_3.‘ sports

Article

Standing Versus Floor-Based Trunk Stability Training: Effects on
Landing and Cutting Movement Quality in Youth Male Football

Players

Casto Juan-Recio !

and Francisco J. Vera-Garcia

M) Check for updates

Academic Editor: Yohei Takai

Received: 24 September 2026
Revised: 27 October 2026
Accepted: 30 October 2026
Published: 9 November 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

, Aaron Miralles-Iborra 1*(0, Victor Moreno-Pérez -

2(, Tomas Urban !

1,3

Department of Sport Sciences, Sports Research Centre, Universidad Miguel Hernandez de Elche, Avda. de la
Universidad s/n., 03202 Elche, Alicante, Spain; cjuan@umbh.es (C.J.-R.); vmoreno@umh.es (V.M.-P);
t.urban@umbh.es (T.U.); fvera@umh.es (FJ.V.-G.)

Translational Research Centre of Physiotherapy, Department of Pathology and Surgery, Faculty of Medicine,
Universidad Miguel Herndndez de Elche, Crta. Nacional, N-332 s/n, 03550 Sant Joan, Alicante, Spain

3 Institute for Health and Biomedical Research (ISABIAL Foundation), Universidad Miguel Hernandez de
Elche, C/ Pintor Baeza, 12, 03010 Alicante, Spain

Correspondence: aaron.mirallesi@umbh.es

Abstract

This study compared the effects of a 5-week standing single-leg trunk-stability programme,
a conventional floor-based trunk-stability programme, and active general conditioning on
landing and cutting movement quality in early-adolescent male football players. In this
exploratory three-arm randomised trial, 31 early-adolescent male football players were allo-
cated to a standing single-leg trunk-stability programme (n = 11), a conventional floor-based
trunk-stability programme (n = 12), or an active general-conditioning control programme
(n = 8). Participants completed two supervised 15 min sessions per week. Co-primary
outcomes were the Landing Error Scoring System (LESS) and bilateral mean Cutting Move-
ment Assessment Score (CMAS); secondary outcomes were change-of-direction (COD)
time and accelerometer-derived lumbopelvic stability. Baseline-adjusted ANCOVA showed
significant group effects for LESS (F(2.27) = 17.02, p < 0.001, np? = 0.53) and CMAS
(F(2.26) = 10.45, p < 0.001, np? = 0.45). The standing single-leg group showed lower
baseline-adjusted LESS and bilateral CMASs than both comparison groups in the primary
analyses. The LESS finding remained robust after adjustment for age, whereas the CMAS
pairwise contrasts were attenuated in the age-adjusted ANCOVA; however, the comple-
mentary age-adjusted side-specific analysis continued to support a group effect for CMAS.
No clear between-group differences were observed for COD time or lumbopelvic acceler-
ation. These exploratory findings support a task-specific effect of the standing single-leg
programme on observable landing and cutting movement quality, although the CMAS
result should be interpreted cautiously because the pairwise contrasts were attenuated after
adjustment for chronological age.

Keywords: trunk stability; youth football; landing; cutting; change of direction; LESS;
CMAS; neuromuscular training

1. Introduction

Dynamic sporting actions such as landing, deceleration, and change of direction (COD)
require coordinated control of the trunk, pelvis, and lower limbs while forces are rapidly
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absorbed and redirected [1,2]. Prospective evidence has associated impaired trunk neuro-
muscular control with subsequent knee and ligament injury, suggesting that trunk control
may be relevant to these movement strategies [3]. However, whether trunk-focused training
translates into meaningful changes in sport-specific movement patterns remains uncer-
tain. Recent systematic reviews and meta-analyses indicate that trunk muscle training can
improve balance, trunk endurance, and selected performance outcomes, although the mag-
nitude of these effects varies across outcomes, populations, and training approaches [4-6].

In youth football, repeated accelerations, decelerations, jumps, and COD place substan-
tial demands on neuromuscular control and contribute to a considerable lower-limb injury
burden [7]. Although multicomponent exercise-based injury prevention programmes can
reduce injury incidence in youth football, the specific contribution and optimal design of
trunk-focused training remain unclear [8].

Conventional trunk-stability programmes used in football commonly include floor-
based exercises such as bridge, plank, and bird-dog variations [9,10]. These exercises
provide a controlled stimulus to the trunk musculature but challenge postural control
mainly in prone, supine, lateral, or quadruped positions. Exercise difficulty can be system-
atically progressed by increasing lever length, reducing the base of support, alternating
the supporting limb, or incorporating controlled limb movements [11-13]. In contrast,
many football actions require control of the trunk and pelvis in standing, frequently under
unilateral support, multiplanar loading, and rapid force production. Because training adap-
tations may be task specific, transfer may be more evident when the training and assessment
tasks share similar postural and mechanical demands [14]. Previous research comparing
predominantly standing and unilateral core-stability training with conventional floor-based
programmes in youth male football players has shown potential benefits for sprint and
COD performance [15]. However, it remains unclear whether increasing the task specificity
and dynamic perturbation demands of trunk stability training can also improve movement
quality during landing and cutting.

Field-based two-dimensional screening tools provide a practical means of evaluating
movement quality during landing and cutting tasks. The Landing Error Scoring System
(LESS) quantifies observable landing mechanics and has demonstrated good reliability
and acceptable validity in football populations, although evidence supporting its prog-
nostic value for future injury remains inconsistent [16-18]. The Cutting Movement As-
sessment Score (CMAS) similarly evaluates observable cutting characteristics associated
with multiplanar lower-limb loading [19]. However, it remains unclear whether a multi-
component trunk-stability programme combining upright single-leg support, controlled
movements, elastic perturbations, and small submaximal jumping actions can produce
greater improvements in landing and cutting movement quality than conventional floor-
based trunk-stability training.

Therefore, the purpose of this study was to compare the effects of a 5>-week standing single-
leg trunk stability programme, a conventional floor-based trunk stability programme, and an
active general-conditioning control programme in early-adolescent male football players. The
co-primary outcomes were landing movement quality, assessed using the LESS [16,17], and cut-
ting movement quality, assessed using the bilateral mean CMAS [19,20]. Secondary outcomes
were COD time and accelerometer-derived lumbopelvic stability during single-leg front-bridge
and bird-dog stability tests, which have been previously used to assess lumbopelvic stability in
field settings [21]. We hypothesised that the standing single-leg programme would produce
greater improvements in LESS and CMASs than the floor-based and active control programmes
because its combination of upright unilateral support, controlled hip movements, elastic per-
turbations, and small submaximal jumping actions would provide training demands more
closely resembling those involved in landing and COD tasks. We further hypothesised that the
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standing single-leg programme would produce greater improvements in COD time, whereas
changes in accelerometer-derived lumbopelvic stability during the floor-based tests would be
greater following the floor-based programme because of the greater similarity between the
training and assessment tasks.

2. Methods
2.1. Study Design

A three-arm, parallel-group, randomised pre-post intervention study was conducted
during the competitive season to compare two trunk stability programmes with an active
control condition in youth male football players.

The intervention lasted 5 weeks and comprised two supervised 15 min sessions per
week (10 planned sessions), conducted in addition to the players’ regular football training.
Testing was performed under the same experimental conditions, at the same time and imme-
diately before and after the intervention using the same field-based procedures. Participants
were allocated to a standing single-leg trunk stability group, a conventional floor-based
trunk stability group, or an active control group. Landing movement quality assessed
with the LESS and cutting movement quality assessed with the CMAS were considered the
co-primary outcomes. COD time and accelerometer-derived lumbopelvic stability during
the single-leg front-bridge and bird-dog stability tests were secondary outcomes.

Randomisation was conducted separately within each of the two participating teams,
with players from each team allocated to the three intervention groups. Within each team,
participants were randomly assigned using a sequence generated in Microsoft Excel (Mi-
crosoft Corporation, Redmond, WA, USA). Randomisation was not stratified by age. No
formal allocation-concealment procedure was used; group assignments were revealed after
completion of the baseline assessments. Because of the nature of the exercise interventions,
participants and instructors could not be blinded to group allocation. Video-based LESS
and CMAS assessments were scored by one evaluator, a graduate in Sport and Exercise
Sciences who had received prior training in the application of both scoring systems. The
evaluator was not blinded to group allocation or assessment occasion.

No formal a priori sample-size calculation was performed. The sample size was
determined by the number of eligible players available from the two participating teams.
Accordingly, the study should be considered exploratory, and the precision of the estimated
intervention effects should be interpreted cautiously.

2.2. Participants

Thirty-one youth male football players (age, 12.8 & 0.7 years; body mass, 46.8 £+ 10.1 kg;
height, 155.6 £+ 9.4 cm) participated in the study. Players were recruited from two under-14
teams competing in the second regional league in Alicante, Spain. Both teams trained twice
per week during the competitive season and participated regularly in official competition.
Based on the Participant Classification Framework proposed by McKay et al. [22], the
sample was classified as Tier 2 (Trained/Developmental). The intervention was delivered
as a 15 min block added to each of the players’ two regular weekly team-training sessions
over the 5-week study period.

Eligibility criteria were: (1) age 12-14 years; (2) regular participation in team train-
ing and competition; (3) no regular participation in an additional trunk-focused exercise
programme; (4) no physical limitations, no injury or health problems preventing full partici-
pation in testing or training; (5) no musculoskeletal injuries during the preceding 6 months;
and (6) no ligament injury during the preceding 12 months. A self-reported medical and
injury history covering the preceding year was obtained before enrolment. For inclusion in
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the final analysis, participants were required to complete the pre- and post-intervention
assessments and attend at least 8 of the 10 planned intervention sessions (>80% adherence).

The study was conducted in accordance with the Declaration of Helsinki and was
approved by the institutional ethics committee (approval code DCD.CJR.230630). Written
informed consent was obtained from a parent or legal guardian, and assent was obtained
from each player before participation.

2.3. Testing Procedures

Pre- and post-intervention assessments were conducted on the players’ usual training
field. Tests were administered in the following fixed order: bird-dog stability test, single-leg
front-bridge stability test, LESS, and CMAS. Testing took place during the teams’ usual
evening training period, between approximately 18:00 and 20:00 h, on the same outdoor
artificial-turf pitch. Players wore their usual football training kit and football boots. Envi-
ronmental conditions were not formally recorded. A 3 min recovery interval was provided
between repeated trials of the same test and 5 min between consecutive tests. The same test
order, surface, footwear requirements, time-of-day window, and standardised instructions
were used at both assessment occasions.

Before the bird-dog and single-leg front-bridge tests, participants completed a brief
mobility and motor-control routine emphasising a neutral position of the lumbar spine and
pelvis. After completing these lumbopelvic stability tests, participants performed a standard-
ised warm-up based on the first running component of the FIFA 11+ programme (running
straight ahead, hip out, hip in, circling partner, shoulder contact and quick forwards and
backwards) before the LESS and CMAS. This was followed by one submaximal familiarisa-
tion trial of each task. For the LESS and accelerometer-based lumbopelvic-control tests, two
valid trials were recorded at baseline and their mean was used for analysis, whereas one
valid trial was retained at post-intervention. For the CMAS assessment, one valid trial was
recorded in each cutting direction (right and left) at each assessment occasion. The same
validity criteria and testing instructions were applied at both assessment occasions.

2.3.1. Landing Error Scoring System

Landing movement quality was assessed using the LESS according to the procedures
described by Padua et al. [16,17]. Players stood on a 30 cm box positioned at a horizontal
distance equivalent to 50% of their body height from a line marking the target landing
location. They were instructed to jump forward, land beyond the line with both feet, and
immediately perform a maximal vertical jump before landing again. Both hands remained
on the iliac crests throughout the task. A trial was considered invalid if the player removed
the hands from the iliac crests, failed to land beyond the marked line, did not complete the
immediate vertical jump, or stepped on the marked line.

The task was recorded simultaneously in the frontal and sagittal planes. The frontal-
and sagittal-plane cameras were positioned 3.45 m from the centre of the landing location at a
height of approximately 0.60 m. Recordings were obtained at 240 frames-s~! using an iPhone
15 Pro and an iPhone 13 (Apple Inc., Cupertino, CA, USA). Videos were analysed by the
same trained evaluator using Tracker software (version 6.1.6; [23]) following standardised
operational rubrics. Recordings could be paused, rewound, and examined frame by frame
as required. Initial contact was identified as the first frame in which the foot contacted
the ground, whereas maximum knee flexion was identified as the frame showing the
greatest knee flexion during the landing phase. Frontal- and sagittal-plane recordings were
examined according to the established LESS item-specific criteria. All scoring decisions
were made by the same trained evaluator. When classification of an item was uncertain, the
relevant sequence and adjacent frames in both views were re-examined before assigning the
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final score. The total LESS score was then calculated, with higher scores indicating a greater
number of observable landing errors and, therefore, poorer landing movement quality.

2.3.2. Cutting Movement Assessment Score and Change-of-Direction Time

Cutting movement quality was assessed using the Spanish-language adaptation of
the CMAS [19,20]. From a stationary start, participants accelerated maximally for 5 m,
performed a 90° COD, and completed a 3 m exit sprint. At each assessment occasion,
participants completed one valid trial in each direction, first cutting to the right and then to
the left. Starting from a stationary position reduced variation attributable to the approach
strategy. A trial was considered invalid and was repeated if the player slipped, failed to
pass through the timing gates, did not complete the prescribed 90° side-step cut within the
marked COD area, or deviated substantially from the prescribed approach or exit path.

COD time was recorded using two pairs of photoelectric timing gates (Witty System,
Microgate, Bolzano, Italy; recording precision: 0.01 s), with the first gate positioned 0.50 m
beyond the start line and the second 3 m after the COD. The timing gates were positioned
at a height of 1.05 m. Two cameras were positioned 5 m from the centre of the COD area at
a height of 0.60 m, one in the frontal plane and one in the sagittal plane aligned with the
direction of the cut. The same smartphones and recording frequency used for the LESS
were employed.

Videos were analysed with Tracker software [23] and scored using the established
CMAS criteria. Higher CMASs indicate a greater number of observable COD characteristics
associated with potentially greater knee-joint loading. Side-specific CMAS scores and
COD times were obtained. The bilateral CMAS outcome was calculated as the mean of the
right- and left-side scores, whereas bilateral COD time was calculated as the mean of the
two directions.

All LESS and CMAS recordings were scored by the same trained evaluator, who was
aware of group allocation and assessment occasion. No study-specific intra-rater reliability
assessment was performed.

2.3.3. Accelerometer-Based Lumbopelvic Stability Tests

Lumbopelvic stability was assessed using the single-leg front-bridge stability test
and the bird-dog stability test, following previously described field-based protocols [21].
Both tests have been used to quantify lumbopelvic stability through accelerometry during
trunk stability tasks. A triaxial accelerometer integrated into an iPhone SE (2021; Apple
Inc., Cupertino, CA, USA) was used to quantify pelvic acceleration. The smartphone was
secured over the lumbosacral region using a fitted hook-and-loop belt, and acceleration was
recorded at 200 Hz using the CoreMaker application. During each 15 s trial, participants
were instructed to maintain a neutral lumbar-spine and pelvic position while minimising
pelvic oscillation.

The single-leg front-bridge stability test was performed with support on the dominant
leg. The bird-dog stability test was performed with the dominant leg and non-dominant arm
supporting the body, while the contralateral leg and arm were extended. Leg dominance
was defined as the leg preferentially used to kick a ball [24]. The CoreMaker application
provided linear acceleration signals with the gravitational component removed. Accelera-
tion signals were low-pass filtered using a fourth-order, zero-phase-lag Butterworth filter
with a 10 Hz cut-off frequency. Resultant acceleration was calculated as the square root
of the sum of the squared acceleration values from the three orthogonal axes. The first
second of each 15 s trial was discarded, and the following 12 s were retained for analysis.
Mean resultant acceleration over this 12 s window was used as the outcome measure, with
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lower values indicating lower pelvic oscillation and, consequently, greater lumbopelvic
stability [21].

2.4. Training Interventions

Training sessions were planned and delivered in coordination with the teams’ coaching
staff and were added to the players’ regular in-season football training. Sessions were
scheduled on match day —4 and match day —2 and lasted approximately 15 min. Partici-
pants continued their habitual football training with their respective teams throughout the
intervention. However, regular football training content and volume, individual playing
time, and match exposure were not systematically recorded; therefore, the comparability of
habitual football exposure across participants and teams could not be formally assessed.

2.4.1. Standing Single-Leg Trunk Stability Programme

The standing single-leg trunk stability programme comprised four progressively more
demanding variations based on the single-leg airplane exercise (Figure 1), an exercise
that challenges hip control during single-leg support [25,26]. The primary objective of all
variations was to maintain controlled thorax—pelvis alighment and a neutral lumbar-spine
position while the trunk was controlled as a relatively rigid segment over the supporting
hip. Participants were instructed to minimise relative rotation between the thorax and pelvis
while controlling hip motion and maintaining whole-body balance. Thus, the exercise was
used primarily as a dynamic anti-rotational trunk stability task rather than as a lower-limb
strengthening or jumping exercise.

During week 1, players practised the conventional airplane exercise. During weeks
2-3, the conventional variation was retained during the warm-up, whereas the main part
included an airplane incorporating a small submaximal vertical jump and an airplane
performed against elastic resistance applied around the pelvis. During weeks 4-5, the main
part included the resisted airplane and a resisted variation incorporating small submaximal
jumps. The jumping actions and elastic resistance were introduced as self-generated and
external perturbations intended to increase the demands on trunk and whole-body control
during the task; jump height and landing performance were not training objectives.

Elastic resistance was provided using a green, medium-resistance elastic band (15 cm
wide, supplied in a 25 m roll; Elk Sport, Zaragoza, Spain). The band was positioned around
the pelvis, approximately at the level of the iliac crests, and attached to a fixed anchor.
Anchor height was individually adjusted according to player stature so that resistance was
applied approximately horizontally at pelvic level. Resistance was applied from either side
of the participant to perturb trunk position and increase the three-dimensional control
demands imposed during the hip movement. The perturbation could also challenge lower-
limb alignment, including frontal-plane knee control. The same band, anchoring procedure,
and relative position between the participant and anchor were maintained throughout
the intervention; however, band elongation and the resulting resistance force were not
formally quantified.

Three sets of 10 repetitions were prescribed for each exercise included in the session.
Repetitions were performed at a controlled tempo, guided by verbal instructions from the
instructor, with 30 s of recovery between sets and 60 s between exercises. The exercises
included in each session were organised so that the main part lasted approximately 10 min,
thereby matching the comparison groups for overall session duration, although exercise
volume and mechanical loading were not formally equated between programmes. Exercise
progression followed a predefined weekly schedule, with more demanding variations
introduced during weeks 2-3 and 4-5 (Figure 1; Table 1). All sessions were supervised by a
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qualified exercise professional, who provided verbal instructions and technical feedback to
promote appropriate trunk alignment, whole-body balance, and correct exercise execution.

a. Airplane

b. Airplane + jump

c. Airplane with
elastic band

d. Airplane with
elastic band + jump

Figure 1. Progression of the standing single-leg trunk stability exercises used during the 5-week
intervention programme. Panels (a-d) illustrate the exercise progression from the conventional
airplane (a), to the airplane combined with a small submaximal vertical jump (b), the resisted
airplane using an elastic band around the pelvis (c), and the resisted airplane combined with a small
submaximal vertical jump (d). The left and right columns show the start and end positions of each
exercise, respectively. Green arrows indicate the jumping action, and the red line represents the
direction of elastic resistance.
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Table 1. Summary of the intervention programmes.

Group

Week 1

Weeks 2-3

Weeks 4-5

Dose

Standing single-leg

Conventional
airplane; additional
practice of
maintaining a
neutral lumbar-spine
position and
controlled
thorax—pelvis
alignment.

Conventional
airplane during the
warm-up; airplane

with a small
submaximal vertical
jump and resisted
airplane as separate

variations during the
main part.

Resisted airplane and
resisted airplane
combined with a

small submaximal
vertical jump, with
emphasis on
maintaining trunk
control during the
perturbation.

3 x 10 repetitions per
exercise; controlled
tempo guided by
verbal instructions;
30-s inter-set and
60-s inter-exercise
recovery;
approximately 10
min main part; 2
sessions-week ™.

Floor-based

Variations 1-2 of the
back bridge, side
bridge, front bridge,
and bird-dog,
emphasizing
maintenance of a
neutral lumbar-spine
and pelvic position.

Variations 2-3,
progressing exercise
difficulty through
longer lever arms,
reduced base of
support, and
contralateral limb
elevation while
maintaining trunk
alignment.

Variations 34,
incorporating
single-limb and
alternating support
and controlled
dynamic limb
movements while
minimizing
unwanted trunk
motion.

2 x 15 s per exercise;
supporting limb
changed every 5 s
when prescribed;
30-s inter-set and
60-s inter-exercise
recovery;
approximately 10
min main part; 2
sessions-week 1.

Active control

Seven
general-conditioning
stations including
squats, hip-hinge
variations, hip
thrusts, upper-body
pushing and pulling
exercises, plyometric
tasks, and sprint
exercises.

The same
seven-station
general-conditioning
circuit structure was
maintained.

The same
seven-station
general-conditioning
circuit structure was
maintained.

7 x 1-min stations;
brief transitions
between stations;
approximately 10
min main part; 2
sessions-week ™.

2.4.2. Floor-Based Trunk Stability Programme

The conventional programme included progressive variations of four commonly used
floor-based trunk stability exercises: the back bridge, side bridge, front bridge, and bird-dog
(Figure 2). Throughout all exercises, participants were instructed to maintain a neutral
lumbar-spine and pelvic position while minimising unwanted trunk motion. Exercise
difficulty was progressed by manipulating mechanical factors previously shown to modify
the intensity of trunk stability exercises, including increasing lever length, reducing the
base of support, alternating the supporting limb, elevating the contralateral limbs, and
incorporating controlled limb movements [12,13]. Variations 1 and 2 were performed during
week 1, variations 2 and 3 during weeks 2-3, and variations 3 and 4 during weeks 4-5. Each
exercise was performed for two 15-s sets. In variations involving alternating support, the
supporting limb was changed every 5 s. Recovery intervals were 30-s between sets and 60-s
between exercises. Exercise execution was standardised through verbal instructions and
continuous supervision by the instructor.
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Front bridge
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155sx 2 sets 155 [55] x 2 sets 155 [55] x 2 sets 155 [55] x 2 sets

Figure 2. Progression of the floor-based trunk stability exercises performed during the 5-week in-
tervention programme. The four exercise families included back bridge, side bridge, front bridge,
and bird-dog. Columns 1-4 represent the progressive exercise variations used throughout the pro-
gramme. For the back bridge, front bridge, and bird-dog exercises, the notation [5 s] indicates that the
supporting limb was changed every 5 s during the 15-s set when required. Circular arrows indicate
controlled circular movements of the elevated limb, and horizontal double-headed arrows indicate
alternating support or controlled limb displacement. Each exercise was performed for 2 sets of 15 s.

2.4.3. Active Control Programme

The active control group did not perform either of the two prescribed trunk-focused
programmes. Instead, players completed a duration-matched general-conditioning circuit
comprising seven 1-min exercise stations per session. The circuit included upper and
lower-body strength exercises: (1) squats, (2) hip-hinge variations, (3) hip thrusts, (4)
upper-body pushing exercises, (5) upper-body pulling exercises, (6) plyometric tasks, and
(7) short sprint drills. Each station was performed for 1 min, with brief transitions between
stations, resulting in a main-part duration of approximately 10 min. The same general circuit
structure was maintained throughout the 5-week intervention, and no formal progression
in external load was prescribed. Sessions were completed twice per week (Table 1).

2.5. Statistical Analysis

Data are presented as mean + standard deviation (SD) unless otherwise stated. LESS
and bilateral mean CMAS were treated as co-primary outcomes, whereas bilateral mean
COD time, front-bridge acceleration, and bird-dog acceleration were secondary outcomes.
Lower values represented more favourable outcomes for all measures. Analyses were
performed on an adherence-restricted available-case basis without imputation.

Between-group effects were examined using separate ANCOVA models for each out-
come, with the post-intervention value as the dependent variable, group as a fixed factor, and
the corresponding baseline value as a covariate. Inference was based on heteroscedasticity-
consistent HC3 covariance estimates. Adjusted post-intervention means and 95% confidence
intervals (CI) were estimated at the overall mean baseline value. Familywise error across the
two co-primary omnibus tests was controlled using the Holm procedure; when an omnibus
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effect was significant, Holm adjustment was also applied across the three pairwise group
comparisons. The magnitude of each adjusted between-group contrast was expressed as
Hedges’ g, calculated by dividing the ANCOVA-adjusted mean difference by the residual
standard deviation of the corresponding model (square root of the residual mean square)
and applying the exact small-sample bias correction factor, J(v), based on the residual
degrees of freedom (v = N — 4). Ninety-five percent confidence intervals for Hedges’ g
were obtained using 20,000 non-parametric stratified bootstrap resamples, with participants
sampled with replacement within each intervention group while preserving group sample
sizes. The ANCOVA model was refitted and Hedges’ g recalculated in each resample. Confi-
dence intervals were defined by the 2.5th and 97.5th percentiles of the bootstrap distribution.
A fixed random seed (20261022) was used for reproducibility. Partial eta-squared (1p?)
from the conventional ANCOVA was reported descriptively.

Model assumptions and potentially influential observations were examined using
residual diagnostics, the Shapiro-Wilk and Breusch-Pagan tests, and Cook’s distance. Com-
plementary within-group pre-to-post comparisons were performed using paired-samples
t-tests, with Holm-adjusted p-values and Cohen’s dz; these analyses were considered de-
scriptive. As complementary sensitivity analyses, side-specific CMAS scores and COD times
were analysed using generalised estimating equations (GEE). This approach was selected
because left- and right-side observations from the same participant may be correlated and
therefore should not be treated as independent. GEE enables the joint analysis of correlated
observations while estimating population-averaged group effects [27,28]. Models included
the corresponding side-specific baseline value, intervention group, and side, with partici-
pant specified as the clustering variable. Chronological age was additionally included in
age-adjusted models, and group-by-side interactions were examined separately. A Gaussian
distribution with an identity link and an exchangeable working correlation structure were
specified, allowing a common within-participant correlation between left- and right-side
observations. Bias-reduced robust covariance estimates were used to mitigate potential
small-sample bias in the standard errors [29]. These analyses complemented the primary
ANCOVA models based on bilateral mean outcomes and allowed available side-specific ob-
servations to be retained. All tests were two-sided with & = 0.05. Analyses were conducted
in Python 3.13.5 using stats models 0.14.6 and SciPy 1.17.0.

3. Results
3.1. Participants and Data Availability

Thirty-one football players were included: 11 in the standing single-leg trunk stability
training group, 12 in the conventional floor-based exercise group, and 8 in the active control
group. All participants completed the pre- and post-intervention assessment sessions and
attended at least eight of the ten scheduled training sessions (>80% adherence). Complete
data were available for LESS, COD time, and both lumbopelvic stability tests. The co-
primary bilateral CMAS analysis included 30 players because the baseline right-side CMAS
score was missing for one participant in the floor-based group. The corresponding right-side
COD time and left-side CMAS score were available, although the reason for the missing
CMAS score could not be established from the original records. Descriptive pre- and post-
intervention data are presented in Table 2, and adjusted between-group comparisons for
the co-primary outcomes are presented in Table 3. Full ANCOVA and sensitivity analyses
are provided in the Supplementary Materials.
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Table 2. Descriptive pre-intervention, post-intervention, and change scores by group.
Outcome Group n Pre-Intervention  Post-Intervention Change
LESS N
. Standing single-leg 11 595+ 231 3.18 £2.09 —277+221
(points)
LESS
. Floor-based 12 5.62 £ 1.57 6.33 +2.27 0.71 £ 2.25
(points)
LESS .
. Active control 8 594 £ 0.86 7.62 +1.30 1.69+1.44
(points)
Bilateral CMAS Standing single-leg 1 741+ 1.01 3.95 + 144 —345 + 159
(points)
Bilateral CMAS Floor-based 11 7,55+ 0.71 5.86 + 1.23 ~1.68 +1.28
(points)
Bilateral CMAS Active control 8 8.22+0.78 6.94 +1.08 ~1.28 4+ 1.09
(points)
Bilateral COD time (s) Standing single-leg 11 2.01 £0.13 1.86 £ 0.14 —0.15+ 0.06
Bilateral COD time (s) Floor-based 12 1.92 +0.10 1.78 £ 0.11 —0.15 £ 0.06
Bilateral COD time (s) Active control 8 1.90 £ 0.06 1.83 + 0.08 —0.07 + 0.08
Front b“?f;ﬁjelerahon Standing single-leg 11 0.48 £ 0.13 052 % 0.11 0.04 £ 0.16
Front b“flngfs‘igelem“on Floor-based 12 041+ 0.19 0.44 +0.10 0.03 +0.17
Front b“?ffsa_‘;;elera“"“ Active control 8 038 4 0.1 050 + 0.14 011+ 0.19
Blrd'dczifgff;erahon Standing single-leg 1 0.33 +0.08 035 + 0.15 0.02 +0.12
Blrd‘d‘z;gn?;’ff;eratlon Floor-based 12 0.41 £0.14 0.31 £ 0.09 ~0.10 +0.14
Blrd'd?ii‘sff)lem“o“ Active control 8 0.52 +0.12 0.32 £ 0.09 ~021+0.11
Note. Data are presented as mean + standard deviation. Change was calculated as post-intervention
minus pre-intervention; therefore, negative values indicate a favourable change for all outcomes.
Bilateral CMAS is the mean of the left and right sides and includes participants with complete bilateral
data. Abbreviations: LESS, Landing Error Scoring System; CMAS, Cutting Movement Assessment
Score; COD, change of direction.
Table 3. Adjusted between-group comparisons for the co-primary outcomes.
Outcome Comparison Adj us(t;;, /Dglf)e rence Holm-Adjusted p Hedges’ g (95% CI)
Standing —-3.30 -1.72
LESS single-leg—Floor-based [-5.11, —1.50] 0.002 [—3.08, —0.92]
Standing
. . —4.45 —2.32
LESS single-leg—Active [—6.04, —2.87] <0.001 [—3.55, —1.66]
control
Floor-based—Active -1.15 —0.60
LESS control [—2.82,0.53] 0-172 [—1.51,0.16]
. Standing —-1.86 —1.43
Bilateral CMAS single-leg—Floor-based [-3.11, —0.61] 0.010 [—2.72, —0.61]
Standing
. . . -2.70 -2.07
Bilateral CMAS single-leg—Active [~3.92, —1.48] <0.001 [—3.64, —1.21]
control
. Floor-based—Active —0.84 —0.64
Bilateral CMAS control [~1.92,0.24] 0.123 [~1.65, 0.06]

Note. Differences are expressed as the first group minus the second group. Negative values favour
the first group because lower scores indicate better movement quality. p-values were adjusted using
the Holm procedure. Abbreviations: LESS, Landing Error Scoring System; CMAS, Cutting Movement
Assessment Score; CI, confidence interval.
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3.2. Landing Movement Quality

A significant overall group effect was observed for baseline-adjusted LESS scores,
F(2.27) = 17.02, p < 0.001, np? = 0.53. The standing single-leg group showed a lower
adjusted LESS score than the floor-based group (adjusted mean difference —3.30 points,
95% CI —5.11 to —1.50; pHolm= 0.002; Hedges’ g = —1.72, 95% CI —3.08 to —0.92) and the
active control group (—4.45 points, 95% CI —6.04 to —2.87; pHolm < 0.001; g = —2.32, 95%
CI —3.55 to —1.66). No clear difference was observed between the floor-based and active
control groups (Figure 3A; Table 3).

A. LESS B. Bilateral CMAS

pHolm < 0.001 91 pHolm < 0.001
104 | !

pHolm = 0.002

pHolm = 0.010

24 3

Adjusted post-intervention LESS score (points)
()}
Adjusted post-intervention bilateral CMAS score (points)
(=)}

Single-leg Floor-based Active control Single-leg Floor-based Active control
standing standing

Figure 3. Adjusted between-group comparisons for Landing Error Scoring System (LESS) and
bilateral Cutting Movement Assessment Score (CMAS). Panel (A) shows adjusted post-intervention
LESS scores and panel (B) shows adjusted post-intervention bilateral mean CMAS scores. Values
were adjusted for the corresponding baseline score using ANCOVA. Points represent adjusted means
and whiskers indicate 95% confidence intervals. Only significant Holm-adjusted pairwise (pHolm)
comparisons are shown. Lower values indicate better movement quality.

3.3. Cutting Movement Quality

A significant overall group effect was also observed for bilateral CMAS, F(2.26) = 10.45,
p < 0.001, p? = 0.45. The standing single-leg group showed lower adjusted CMAS scores
than the floor-based group (adjusted mean difference —1.86 points, 95% CI —3.11 to —0.61;
pHolm= 0.010; Hedges’ g = —1.43, 95% CI —2.72 to —0.61) and the active control group
(—2.70 points, 95% CI —3.92 to —1.48; pHolm < 0.001; g = —2.07, 95% CI —3.64 to —1.21). No
clear difference was observed between the floor-based and active control groups (Figure 3B;
Table 3). Both co-primary omnibus group effects remained significant after Holm adjust-
ment (both pHolm < 0.001).

3.4. Secondary Outcomes

No statistically significant omnibus between-group effects were observed for bilateral
COD time (p = 0.126), front-bridge acceleration (p = 0.323), or bird-dog acceleration
(p = 0.277). However, the adjusted pairwise estimates showed considerable uncertainty. For
example, the standing single-leg versus active control contrast was —0.059 s (95% CI —0.134
to 0.016) for COD time, whereas the standing single-leg versus floor-based contrast was
0.069 m-s~2 (95% CI —0.032 to 0.171) for front-bridge acceleration. For bird-dog acceleration,
the standing single-leg versus active control contrast was 0.117 m-s=2 (95% CI —0.029 to
0.263). These confidence intervals are compatible with effects of varying magnitude and,
in some cases, either direction. Therefore, the absence of statistically significant group
effects should not be interpreted as evidence of equivalent intervention effects. All adjusted
pairwise contrasts and 95% confidence intervals are provided in Supplementary Table S2.
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3.5. Sensitivity Analyses

The LESS finding remained robust after adjustment for age. The age-adjusted bilateral
CMAS omnibus effect remained significant (p = 0.047), although pairwise comparisons
were attenuated after Holm adjustment (both pHolm = 0.058 for comparisons involving
the standing single-leg group). Importantly, the complementary age-adjusted side-specific
generalised estimating equations (GEE) analysis retained all 31 participants (61 available
side-specific observations), including the left-side CMAS data from the participant excluded
from the bilateral analysis. This analysis continued to support a significant group effect (p =
0.012), with lower CMAS scores in the standing single-leg group than in both the floor-based
(pHolm = 0.017) and active control (pHolm = 0.014) groups. No group-by-side interaction
was detected (p = 0.260). Full sensitivity analyses are presented in Supplementary Table S4.

3.6. Diagnostics

Model diagnostics showed no evidence of heteroscedasticity. Residuals were approxi-
mately normally distributed for all outcomes except bird-dog; sensitivity analyses excluding
potentially influential observations did not materially alter the conclusions (Supplementary
Table S5).

3.7. Complementary Within-Group Analyses

Complementary within-group analyses are shown in Supplementary Table S3 and
Supplementary Figure S1. These analyses were descriptive and were not used to determine
intervention superiority.

4. Discussion

The aim of this study was to compare the effects of a 5-week standing single-leg trunk
stability programme, a conventional floor-based trunk stability programme, and an active
general-conditioning control programme in early-adolescent male football players. The
main finding of this small active-controlled randomised trial was that a 5-week standing
single-leg trunk stability programme was associated with lower baseline-adjusted LESS
and bilateral CMAS scores than conventional floor-based trunk stability training and active
general conditioning in early-adolescent male football players. In contrast, no clear between-
group differences were observed for COD time or accelerometer-derived pelvic acceleration
during the single-leg front-bridge and bird-dog stability tests. Overall, this pattern is
consistent with a task-specific training response, whereby the greatest adaptations were
observed in assessment tasks that shared postural and coordinative demands with the
standing intervention.

One possible explanation is that the standing single-leg programme challenged trunk
control under conditions that more closely resembled the mechanical demands of landing
and cutting. The exercises required participants to control thorax—pelvis alignment while
maintaining single-leg balance and performing hip movement under both self-generated
and externally applied perturbations. The elastic resistance applied around the pelvis may
have increased the demand for active trunk control, whereas the small submaximal vertical
jumps introduced transient perturbations without being intended as maximal jumping or
landing drills. Therefore, the programme was designed primarily to increase the difficulty
of maintaining trunk stability during dynamic single-leg tasks rather than to train jumping
performance itself. However, because upright unilateral support, elastic resistance, and
jumping actions were combined within the same intervention, their individual contributions
to the observed improvements cannot be distinguished. The findings should therefore
be interpreted as the effects of the multicomponent programme as implemented, rather
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than as evidence that upright posture or trunk-stability training alone was responsible for
the differences.

The observed pattern is consistent with the principle of task specificity, whereby train-
ing adaptations may be more evident when training and assessment tasks share similar
postural, coordinative, and mechanical demands [14]. In contrast to the standing pro-
gramme, conventional floor-based training challenged trunk stability primarily in supine,
lateral, prone, and quadruped positions. These differences in task demands may partly
explain the greater improvements in LESS and CMAS scores following the standing pro-
gramme, whereas no clear between-group differences were observed in COD time or the
floor-based stability tests. Previous research has suggested that trunk-focused or more sport-
specific core-stability programmes can improve selected performance outcomes in youth
football players, although findings vary across outcomes and training approaches [6,15].
The present results extend this evidence by suggesting that observable landing and cutting
movement quality may be responsive to training programmes incorporating sport-relevant
postural and mechanical demands. Importantly, the present trial assessed changes in video-
based LESS and CMAS screening scores rather than directly measuring three-dimensional
knee joint kinematics, joint loading, or prospective injury incidence. Therefore, improve-
ments in these scores should be interpreted as changes in observable movement quality
and not as direct evidence of reduced ACL injury risk [18].

The applicability of these assessments to early-adolescent football players also warrants
consideration. A recent systematic review in soccer players reported high intra- and inter-
rater reliability for the LESS and acceptable validity, but inconsistent evidence regarding its
prognostic utility [18]. LESS scores may also be influenced by growth and maturation during
adolescence [30]. The CMAS has been validated against three-dimensional biomechanical
measures and has shown responsiveness to technique-modification interventions in older
youth players [19,31]. However, age-specific normative values and criterion thresholds
have not been established for early-adolescent players. Accordingly, the present findings
should primarily be interpreted as changes in movement quality rather than as indicators
of individual injury risk. The attenuation of the bilateral CMAS pairwise comparisons after
adjustment for chronological age further warrants caution. In early-adolescent football
players, biological maturation may influence strength, coordination, and landing and cutting
mechanics independently of chronological age. Because maturation status was not assessed,
age adjustment cannot exclude residual developmental confounding, even though the
complementary age-adjusted side-specific analysis continued to support a group effect.

No clear between-group difference was observed for COD time. Although the estimate
was imprecise and the small sample limits strong conclusions, the absence of a clear superi-
ority effect may partly reflect the content of the active control programme, which included
strength, plyometric, and sprint exercises, together with continued football training in all
groups. Recent evidence indicates that these training modalities, particularly when com-
bined with sprint and COD-oriented exercises, can improve COD performance in adolescent
team-sport and youth football players [32,33]. Thus, the active control programme may
itself have provided a relevant stimulus for COD performance, reducing the likelihood
of detecting an additional effect of the standing trunk-stability programme. Similarly, no
clear between-group differences were observed for the single-leg front-bridge or bird-dog
stability tests. This may reflect the task-specific nature of adaptation, limited sensitivity
of these floor-based tests to changes induced by an upright unilateral programme, or the
short intervention duration. The raw improvement observed in bird-dog performance in
the floor-based group did not remain significant after Holm correction and was not greater
than the change observed in the active control group.
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From a practical perspective, the standing single-leg trunk stability programme was
brief, required little equipment, and could be integrated into the players’ normal training
week. Two 15-min sessions per week were associated with substantial improvements in LESS
and CMAS scores. These findings suggest that standing unilateral trunk stability exercises
incorporating controlled elastic perturbations and small submaximal jumps may be useful
when the aim is to improve movement quality during football-related landing and cutting
tasks. However, such exercises should complement rather than replace broader neuromus-
cular injury-prevention programmes that also include lower-limb strength, deceleration
technique, landing mechanics, and appropriately progressed plyometric training [34].

Several limitations should be considered. First, no formal allocation-concealment pro-
cedure was implemented, and LESS and CMAS scoring was performed by a single evaluator
who was aware of group allocation and assessment occasion, introducing potential risks of
selection and detection bias. Although scoring followed standardised operational criteria
and high-speed frame-by-frame video analysis, evaluator-specific intra-rater reliability was
not assessed. Future studies should incorporate allocation concealment, blinded asses-
sors, and formal reliability testing. Second, the sample was small and included only male
players from two teams, limiting generalisability. Although randomisation was conducted
separately within each team, potential differences in coaching practices, habitual training
content, and competitive exposure cannot be completely excluded as sources of residual
confounding. Furthermore, because participants assigned to different intervention con-
ditions continued training within the same team environments, possible contamination
between programmes cannot be excluded. Third, biological maturation was not assessed,
and adjustment for chronological age cannot fully account for developmental differences in
strength, coordination, and movement mechanics. This limitation is particularly relevant
given the attenuation of the bilateral CMAS pairwise comparisons after age adjustment,
despite the supportive findings of the complementary side-specific analysis. Fourth, for
LESS and the accelerometer-based stability tests, baseline values were calculated from two
valid trials, whereas post-intervention values were based on a single trial. Although this
procedure was applied consistently across intervention groups, the unequal number of
trials may have affected measurement precision and increased uncertainty in the estima-
tion of intervention-related changes. Fifth, habitual football training content and volume,
individual playing time, and match exposure were not formally quantified. Furthermore,
although the intervention programmes were approximately matched for session duration,
exercise volume, external resistance, and mechanical loading were not formally equated.
Consequently, the observed effects should be attributed to the multicomponent programmes
as implemented rather than to standing posture, trunk-stability training, or any individual
exercise component in isolation. Sixth, the final analytical sample comprised participants
who completed the pre- and post-intervention assessments and attended at least 80% of the
scheduled training sessions. Thus, the analyses represent an adherence-restricted available-
case approach rather than a strict intention-to-treat analysis. In addition, one participant
was excluded from the bilateral CMAS analysis because of a missing baseline right-side
score, although the complementary side-specific analysis retained the available observa-
tions from all 31 participants. Finally, the 5-week intervention may have been insufficient
to detect some training adaptations, particularly for the secondary outcomes. Moreover,
the study assessed movement-quality screening scores and performance outcomes rather
than directly measured three-dimensional joint loading or prospective injury incidence.
Therefore, the findings should not be interpreted as evidence of reduced ACL injury risk.
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5. Conclusions

In this small active-controlled randomised trial, a 5-week standing single-leg trunk
stability programme was associated with lower baseline-adjusted LESS and bilateral CMAS
scores than conventional floor-based trunk stability training and active general condition-
ing in early-adolescent male football players. No clear between-group differences were
observed for COD time or accelerometer-derived lumbopelvic stability. These findings
support a task-specific training effect on observable landing and cutting movement quality,
but they should not be interpreted as evidence of reduced ACL injury risk. From a practical
perspective, brief standing single-leg trunk stability exercises may be a feasible supplemen-
tary component of football training, particularly when the aim is to expose young players
to upright unilateral and landing-related movement demands. However, these exercises
should complement rather than replace broader neuromuscular programmes incorporating
lower-limb strength, deceleration, landing, sprint, and plyometric training. Larger trials
with blinded outcome assessment, maturation measures, and longer-term follow-up are
needed to confirm these findings.
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