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Summary

> Objectives: The studyaims to identify modifiable risk factors for injuries and overuse complaints in youth athletes by applying a structured
physical performance test battery. The goal is to support the development of sport-specific prevention strategies.

> Methods: This isa prospective. multi-cohort study involving youth athletes aged 11-17 years across four sports: soccer. field hockey, tennis,
and golf. The test battery evaluates, mobility, balance, motor control. core stability, jump performance, strength and endurance. Injuries are
recorded quarterly over two years using standardized questionnaires, with additional functional and subjective scales assessed at baseline
and during follow-up. Test selection was based on clinical relevance, feasibility, and minimal equipment requirements. A standardized
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examiner training and SOP ensured reproducibility.

> Key Results: As of July 2025, 644 athletes have completed baseline testing, including 285 soccer players, 263 hockey players, 58 tennis
players, and 38 golfers. Retesting has been conducted on 177 participants. Data analysis will investigate correlations between test results,

injury occurrence, and individual parameters such as peak height velocity. activity level, and limb dominance.

> Gonclusion: The study addresses a research gap in injury prevention for youth athletes. The simple, time-efficient, and widely applicable
test battery may enable early identification of injuryrisks and support the development of long-term, evidence-based prevention strategies

inyouth sports.
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Introduction

Professional sports in Germany are more popular
than ever before (1). Soccer holds a leading positi-
on as the most commercially successful and widely
followed sport, yet other sports such as tennis, field
hockey, and golf are also gaining increasing attenti-
on (1). Parallel to this, participation rates in popular
sport and especially youth sports have been steadily
rising. According to the 2024 report by the German
Olympic Sports Confederation (DOSB), approxima-
tely 34% of the population are now members of a
sports club - anew all-time high, particularlyamong
children and adolescents, where the numbers are
even higher (13).

Regular physical activity is associated with a
wide range of protective effects on both physical
and mental health, including improvements in cog-
nitive performance, a reduced risk of overweight and
strengthening of the cardiovascular system (16,36).

In addition to sports injuries, the increased vol-
ume of training with high-intensity and prolonged
stress in combination with inadequate regeneration
management in competitive sport also leads to an

increase in overuse injuries (19). Physical damage re-
sulting from previous injuries to the musculoskeletal
system is a relevant problem. For example, osteoar-
thritis in the ankle or knee and hip joints is often
associated with joint injuries sustained in youth and
many years of competitive sport (5). Injuries of the
lower extremities (knee and ankle joints) occur most
frequently (5, 6, 12, 38). To reduce sports injuries, var-
ious screening procedures have been established in
preventive sports medicine and competitive sports
to identify potential risk factors. In healthy ath-
letes, these are primarily internal risk factors, such
as muscular asymmetries or deficits in mobility,
balance, motor control, core stability, jump perfor-
mance, strength and endurance (11). These screening
procedures prevailed in sports medicine include, for
example, physical performance tests (33).

Looking at different sports, there are some dif-
ferences in the establishment of injury prevention
measures to date. In recent years, numerous scien-
tific studies have evaluated the incidence and epi-
demiology of injuries in (mainly male) soccer and
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exercise-based injury prevention programs like
the FIFA 11+ prevention program (11, 43). Those
programs are often already an integral part of ev-
eryday training in soccer. Compared to soccer, the
number of studies focusing on field hockey, tennis
and golf is much smaller (33, 40).

Physical performance tests offer a cost-effective
and practical means to identify individual deficits
and potential in mobility, balance, motor control
and strength all of which are crucial for high-level
sports performance (5). After analyzing the data,
deficits can be specifically addressed.

However, the literature shows inconsisten-
cies regarding the predictive value of physical
performance tests, largely due to a lack of stan-
dardization across studies and prevention pro-
grams (33).

While injury incidence and preventive strat-
egies among male soccer players are already
well documented, research in sports like field
hockey, tennis, and golf and in females in gen-
eral remains limited (4). Additionally, scientific
studies with youth athletes are also outnum-
bered overall (32).

The study aims to establish whether there is
alink between test results and the occurrence
of musculoskeletal sports injuries. The study
will evaluate whether deficits in the physical
performance skills mobility, motor control,
strength and endurance are associated with a m
higher injury risk based on the data evaluated

— Baseline Questionnaire
» Quarterly Questionnaire
> Quarterly Questionnaire
> Quarterly Questionnaire

e Annual Questionnaire

v

Quarterly Questionnaire

v

Quarterly Questionnaire

v

Quarterly Questionnaire

Annual Questionnaire

Flowchart of the study procedure.

during the study. The study focusses on step 1
and 2 provided by Bahr et al. (3), to assess the relationship in
between a marker (or a measured deficit) from a screening
test and injury risk and to examine the tests in arelevant and
big enough population to find cut-off values. Based on the
findings of this study, the development of sport-specific pre-
vention strategies is intended to possibly reduce injury risks
among youth athletes in soccer, field hockey, tennis, and golf.

In addition, we aim to examine the influence of individual
factors such as peak height velocity (PHV), physical activity
levels and limb dominance (standingleg/kickingleg/leg used
for takeoff) on test performance and injury occurrence.

Methods and Design

Study Design, Ethics, and Informed Consent
This study is a monocentric, prospective study. One year after
the initial testing, a re-test will be conducted. Throughout the
two-year study period, possible injuries and overuse injuries are
recorded at quarterly intervals using questionnaires (figure 1).
The study was approved by the local ethics committee (ref.
approval no. 2023-101108-BO-FF). The study is planned in accor-
dance with the Declaration of Helsinki (Fortaleza version, 2013).
Written consent to participate in the study must be given
by all study participants and their legal guardians prior to en-
rolment.

Participants

Sample Size Determination

To examine the relationship between sports-related motor
skills and orthopedic injuries in youth athletes, we consider
a model with a normally distributed single predictor, X, of
sports-related physical performance skills. We assume that

the injury rate under H, is p, = 0.5 (15) and that the injury rate
under H, is p, = 0.6 when X = 1. The odds ratio (OR) is 1.5, in-
dicating a small effect size (8). Using logistic regression with
a two-sided significance level of 5% and a power of 80%, we
determined the necessary sample sizes to be N = 208 for the
soccer, field hockey, tennis, and golf groups, respectively. As-
suming a dropout rate of 20%, the minimum sample size is
N=250 per group.

Inclusion Criteria

Since our study was primarily designed to target ambitious

youth athletes across different sports, the inclusion criteria

were defined as follows:

1. Age between 11 and 17 years at the time of initial testing;

2. No injury within the past three months that resulted in a
training interruption of more than two weeks

3. Full physical capacity at the time of study participation

4. Signed informed consent by the participant and a legal gu-
ardian.

Recruitment

Study participants were recruited through local sports club
coaches in Hamburg and Schleswig-Holstein. As part of the
recruitment process, personal contacts with managers and
coaches from local sports clubs were utilized.

Enrollment

Following initial contact with the coaches of the teams, the aim,
content and organization of the study were presented in the
context of a study clarification. Study information is send to all
participants. Written consent from all participants and their
legal guardians is required prior to enrolment. >
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* Sit and Reach

* * Shoulder Mobility
* Hip External/ Internal Rotation

* Knee to Wall Test

MOBILITY
® « Balance Squat
* Balance Front Hop
* Y-Balance-Test upper limb
* Y-Balance-Test lower limb
MOTOR CONTROL

Tests included in the test battery assigned to the fundamental biomotor abilities

i

* Counter Movement Jump
| o |
* Drop Jump

* Bunkie Test

STRENGTH * Front Hop
@
|:> * Ramp Test
ENDURANCE

Questionnaires

A baseline questionnaire is used to collect anamnestic data
on previous injuries, overuse injuries, and the participant’s
activity level upon inclusion. This questionnaire includes the
Tegner Activity Scale (10), the Modified Squash (7), the Modi-
fied Athletes’ Disability Index Questionnaire (28), the Modified
Copenhagen Hip and Groin Outcome Score (HAGOS) (9), the
International Knee Documentation Committee (IKDC)(10),
the Ankle Instability Instrument (12) and the Tampa Scale of
Kinesiophobia (29).

Data collection with these questionnaires will be repeat-
ed after one and two years. Possible injuries were surveyed at
shorter 3-month intervals to include also minor and overuse
injuries that might otherwise have been overlooked. Potential
injuries that may occur during the course of the study are de-
fined as any complaints affecting the musculoskeletal system
caused either by an acute injury or by overuse. Among others,
the location of the injury, the side affected, the severity of the
complaint, the context in which the injury occurred, whether
it was a contact or non-contact injury, and whether it resulted
in time off from training are recorded.

Test Battery

We are exclusively using physical performance skill tests that
are already used in daily clinical practice. The test battery con-
sist of the physical performance tests (figure 2):

The selected tests assess fundamental movement patterns
and characteristics that are prerequisites for high-intensity and
physically demanding sports (25) (figure 3).

The test battery was arranged from low neuro-muscular
demand to increasing strain so that a separate warm-up could
be omitted. Testing began with mobility assessments, followed
by the tests for motor control and balance, core stability and
jumping performance, with the ramp test conducted last.

Deficits were assumed if the side symmetry was less than
90% based on the Return to Activity protocol by Keller et al. (20).
For tests where this criterion is not applicable, such as jump
height (CM]J), the results were assessed based on age, height,
and gender.

The Knee to Wall Test measures maximal weight-bearing
dorsiflexion of the ankle joint. Poor results in this test have been
associated with a higher dynamic knee valgus, which leads to
higher risk of anterior cruciate ligament injury and chronic an-
kle instability (24, 32). The tests for internal and external hip
rotation assess mobility of the hip joint, which is linked to the
occurrence of hip injuries (35).

228

The Sit and Reach Test is a functional assessment of dorsal
myofascial chain flexibility. Restricted mobility in these muscle
groups has been associated with back pain, unsteady gait and
a higher risk of musculoskeletal injuries (27).

Shoulder mobility is considered to be an intrinsic risk factor
for shoulder injuries. Shoulder mobility was assessed unilater-
ally by the Apley-Scratch-Test (2, 23).

The modified Y-Balance Test (only anterior reach) for the
lower extremity is an assessment for motor control and dy-
namic balance and lower limb mobility. Poor performance,
particularly with greater side-to-side asymmetries, has been
associated with an increased risk of lower extremity injuries (17,
30). According to the review from Plisky et al. (31), it remains un-
clear which asymmetry and direction offers a better prediction.
For logistical reasons and clinical considerations, we opted for
the anterior reach. This task requires a knee-dominant squat,
which biomechanically places greater stress on the knee joint,
especially the retropatellar region.

The Balance Squat Test assesses neuromuscular coordina-
tion and movement quality of the knee during a single-leg squat
(21). A stable movement pattern is essential for dynamic activi-
ties, while poor performance has been associated with a higher
risk of lower extremity injuries (20, 39).

Similarly, the Balance Front Hop evaluates movement qual-
ity, specifically focusing on landing control following a jump
(21). Adequate balance and lower limb alignment control are
crucial components of injury prevention programs for lower ex-
tremity injuries (20). Since measuring the jump distance alone
may be insufficient to detect deficits in knee function (22), the
Balance Front Hop was performed to examine valgus align-
ment. This test is based on the specifications of Keller et al.(21)

The Counter Movement Jump is a squat-to-jump movement
used to assess explosive power production of the lower limbs.
Itis often utilized to detect asymmetries in strength, flexibility
and specific performance capabilities of the lower extremities
(26, 42).

The Drop Jump is used to detect reactive strength and explo-
sive jump performance and is highly correlated to linear sprint
performance (14).

The single-leg front Hop measures concentric horizontal
strength production, stability of the lower extremities and neu-
romuscular control. Poor movement quality during single-leg
front hop - such as knee valgus - is considered a risk factor for
ACL injuries (20, 41). The modified Y-Balance Test (only medial
reach) for the upper extremity is a tool to assess shoulder con-
trol, shoulder stability, and core stability (37).
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The Bunkie Test (anterior, posterior and
medial chain) evaluates core muscular
endurance and stability (34). In terms of
motor skills, the medial stabilization line
reflects the lateral support pattern. For
clinical and time efficiency considerations
the lateral chain was omitted.

The Ramp Test is an incremental exer-
cise test performed on a cycle ergometer,
designed to determine maximum work ca-
pacity and maximum heart rate (18).

Selection of Tests, Examiner Training,
and Reproducibility

The selection of tests was conducted by an
expert panel based on the following key
criteria: (a) scientific evidence supporting
the validity of the tests, (b) coverage of re-
levant domains, functions, and anatomical
regions, (c) simplicity and time efficiency
in execution (the full test battery had to
be completed within one hour given the
planned number of participants), (d) in-
clusion of both quantitative and qualitative
test modalities, and (e) a specific focus on
sport-related injury patterns, particularly
in the lower extremities, while still consi-
dering the core and upper extremities.

A critical factor in the implementa-
tion of physical performance assessments
is achieving high reproducibility, both
in the execution and in the evaluation
of the tests. To ensure this, a structured
training program for all examiners was
developed and implemented by the ex-
pert team under supervision. The training
included test and retest sessions in var-
ious group constellations and the devel-
opment of precise instructional materi-
als. Ultimately, a standardized operating
procedure (SOP) for test administration
was established. This standardized work
instructions provides precise instruc-
tions for conducting and evaluating each

Physical performance testing in youth athletes. Images published with informed consent from participants
and their legal guardians, with all image rights reserved.

test e.g. it describes exactly the mea-
surement method and correct test procedure, as well as the
corresponding evaluation criteria. Based on previous studies
and on our test and retest sessions we evaluated a high to very
high interrater and intrarater reliability, indicating consistent
assessments both between different raters and by the same rat-
er over time. Regarding the different tests ICC varied from 0.76
to 0.93 for the interrater reliability and from 0.78 to 0.92 for the
intrarater reliability.

Statistical Methods

The collected data is first subjected to a data quality check to en-
sure that discrepancies and erroneous data are excluded from
further analyses and that general data consistency is ensured.
Differences are examined using the t-test or chi-square test, and
correlations are examined using appropriate regression me-
thods. The functional results of the uninjured and injured side
of the injured athletes are described using descriptive statistics
and tested for differences using inferential statistical methods

depending on the data level. Possible cut-off values should be as-
sessed either based on side differences, or on quantitative values
in relation to e.g. gender, age and anthropometrics. The cor-
relations between subjective and functional results are tested
using correlations. Depending on the datalevel, Spearman’s or
Pearson's correlation coefficients are given. In further analysis
of the data, covariates such as age, gender, peak height velocity,
sport, training intensity, multisport and previous injuries will
also be addressed.

Trial Status

The physical performance skill testing began in November 2023,
and is currently ongoing. To date, 644 athletes have completed
the baseline testing, including 285 soccer players (73 female),
263 field hockey players (190 female), 58 tennis players (18 fema-
le), and 38 golfers (10 female). Additionally, retesting has been
conducted on 177 athletes. The analysis of the initial motor
performance tests, including baseline questionnairesand >
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the relationship with the discussed individual parameters, is
currently underway as part of ongoing research projects.

No participant has yet completed the whole study. Recruit-
ment completion is anticipated to be July 2025, measurement
completion by July 2026 and overall study completion is expect-
ed to be July 2027.

The intention is to evaluate and publish the first part of the
results after the tests have been completed (including correla-
tions between the test results and covariates such as PHV, age,
multisport, etc.), and then a second part once the data on pos-
sible injuries during the study has been collected via the ques-
tionnaires and the study has been completed.

Discussion

To prevent injuries and overuse injuries in youth sports, the
primary aim of the planned research project is to answer the
question of whether single physical performance tests of the
test battery or a combination of tests can predict injuries and
overloads.

The target is to assess the correlation in between a measured
deficit from a screening test and injury risk and to conduct the
tests in a relevant and sufficiently large population to find cut-
off values.

In addition, the inclusion of team sports as well as individual
sports enables a direct comparison of the study results with
regard to the different sport-specific requirements that arise,
for example, from the higher dynamics in team sports. Based
on this data, sport-specific requirement profiles and training
recommendations for an injury-free sport are aimed to be de-
veloped.

Furthermore, data analysis will investigate correlations
between test results and individual parameters such as, for ex-
ample, anthropometrics, peak height velocity, sports, activity
level, multisport and limb dominance.

To increase the practicability of the test battery, tests for
which little or no test material was necessary were applied. An
exception to this is the ramp test on the cycle ergometer, which
can easily be replaced by other endurance tests such as the IFT
15/30 test. From a methodological perspective, simplicity and
efficiency were considered essential to promote broad imple-
mentation in clinical and sports practice. The battery was de-
signed to be executable within a short timeframe and by a wide
range of practitioners, including those with limited resources
or training. The tests were selected based on founded evidence
and the aim of this study was to further improve their validity.
Additionally, the objective of the study is to explore correlations
among test results and to investigate whether certain combi-
nations of tests provide greater predictive value than single
tests alone. It is hypothesized that a multi-dimensional testing
approach provides a more holistic understanding of functional
performance and injury risk compared to isolated assessments.
This test battery is also intended to enable smaller sports clubs
to carry out regular, standardized and structured motor skill
testing as a preventative measure.
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Limitations

The aim was to include an equal number of male and female ath-
letes in the study. Due to the different popularity of the sports
among male and female athletes, a heterogeneity in the gender
distribution was already apparent at the time of publication.
Because it is significantly more difficult to recruit study par-
ticipants in individual sports, it can be assumed that the sample
sizes of these sports will be heterogeneous as well. In addition,
the study participants were recruited through personal con-
tacts and collaborations, which may have had an impact on the
study population. |

Conlflict of Interest
The authors have no conflict of interest.

Ethical Approval

The study was approved by the local Ethics Committee of the Uni-
versity of Hamburg (Ref. No. 2023-101108-BO-FF). All procedures
were conducted in accordance with the Declaration of Helsinki
(Fortaleza, 2013). Written informed consent was obtained from all
participants and their legal guardians prior to enrolment.

All collected data were pseudonymized before analysis and stored
on secure institutional servers in compliance with the European
General Data Protection Regulation (GDPR). Data access was re-
stricted to authorized members of the research team.

Physical performance testing was performed by trained examin-
ers following standardized Standard Operating Procedures (SOPs)
to ensure participant safety and reproducibility. All participants
were covered by institutional accident insurance during the test-
ing sessions.

The study is prospectively registered with the German Clinical
Trials Register (DRKS, ID: DRKS00036090).

Injury prevention in youth: While injury incidence and preven-
tive strategies among male soccer players are already well do-
cumented, research in sports like field hockey, tennis, and golf
and in females in general remains limited. Additionally scientific
studies with youth athletes are also outnumbered overall.

Increase of injuries and overuse injuries: In addition to sports
injuries, the increased volume of training with high-intensity and
prolonged stress in combination with inadequate regeneration
management in competitive sport also leads to an increase in
overuse injuries

Physical performance tests: Physical performance tests offer a
cost-effective and practical means to identify individual deficits
and potential in mobility, balance, motor control and strength all
of which are crucial for high-level sports performance.
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