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ABSTRACT

This study examines the impact of fatigue on kinetic variables during

Article Info: landing after performing a spike in professional volleyball players. Fatigue can
significantly affect athletic performance and increase the risk of lower limb injuries,

Received: 29 April 2024 particularly in movements that require precise landings.

Accepted: 1 June 2024 M In this study, 28 professional volleyball players performed a spike over the

Available Online: 3 June 2024 net and landed on a force plate before and after inducing fatigue. Kinetic variables,

including ground reaction forces and loading rates, were evaluated at both stages.
A paired t-test was used to examine the effect of fatigue on these variables during
the landing task after the spike. All statistical analyses were conducted using SPSS
software with a significance level set at P<0.05.

The results showed that fatigue caused a significant reduction in the vertical
ground reaction force at initial contact, the maximum posterior force, and the
medio-lateral force at initial contact in the dominant leg. Fatigue did not have a
significant effect on the other variables.

The results indicated that the ground reaction force in the dominant leg

Keywords: after inducing fatigue was significantly different from before. Given the asymmetry
o ) in ground reaction forces between the dominant and non-dominant legs, it is crucial
Volleyball, Kinetics, Spike, to address this in training programs.
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1. Introduction

Volleyball is an Olympic sport played in over 200 countries worldwide. Players use complex movements
in both attack and defense, with the spike being one of the most important techniques used to score points
(1). The spike requires high skills in jumping and landing. Offensive players aim to achieve a high jump
to make their next move unpredictable and to hit the ball with greater speed, which correlates with their
level of competition (2). By applying biomechanical principles, coaches and scientists can identify
techniques to improve performance, reduce injury risk, and extend athletic careers. This knowledge is
especially important in sports involving jumping, like volleyball, where precise body positioning and
landing techniques play a significant role in preventing injuries (3, 4). Studies have shown that game-
induced fatigue can decrease landing quality and increase the risk of both acute and chronic injuries (5-7).
Fatigue negatively impacts athletic performance by reducing neuromuscular precision and motor control,
particularly in sports that require high movement accuracy and repeatability (8, 9). Fatigue disrupts the
distribution of forces on the body, increases stress on sensitive joints such as the knee and ankle, and
reduces muscular resistance to sudden pressures (10, 11). This emphasizes the need for proper training
programs and recovery strategies to mitigate fatigue and prevent injuries (12-15). Most studies on landing
have assumed that the lower limbs are symmetrical and have only analyzed unilateral data (16-20).
However, this study examines the kinetic differences between the dominant and non-dominant legs during
landing after a spike and following the onset of fatigue (21-23).

2. Methods

The This study targeted professional volleyball players aged 18-32 from reputable Iranian leagues. Using
G*Power software with o = 0.05 and 80% power (24), 28 male players volunteered, with an average age
of 24.56 + 2.14 years, height of 1.81 £ 0.15 meters, weight of 76.14 + 9.09 kg, and BMI of 23.71 £+ 7.27.
None had lower or upper limb injuries in the past year or were on medication in the month before testing.
They completed consent forms, and the testing procedures were explained. A 3D motion analysis system
(Vicon Peak, Oxford, UK) with six T20 cameras at 200 Hz and markers on the lower limbs was used to
capture movements during tasks (25). Synchronized Kistler force plates at 1000 Hz recorded kinetic data,
normalized to body weight (26). The volleyball net was set at 2.43 meters in a calibrated lab area.
Participants warmed up for 15 minutes, performed five trial spikes, then executed six spikes each before
and after a fatigue protocol, landing on force plates. The fatigue protocol, from Bosco (27), involved four
60-second vertical jump sets with 10-second rests, with increasing effort (50%, 70%, and 100%). Fatigue
was marked by a 30% drop in maximum jump height. Variables measured included ground reaction forces
(vertical, anterior-posterior, medial-lateral) and loading rates (28, 29), normalized to body weight, analyzed
using SPSS with a significance level of P < 0.05.

3. Results

The results of comparing ground reaction forces before and after fatigue showed that the vertical ground
reaction force at the moment of impact, the maximum posterior force, and the medial-lateral force at the
moment of impact in the dominant leg had significant differences (P < 0.05). Fatigue did not have a
significant effect on other variables (Table 1).

4. Conclusion

This study examines the impact of fatigue on ground reaction forces (GRF) in three main axes during
landing from a volleyball spike. The research aims to provide a deeper understanding of how landing
kinetics change under fatigue and its effects on the safety and performance of professional volleyball
players. Given the importance of kinetic variables and the influence of fatigue, this study offers valuable
insights into injury prevention. The results indicate that fatigue leads to a 15% reduction in vertical GRF
in the dominant leg during landing (30-32). Previous research suggests that fatigue can increase the risk of
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lower limb joint injuries by affecting GRFs (33, 34). Although fatigue may cause asymmetric force
distribution between dominant and non-dominant legs, this study found equal GRF levels in both legs post-
fatigue (35-37). The dominant leg, typically used for precise and powerful movements, may experience
more stress and thus higher GRF during landing (38). Conversely, the non-dominant leg, being less
conditioned, might be less capable of absorbing GRF under fatigue, leading to imbalance and injury risk.
Fatigue can impair effective force absorption, as suggested by previous studies, which might explain the
reduced vertical GRF due to a cautious landing strategy to minimize injury risk. Fatigue also significantly
affects posterior and medial-lateral forces, with a 13% reduction in maximum posterior force and a 37%
increase in medial-lateral force in the dominant leg post-fatigue (39, 40). These forces are crucial for
movement control and balance, and excessive medial-lateral loading can be particularly dangerous for knee
ligaments like the ACL (41, 42). Studies have noted differences in limbs regarding various anatomical and
physiological aspects, which may contribute to increased ACL injury risk in the dominant leg due to these
asymmetries and fatigue (43). Consequently, understanding these dynamics is essential for developing
effective training and injury prevention strategies (44).

Table 1. Ground reaction forces in three axes at the moment of landing and peak forces after a spike, before and after
fatigue, in the dominant and non-dominant legs.

foot Time of Measure Sig.(t)
PRE POST
VGRFic Non-dominant leg 2.17+0.89 2.05£1.07 0.453(0.761)
dominant leg 2.34+0.80 2.03+0.78 0.046(2.118)*
PVGRF Non-dominant leg 3.49+1.01 3.51+0.98 0.895(-0.133)
dominant leg 3.82+1.20 3.59+1.27 0.258(1.157)
APGRFic Non-dominant leg 1.79+0.58 1.64+0.85 0.384(0.885)
dominant leg 1.82+0.61 1.76+0.76 0.618(0.505)
PAGRF Non-dominant leg 0.33+0.34 0.3740.31 0.561(-0.588)
dominant leg 0.28+0.29 0.37+0.37 0.089(-1.761)
PPGRF Non-dominant leg 2.1740.74 1.96+0.72 0.092(1.749)
dominant leg 2.25+0.74 1.99+0.46 0.033(2.241)*
MLGRFic Non-dominant leg 0.16+0.23 0.15+0.24 0.984(0.021)
dominant leg -0.29+0.27 -0.40+0.29 0.043(2.124)*
PMGRF Non-dominant leg 0.73+0.26 0.76+0.38 0.481(-0.714)
dominant leg 0.05+0.06 0.05+0.06 0.913(-0.110)
PLGRF Non-dominant leg 0.09+0.10 0.12+0.12 0.191(-1.341)
dominant leg 0.81+0.34 0.87+0.38 0.249(-1.177)
Loading rate Non-dominant leg 74.54+41.20 81.94+49.98 0.478(-0.720)
dominant leg 84.38+45.04 84.02+53.45 0.249(0.040)

Note: VGRFic, Vertical GRF Initial Contact. PVGRF, Peak Vertical GRF. APGRFc, Anterior/Posterior GRF
Initial Contact. PAGRF, Peak Anterior GRF. PPGRF, Peak Posterior GRF. MLGRFic, Medial/Lateral GRF
Initial Contact. PMGRF, Peak Medial GRF. PLGRF, Peak Lateral GRF.
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