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ABSTRACT

Ankle sprains of moderate to severe intensity can lead to chronic ankle instability
and adversely affect landing kinematics. Both functional and mental fatigue are key factors contributing
to these alterations. The present study aimed to compare the effects of functional and mental fatigue on
single-leg landing kinematics in athletes with chronic ankle instability and healthy individuals.

VETEEE In this quasi-experimental study, 48 male athletes aged 18-30 years (24 with chronic ankle
instability and 24 healthy) were randomly assigned to four groups: Chronic ankle instability with
functional fatigue, chronic ankle instability with mental fatigue, healthy with functional fatigue, and
healthy with mental fatigue. The single-leg landing test was performed before and after the fatigue
protocols, and kinematic angles (knee valgus, knee flexion, and hip flexion) were analyzed using Kinovea
software, version 0, 9, 5 . Data were tested for normality using the Shapiro—Wilk test, followed by two-
way mixed ANOVA (groupxtime) and Bonferroni post hoc analysis.

[{EEWTE using (P=0.0001). No significant change observed in the hip flexion angle (P=0.113). In the chronic
ankle instability group with mental fatigue, the knee valgus angle also showed a significant increase
(P=0.0001), whereas the knee flexion (P=0.061) and hip flexion (P=0.565) angles did not exhibit significant
changes. Between-group comparisons indicated that the chronic ankle instability group with functional
fatigue exhibited greater increases in knee valgus (P=0.0001) and greater decreases in knee flexion
(P=0.0001) compared to the healthy groups. Furthermore, compared to the CAl group with mental
fatigue, the changes in knee valgus (P=0.148) and knee flexion (P=0.061) were not statistically significant.
Both functional and mental fatigue affect knee and hip joint kinematics in individuals with
chronic ankle instability, particularly by increasing knee valgus and decreasing knee flexion. Functional
fatigue had a greater adverse effect, causing more considerable changes in joint alignment. These
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Introduction

nkle sprain is among the most common

sports injuries, accounting for 10-30% of

all sports-related injuries, and frequent-

ly progresses to chronic ankle instabil-

ity (CAI). CAl is particularly prevalent in
sports involving frequent jumping, landing, and sudden
directional changes, and is associated with altered land-
ing biomechanics that increase the risk of recurrent injury.
Factors, such as ligament damage, muscle weakness, pro-
prioceptive deficits, and delayed neuromuscular respons-
es contribute to these changes. Fatigue is another critical
risk factor, as many injuries occur during the later stages
of training or competition. Functional fatigue, induced
by high-intensity repetitive activity, has been shown to
impair proprioception, postural control, and landing me-
chanics, including increased knee valgus and tibial shear
forces and decreased hip and knee flexion. More recently,
mental fatigue—arising from prolonged cognitive activ-
ity has also been recognized as a factor that impairs con-
centration, motor control, and movement accuracy, even
in the absence of physical exhaustion. Despite the rec-
ognized importance of fatigue, few studies have directly
compared the effects of functional and mental fatigue on
landing biomechanics in athletes with CAL Therefore, the
purpose of this study was to investigate and compare the
influence of functional and mental fatigue on single-leg
landing kinematics, specifically knee flexion, hip flexion,
and knee valgus angles in athletes with CAI and healthy
individuals, in order to inform strategies for injury pre-
vention and rehabilitation program design.

Methods

This quasi-experimental study with a repeated-mea-
sures design was conducted in Shiraz in 2024. Based on
G"Power software, version 3.1.9.7 calculations, a total of
48 athletes were recruited, including 24 individuals with
CAI and 24 healthy controls. Each group was randomly
subdivided into two subgroups (n=12) assigned to either
a functional fatigue or a mental fatigue protocol, resulting
in four experimental groups. Inclusion and exclusion cri-
teria were determined using standard indices of ankle in-
stability and validated questionnaires (cumberland ankle
instability tool, FADI, and FADI-sport).

All participants completed a standardized warm-up, fol-
lowed by a single-leg landing task performed before and
after the fatigue protocols. Kinematic data, including hip
and knee flexion angles in the sagittal plane and the knee
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valgus angle in the frontal plane, were extracted from
two-dimensional video recordings using the validated
Kinovea software.

The functional fatigue protocol, adapted from Chapell
et al. [20] and Liu et al. [10] consisted of repeated sprints
and vertical jumps until vertical jump height or running
performance declined by more than 50%, or until vol-
untary exhaustion occurred. The mental fatigue protocol
employed a 30-minute computerized Stroop test, previ-
ously validated for inducing cognitive fatigue. Data were
analyzed using SPSS software, version 27. Descriptive
statistics were computed, normality was assessed using
the Shapiro-Wilk test, and a two-way mixed ANOVA
with Bonferroni-adjusted post hoc comparisons was per-
formed to examine within- and between-group differenc-
es before and after the fatigue protocols.

Results

The results indicated no significant differences among
the groups in age, height, weight, or body mass index
(BMI) (P>0.05), confirming baseline homogeneity.

Regarding kinematic variables, mixed-model ANOVA
revealed significant main effects of time and significant
timexgroup interactions for knee valgus, knee flexion,
and hip flexion angles. Between-group differences were
significant for knee valgus and knee flexion but not for
hip flexion.

The knee valgus angle increased significantly more in
the CAI groups, particularly under functional fatigue,
compared to healthy groups (P<0.001). Knee flexion
angle decreased significantly more in both CAI groups
compared to healthy groups (P<0.05). The hip flexion
angle was significantly greater in the CAl+functional
fatigue group than in the healthy+mental fatigue group
(P=0.002), while no other between-group differences
were observed.

All groups exhibited significant increases in knee
valgus following fatigue. All four groups showed sig-
nificant reductions in knee flexion angle. Significant
increases in hip flexion angle were observed in three
groups (CAl+functional fatigue, CAl+mental fatigue,
and healthy+functional fatigue), whereas no change was
found in the healthy+mental fatigue group.
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Overall, these findings suggest that both functional and
mental fatigue negatively alter the landing biomechan-
ics of athletes with chronic ankle instability, although the
magnitude and direction of these effects vary across kine-
matic variables.

Conclusion

The present study demonstrated that both functional and
mental fatigue induced significant alterations in knee and
hip kinematics during single-leg landing, particularly in
athletes with CAI. Functional fatigue led to increased knee
valgus and reduced knee flexion, both of which are recog-
nized as high-risk movement patterns associated with knee
injuries, including anterior cruciate ligament ruptures. Al-
though hip flexion did not show significant changes, this
may reflect compensatory mechanisms of proximal mus-
culature. Mental fatigue also contributed to increased knee
valgus but exerted a comparatively smaller influence on
other variables. Overall, functional fatigue exerted a stron-
ger negative impact on neuromuscular control and joint
stability, while mental fatigue, though subtler, still intro-
duced potentially hazardous movement alterations. These
findings highlight the heightened vulnerability of athletes
with CAI under fatigue conditions and emphasize the need
for preventive interventions focused not only on strength-
ening stabilizing muscles and enhancing neuromuscular
control but also on managing both functional and mental
fatigue in training and competitive contexts to mitigate in-
jury risk and enhance sports safety.
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