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Football involves sprinting, changes in direction, jumping, and contact, with the trunk
playing a key role in performance. Therefore, trunk muscle training is essential for
improving trunk function, which encompasses endurance, strength, and control. Trunk
stability, a critical aspect of trunk control, has been defined as the ability to control the
position and motion of the trunk over the pelvis to allow optimum production, transfer,
and control of force and motion to the terminal segment in integrated athletic activities
(Kibler et al., 2006).

Trunk endurance and strength tests, such as the McGill tests, prone- or side-bridge tests,
and the Sorensen test, are commonly used to assess trunk function (Nesser et al., 2008;
Imai and Kaneoka, 2016). However, maintaining static trunk positions or applying
constant force to the trunk is nearly impossible during football actions, such as sprinting,
changes of direction, jumping, and physical contact. Football also involves many sudden
changes in speed and direction, which require instantaneous control of trunk position and
movement in response to unexpected stimuli. often occurring with both anticipated and
unanticipated timing. Thus, it is necessary to control the trunk position and movement
instantaneously during dynamic actions in response to sudden or unanticipated stimuli.
Despite to this, no specific assessment tests for trunk control in dynamic actions are
currently unavailable. Therefore, a trunk control test incorporating these elements is
necessary.

Several studies have investigated the trunk control during change-of-direction tasks.
Sasaki et al. (2011) found that control of forward trunk inclination at foot contact is
associated with change-of-direction performance. Other researchers reported the
importance of controlling lateral flexion and axial rotation of the trunk (Marshall et al.,
2014; Sado et al., 2019, 2020). These studies have indicated the importance of minimizing
trunk movements in the sagittal and frontal planes at the change of direction and actively
moving the trunk toward the next direction after initial contact. Although motion capture
system and high-speed camera are often used for the movement analysis, several studies

have recently reported the use of inertial sensors (Bergamini et al., 2013; Chia et al., 2021;



Comomilla et al., 2018; Kim et al., 2020). These sensors, which measure acceleration,
angular rate, and the magnetic field vector, are small, lightweight, and easy to transport
for field use. They cause less interference with movement tasks and are less location-
dependent than motion capture systems. Additionally, these sensors provide real-time
feedback in sports and rehabilitation.

The present study focused on trunk control during unanticipated perturbations.
Building on front- and back-bridge exercises, which are commonly used for trunk muscle
training, we developed trunk-control tests that incorporated these factors and aimed to
measure trunk movement using an inertial sensor. Previous studies have shown that trunk
stability training and integrated neuromuscular training enhance athletic performance and
balance, particularly in adolescent football players (Hammami et al., 2023; Imai et al.,
2014). Strength improvements in pre-adolescence are primarily due to neuromuscular
adaptations, whereas in adolescence, strength gains are mainly attributed to increases in
muscle mass driven by hormonal influences (Myer et al., 2011; Viru et al., 1999).
However, neuromuscular adaptations continue to refine in response to the rapid muscle
mass gains during adolescence (Fort-Vanmeerhaeghe et al., 2016; Viru et al., 1999).
Although increases in muscle mass and strength are related to better performance,
neuromuscular control of postural and trunk stability is also associated with functional
movement (Zemkova and Zapletalova, 2022). Additionally, since proximal stability
enables distal mobility, trunk stability plays a crucial role in efficient movement, force
production, and transmission, which are essential for the proper execution of athletic
activities (Kibler et al., 2006). Given the importance of trunk control and neuromuscular
control during adolescence in athletic performance, the aim of this study was to clarify
the relationship between trunk-control ability during unanticipated perturbations and
athletic performance in adolescent football players. Based on previous studies indicating
that trunk rotation control is critical for change-of-direction tasks (Marshall et al., 2014)
and that the thickness of the transversus abdominis (TrA) is related to sprint (Fujita et al.,
2019), we hypothesized that that trunk rotation control during the front- and back-bridge

tests would correlate with sprint and change-of-direction performance
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