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ABSTRACT

Anterior cruciate ligament (ACL) injury risk in soccer players is associated with
abnormal landing and cutting mechanics; however, most screening tools assess single tasks or isolated
devices. This study quantified the inter-rater and test-retest reliability of a synchronized multimodal test
battery integrating 3-dimensional motion capture, force plates, surface electromyography (SEMG), and
isokinetic dynamometry across 6 functional assessments (drop vertical jump, change of direction, landing
error scoring system, tuck jump, single-leg squat, star excursion balance test) in male soccer players.
[VIETEEE A total of 35 male soccer players completed two identical testing sessions separated by 72 h
under standardized conditions. Inter-rater reliability was calculated using the intraclass correlation (ICC)
(2,1), and test-retest reliability using ICC(3,1). Absolute measurement error was quantified using the
standard error of measurement (SEM) and the minimum detectable change at 95% confidence (MDC95).
[EEITE Inter-rater reproducibility was highest for motion capture (median 1CC=0.94) and isokinetic
dynamometry (0.91), but acceptable for force plates (0.87) and SEMG (0.82). Test-retest reliability was
strongest for isokinetic measures (ICC=0.88), moderate for motion capture (0.77) and sEMG (0.78);
however, force plates demonstrated the lowest reproducibility (0.48). Landing-based tasks exhibited
lower MDC95 values (13%-15%) than multidirectional and plyometric tasks (exceeding 20%-30%).
[@TEMERT These results established device- and task-specific thresholds for interpreting significant
neuromechanical change and supported the application of synchronized multimodal screening as

Received: 14 Dec 2025 © a measurement foundation for preseason assessment, longitudinal monitoring, and return-to-play
Accepted: 30 Dec 2025 ¢ decision-making in soccer players.

Available Online: 22 May 2026 © [l 2L Reliability, Anterior cruciate ligament, Soccer, Biomechanics, Functional performance

. ........................................................................................................................................................................................................................ .

* Corresponding Author:

Himan Ebrahimi

Address: Department of Sports Injury and Corrective Exercise, Faculty of Physical Education & Sport Sciences, University of Guilan, Rasht, Iran.
Tel: +98 (919) 9512844

E-Mail: ebrahimihiman@phd.guilan.ac.ir.

g Copyright © 2026 The Author(s);
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC 4-0: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://medrehab.sbmu.ac.ir/?lang=en
https://dx.doi.org/10.32598/SJRM.15.2.4
https://dx.doi.org/10.32598/SJRM.15.2.3434
http://medrehab.sbmu.ac.ir/?lang=en
http://orcid.org/0000-0003-0394-3138
http://orcid.org/0000-0003-3540-4470
http://orcid.org/0000-0003-1154-0531
http://orcid.org/0000-0002-5855-1441
http://orcid.org/0000-0001-9063-686X
https://crossmark.crossref.org/dialog/?doi=10.32598/SJRM.15.2.3434
http://medrehab.sbmu.ac.ir/?lang=en
mailto:Ebrahimihiman@phd.guilan.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

Introduction

nterior cruciate ligament (ACL) injuries

in soccer are predominantly non-contact

events arising during high-risk move-

ments, such as landing, cutting, and rapid

deceleration. These injuries carry sub-
stantial consequences, including prolonged absence from
sport, elevated reinjury risk, and long-term joint degen-
eration. Because ACL injury risk is multifactorial, in-
volving kinematic, kinetic, neuromuscular, and strength-
related mechanisms, screening strategies based on single
tasks or isolated devices provide an incomplete assess-
ment of movement control. Synchronized multimodal
testing allows simultaneous evaluation of complementary
neuromechanical domains, offering a more comprehen-
sive representation of ACL-relevant movement patterns.
However, before such data can be used for screening, lon-
gitudinal monitoring, or return-to-play decision-making,
their reproducibility must be established. Evidence re-
garding the inter-rater and test-retest reliability of fully
synchronized multimodal test batteries in soccer players
remains limited, particularly with respect to absolute re-
liability indices such as the standard error of measure-
ment (SEM) and minimum detectable change (MDC95).
Therefore, this study aimed to quantify both relative and
absolute reliability of a synchronized six-test functional
battery integrating three-dimensional motion capture,
force plates, surface electromyography (SEMG), and iso-
kinetic dynamometry in male soccer players.

Methods

A total of 35 healthy male soccer players who met the
predefined inclusion and exclusion criteria participated
in this study. All participants completed two identical
laboratory testing sessions separated by 72 hours under
strictly standardized conditions. The functional battery
comprised 6 ACL-relevant tasks: drop vertical jump
(DVI), change of direction (COD), landing error Scor-
ing system (less), tuck jump (TJ), single-leg squat (SLS),
and star excursion balance test (SEBT). Three valid tri-
als per task were collected and averaged. Kinematic data
were recorded using a 10-camera optical motion-capture
system, ground-reaction forces using embedded force
plates, neuromuscular activity using wireless SEMG, and
strength outcomes using isokinetic dynamometry. All
devices were synchronized at the hardware level. Two
trained raters independently processed all session-1 data-
sets to assess inter-rater reliability, while test-retest reli-
ability was evaluated by comparing outcomes across ses-
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sions processed by the same rater. Relative reliability was
quantified using intraclass correlation coefficient (ICC)
[1, 2] for inter-rater agreement and ICC [1, 3] for test-
retest stability. Absolute reliability was assessed using
SEM and MDC95, expressed in both raw and percent-
age units. Reliability was summarized at the device and
task levels using mean and interquartile ranges, following
recommendations.

Results

Inter-rater reliability was predominantly good to excel-
lent across all measurement modalities. Motion capture
demonstrated the highest agreement (ICC=0.94), fol-
lowed by isokinetic dynamometry (0.91), force plates
(0.87), and sSEMG (0.82). Test-retest reliability showed
greater variability between devices. Isokinetic measures
exhibited the highest stability (ICC=0.88), motion cap-
ture and sSEMG demonstrated moderate reproducibility
(0.77-0.78), and force-plate variables showed the lowest
stability (0.48). At the task level, inter-rater ICCs were
consistently high across all 6 tests (ICC~0.85). Test-re-
test reliability was highest for landing-based tasks (DVJ,
LESS, SEBT; ICC~0.79-0.80) and lower for multidirec-
tional and highly plyometric tasks (COD, SLS, TJ). Abso-
lute reliability indices refined interpretation of ICC find-
ings. Landing-based tasks exhibited the lowest MDC95
values (approximately 13%—15%), whereas COD, SLS,
and particularly TJ required larger changes (>16%—19%,
up to >70% in extreme cases) to exceed measurement
error. SEMG variables showed the widest absolute error
margins, while motion capture and force-plate measures
demonstrated smaller SEM and MDC95 values.

Conclusion

This study establishes device- and task-specific reli-
ability benchmarks for a synchronized multimodal ACL
injury-risk screening battery in male soccer players. Mo-
tion capture and isokinetic dynamometry demonstrated
the most robust measurement properties, while landing-
based tasks showed superior reproducibility compared
with multidirectional and plyometric assessments. Abso-
lute reliability thresholds indicate that subtle longitudinal
neuromechanical changes can be detected most reliably
using kinematic and landing-task outcomes, whereas
sEMG and highly dynamic tasks require larger changes
to reflect true physiological adaptation. These findings
provide a measurement-science foundation for preseason
screening, longitudinal monitoring, and return-to-play
decision-making, and support future integration of syn-
chronized multimodal data into fatigue-based monitoring
and prospective injury-risk modelling.
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28. Zero-lag-fourth-order Butterworth filter

29. Cut-off frequency

30. Smooth

31. Initial contact

32. Propulsion phase

33. Root Mean Square (RMS)
34. Maximal Voluntary Isometric Contraction (MVIC)
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20. Motion capture
21. Helen hayes
22. Force plate

23. Kicking leg

24, SENIAM
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35. Inflation
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36. Multifactorial
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37. Biological execution
38. Skin impedance
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