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Introduction: Anterior cruciate ligament rupture (ACL) is among the most common sports-
related injuries. This study examined how an acute fatigue protocol alters ankle and knee-
muscle co-contraction during gait in individuals with unilateral Anterior cruciate ligament
reconstruction who also present with a pronated foot.

Materials & Methods: The research was a quasi-experimental and laboratory study. The
subjects were 15 men with ACLR and pronated feet and 15 healthy men. Surface
electromyography of selected lower-limb muscles was recorded while participants walked on
a treadmill. After completing a standardised fatigue protocol, EMG was collected again during
running. A two-way repeated-measures ANOVA (group x time) was performed in SPSS V 26
at p less than 0.05.

Results: A significant main effect of time was found for overall ankle co-contraction during
the loading-response (P = 0.003, d = 0.329), mid-stance (P = 0.023, d = 0.212), and propulsion
phases (P < 0.001, d = 0.865) of gait. A significant main effect of group was observed for
overall knee co-contraction in the loading-response (P < 0.001, d = 0.377) and mid-stance
phases (P = 0.044, d = 0.172). Group differences were also significant for directional knee co-
contraction in mid-stance (P = 0.022, d = 0.215) and for directional ankle co-contraction in
loading-response (P = 0.013, d = 0.251).

Conclusion: Individuals with ACLR and a pronated foot exhibit a lower co-contraction level
at the knee and ankle compared with healthy controls, and fatigue further amplifies this
reduction. Diminished co-contraction may compromise joint stability, alter gait mechanics,
and increase injury risk in this population.
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Introduction

annual rates of 32-38 per 100,000 during the
mid-2000s (1-3). Despite the success of surgical

Anterior cruciate ligament tears are the
most common sports-related knee injury,
leading to more than 175,000 reconstruction
surgeries worldwide each year (1). In the United
States, the incidence of ACLR rose from 32.94
to 43.48 per 100,000 people between 1994 and
2006, while Scandinavian countries reported

reconstruction, people who undergo ACLR face
a significantly higher risk of early-onset
osteoarthritis. The main problem seems to be
biomechanical changes that happen after
surgery, like less knee extensor torque, more
knee adduction moments, and changes in
neuromuscular patterns that together create
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strange compressive forces across the joint (4).
Muscle co-contraction, which is when both
agonist and antagonist muscles are activated at
the same time, is a way to stabilise the knee (4).
But too much co-contraction can be bad for you
because it increases joint contact pressures and
speeds up cartilage wear (2). Studies
consistently indicate that individuals post-
ACLR depend on elevated levels of co-
contraction; however, fatigue compromises this
intricate neuromuscular regulation, resulting in
potentially hazardous movement patterns (4).
Previous studies have explored how fatigue
affects quadriceps-hamstring co-contraction,
yet none have investigated the combined effect
of fatigue on ankle and knee muscle co-
contraction  during walking in ACL-
reconstructed individuals with excessive foot
pronation (5). The aim of the present study was
to examine the influence of a fatigue protocol on
ankle and knee muscle co-contraction during
gait in ACLR patients with pronated feet.

Methods

This quasi-experimental study included 30
young men aged 19-26 years. Fifteen had
undergone unilateral hamstring autograft ACL
reconstruction 4-8 months earlier and presented
with foot over-pronation; the other 15 were
healthy, age-matched controls. Sample size was
determined using G*Power (a = 0.05, power =
80%, effect size = 0.29), yielding 15 participants
per group. All participants were right-leg
dominant, physically active at least three
sessions per week, and free from meniscal tears,
knee osteoarthritis, or current knee pain. After a
standardized warm-up, participants walked five
trials along an 18-meter walkway at self-
selected speed. Wireless Biometrics EMG
(1000 Hz) recorded activity from seven right
lower-limb muscles: tibialis anterior, medial
gastrocnemius, vastus medialis, vastus lateralis,
rectus femoris, semitendinosus, and biceps
femoris. Fatigue was then induced on a level
treadmill: speed started at 6 km/h and increased
by 1 km/h every two minutes until RPE reached
17 or heart rate hit 80% of age-predicted
maximum (220 — age). Participants continued at
that speed for an additional two minutes.
Immediately post-fatigue, the five walking trials
and EMG recordings were repeated. Raw
signals were band-pass filtered (10-500 Hz),
and RMS values were normalized to %MVIC
obtained isometrically with a handheld
dynamometer. General and directional co-

contraction indices were calculated for three
stance phases (0-20%, 20-47%, and 47—70% of
gait cycle). Data normality was confirmed with
Shapiro-Wilk tests. A mixed 2 x 2 repeated-
measures ANOVA, Bonferroni  post-hoc
comparisons, and partial eta-squared (n?p) were
performed in SPSS V.26 at p less than 0.05.

Results

Co-contraction data were normally
distributed in both groups, and before fatigue
there was no significant difference between the
ACLR-with-pronation group and the healthy
controls. Acute fatigue and a history of ACL
reconstruction with foot over-pronation both
significantly reduced protective muscle co-
contraction during walking. Fatigue alone
slashed general ankle co-contraction across the
entire stance phase most dramatically during
push-off (P < 0.001, d = 0.87), followed by
loading response (P = 0.003, d = 0.33) and mid-
stance (P = 0.023, d = 0.21) with post-fatigue
values consistently lower than at rest.
Independently, the ACLR + over-pronation
group displayed markedly lower co-contraction
than healthy controls, especially in the critical
early weight-acceptance moments. Knee
general co-contraction was reduced in both
loading response (P =0.001, d = 0.38) and mid-
stance (P = 0.044, d = 0.17), while knee
directional co-contraction dropped during mid-
stance (P = 0.022, d = 0.22). At the ankle, both
general (P = 0.028, d = 0.20) and directional (P
= 0.013, d = 0.25) co-contraction were
significantly lower during loading response. No
other phases showed group differences. Taken
together, these findings reveal that young men
4-8 months post-ACLR with excessive
pronation rely on less joint-stiffening co-
contraction and fatigue further erodes this
already compromised strategy, potentially
leaving the knee and ankle wvulnerable to
harmful loads and accelerating long-term
cartilage degeneration.

Conclusion

This study examined the impact of fatigue
on knee and ankle muscle co-contraction in 15
young men with a history of ACL
reconstruction and excessive foot pronation,
compared to 15 healthy controls. Acute fatigue
triggered a significant drop in general ankle co-
contraction across all three stance phases of
walking—Iloading response, mid-stance, and
especially push-off. Although this reduction
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may serve as an energy-conserving adaptation,
it clearly compromises ankle stability and raises
the risk of injury. Throughout both rested and
fatigued conditions, the ACLR-pronation group
consistently displayed lower co-contraction
than their healthy counterparts. Specifically,
knee general co-contraction was reduced during
loading response and mid-stance, knee
directional co-contraction fell in mid-stance,
and both general and directional ankle co-
contraction were lower during loading response.
This pattern probably represents a protective
strategy to spare the ACL graft and limit
compressive forces at the knee, yet it impairs
control of frontal- and transverse-plane
moments, encourages excessive tibiofemoral
translation, promotes condylar lift-off, and
accelerates long-term osteoarthritis. Over-
pronation amplifies every one of these threats.
In short, the combination of fatigue and ACLR
with pronation leads to diminished active joint
stiffness, poorer shock absorption, and
detrimental changes in joint mechanics.
Clinically, this means rehabilitation must shift
its focus to “fatigue-resistant stability”:
perturbation-based training, neuromuscular
endurance work, gait retraining, foot-posture
correction, and ongoing monitoring of co-
contraction patterns before any return-to-sport
decision. Future studies should track long-term
outcomes and test the real-world effectiveness
of these targeted interventions.
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