA Division-I female athletes (20
soccer, 12 basketball) participated in this study. All
participants exclusively participated in either bas-
ketball or soccer at the collegiate level. Participants
were excluded if they were not medically cleared for
full sport participation. Informed written consent,
approved by the High Point University Institutional
Review Board was obtained prior to testing.
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Procedures

Testing occurred as part of a larger pre-season injury
risk factor screening session. The medial and lateral
triple hop for distance tests were performed as pre-
viously described by Kivlan et al., by measuring
the distance traveled over continuous, consecutive
single-leg medial or lateral hops. A standard cloth
tape measure was affixed to a rubber floor in a bio-
mechanics laboratory setting. Participants started
on a single limb, perpendicular to the start of the
tape measure with their upper extremities and unin-
volved lower limb in a self-selected position. For the
lateral triple hop, participants were instructed to hop
laterally (with respect to their weight-bearing limb),
with measurements taken from the lateral surface of
the shoe. The medial triple hop test was conducted
in the same manner as the lateral hop test but in
the medial direction of the stance leg. In accordance
with previous studies and to ensure the most natural
movement pattern, there was no standardization of
upper extremity or uninvolved lower extremity posi-
tion during the test.?’ Participants were required to
control their final landing, keeping their toes point-
ing straight forward, parallel to the starting line,
throughout the duration of the hopping trial. Both
direction and limb were randomized across all par-
ticipants for each trial. Each participant was given
one practice trial on each limb, in each direction
prior to measurement. Three trials of each limb in
each direction were then completed, with all three
trials averaged and normalized to 1) height, 2) mass,
and 3) height and mass, because of the considerable
anthropometric differences between the two sets of
athletes. Limb dominance was not assessed because
of the varying definitions of dominance in the soc-
cer (based on kicking limb) and basketball (based on
jumping limb).

Data Analysis

SPSS (Version 23, IBM Corp, Armonk, New York,
USA) was used for statistical analyses. Independent
t-tests compared differences in anthropometrics (age,
height, mass, BMI) between basketball and soccer
players. Separate repeated measures ANOVAs were
then performed to identify statistically significant
main effects of sport (basketball vs. soccer), and side
(right vs. left), and sport x side interactions for raw
distances, and distances normalized to height and

mass for medial and lateral triple hop scores. When
necessary, post-hoc independent t-tests were used to
further test pairwise comparisons. Statistical signifi-
cance was set a priori at 0.<0.05 for all analyses.

RESULTS

Anthropometric data are reported by sport in Table
1. Statistically significant differences were identi-
fied, where height (p=0.02), mass (p=0.004), and
body mass index (BMI) (p=0.02) were greater in
collegiate basketball compared to soccer players.
Descriptive statistics of medial and lateral triple hop
for distance measurements are reported in Table
2. There were no significant differences between
sports when analyzing raw medial (p=0.11) or lat-
eral (p=0.20) triple hop distances, yet after dis-
tances were normalized to height, soccer players
jumped significantly further than basketball players
in the medial (p=0.01) and lateral (p=0.04) direc-
tions. Similarly, when accounting for mass, soccer
players jumped further than basketball players, with
significant differences in the medial (p=0.001) and
lateral (p=0.003) directions. Normalizing to both
height and mass led to consistent significant dif-
ferences in medial (p=0.001) and lateral (p=0.001)
directions.

Additionally, statistically significant side differences
(p=0.02) were identified in the entire population
for the medial triple hop, such that participants
jumped farther on their left (400.3+41.5 cm) than
right (387.9 + 43.4 cm) limbs, but no side differences
were identified in the lateral triple hop (p=0.65).
Further, no significant side x sport interactions were
identified.

DISCUSSION

Past research has indicated that ACL injury pre-
vention programs are less successful in women's

Table 1. Demographic and anthropometric measures

of population

Basketball (n=12) Soccer (n=20)

Age (years) 20.0 £ 1.4 192+£1.0
Height (m)* 1.73 £0.07 1.67 £0.06
Mass (kg)* 80.2 +13.6 65.9 £6.6
BMI (kg/m?)* 26.7+3.6 23.6+2.2

*significant difference between basketball and soccer players
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Table 2. Mean medial (MTH) and lateral (LTH) triple hop for distance scores in collegiate female basketball and soccer players

Total (n=32) Soccer (n=20) Basketball (n=12)
Left Right Left Right Left Right

MTH Raw Distance (cm)' | 400.3 £41.6 387.9+43.4 407.5+443 398.2+35.7 388.3+35.0 370.8 £50.8

MTH (normalized to height)*" |  2.36 +0.24 2.29+0.26 2.44+0.23 2.38+0.17 2.25+0.21 2.15+0.32

MTH (normalized to mass)*' | 5.77+1.15 5.60+1.16 6.24+0.90 6.08 +0.68 5.00+1.13 4.80+1.37
MTH (normalized to height and mass)*" | 0.034 +0.007 ~ 0.033+£0.007 | 0.037 +0.005 0.036+0.004 | 0.029+0.007  0.028 +0.009
LTH Raw Distance (cm) | 363.4+41.5 361.0+47.3 369.3+42.1 369.8 £41.1 353.6£40.5 346.2 +54.9

LTH (normalized to height)* | 2.15+0.25 2.13+£0.28 221+0.23 2214022 2.05+0.26 2.00+0.33

LTH (normalized to mass)* | 5.24 +1.04 521+1.10 5.63 £0.68 5.64+0.72 458 +1.24 449+1.28
LTH (normalized to height and mass)* | 0.031+0.007  0.031£0.007 [ 0.034=0.004  0.034=0.004 | 0.027+0.008  0.027 +0.008

* significant differences between basketball and soccer players (p<0.05), ¥ significant side to side differences in all cohorts (p<0.05)

basketball compared to soccer,>® yet the reason for
this discrepancy is unclear. Identifying anatomi-
cal, neuromuscular, biomechanical and functional
differences between athletes of the two sports may
help clinicians design future prevention programs to

target specific risk factors for each sport. Results of
this study indicate that basketball and soccer play-
ers perform similarly in the medial and lateral triple
hop for distance tests. However, after accounting for
anthropometric differences between the two sets of
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Figure 1. Participant performing the a) medial and b) lateral triple hop for distance tests.
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athletes, basketball players are unable to jump as far
in the frontal plane as soccer players. These weak-
nesses may translate to less lower extremity control
during medial and lateral movements, potentially
putting basketball players at higher risk for injury,
considering the frequency of such movements in
their sport.

Results from both the medial and lateral triple hop
for distance tests indicate that relative to body size,
soccer players are more powerful in the frontal plane
than basketball players. These findings do not sup-
port the original hypothesis that basketball players
would hop greater distances compared to soccer
players. This was based on the specificity of training
principle, where basketball players jump and move
more often in the frontal plane than soccer play-
ers,'® 1% and therefore, would have adapted to become
more powerful in that plane. One possible explana-
tion for the current findings may relate to anthropo-
metric differences between the athletes. Basketball
players possess larger BMIs than soccer players and
show a significantly larger increase in total body and
fat mass over their collegiate careers than soccer
players.” Because basketball players are taller and
heavier, they may not have developed the strength to
biomechanically maneuver the long lever arms asso-
ciated with their height, nor adequate strength to
effectively move their body mass outside of the sagit-
tal plane. This is consistent with literature that indi-
cates that despite demands of the game, basketball
players exhibit lower jump heights and less explosive
jumping patterns than athletes of other sports.?

However, previous research has found no signifi-
cant differences between female basketball and soc-
cer players in raw forward triple hop distances and
higher raw distances in male basketball than soccer
players.? This finding may be because the medial
and lateral triple hop for distance tests measure dif-
ferent constructs than the forward triple hop for dis-
tance test. For example, the forward triple hop for
distance test has been closely linked with both quad-
riceps and hamstrings strength,?* yet past evidence
suggests that basketball and soccer players do not
exhibit differences in sagittal plane thigh strength.*
Similar data linking the medial and lateral hop tests
to the strength of certain muscles is limited. In fact,
Kea et al*® found little correlation between single

medial and lateral hop tests and isokinetic testing
of the hip abductors and adductors. This finding can
again be attributed to isokinetic strength and fron-
tal plane hopping being different constructs or that
hip abductor/adductor strength is not the sole factor
influencing frontal plane movement performance.
In other words, an athlete may simply be able
to change the position of the stance leg to recruit
the larger, more powerful gluteus maximus rather
than the gluteus medius.?” This strategy would be
controlled in the current study’s method of testing
but may explain why it should not be assumed that
basketball players would fare better on frontal plane
hop tests. There is some support that simply lower-
ing the center of gravity (i.e. greater hip and knee
flexion) may be an even more important component
of effective lateral movement.?”” 2 Further under-
standing of the specific constructs tested in medial
and lateral triple hop for distance tests is needed.

The results that basketball players exhibit less pow-
erful movement potential in the frontal plane may
have direct clinical implications. While sport-speci-
ficity is generally a strong component of rehabilita-
tion and return to play practices,? it is less common
in the injury prevention paradigm, despite differ-
ent effectiveness of prevention programs in various
sports.> ® The results suggest that injury prevention
programs, specifically in women’s basketball play-
ers, may need to place a stronger emphasis on frontal
plane activities than current programs administer.
In reviewing the three ACL injury prevention pro-
grams that have been studied in women’s basket-
ball players,®**3* only 12% of plyometric activities
are devoted to frontal plane movements. Though
the specific prescription of plyometric exercises
need more study, activities such as lateral bound-
ing on flat or plyometric boxes, or perhaps even
frontal plane triple hops with or without a vertical
component should begin to be incorporated into pre-
vention practices. Because most injury prevention
programs emphasize sagittal plane movements, they
may not be providing adequate stimulus to improve
biomechanics and performance during frontal plane
movements, which appear to be inherently weaker
in basketball players.

Frontal plane hop tests may also have merit in more
general rehabilitation or injury prevention settings.
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The medial and lateral triple hop tests used in this
study have been previously examined in danc-
ers with hip pathology, with the medial triple hop
test being able to identify side-to-side differences
between the involved and uninvolved sides. Another
frontal plane test gaining traction in the literature
is the lateral leap and catch, which assesses power
(speed of movement) in addition to movement qual-
ity.* To date, none of the frontal plane hop tests
have been validated for prediction of injury risk or
successful return to play. Continuing to develop and
assess frontal plane testing is necessary for athletes
with high frontal plane demands inherent within
their sport. This study provides normative values for
the medial and lateral triple hop for distance tests in
healthy collegiate athletes. These results can be used
by clinicians as a complementary piece of informa-
tion to other tests and measures to help gauge fron-
tal plane performance during their assessment of
high-level athletes. However, clinicians must make
appropriate clinical decisions as to whether their
patients/athletes are able to safely perform this
high-level task.

The results of the current study indicate that the
medial triple hop test elicited side-to-side differ-
ences, such that athlete’s performed better on their
left limb than their right limb. The authors pur-
posefully chose not to categorize limbs based on
dominance in this study. While limb dominance
may be intuitively easy to define in soccer by the
preferred kicking limb, this definition is not appli-
cable to basketball players. While jumping may be
a more appropriate activity to define dominance in
basketball players, a player’s self-selected dominant
jumping limb is not consistent with their vertical
or horizontal jumping performance.** However, the
fact that participants in this study showed greater
performance on their left than right limbs may be
related to sport-specific demands, as a large majority
of soccer players preferred to kick with their right
limbs (making the left their preferred stance limb)
and all basketball players were right-handed, gen-
erally making the left limb the preferred jumping
and landing limb during single-leg activities. Fur-
ther exploration of differences in limb dominance
in these two sports may provide additional insight to
the difference in effectiveness of ACL injury preven-
tion programs.

Results of this study indicate that further research
may be needed to 1) establish the clinical utility of
frontal plane hop tests in an athletic or clinical set-
ting and 2) further understand differences between
basketball and soccer players. Future studies could
identify whether frontal plane hop tests have the
ability to complement other tests and measures as
potential predictors of injury, rehabilitation progres-
sion or successful return to play in healthy or clinical
populations, or whether these tests provide similar
information previously established hop batteries.

Additionally, while this study identified significant
differences in medial and lateral triple hop for dis-
tance tests between collegiate female basketball and
soccer players, forward triple hop for distance tests
were not performed in both groups. Confirming pre-
vious findings that there are no significant differ-
ences in this same population of women's basketball
and soccer players in the sagittal plane would have
provided even further confirmation that these dif-
ferences identified in the frontal plane are clinically
important, and may lead to further study regarding
other biomechanical or neuromuscular differences
that exist between athletes that participate in these
Sports.

CONCLUSION

Women’s basketball players exhibit decreased per-
formance of frontal plane hop tests as compared to
women’s soccer players. Considering the high rate
of ACL injuries, the relatively poor efficacy of ACL
injury prevention programs and the frequent fron-
tal plane demands of the sport, basketball players
may benefit from further emphasis on frontal plane
screening measures, strength and neuromuscular
control training.
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