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Abstract
Keywords Background and Aim: Various variables can put an athlete at risk of injury. This
study aimed to investigate the simultaneous effects of fatigue, visual information,
Genu Valgum and ankle dorsiflexion restriction on center of pressure (COP) fluctuations in

female athletes with DKV

Methods: In this cross-sectional study, 40 female athletes with DKV participated
and were divided into two groups based on the ankle dorsiflexion restriction. COP
fluctuations were evaluated before and after fatigue using a Pedoscan device

Postural control,

Range of motion, under both open-eye and closed-eye conditions while maintaining a single-leg
stance on the dominant foot. The fatigue protocol involved performing a series

Dorsiflexion, of plyometric exercises. Data were analyzed using repeated measures ANOVA
(p <£0.05).

Fatigue, Results: The effect of fatigue (except for the medial-lateral sway) and vision was

significant for all variables (P<0.005), and with eyes closed, the percentage of
changes in the group without restriction increased compared to the group with
restriction. The average speed, anterior-posterior sway, and total CoP trace
between groups showed significant differences in fatigued conditions with eyes
closed (P<0.005). Additionally, before fatigue with eyes open, medial-lateral
sway was significantly greater in the group with restriction (P=0.048).
Conclusion: Using the hip strategy in situations where the primary balance
strategy should be the ankle can increase the mechanical load on the knee joint
and ligaments, especially in athletes who have limited ankle dorsiflexion.
Therefore, it is crucial to pay attention to the range of ankle dorsiflexion to help
reduce the risk of knee injuries.
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Extended Abstract

Introduction

Dynamic knee valgus (DKV) is a common
abnormality in female athletes that affects postural
control (1) and increases anterior cruciate ligament
injury risk (3). This abnormality, by shifting the
weight-bearing line toward the lateral compartment
of the knee, can influence center of pressure(CoP)
sway (4,5).

Ankle dorsiflexion restriction alters
biomechanics of proximal joints, changing balance
strategies (13). Ankle muscles are crucial for
controlling sway through the ankle strategy (9),
and  dorsiflexion  restriction can  impair
proprioception (15,16). However, research directly
examining mechanical restrictions' effects remains
limited.

Muscular fatigue is another important factor
that reduces postural control, increases sway, and
decreases stability (20), with more pronounced
effects in individuals with lower extremity
abnormalities (8). Vision also plays a key role in
postural control; its absence increases reliance on
proprioception and challenges stability (21,23).
Considering DKV's high prevalence in female
athletes and postural control's importance in injury
prevention, the aim of this study was to answer the
guestion: How do fatigue, visual information, and
ankle dorsiflexion restriction affect CoP sway in
female athletes with DKV?

Method

In this cross-sectional study, 40 female athletes
with DKV participated. They were divided into
two groups based on their ankle dorsiflexion range
of motion: with and without dorsiflexion
restriction.

Inclusion criteria included female athletes
aged 18 to 30, at least three years of regular sports
training, the presence of DKV in the single-leg
drop landing test, a dorsiflexion restriction of less
than 15 degrees (for the restricted group), no
history of meniscus, knee ligament, ankle, or hip
injuries, no history of surgery or fractures, and no
lower limb pain in the past three months (29, 30).

Upon arrival at the laboratory, participants
received detailed information about the study, were

introduced to the objectives and procedures, and
signed an informed consent form. They then
performed a 5-minute warm-up on a treadmill. The
participants' ankle dorsiflexion range was
measured using the weight-bearing lunge test
against a wall with a goniometer, and a range of
less than 15 degrees was classified as restricted
(32).

The DKV angle was assessed using the
myoRESEARCH (MR) software during the single-
leg drop landing test from a 30 cm box with the
dominant leg (28). A valgus angle greater than 12
degrees was considered DKV (33). CoP
fluctuations were measured in a single-leg static
balance test under both eyes-open and eyes-closed
conditions. Each participant underwent the test
twice, before and after the fatigue protocol. The
fatigue protocol consisted of a series of plyometric
exercises, including 1 minute of jumping jacks, 30
seconds of squat jumps, 1 minute of plank, and 30
seconds of jumping lunges (37).

Data were analyzed using SPSS software
version 27. Normality was assessed and confirmed
using the Shapiro-Wilk test. A repeated measures
ANOVA with Bonferroni post hoc analysis was
used to analyze the data (p < 0.05).

Results

The repeated measures ANOVA results (Table
1) showed significant time effects for all variables
except medial-lateral (ML) sway. Post-hoc tests
revealed the non-restricted group with eyes closed
had significant increases in average speed and total
CoP trace after fatigue. This group also showed
increased anterior-posterior (AP) sway in both
visual conditions after fatigue. Both groups
demonstrated significant increases in sway area
with eyes open after fatigue. The vision effect was
significant for all variables. In the visual condition,
despite significant increases in sway in both
groups, the percentage change in the non-restricted
group was greater than in the restricted group.

Between-group comparisons during fatigue
with eyes closed showed significantly higher
average speed (P=0.02), AP sway (P=0.025), and
total CoP trace (P=0.021) in the dorsiflexion-
restricted group. Additionally, a significant
difference in ML sway was observed between
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groups in the non-fatigued state with eyes open
(P=0.048), with the dorsiflexion-restricted group
showing greater ML sway.

Discussion

The present study aimed to investigate the
effects of fatigue, ankle dorsiflexion restriction,
and visual conditions on CoP parameters in female
athletes with DKV. Results demonstrated that both
fatigue (except in ML sway) and visual deprivation
significantly impacted balance control.

In single-leg stance tasks, the ankle strategy is
predominantly used to maintain balance (39).
However, the restricted group initially relied more
on the hip strategy for balance maintenance before
fatigue and visual deprivation. This finding
indicates a compensatory mechanism that the body
employs in response to ankle restriction to preserve
balance. Consistent with this finding, studies have
shown that ankle restriction can be accompanied by
compensatory movements at the knee and hip
(14,38,41). This compensatory strategy may, in
dynamic activities and real-world athletic

conditions over the long term, stress the knee joint
and lead to injuries such as ACL tears.

Additionally, fatigue and visual deprivation
can be considered as two risk factors affecting
balance reduction. Therefore, attention to these risk
factors and compensatory mechanisms is essential
when designing injury prevention programs.
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Tablel. Results of the analysis of repeated measures ANOVA of the study variable

Mean £+ SD
Variable Without Restriction With Restriction Effect F P n?
Eyes Open Eyes Closed Eyes Open Eyes Closed
Total Before Time 15217  <0.001* 286
Movement | Faigss  112-31222.02 330.23+81.96 124.56+30.90 306.42+76.79 Group 1362 0.5 0.035
of CoP
e Afier Eyes 443453  <0.001* 921
i) Fatigne  128:54+28.04  387.58+08.20 137.21433.45 320.66+82.93 r———— 013 0,05
ime*Eyes™! u . b b
Total :
Movement  paew, 870642061  22898:4866  10389+3051  225.90+44.64 o L
of CoP : :
" " E 501.984 <0.001*  0.93
Lateral"  Afler 95350170  24808+4357  9657+27.81  230.0145584 =
(mm) Fatigue Time*Eyes*Group 319 575 8
e Time 10917  <0.002*  0.223
! 150.55+47.84  441.90+104.21  175.25+39.27 409.52+83.76
Total Cop ~ Fatigue Group 0.389 0.537 0.01
{;angi AR Eyes 649.63  <0.001* 945
Patiare 1704453761 502.42+108.40  179.82£39.20  422.58+100.52 i
atigue Time*Eyes*Group 861 0.359 0.022
Before Time 9.99  <0.003*  0.208
. Fations  316.73+139.60  1458.48+543.10  355.07+150.89  1371.59+505.78
A y gu Group 190 665 5
rea
(mm?) *
paller | 490.23+169.22  1643.34+496.43  523.85+23361  1497.63+603.56 == 261.264 | <0.001* | 0873
GHSHE Time*Eyes*Group 92 764 2
e Time 8744  <0.005* 187
Average  paige 15844326 44.15+10.40 17.56+3.99 40.96+8.43
Speed Group 0.371 0.546 0.01
*
(mmfs)  After  g99,589 50.31410.80 17.95+3.89 4230+1004 O 591422 | <0.00L* | 0S54
Fatigue Time*Eyes*Group 1.624 0.21 0.041

* Significance at p<0.05 level
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