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[Purpose]

In soccer, goalkeepers (GKs) frequently protect the goal using their bodies to block shots. Although many GKs
report sensations of heaviness or fatigue in the head and neck following training sessions or matches,
research that quantitatively examines head impact exposure in this population is lacking. Therefore, this
study aimed to provide fundamental quantitative insights into head impacts experienced by GKs during play.

[Methods]

Three goalkeepers from a university soccer team participated in this study, which was conducted between
September 1 and October 24, 2025. Laboratory-based measurements included anthropometric variables
(height, body mass, body mass index, body fat percentage, and upper limb length) as well as assessments of
basic physical abilities, including vertical jump, squat jump, neck flexion strength, neck extension strength,
and toe grip strength.

For the on-field measurements, head impact was recorded during 33 regular training sessions. In addition,
three types of saving tasks involving diving actions, identified as producing particularly high head impacts
during regular training, were selected. Each task was performed ten times by each goalkeeper. Head impact
data were collected using a mouthguard embedded in a triaxial accelerometer (Prevent Biometrics, iMG).
Saving motions were analyzed using a high-speed camera (SONY, DSC-RX100M4) in combination with
markerless skeleton detection software (4Assist, Pose-Cap).

[Results]

During regular training sessions, goalkeepers experienced head impacts of up to 12.0 G and 650.0 rad/s?, with
a cumulative head impact of 34.0 G per training session. In saving play involving diving actions, the
magnitude of the head impact increased as greater jump height was required. Head impacts were observed
not only at ground contact following ball catching (ground impact) but also during the rebound phase after
ground contact (rebound impact). Analysis of the relationships between physical abilities and head impacts
revealed that greater jumping power was associated with stronger head impacts, whereas higher neck muscle
strength was associated with reduced head impact magnitude.

[Conclusion]

This study provides the first quantitative report on head impact exposure in soccer goalkeepers. The findings
indicate that cumulative head impact during a single training session can reach 34.0 G and that saving plays
requiring higher jumps, particularly those involving diving actions, result in greater head impacts. However,
superior neck muscle strength may mitigate head impact forces. The use of wearable devices to monitor head
impacts may serve as a valuable tool for identifying individuals at risk of concussion and detecting
concussion-related events.
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