N
P University of

Central Lancashire
UCLan

Central Lancashire Online Knowledge (CLoK)

Title Maximize or Normalize? Examining Single-Leg Drop-Land-Cut Distances in
Young Athletes: A Pilot Study

Type Article

URL https://clok.uclan.ac.uk/id/eprint/57026/

DOI https://doi.org/10.1123/jab.2025-0061

Date 2025

Citation | Butcher, Anna J., Clissold, Tracey, Ward, Sarah, Richards, James and Hébert-
Losier, Kim (2025) Maximize or Normalize? Examining Single-Leg Drop-
Land-Cut Distances in Young Athletes: A Pilot Study. Journal of Applied
Biomechanics. pp. 1-9. ISSN 1065-8483

Creators | Butcher, Anna J., Clissold, Tracey, Ward, Sarah, Richards, James and Hébert-
Losier, Kim

It is advisable to refer to the publisher’s version if you intend to cite from the work.
https://doi.org/10.1123/jab.2025-0061

For information about Research at UCLan please go to http://www.uclan.ac.uk/research/

All outputs in CLoK are protected by Intellectual Property Rights law, including Copyright law.
Copyright, IPR and Moral Rights for the works on this site are retained by the individual authors
and/or other copyright owners. Terms and conditions for use of this material are defined in the
http://clok.uclan.ac.uk/policies/



http://www.uclan.ac.uk/research/
http://clok.uclan.ac.uk/policies/

10

11
12

13
14

15

16

17

18

19

20

21

22

23

24

Maximise or normalise? Examining single-leg drop-land-cut distances in young athletes.

A pilot study.

Anna J. Butcher,! Tracey Clissold,? Sarah Ward,? Jim Richards,* Kim Hébert-Losier!

! Division of Health, Engineering, Computing and Science, Te Huataki Waiora School of
Health, University of Waikato, Adams Centre for High Performance, 52 Miro Street, 3116,

Tauranga, New Zealand

2 Toi Ohomai Institute of Technology, 70 Windermere Drive, Poike, 3112, Tauranga, New
Zealand

3 Department of Exercise Sciences, University of Auckland, Suiter Street, Newmarket, New

Zealand

4 Allied Health Research Unit, University of Central Lancashire, Preston, England, United
Kingdom

Conflict of Interest Disclosure: None

Correspondence Address:

Anna J. Butcher

Division of Health, Engineering, Computing and Science
Adams Centre for High Performance Sport, 52 Miro Street
Mount Maunganui, Bay of Plenty, 3116

Phone: 027 305 2434 Email: ab661@students.waikato.ac.nz



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Abstract

This study investigated differences in leap distance for a single-leg drop-land-cut
(CUT) task based on using either a maximal or normalised (150% leg length) method and the
influence of condition order and leg dominance on distance achieved. Twenty-six young court
and field sport athletes (61.5% female) completed the CUT task on the dominant and non-
dominant leg under maximal and normalised conditions in a randomised order. Multivariate
repeated measures ANOVA tests with post-hoc pairwise comparisons were used to determine
the effect of condition (maximal, normalised), leg dominance (dominant, non-dominant), and
interaction effect on leaping distance. Potential order effects were explored as a between
subjects factor within the ANOVA. Our findings showed significantly larger leap distances
under the maximal condition (p < 0.001, np> > 0.417) with the maximal mean being 154.5 +
24.7 cm (175.1 + 18.6% leg length) and the normalised mean being 140.7 + 19.7 cm (159.0 +
5.8% of leg length). Furthermore, greater distances were achieved during the maximal task
when performed following the normalised task (p < 0.001, 24.5% further). Practically, the
normalised task may be better suited for heterogeneous samples, yet the maximal task may be

more suitable for homogeneous samples or pre-post study designs.

Keywords: acl, puberty, injury screening

Word Count: 3863
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Introduction

Anterior cruciate ligament (ACL) injuries are becoming increasingly common in youth
athletes>. The annual number of ACL injuries reported in young people has risen
exponentially. In particular, females aged 5-14 years have demonstrated an 10.4% annual
growth rate in ACL injury incidence from 1998 to 2018 in Australia®. In New Zealand, claims
from male and female individuals aged 15-29 years contributed to over 50% of the $100 million
cost of ACL injuries to taxpayers in 2021 alone’. Representing 45% of all internal knee
injuries*, ACL injuries are associated with prolonged recovery periods (e.g., return to play at
least 9 months post-surgery”), a substantial financial cost of care®, impaired functional sporting

performance’, and an increased risk of early-onset posttraumatic osteoarthritis®’.

The demands of court and field sports require frequent accelerations, decelerations, changes of
direction, rotations, and single-leg landings, all of which are movements associated with ACL
injury incidence'®!!. Additionally, side-cutting manoeuvres are responsible for most non-
contact ACL injuries in sports such as football and handball'>!3, likely due to the multi-planar
nature of the movement that exposes the knee joint to high loads'*. In response, screening for
biomechanical injury risk factors is becoming common practice in team sports, particularly in
high injury risk populations such as young female court and field sport athletes'®. However, for
widespread adoption, the task needs to be suitable for implementation in clinical settings and
on the field. A task that involves a single-leg landing followed by an immediate and explosive
side-cut may suit these requirements and may better resemble manoeuvres associated with ACL
injury than what is typically used'®, such as double-leg drop vertical jumps'’, single-leg
squats'’, and tuck jumps'®. Double-leg drop vertical jump tasks have been frequently used to
assess ACL injury risk factors in team sport athletes'”!? despite generally being determined as
unsuitable for predicting ACL injury risk!'>2°. Although run and cut manoeuvres might be better

in the context of screening for risk of ACL injury and commonly assessed in laboratory
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settings?’, they are often not practical in clinical environments and can be difficult to

standardise in terms of approach speed and angle of cut.

The design of the single-leg drop-land-cut (CUT) task should consider variation in the
perception of maximal effort’! with respect to subjective and anthropometrical factors.
Previous research has observed differences in performance and biomechanics between
individuals of different maturational groups using both a maximal effort method* and a
normalised cutting distance to 150% of leg length®. Although rationales for each of these
methods are justifiable, their suitability may depend on the circumstance and purpose of
implementation. For example, the maximal condition may be appropriate in a more
homogeneous sample of athletes of similar body sizes, however, a normalised condition may
be better to compare a more heterogencous sample as the task is relative to body size. It is
currently difficult to select one method over the other as there is a lack of studies directly
comparing the two methods. Such information would allow practitioners to make an informed
decision on test parameters for this task and enable a more appropriate comparison of
performance between groups or individuals. This study focused on exploring the differences in
performance of two conditions of the same task that have previously been used with
participants in different pubertal maturation stages to inform development and implementation
of injury risk screening tasks in this population. Additionally, if performance from both tasks
are assessed, the order of condition of tasks may impact performance as it has been suggested
that, in younger populations, some participants can believe they are performing maximally, but
once given a target, may achieve further distances?!. The raw values in cm and these values
expressed as a percentage of leg length are included to provide perspective of the absolute and
relative values. Furthermore, leg dominance can influence biomechanical risk factors** and
performance® during sport-specific tasks that warrant consideration in establishing test

parameters, interpreting outcomes, and comparing between groups or individuals. The potential
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effect of limb dominance on functional performance could impact clinical outcomes for injury

risk or recovery screening, particularly considering the influence of perceived task difficulty?®.

The primary purpose of this pilot study was to determine if differences in leap distance (i.c.,
performance outcome) exist for the CUT task metrics based on using either a maximal or
normalised (150% leg length) methodology in young court and field sport athletes. A secondary
purpose was to determine whether the order of conditions or leg dominance would influence
the distance achieved. It was hypothesised that participants would leap further using the
maximal method, on the maximal task when presented second, and when using the dominant

leg.

Methods

Given the exploratory nature of the pilot study and the overall lack of data on the
examined tasks in the target population, no formal sample size was conducted a priori. To
account for drop-out or data-loss, a sample size between 20-30 participants was targeted based
on previous pilot studies stating 12 participants to be appropriate?’®. Ultimately, twenty-six
healthy young court or field sport male and female athletes aged between 7 and 20 years
volunteered to participate (Table 1), providing an 80% power to detect an effect size fof 0.24
at a 5% significance level based on the ANOVA: repeated measures, within-between interaction
setting of G*Power 3.1.9.7. The calculation considered the collection of four measurements
(dominant and non-dominant for maximal and normalised conditions) and two groups to
account for a potential order effect on leap distances. All participants were right leg dominant
determined by the leg used to kick a ball. The participants had no history of serious back or leg
injuries within the 12 months prior to testing. All participants and their parents/legal guardians

(if under 16 years) provided informed consent prior to participating in this study, which was
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approved by the University of Waikato Human Research Ethics Committee (HREC (Health)
2022#53) and adhered to the Code of Ethics of the World Medical Association (Declaration of
Helsinki Ethical Principles for Medical Research Involving Human Subjects) and the Health
Research Council’s guidelines relating to research involving children and UNICEF’s principles

guiding ethical research involving children?’.
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Table 1 Baseline characteristics of the participants, mean £+ SD.

Characteristic Males (n =10) Females (n = 16) Total (n =26)
Age (y) 13.9+3.6 13.0+4.4 13.5+4.1
Height (cm) 154.5+33.6 145.0 +£30.0 155.4+19.1
Body mass (kg) 49.4+17.1 47.1+16.3 48.5+16.2
BMI (kg/m?) 189+2.8 20.1£5.2 19.6 £4.0
Leg length (cm) 88.4+194 857+ 184 88.6 +12.8

Note: Abbreviations: BMI, body mass index.

Equipment

A high-speed video camera with a focal length of 8.8 to 73.3 mm (35-mm equivalent
focal length of 24-200 mm) captured the CUT trials at 120 frames per second (Sony RX10 II,
Sony Corporation, Tokyo, Japan). The camera was placed 3.5 m in front of the landing area on

a tripod with a 1.3 m lens-to-ground distance.

Procedures

The participants attended a single testing session where they first had their leg length
measured until two identical measurements were recorded. For leg length, a tape measure was
used to record the distance from the anterior superior iliac spine (ASIS) to the medial malleoli
on the right (dominant) leg in a supine position®. Participants then completed a standardised
five-minute warm up involving jogging at a self-selected pace on a turf surface for two minutes,
dynamic stretching (8 reps of each per leg; leg swings, walkouts, lunges, and lateral reaches),
and jump-landing drills (15 reps per leg of submaximal vertical hopping, 5 reps of double-leg

landing, and 5 reps per leg of single-leg landing).

For the CUT task, participants were required to stand on one foot, drop down from a 30

cm box, land on the same foot to a marked distance placed 30 cm in front of the box, and to
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immediately leap 90° laterally to land on the opposite foot®! along a marked line on the floor
(Figure 1). For instance, participants dropping down and landing on their right foot would leap
towards the left to land on their left foot. Participants completed the task in the two
experimental conditions: 1) normalised distance to 150% of leg length, and 2) maximal
distance. For the normalised CUT condition, the leg length normalised distance was indicated
on the floor using a line of tape. For the maximal distance CUT condition, participants were
asked to leap as far as possible, aiming to maximise distance, with no leap distance indicated
on the floor. In both conditions, participants were required to maintain balance upon landing
and were encouraged to keep their body facing forwards. The participants were allowed 2-3
practice trials of each condition directly before the test of that same condition for
familiarisation, following a standardised explanation and demonstration from the primary

researcher (AB).

Condition order was randomised, as was the use of the dominant or non-dominant leg
within the condition. For each leg and condition, three successful efforts were performed. The
individual efforts were separated by 20 seconds of rest for both legs and between legs, whereas
individuals rested for 2 minutes between conditions. Participants wore their own footwear that
they would usually wear during sporting participation’?. A pictorial representation of the CUT
phases is presented in Figure 1, and a flow chart of the data collection procedure is presented

in Figure 2 along with the possible orders of conditions.
Data processing

Leap distances were extracted from frontal videos using Silicon Coach (Silicon Coach
Pro, version 8, Dunedin, NZ) and displacement calibration was performed to a marked 1 m
distance along the line where the participants leapt. SiliconCoach Pro has been commonly used

to provide accurate data for coaching®®, and has been assessed for displacement agreement
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against VICON in pelvis measures (#* = 0.92)** and against 3D measures in golf kinematic
parameters (ICC = 0.929)*°. A marker was placed in the middle of the toe box (proximal point
of the 2" phalange) of participants’ shoes and leap distance was calculated from the marker on
the initial landing foot upon ground contact to the marker on the opposite foot upon the second
ground contact. For each participant, the mean leap distance of three trials per leg for each
condition were used in further analysis. The normalised to leg length units were calculated

using the equation (distance leapt (cm)/ leg length (cm)) x 100.
Statistical analysis

Using IBM SPSS Statistics (version 29.0.0.0(241)), descriptive statistics were
calculated and reported as means, standard deviations, and ranges. Multivariate repeated
measures ANOVA tests with post-hoc pairwise comparisons were used to determine the within-
subject effect of condition (maximal, normalised to leg length), leg dominance (dominant, non-
dominant), and interaction effect on leaping distance outcomes, both in raw (cm) and
normalised to leg length (%) units. Mean differences (MD) are reported alongside their p values
and 95% confidence intervals (CI’s). Potential order effects between completing the maximal
or normalised condition or the dominant or non-dominant leg first were explored as between-
subject factors within the ANOVA. Assumption checks for normality of distribution, sphericity
of data, and outliers were completed in SPSS using the Shapiro-Wilk test, Mauchly’s test of
sphericity, and visual inspection of studentised residuals for values + 3 standard deviations,
respectively. Partial eta squared (n,?) effect sizes are used to express the magnitude of
differences between conditions using the following interpretations: 0.01 as a small effect, 0.06
as a medium effect, and 0.14 as a large effect*®. Variances were compared using the modified
Levene’s test by calculating the absolute deviations of each value from the group mean (dii
=Ixi1=-X1l, diz=Ixi2=X2|) and the deviations across conditions were compared using paired z-tests.

Statistical significance was set to p < 0.05. Individual measures were plotted on a scatter plot
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for the two conditions to visualize individual performance for the dominant and non-dominant

legs separately (Figures 3 and 4, respectively).

Results

Repeated measures ANOVA assumptions were met for distance leapt expressed in raw
units and normalised to leg length, and no outliers were detected. The results for the repeated
measures ANOVA are reported in Table 2. For both measures, there were no significant
interaction effects between side and condition (p > 0.429, p > 0.547, raw and normalised
respectively) or main effects for leg dominance (p > 0.247, p > 0.282, raw and normalised
respectively). The main effect of condition was statistically significant for distance leapt
expressed in both raw and normalised units (p < 0.001, for both) with large effect size
differences (n,> > 0.417, n,° > 0.432, respectively). The distance leapt was 13.9 [7.1, 20.6] cm
and 16.1 [8.5, 23.7] % of leg length greater in the maximal than normalised to leg length CUT
condition, with all participants leaping further in the maximal than normalised conditions.
Participants leapt an average of 154.5 £ 24.7 cm (175.1 £ 18.6% of leg length) during the
maximal task and 140.7 £ 19.7 cm (159.0 + 5.8% of leg length) during the normalised task. All
but two participants leapt greater than or equal to the 150% of leg length distance during the

maximal trials.

There was no interaction effect between (order and dominance) (p = 0.644) and no main
effect of order (p = 0.197). There was an interaction effect between order and condition for
both the raw (F(125) = 5.767, p = 0.024, 1> = 0.194) and normalised units (F(1 25 = 6.195, p <
0.001, np? = 0.205). Results from the order of conditions are presented in Table 3. For the raw
values, pairwise comparisons revealed no statistically significant differences when considering

order within conditions (p > 0.062); however, when considering condition within order, the
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maximal trial was significantly further than the normalised trial when the normalised task was
completed first (MD =21.1 cm, p <0.001, 95% CI [12.3, 29.8]), but the maximal trial was not
significantly further than the normalised trial if the maximal trial was completed first (MD =
6.7 cm, p = 0.130, 95% CI [-2.1, 15.4]). For the normalised values, pairwise comparisons
revealed statistically significant differences when considering order within condition
suggesting that within the maximal condition, if normalised was completed first then the
maximal trial was further than if the maximal trial was completed first (MD = 14.0%, p = 0.042,
95% CI [0.5, 27.5]). Furthermore, when considering condition within order, the maximal trial
was significantly further than the normalised trial when the normalised task was completed
first (MD = 24.5%, p < 0.001, 95% CI [14.7, 34.3]). However, the maximal trial was not
significantly further than the normalised trial if the maximal trial was first (MD = 7.7%, p =

0.117,95% CI [-2.1, 17.5]).

The modified Levene’s test revealed a significant difference in variances between the
absolute deviations of the maximal and normalised conditions for the raw data (maximal mean
residual = 20.3 cm, normalised mean residual = 16.4 cm, MD = 4.0 cm, p = 0.048, 95% CI
[0.6, 7.3]) and for the normalised to leg length data (maximal mean residual = 14.1%,
normalised mean residual = 4.6%, MD = 9.5%, p <0.001, 95% CI [6.4, 12.5]). No significant
differences in variance were observed between order of condition for raw (p = 0.755) or

normalised data (p = 0.694).

Regarding the individual measures on the scatter plot, one participant for the dominant
leg and non-dominant leg and one participant for the non-dominant leg did not achieve a cut
distance of 150% leg length during the maximal trial, but did during the normalised trial. Also,
one participant for the dominant leg and the non-dominant leg did not achieve a cut distance

of 150% leg length during the normalised trial, but did during the maximal trial. These



243 observations suggest that for both legs, all participants were able to achieve the 150% leg length

244  target during either or both conditions.



245  Table 2 Raw and percentage of leg length leap distances for maximal and normalised to 150% of leg length conditions for the single-leg drop-

246  land-cut task. Data are mean + SD, range (minimum, maximum), and 95% confidence interval [lower, upper].

CUT task Maximal Normalised Effects p value, np?
Distance Non-dom Dom Non-dom Dom Condition Dominance Interaction
Raw (cm) 153.5+249 15554245 1404 +£20.4 1409 +£19.0 p <0.001* p=0.282 p=0.429

(115, 197) (123, 206) (105, 181) (104, 170) > 0.417[0.161, 0.580]  m,* 0.046 [0.000, 0.219] Mp? 0.025 [0.000, 0.181]
Normalised (%) 174.0+202 176.2+17.0 158.5+5.8 159.5+5.7 p <0.001* p=0.247 p=0.547

(122, 219) (138,216) (147, 172) (143, 167) M2 0.43210.175,0.591]  m,?2 0.053 [0.000, 0.230] Mp2 0.015 [0.000, 0.156]

Note: Abbreviations: Dom = dominant, Non-dom = non-dominant, * indicates statistical significance (p < 0.05), negative values indicate larger
right value. Effect size: small (0.01), medium (0.06), large (0.14).

247



248  Table 3 Leap distances by condition and order. Data are mean + SD, range (minimum, maximum), and mean difference with 95% confidence

249  interval [lower, upper].

Maximal Normalised
First Second MD [95% p value, 1> First Second MD [95% p value, np’
I I
Raw (cm) 145.7 £23.8 163.3 £22.1 17.7[-1.0, p=0.062,1,20.138 142.2 +£20.6 1389+ 18.6 321 p=0.681,1,20.007
(115, 206) (130, 201) 36.3] [0.000, 0.338] (104, 181) (111, 169) 12.8,19.3] [0.000, 0.131]
Normalised 168.2 £16.5 182.1 £18.1 14.0[0.5, p =0.042% n,20.161 157.6 £4.8 160.3+£6.3 2.71[-1.2, p =0.171,1,20.076
(%) (122, 200) (141, 219) 27.5] [0.003, 0.363] (150, 171) (143, 172) 6.6] [0.000, 0.267]

Note: Abbreviations: MD = mean difference, CI = confidence interval, * indicates statistical significance (p < 0.05), negative values indicate
larger right value. Effect size: small (0.01), medium (0.06), large (0.14)%.

250
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Discussion

There is currently a lack of standardisation of the CUT task. Given the incidence of
ACL injury in young athletes?, it is important to understand the differences that exist for these
tasks when used to explore potential injury risk factors linked to single-leg landings. Our aim
was to compare the distances leapt during a CUT task under maximal and normalised
conditions (set to 150% leg length) in young court and field sport athletes, and to determine
the effect of leg dominance and order of tests on outcomes. In agreement with our hypotheses,
the distance leapt was significantly further with the maximal condition compared to the
normalised condition (mean difference: 13.9 cm or 16.1% of leg length), however, contrary to
our hypothesis, no significant differences were observed between dominant and non-dominant
legs. The significantly large differences in effect size observed between the normalised and
maximal conditions values emphasises that, although both conditions have their benefits and
limitations, the condition selected for assessment warrants consideration as they are

fundamentally different.

Additionally, when examining the significant interaction effect between condition and
order (p = 0.024), it was observed that if participants completed the normalised condition first,
they then leapt significantly further during the respective maximal condition compared to those
who completed the maximal condition first (p <0.001). As the normative value was set, it was
not influenced by the maximal condition being performed first. These results highlight the
potential variation in perceptions of effort in this population of young athletes as they were able
to achieve a further distance once they had jumped to the set distance previously. It is possible
that the participants were able to hop further when performing the maximal condition second
as they would have practiced the task more times, albeit sub-maximally, by performing the
normalised condition first. In a clinical or research setting, employing a normalised trial prior

to a maximal effort trial could lead to a ‘truer’ result for the maximal effort trial. Furthermore,
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no significant differences were observed between variances of the order of condition which
suggests similarities in this outcome between participants (p = 0.755 and p = 0.694) for raw
and normalised respectively. Perception of maximal effort and consistency in motor control
during the maximal effort trials may be more varied in younger populations. As demonstrated

by Lamb, et al. %!

, some participants can believe that they are performing maximally, but once
given a target, may achieve further distances. The maximal condition may be better suited when
observing pre-test post-test performance differences within a given individual or when the
group has similar physical abilities, perceptions of effort, and anthropometric characteristics.
The normalised method may be better when seeking to compare groups with a wider range of
abilities, varied perceptions of effort, and differences in anthropometric characteristics.

Furthermore, selecting the normalised task may be better if the task goal is completion oriented

rather than performance oriented.

The range of individual ability for the maximal condition and how different the distance
was from the standardised condition are also noteworthy. Landing distance was more variable
under the maximal condition, as demonstrated by the large standard deviations and significant
differences in variance between the maximal and normalised conditions (p = 0.048 for raw and
p <0.001 for normalised). These results demonstrate that there were variations in ability and/or
effort applied between participants, which should be considered in task selection and result
interpretation. It is possible that the presence of a floor tape marker in the normalised condition
served as a visual target which introduces a potential confounding factor when comparing the
normalised condition to the maximal condition. A visual target may reduce movement
variability by providing participants with an external reference point, which may influence
motor planning and execution’’. Contrastingly, the lack of a target in the maximal effort
condition could inherently allow for more variability. This discrepancy could have contributed

to observed differences in movement consistency between conditions. Researchers have
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suggested that children often adopt different movement patterns from trial-to-trial, possibly in
attempt to learn how their bodies produce more force and therefore achieve a better
performance outcome, but nonetheless, altering their biomechanics each time?®. Raffalt, et al.
38 found higher intra-subject variability in the movement patterns of children compared to
adults when assessing reaction force components and angular biomechanics during maximal
effort jumping tasks. Previous research has suggested greater variability in jump length in a
pre-peak height velocity group during a broad jump task’ and greater jump height variability
during a vertical jump task in younger participants, which diminishes with maturation and
growth***?_ Selection of the normalised condition in our target population of young field and
court sport athletes may encourage more consistency in performance and movement patterns
leading to a more natural demonstration of how the participant would typically perform the
task in a sporting situation. However, the variation in physical ability that exists in youth
populations and that is demonstrated by the variance under the maximal condition, may

influence the level of challenge provided by the normalised test condition.

All participants except for two leapt to the 150% of leg length distance during the
maximal trials, which seems like an appropriate distance based on the lower end of the maximal
distance values (122% non-dominant and 138% dominant, Table 2). When set to 150%, all
participants were close to the set target (lower end 147% non-dominant and 143% dominant).
Research has previously suggested that normalising tasks can be considered good practice in
research as it allows standardisation in an individualised sense*’. Practically, setting the same
absolute distance or requiring a maximal landing distance may be unsuitable for comparing
individuals of different heights, ages, maturation, sexes, and abilities. In a heterogeneous
sample, using a CUT task normalised to leg length allows greater standardisation and facilitates
valid comparisons between individuals. Whether 150% of leg length is the most appropriate

has not been established, but it appears reasonable and achievable based on our dataset. Setting
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the distance to 175% might be more reflective of a maximal effort, but it is unlikely that all
participants could reach this threshold based on the performance of participants in the current

study.

The CUT task has not been used extensively in previous research to explore movement
performances based on maturation phases'®, hence further research is required as there are no
tools unequivocally agreed to be linked with ACL injury incidence. It has been suggested that
a larger lateral step distance in a cutting task increases hip and knee extension, and ankle plantar
flexion torques**. Additionally, Havens and Sigward *° noted greater knee abduction moments
during cutting with wider lateral foot plants. Therefore, the distance of the cutting task could
be an important factor to consider in rendering a task more sensitive and specific for assessing
risk of ACL injury. A normalised method for setting distance during a CUT is yet to be explored,
however, previous research has used maximal effort methods. Hass, et al. 2> used a maximal
effort CUT task alongside a landing task and a vertical jump task for assessing lower extremity
injury risk in pre-pubertal and post-pubertal females. Their study found significant interactions
between maturation phase and landing sequence for post-pubertal compared to pre-pubertal
participants who demonstrated biomechanics linked with ACL injury incidence. The
researchers suggested these results to be a consequence of differences in motor and
neuromuscular control strategies (such as reflex and voluntary muscle activation) at different
maturational phases and they emphasised the need to study multiple landing strategies. It is
logical to assume that instructing participants to perform a task using a maximal effort would
create a relatively consistent challenge level between participants; however, differences in
effort perception and neuromuscular ability may influence their ability to produce a maximal
or close to maximal effort repeatedly. It is also currently unknown whether performing the
maximal version of this or any jump-landing task is injury-risk specific. It is possible that a

threshold exists where a normalised distance is challenging enough to elicit biomechanical
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patterns similar to a maximal effort, but determining this threshold would require further
biomechanical research. Typically, athletes are not required to leap laterally as far as possible
in a sporting situation as they are usually only required to leap far enough to evade a player or
to make a play, indicating that a normalised distance may suffice for assessment of movement

competency in the context of ACL injury risk.

Our study is not without limitations. Although the order of tests (normalised or
maximal) was randomised, an order effect was observed. Therefore, it is possible that the
participants gave different levels of effort across the trials, but not necessarily produced a true
maximal effort owing to factors such as fatigue, familiarisation, perception of effort, or
attention. Perceived difficulty was not collected in this study, limiting our ability to quantify
the participants’ perceptions of the task demands. Furthermore, the CUT task was anticipated
(i.e., participants knew which leg to land on and perform the task with), limiting generalisation
to unanticipated tasks that are more reflective of ACL injury mechanisms*. It has been
suggested that individuals use different strategies to execute planned versus unplanned
movements, specifically, greater implications of overuse injuries are apparent in planned
compared to unplanned movements. Future research should examine whether biomechanics
are affected based on whether the task is set or involves a reactive component, as well as how
biomechanics change with increase in leaping distance. A further limitation is the sample size
(n = 26), which represented a cross-section of the maturation stages for both sexes. With a
larger sample size than 26 participants based on detecting differences between CUT tasks, it
would have been possible to further explore additional factors, such as the effect of maturation
on outcomes or between sex differences. Furthermore, the mean hop distance of the normalised
condition was 159% of leg length, exceeding the 150% target. There are several potential
underlying factors to this overshooting: the landing distance was too easy; participants had

difficulty seeing the target in their peripheral vision while facing forwards; the Hawthorne
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effect*” and the testing environment incited participants to perform better than the requirement;
or the decision to measure the distance based on a marker placed on the toes rather than the
midfoot or heel. It is generally common in sports and jump tests involving horizontal
components for individuals to be instructed to “reach” a set landing distance (Padua et al.,
2009), inferring they must get to or exceed the set target. Reinforcing the importance of landing
on the target or re-doing trails which were too far off the target would likely bring the mean

value closer to the target.

Further research is required to determine if 150% leg length is the most appropriate
distance for normalisation or if perhaps closer to our mean maximal values of 175% would be
more suitable and achievable. Furthermore, it would be beneficial to determine if an ideal
percentage of leg length exists for the normalised CUT which best represents that of a high
ACL injury risk sporting situation, particularly in different maturational groups or in groups
with different abilities. Assessing what the average cutting distance is across the course of a
game, considering fatigue, within different sports and quantifying this in relation to percentage
of leg length may inform the development of screening tools which are more specific to the

demands of the sport.

To conclude, on average, participants leapt significantly further during the CUT task
when requiring a maximal effort compared to when normalising the distance to 150% of leg
length, suggesting significantly different performance demands of the conditions. However, a
more variable landing distance was observed during the maximal condition, as indicated by
larger standard deviations and significant variance in absolute deviations. We recommend that
normalising leaping distance to leg length allows for standardisation of the CUT task and
facilitates comparisons between individuals deriving from a heterogeneous sample. However,
the normalised condition may not elicit a maximal response or sufficiently represent an injury-

risk specific situation. Hence, selection of a protocol specific to the study goals is important. A
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normalised distance based on a percentage of leg length may be better suited when examining
individuals presenting with a wide range of heights, maturation stages, sexes, or physical
abilities, yet a maximal distance may be more suitable for a more homogeneous sample or pre-
post study designs. Future research should investigate whether lower-extremity kinematics and
kinetics differ between normalised and maximised CUT tasks and explore the specificity of

these manoeuvres to biomechanics related to ACL injury risk.
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