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1. Introduction 

ateral ankle sprains (LAS) are the most common 

musculoskeletal injuries, typically caused by 

excessive inversion and internal rotation, with or without 

plantarflexion (1). Epidemiological studies suggest that 

approximately 80% of individuals will experience an ankle 

sprain in their lifetime (2). Among those with a history of 
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Objective: This study aimed to investigate motor cortex activity during gait 

initiation in athletes with CAI compared to healthy individuals.  

Methods and Materials: Twenty-six participants were enrolled, divided into two 

groups: CAI and control (CON). After informed consent, participants completed the 

FAAM and Cumberland questionnaires. Following a warm-up, they stood on a force 

plate while wearing an EEG cap. Gait initiation was triggered by an auditory cue, 

and EEG data were collected using EEGLAB and analyzed with MATLAB.  

Findings: Analysis of motor planning parameters, including theta (4–8 Hz), alpha 

(8–12 Hz), beta (14–25 Hz), and gamma (35–50 Hz) frequency bands, revealed 

significant differences between the CAI and CON groups (p < 0.05). Theta activity, 

associated with attention and focus, showed significant differences at channels Fcz, 

Cz, and Cp4. Alpha band activity, linked to the activation and inhibition of 

sensorimotor functions, also showed significant differences at F4, Fz, Fc3, and Cp4.  

Conclusion: These findings indicate that athletes with CAI exhibit altered motor 

planning strategies, as demonstrated by changes in theta, alpha, beta, and gamma 

frequency bands, particularly in the frontal and parietal regions of the brain. These 

changes were characterized by reduced power in all examined frequency bands in 

the CAI group, suggesting disruptions in cortical motor planning compared to 

healthy individuals. 

Keywords: Motor Planning, Chronic Ankle Instability, Gait Initiation, 

Electroencephalography 
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LAS, at least 73% develop chronic ankle instability (CAI), a 

condition characterized by recurrent sprains, pain, a sense of 

instability, and functional limitations. As a result, 20–40% 

of individuals with CAI reduce or discontinue physical 

activity (3). Recurrent injuries to the ankle joint complex 

often disrupt sensorimotor function (4-7), and despite 

evolving theories, there is still no consensus on the exact 

mechanisms underlying CAI (8). 

Research indicates that individuals with CAI tend to 

adopt more cautious motor planning strategies. This is 

evident in reduced center of pressure (COP) displacement 

during gait initiation (GI) and altered neuromuscular 

activation patterns during GI tasks (9). Gait initiation marks 

the transition from quiet standing to steady-state walking and 

is a demanding functional task that requires precise postural 

control and feedforward motor planning (10). Anticipatory 

postural adjustments (APAs), which occur before voluntary 

movement, play a central role during GI. These adjustments 

are manifested as a backward and lateral shift of the COP 

toward the swing leg, facilitating forward propulsion of the 

center of mass (COM) and its shift toward the stance leg 

(11). Quantitative assessments of APAs and muscle activity 

during GI can offer valuable insights into supraspinal motor 

control mechanisms (12). 

Previous studies have revealed altered neuromuscular 

control in individuals with CAI, including changes in muscle 

activation patterns during activities such as walking, 

landing, and cutting (13). It has been further suggested that 

those with CAI display reduced COP displacement during 

GI (5) and modified neuromuscular activity during planned 

gait termination (14). For example, Van Deun et al. reported 

that individuals with CAI activated lower leg muscles—such 

as the fibularis longus, tibialis anterior, and gastrocnemius—

only after movement onset (6). Additionally, changes in 

corticomotor excitability in muscles like the fibularis longus 

and soleus point to long-term cortical adaptations in 

individuals with CAI (15, 16). Even in healthy individuals, 

motor cortex excitability has been shown to be closely 

related to cortical sensorimotor activity (4). 

The first investigation into cortical plasticity following 

joint injury in humans used electroencephalography (EEG) 

to assess somatosensory cortex changes in individuals with 

anterior cruciate ligament (ACL) injuries (17). EEG records 

electrophysiological signals from the cerebral cortex using 

surface electrodes, capturing excitatory and inhibitory neural 

activity across cortical regions. This method provides 

valuable insights into central nervous system (CNS) 

reorganization and helps identify brain areas involved in 

functional deficits following sports injuries (3). EEG has 

also been widely used to study cortical adaptations following 

motor skill and balance training. By measuring the 

synchronized electrical activity of large populations of 

neurons, EEG enables time-frequency analysis to explore 

motor planning processes. Evidence suggests that 

rehabilitation interventions for CAI may promote beneficial 

neuroplasticity, as reflected by changes in EEG spectral 

power (4). Recent findings confirm that both acute and 

chronic ligament injuries can lead to CNS changes involving 

multiple cortical regions, including the somatosensory and 

motor cortices (3, 8). Continued investigation of cortical 

activity is crucial for understanding the neuromechanical 

consequences of ankle sprains. Such insights are vital for the 

secondary prevention of long-term impairments and the 

development of targeted therapeutic strategies (3). 

Therefore, the aim of this study was to assess cortical 

activation characteristics during gait initiation in athletes 

with and without CAI. 

2. Methods and Materials 

2.1 Study Design 

Twenty-six male participants voluntarily took part in this 

study and were assigned to either the chronic ankle 

instability (CAI) group (n = 13; age: 24.31 ± 0.81 years; 

height: 175.12 ± 4.28 cm; weight: 71.15 ± 7.21 kg) or the 

control group (n = 13; age: 23.40 ± 1.70 years; height: 

176.32 ± 6.41 cm; weight: 72.25 ± 6.14 kg). Inclusion 

criteria for the CAI group followed the standards set by 

Gribble et al. (2013) and required participants to meet 

specific cutoff scores on the Cumberland Ankle Instability 

Tool and the Foot and Ankle Ability Measure (FAAM) 

questionnaires . Additionally, CAI participants must have 

experienced at least one ankle sprain requiring protected 

weight-bearing or immobilization for a minimum of three 

days within 12 to 3 months prior to testing. 

Control group participants were required to have no 

history of lateral ankle sprains. Exclusion criteria for both 

groups included bilateral ankle sprains, lower extremity 

fractures, knee injuries, history of lower extremity 

musculoskeletal surgery, known balance or vision 

impairments, and any neurological condition that could 

affect postural control (e.g., diabetes) or interfere with EEG 

data interpretation (e.g., epilepsy). All participants provided 

written informed consent before participation in the study. 

The study protocol was approved by the research ethical and 
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approval committee of University of Birjand 

(IR.BIRJAND.REC.1404.008) 

2.1.1 Ensuring cultural, linguistic, and geographical 

diversity 

Given YouTube's global and multilingual reach, several 

steps were taken to enhance the diversity and 

comprehensiveness of the analysis: 

- While initial searches were conducted in English, 

additional keywords in other languages were used 

to gather content from various cultural 

backgrounds. 

- Video selection prioritized geographic diversity by 

examining creators’ locations or profiles. 

- During analysis, cultural elements such as symbols, 

body language, values, dietary habits, and types of 

physical activity were carefully observed to ensure 

representation across different contexts. 

- Supplementary data—including subtitle languages, 

tagging locations, and comment languages—were 

also used to assess cultural and regional diversity. 

These measures ensured that the final analysis offered a 

broad and culturally diverse perspective on Generation Z’s 

health behaviors, reflecting YouTube’s global context. 

2.2 Data Collection 

Electroencephalography (EEG) data were recorded using 

a 64-channel Quick-Cap system connected to a NuAmps 

digital EEG amplifier. To ensure optimal signal quality and 

low electrode impedance, conductive gel was applied to each 

electrode site using a syringe after the cap was securely 

positioned on the participant’s scalp (Figure 1). 

 

Figure 1. Application of conductive gel and participant preparation for EEG recording. 

The research procedure was first explained to all 

participants, after which their height and weight were 

recorded. Participants then completed a 15-minute walking 

session as a warm-up. Following the warm-up, they were 

fitted with an EEG cap and instructed to initiate gait 

naturally from a standing position on a force plate upon 

hearing an auditory cue (Figure 2). Cortical activity was 

recorded during the execution of a single-step gait initiation 

task. This task was chosen for its safety and its capacity to 

activate a broad range of neuromuscular systems, making it 

suitable for detecting potential functional deficits (18). 
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Figure 2. Gait initiation task setup. 

2.3 Data Processing 

The step initiation phase was first identified using force 

plate data. The anticipatory postural adjustment (APA) 

phase was defined as the interval between the auditory cue 

and the first peak in the center of pressure (COP) signal. This 

definition is consistent with that proposed by Yiou et al., 

who described the APA phase as the period extending from 

the onset of the auditory stimulus to the first peak observed 

in the COP trajectory recorded by the force plate (Figure 3). 

 

Figure 3. Example of biomechanical traces during ipsilateral isolated stepping. 

Cortical activity was recorded during the postural phase 

of gait initiation (GI). EEG signals were preprocessed using 

a 50 Hz notch filter to eliminate powerline noise, followed 

by a zero-phase shift Butterworth band-pass filter with a 

slope of 4 and a frequency range of 0.1 to 50 Hz. Signal 

analysis was performed using EEGLAB version 7.1.4, and 

relevant epochs were extracted using a custom MATLAB 

2019 script. The extracted signals were then subjected to 

Fast Fourier Transform (FFT) analysis to convert time-

domain data into their corresponding frequency-domain 

representations. The resulting spectral output was visualized 

as plots with frequency on the horizontal axis and amplitude 

on the vertical axis. Variations in EEG signal power were 

interpreted as changes in the synchronized activity of large 

neuronal populations, reflecting underlying cortical 

dynamics. The EEG signals were analyzed across four 

frequency bands: theta (4–8 Hz), alpha (8–12 Hz), beta (14–

25 Hz), and gamma (30–50 Hz). These bands were selected 

due to their established roles in sensorimotor integration and 

movement preparation (4). 
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2.4 Data Analysis 

The normality of data distribution was assessed using the 

Kolmogorov–Smirnov (K–S) test. All statistical analyses 

were conducted using SPSS software. A Multivariate 

Analysis of Variance (MANOVA) was performed to 

examine differences between groups across the variables of 

interest. A significance level of p < 0.05 was considered 

statistically significant for all tests.   

3. Results 

To investigate cortical activity, 15 EEG channels were 

used: FP1, FPz, FP2, F3, Fz, F4, FC3, FCz, FC4, C3, Cz, C4, 

CP3, CPz, and CP4 (Figure 4). Channels FP1, FPz, and FP2 

correspond to the anterior region of the frontal lobe; 

channels F3, Fz, and F4 correspond to the posterior region 

of the frontal lobe; and channels FC3, FCz, and FC4 are 

located at the junction between the frontal lobe and the 

central sulcus, which separates the frontal lobe from the 

parietal lobe. Finally, channels C3, Cz, and C4 are 

positioned along the central sulcus, while channels CP3, 

CPz, and CP4 correspond to the parietal lobe. 

 

Figure 4. Location of EEG electrodes across cortical regions. 

The results show significant differences between the two 

groups in the Fcz, Cz, and Cp4 channels for the theta 

frequency band (Table 1), in the F4, Fz, Fc3, and Cp4 

channels for the alpha frequency band (Table 2), and in the 

C4 channel for both the beta (Table 3) and gamma (Table 4) 

frequency bands. 

Table 1. MANOVA Theta Frequency Band Results 

Channel Group Mean (SD) P 

Fz CAI 0.13(0.05) 0.11 

Control 0.18(0.10) 

F4 CAI 0.14(0.06) 0.29 

Control 0.17(0.09) 

Fc3 CAI 0.13(0.06) 0.32 

Control 0.13(0.06) 

Fcz CAI 0.11(0.03) 0.04* 

Control 0.16(0.07) 

Cz CAI 0.10(0.03) 0.03* 

Control 0.15(0.07) 

C4 CAI 0.09(0.02) 0.28 

Control 0.12(0.06) 

Cp4 CAI 0.09(0.02) 0.009* 

Control 0.22(0.16) 

CAI: Chronic Ankle Instability, Fz and F4: channels of the posterior part of the frontal lobe, Fc3 and Fcz: channels which located at the junction between 

the frontal lobe and the central sulcus, Cz and C4: channels which located along the central sulcus, Cp4: One of the channels of the parietal lobe, *: Indicates 

a significant difference (P<0.05). 
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Table 2. Results of MANOVA for the Alpha Frequency Band 

Channel Group Mean (SD) P 

Fz CAI 0.07(0.03) 0.05* 

Control 0.13(0.08) 

F4 CAI 0.06(0.02) 0.04* 

Control 0.11(0.07) 

Fc3 CAI 0.05(0.02) 0.04* 

Control 0.10(0.06) 

Fcz CAI 0.06(0.03) 0.08 

Control 0.10(0.06) 

Cz CAI 0.05(0.03) 0.06 

Control 0.11(0.05) 

C4 CAI 0.06(0.05) 0.15 

Control 0.09(0.07) 

Cp4 CAI 0.11(0.23) 0.01* 

Control 0.32(0.18) 

CAI: Chronic Ankle Instability; Fz and F4: Channels located in the posterior region of the frontal lobe; Fc3 and Fcz: Channels positioned at the junction 

between the frontal lobe and the central sulcus; Cz and C4: Channels located along the central sulcus; Cp4: A channel in the parietal lobe; *: Indicates a 

significant difference (p < 0.05). 

Table 3. Results of MANOVA beta frequency band 

Channel Group Mean (SD) P 

Fz CAI 0.04(0.02) 0.55 

Control 0.08(0.07) 

F4 CAI 0.09(0.21) 0.75 

Control 0.07(0.06) 

Fc3 CAI 0.03(0.01) 0.05 

Control 0.07(0.05) 

Fcz CAI 0.03(0.01) 0.06 

Control 0.08(0.07) 

Cz CAI 0.05(0.04) 0.13 

Control 0.08(0.09) 

C4 CAI 0.02(0.01) 0.03* 

Control 0.08(0.06) 

Cp4 CAI 0.21(0.28) 0.41 

Control 0.29(0.21) 

CAI refers to Chronic Ankle Instability. The Fz and F4 channels are located in the posterior region of the frontal lobe, while Fc3 and Fcz are positioned at 

the junction between the frontal lobe and the central sulcus. Cz and C4 are channels along the central sulcus, and Cp4 is a channel in the parietal lobe. The 

symbol * indicates a significant difference (p < 0.05). 

Table 4. Results of MANOVA gamma frequency band 

Channel Group Mean (SD) P 

Fz CAI 0.01(0.02) 0.19 

Control 0.03(0.03) 

F4 CAI 0.02(0.04) 0.90 

Control 0.02(0.02) 

Fc3 CAI 0.01(0.03) 0.98 

Control 0.03(0.02) 

Fcz CAI 0.01(0.09) 0.10 

Control 0.02(0.03) 

Cz CAI 0.04(0.09) 0.66 

Control 0.02(0.01) 

C4 CAI 0.01(0.01) 0.03* 

Control 0.02(0.03) 

Cp4 CAI 0.10(0.13) 0.07 

Control 0.27(0.32) 

CAI: Chronic Ankle Instability; Fz and F4: Channels located in the posterior part of the frontal lobe; Fc3 and Fcz: Channels located at the junction between 

the frontal lobe and the central sulcus; Cz and C4: Channels located along the central sulcus; Cp4: A channel in the parietal lobe; *: Indicates a significant 

difference (p < 0.05). 
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4. Discussion and Conclusion 

To investigate motor planning in the cortical regions of 

athletes with chronic ankle instability (CAI) and compare it 

with healthy individuals, electroencephalography (EEG) 

was employed. The frequency power across various bands 

(theta, alpha, beta, and gamma) was analyzed and compared 

during the anticipatory postural adjustment (APA) phase of 

gait initiation (GI). Functional instability differs 

fundamentally from mechanical instability, which is 

characterized by excessive joint movement exceeding the 

natural mechanical limits of the joint (19). This mechanical 

constraint is influenced by proprioceptive signals 

transmitted from the joint to the central nervous system 

(CNS) (20). During an ankle sprain, both ligaments and 

muscles are vulnerable to injury, and the joint and muscle 

receptors may also be compromised (21). Proprioception, a 

complex sensory mechanism, enables the perception of 

movement and body position and is often assessed through 

joint position sense, movement sense, and force sense 

evaluations (22, 23). Proprioceptive information plays a 

crucial role in the CNS’s regulation of both basic and 

complex movements, as it relies on signals from various 

receptors for coordinated motor execution (20, 23). Damage 

to these receptors impairs the body’s ability to generate 

appropriate movement responses, leading to joint instability 

(22). 

Deficits in proprioception and primary afferent signaling, 

combined with pain and swelling, can significantly impact 

sensorimotor responses (20). Impaired sensory afferent 

transmission is likely to alter sensorimotor processing, and 

proprioceptive deficits reduce the contribution of sensory 

information to movement control. As a result, motor efferent 

pathways may undergo modifications, requiring more 

extensive planning and greater reliance on alternative 

sensory inputs. Under these conditions, the central nervous 

system (CNS) may adopt compensatory strategies, such as 

increased reliance on visual information to supplement 

sensory input for movement control (24). Disruptions in 

sensory input lead to impairments in postural control and 

modifications in movement control patterns, potentially 

contributing to adaptations in motor control (20). Research 

by Hess et al. demonstrated that these changes occur 

bilaterally, with alterations observed during gait initiation 

(GI) in the unaffected limb of individuals with CAI. This 

suggests that bilateral motor control alterations may result 

from modifications in supraspinal control mechanisms (5). 

Studies indicate that individuals with CAI experience 

proprioceptive deficits and disruptions in sensory afferent 

transmission (21, 25-27). Therefore, individuals with CAI 

not only face mechanical instability due to injury but also 

undergo maladaptive neural changes that increase their 

susceptibility to recurrent sprains. This indicates that ankle 

injuries lead to a cascade of neural adaptations and 

neuromuscular alterations, potentially heightening reliance 

on feedback mechanisms, such as vision, to control ankle 

joint movements. 

In other words, after the initial injury, alterations in 

sensory feedback interact with compensatory movement 

patterns, ultimately modifying CNS mechanisms and 

movement control strategies. Disruptions in motor control 

programs suggest changes at both the cortical and spinal 

levels, leading to postural impairments (23, 28). EEG studies 

investigating individuals with CAI have reported increased 

brain activity in sensory and attentional regions (29). These 

changes are likely driven by neuroplastic adaptations, as 

well as mechanical and biological alterations in the ankle 

joint, accompanied by reduced proprioceptive accuracy. The 

increased brain activity in sensory and attentional regions 

may reflect decreased neural efficiency or a higher neural 

load required to perform similar motor tasks. 

The results of this study revealed significant differences 

in theta band power in the premotor and motor cortex areas 

(Fcz and Cz) during the APA phase between the two groups. 

Additionally, notable differences in alpha band power were 

observed in central frontal lobe areas (Fz, F4, Fc3, and Cp4). 

Since theta power tends to increase in response to task 

complexity, attentional demands, and cognitive load (30), 

this suggests that the observed differences may reflect the 

additional mental effort required by individuals with CAI 

during motor tasks. Zhang et al. found significant differences 

in frontal theta power (Fz) between healthy individuals and 

soccer players with CAI during jumping and landing 

activities. This difference in theta power was linked to 

variations in cortical function related to attention and focus, 

suggesting that jumping and landing tasks are more complex 

and demanding for individuals with CAI (3). In the present 

study, no significant difference in frontal theta power was 

observed between the two groups, which is consistent with 

the findings of Giesche and colleagues. This outcome may 

be attributed to the fact that EEG measurements were taken 

before movement initiation, when participants remained in a 

stable position that required minimal sensory input from the 

limb (31). Uzlaşır et al. also found changes in theta and alpha 

power at the Cz channel in athletes with CAI after 6 weeks 
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of balance training with stroboscopic glasses. However, no 

significant changes were observed in a control group that did 

not use the glasses (32). Similar results were reported by 

another study, where no changes in theta, alpha, or beta 

waves were observed at the Cz channel following four weeks 

of balance training with open eyes in CAI participants (4). 

These findings highlight the important role of vision in the 

sensorimotor system and suggest that athletes may need to 

exert greater concentration to maintain balance when visual 

input is restricted. In this study, significant differences in 

alpha band power were found in central frontal lobe regions, 

specifically at the Fz, F4, Fc3, and Cp4 channels. Alpha 

waves are associated with cortical deactivation and 

inhibition, which are vital for sensorimotor functions (33). 

Consequently, differences in alpha power may reflect 

variations in motor activity between the groups. Beta waves 

play a crucial role in analytical problem-solving, alertness, 

processing external information, and decision-making (34). 

The lack of significant changes in beta waves may be due to 

the absence of heightened alert conditions or atypical 

situations requiring external information processing during 

balance tasks (32). Changes in theta and alpha band power 

in motor, premotor, and central frontal lobe indicate altered 

brain activity in these regions. These findings indicate that 

cortical motor planning during gait initiation is significantly 

altered in athletes with CAI compared to healthy individuals. 

Therefore, this impairment is not solely a result of a local 

musculoskeletal condition but reflects altered 

neuromuscular activation patterns within the CNS. These 

findings enhance our understanding of CAI by providing 

neurophysiological evidence that motor planning and 

cortical control are disrupted even before movement begins. 

This underscores the need to address central mechanisms—

alongside peripheral deficits—when designing rehabilitation 

strategies for individuals with CAI. 

Authors’ Contributions 

All authors made equal contributions to the development, 

preparation, and revision of this manuscript. 

Declaration 

In order to correct and improve the academic writing of 

our paper, we have used the language model ChatGPT. 

Transparency Statement 

Data are available for research purposes upon reasonable 

request to the corresponding author. 

Acknowledgments 

The authors sincerely appreciate the invaluable support 

provided by the Laboratory of Gait Biomechanics. The 

advanced facilities and expertise offered by the laboratory 

significantly contributed to the progress and quality of this 

research. 

Declaration of Interest 

The authors report no conflict of interest. 

Funding 

This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-for-profit 

sectors. 

Ethical Considerations 

The study was conducted in accordance with the 

Declaration of Helsinki, which provides ethical guidelines 

for medical research involving human participants. All 

participants provided written informed consent prior to 

participation. The ethical approval for the study was 

obtained from 

https://ethics.research.ac.ir/EthicsProposalView.php?&code

=IR.BIRJAND.REC.1404.008 

References 

1. Wagemans J, Bleakley C, Taeymans J, Schurz AP, 

Kuppens K, Baur H, et al. Exercise-based rehabilitation reduces 

reinjury following acute lateral ankle sprain: A systematic review 

update with meta-analysis. PloS One. 2022;17(2):e0262023. 

[PMID: 35134061] [PMCID: PMC8824326] [DOI] 

2. Gaddi D, Mosca A, Piatti M, Munegato D, Catalano M, 

Di Lorenzo G, et al. Acute Ankle Sprain Management: An 

Umbrella Review of Systematic Reviews. Frontiers in Medicine. 

2022;9:868474. [PMID: 35872766] [PMCID: PMC9301067] 

[DOI] 

3. Zhang X, Su W, Ruan B, Zang Y. Alterations in Cortical 

Activation among Soccer Athletes with Chronic Ankle Instability 

during Drop-Jump Landing: A Preliminary Study. Brain Sciences. 

2022;12(5):664. [PMID: 35625050] [PMCID: PMC9139920] 

[DOI] 

4. Burcal CJ, Jeon H, Gonzales JM, Faust ME, Thomas AC, 

Hubbard-Turner TJ, et al. Cortical Measures of Motor Planning and 

Balance Training in Patients With Chronic Ankle Instability. J Athl 

Train. 2019;54(6):727-36. [PMID: 31184958] [PMCID: 

PMC6602394] [DOI] 

5. Hass CJ, Bishop MD, Doidge D, Wikstrom EA. Chronic 

ankle instability alters central organization of movement. Am J 

Sports Med. 2010;38(4):829-34. [PMID: 20139327] [DOI] 

https://ethics.research.ac.ir/EthicsProposalView.php?&code=IR.BIRJAND.REC.1404.008
https://ethics.research.ac.ir/EthicsProposalView.php?&code=IR.BIRJAND.REC.1404.008
https://pubmed.ncbi.nlm.nih.gov/35134061
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8824326
https://doi.org/10.1371/journal.pone.0262023
https://pubmed.ncbi.nlm.nih.gov/35872766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9301067
https://doi.org/10.3389/fmed.2022.868474
https://pubmed.ncbi.nlm.nih.gov/35625050
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9139920
https://doi.org/10.3390/brainsci12050664
https://pubmed.ncbi.nlm.nih.gov/31184958
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602394
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602394
https://doi.org/10.4085/1062-6050-450-17
https://pubmed.ncbi.nlm.nih.gov/20139327
https://doi.org/10.1177/0363546509351562


 Yousefi et al.                                                                                                         International Journal of Sport Studies for Health, 2025, VOL. 8, NO. 3, 1-9 

 

  9 

6. Van Deun S, Staes FF, Stappaerts KH, Janssens L, Levin 

O, Peers KK. Relationship of chronic ankle instability to muscle 

activation patterns during the transition from double-leg to single-

leg stance. Am J Sports Med. 2007;35(2):274-81. [PMID: 

17192320] [DOI] 

7. Wikstrom EA, Naik S, Lodha N, Cauraugh JH. Balance 

capabilities after lateral ankle trauma and intervention: a meta-

analysis. Medicine and Science in Sports and Exercise. 

2009;41(6):1287-95. [PMID: 19461536] [DOI] 

8. Needle AR, Lepley AS, Grooms DR. Central Nervous 

System Adaptation After Ligamentous Injury: a Summary of 

Theories, Evidence, and Clinical Interpretation. Sports Med. 

2017;47(7):1271-88. [PMID: 28005191] [DOI] 

9. Wikstrom EA, Bishop MD, Inamdar AD, Hass CJ. Gait 

termination control strategies are altered in chronic ankle instability 

subjects. Medicine and Science in Sports and Exercise. 

2010;42(1):197-205. [PMID: 20010113] [DOI] 

10. Yiou E, Caderby T, Delafontaine A, Fourcade P, Honeine 

JL. Balance control during gait initiation: State-of-the-art and 

research perspectives. World J Orthop. 2017;8(11):815-28. [PMID: 

29184756] [PMCID: PMC5696609] [DOI] 

11. Yousefi M, Zivari S, Yiou E, Caderby T. Effect of 

Chronic Ankle Instability on the Biomechanical Organization of 

Gait Initiation: A Systematic Review. Brain Sci. 2023;13(11). 

[PMID: 38002555] [PMCID: PMC10669647] [DOI] 

12. Ebrahimabadi Z, Naimi SS, Rahimi A, Sadeghi H, 

Hosseini SM, Baghban AA, et al. Investigating the anticipatory 

postural adjustment phase of gait initiation in different directions in 

chronic ankle instability patients. Journal of Bodywork and 

Movement Therapies. 2018;22(1):40-5. [PMID: 29332755] [DOI] 

13. Kim H, Palmieri-Smith R, Kipp K. Muscle Synergies in 

People With Chronic Ankle Instability During Anticipated and 

Unanticipated Landing-Cutting Tasks. J Athl Train. 

2023;58(2):143-52. [PMID: 34793595] [PMCID: PMC10072091] 

[DOI] 

14. Wikstrom EA, Fournier KA, McKeon PO. Postural 

control differs between those with and without chronic ankle 

instability. Gait & Posture. 2010;32(1):82-6. [PMID: 20418101] 

[DOI] 

15. Pietrosimone BG, Gribble PA. Chronic ankle instability 

and corticomotor excitability of the fibularis longus muscle. J Athl 

Train. 2012;47(6):621-6. [PMID: 23182009] [PMCID: 

PMC3499885] [DOI] 

16. Terada M, Bowker S, Thomas AC, Pietrosimone B, 

Hiller CE, Gribble PA. Corticospinal Excitability and Inhibition of 

the Soleus in Individuals With Chronic Ankle Instability. PM & R: 

The Journal of Injury, Function, and Rehabilitation. 

2016;8(11):1090-6. [PMID: 27208398] [DOI] 

17. Valeriani M, Restuccia D, Di Lazzaro V, Franceschi F, 

Fabbriciani C, Tonali P. Central nervous system modifications in 

patients with lesion of the anterior cruciate ligament of the knee. 

Brain: A Journal of Neurology. 1996;119(5):1751-62. [PMID: 

8931595] [DOI] 

18. Miller CA, Verstraete MC. A mechanical energy analysis 

of gait initiation. Gait Posture. 1999;9(3):158-66. [PMID: 

10575076] [DOI] 

19. Caulfield B. Functional Instability of the Ankle Joint: 

Features and underlying causes. Physiotherapy. 2000;86(8):401-

11. [DOI] 

20. Xue X, Ma T, Li Q, Song Y, Hua Y. Chronic ankle 

instability is associated with proprioception deficits: A systematic 

review and meta-analysis. Journal of Sport and Health Science. 

2021;10(2):182-91. [PMID: 33017672] [PMCID: PMC7987558] 

[DOI] 

21. Sousa AS, Silva A, Santos R. Ankle anticipatory postural 

adjustments during gait initiation in healthy and post-stroke 

subjects. Clinical Biomechanics (Bristol, Avon). 2015;30(9):960-

5. [PMID: 26220907] [DOI] 

22. Docherty CL, Arnold BL, Hurwitz S. Contralateral force 

sense deficits are related to the presence of functional ankle 

instability. J Orthop Res. 2006;24(7):1412-9. [PMID: 16732605] 

[DOI] 

23. Hertel J. Sensorimotor Deficits with Ankle Sprains and 

Chronic Ankle Instability. Clinics in Sports Medicine. 

2008;27(3):353-70. [PMID: 18503872] [DOI] 

24. Martin RL, Davenport TE, Fraser JJ, Sawdon-Bea J, 

Carcia CR, Carroll LA, et al. Ankle Stability and Movement 

Coordination Impairments: Lateral Ankle Ligament Sprains 

Revision. Journal of Orthopaedic & Sports Physical Therapy. 

2021;51(4):CPG1-CPG80. [PMID: 33789434] [DOI] 

25. Becker HP, Rosenbaum D, Claes L, Gerngross H. 

[Dynamic pedography for assessing functional ankle joint 

instability]. Unfallchirurg. 1997;100(2):133-9. [PMID: 9157562] 

[DOI] 

26. Lin H, Han K, Ruan B. Effect of virtual reality on 

functional ankle instability rehabilitation: a systematic review. 

Journal of Healthcare Engineering. 2021;2021. [PMID: 34880979] 

[PMCID: PMC8648442] [DOI] 

27. Nyska M, Shabat S, Simkin A, Neeb M, Matan Y, Mann 

G. Dynamic force distribution during level walking under the feet 

of patients with chronic ankle instability. Br J Sports Med. 

2003;37(6):495-7. [PMID: 14665586] [PMCID: PMC1724712] 

[DOI] 

28. Wikstrom EA, Anderson RB. Alterations in gait 

initiation are present in those with posttraumatic ankle 

osteoarthritis: a pilot study. J Appl Biomech. 2013;29(3):245-52. 

[PMID: 22813884] [DOI] 

29. Grooms D, Appelbaum G, Onate J. Neuroplasticity 

following anterior cruciate ligament injury: a framework for visual-

motor training approaches in rehabilitation. J Orthop Sports Phys 

Ther. 2015;45(5):381-93. [PMID: 25579692] [DOI] 

30. Schacter DL. EEG theta waves and psychological 

phenomena: a review and analysis. Biol Psychol. 1977;5(1):47-82. 

[PMID: 193587] [DOI] 

31. Giesche F, Vieluf S, Wilke J, Engeroff T, Niederer D, 

Banzer W. Cortical Motor Planning and Biomechanical Stability 

During Unplanned Jump Landings in Men With Anterior Cruciate 

Ligament Reconstruction. J Athl Train. 2022;57(6):547-56. 

[PMID: 35969662] [PMCID: PMC9387379] [DOI] 

32. Uzlaşır S, Özdıraz KY, Dağ O, Tunay VB. The effects of 

stroboscopic balance training on cortical activities in athletes with 

chronic ankle instability. Physical Therapy in Sport. 2021;50:50-8. 

[PMID: 33865218] [DOI] 

33. Borich MR, Brown KE, Lakhani B, Boyd LA. 

Applications of electroencephalography to characterize brain 

activity: perspectives in stroke. J Neurol Phys Ther. 2015;39(1):43-

51. [PMID: 25522236] [DOI] 

34. Oliveira SMS, Medeiros CSP, Pacheco TBF, Bessa N, 

Silva FGM, Tavares NSA, et al. Electroencephalographic changes 

using virtual reality program: technical note. Neurol Res. 

2018;40(3):160-5. [PMID: 29291703] [DOI] 

 

 
 

https://pubmed.ncbi.nlm.nih.gov/17192320
https://pubmed.ncbi.nlm.nih.gov/17192320
https://doi.org/10.1177/0363546506294470
https://pubmed.ncbi.nlm.nih.gov/19461536
https://doi.org/10.1249/MSS.0b013e318196cbc6
https://pubmed.ncbi.nlm.nih.gov/28005191
https://doi.org/10.1007/s40279-016-0666-y
https://pubmed.ncbi.nlm.nih.gov/20010113
https://doi.org/10.1249/MSS.0b013e3181ad1e2f
https://pubmed.ncbi.nlm.nih.gov/29184756
https://pubmed.ncbi.nlm.nih.gov/29184756
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5696609
https://doi.org/10.5312/wjo.v8.i11.815
https://pubmed.ncbi.nlm.nih.gov/38002555
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10669647
https://doi.org/10.3390/brainsci13111596
https://pubmed.ncbi.nlm.nih.gov/29332755
https://doi.org/10.1016/j.jbmt.2017.03.016
https://pubmed.ncbi.nlm.nih.gov/34793595
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10072091
https://doi.org/10.4085/1062-6050-74-21
https://pubmed.ncbi.nlm.nih.gov/20418101
https://doi.org/10.1016/j.gaitpost.2010.03.015
https://pubmed.ncbi.nlm.nih.gov/23182009
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3499885
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3499885
https://doi.org/10.4085/1062-6050-47.6.11
https://pubmed.ncbi.nlm.nih.gov/27208398
https://doi.org/10.1016/j.pmrj.2016.04.006
https://pubmed.ncbi.nlm.nih.gov/8931595
https://pubmed.ncbi.nlm.nih.gov/8931595
https://doi.org/10.1093/brain/119.5.1751
https://pubmed.ncbi.nlm.nih.gov/10575076
https://pubmed.ncbi.nlm.nih.gov/10575076
https://doi.org/10.1016/S0966-6362(99)00008-9
https://doi.org/10.1016/S0031-9406(05)60829-2
https://pubmed.ncbi.nlm.nih.gov/33017672
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7987558
https://doi.org/10.1016/j.jshs.2020.09.014
https://pubmed.ncbi.nlm.nih.gov/26220907
https://doi.org/10.1016/j.clinbiomech.2015.07.002
https://pubmed.ncbi.nlm.nih.gov/16732605
https://doi.org/10.1002/jor.20195
https://pubmed.ncbi.nlm.nih.gov/18503872
https://doi.org/10.1016/j.csm.2008.03.006
https://pubmed.ncbi.nlm.nih.gov/33789434
https://doi.org/10.2519/jospt.2021.0302
https://pubmed.ncbi.nlm.nih.gov/9157562
https://doi.org/10.1007/s001130050104
https://pubmed.ncbi.nlm.nih.gov/34880979
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8648442
https://doi.org/10.1155/2021/7363403
https://pubmed.ncbi.nlm.nih.gov/14665586
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1724712
https://doi.org/10.1136/bjsm.37.6.495
https://pubmed.ncbi.nlm.nih.gov/22813884
https://doi.org/10.1123/jab.29.3.245
https://pubmed.ncbi.nlm.nih.gov/25579692
https://doi.org/10.2519/jospt.2015.5549
https://pubmed.ncbi.nlm.nih.gov/193587
https://doi.org/10.1016/0301-0511(77)90028-X
https://pubmed.ncbi.nlm.nih.gov/35969662
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9387379
https://doi.org/10.4085/1062-6050-0544.20
https://pubmed.ncbi.nlm.nih.gov/33865218
https://doi.org/10.1016/j.ptsp.2021.03.014
https://pubmed.ncbi.nlm.nih.gov/25522236
https://doi.org/10.1097/NPT.0000000000000072
https://pubmed.ncbi.nlm.nih.gov/29291703
https://doi.org/10.1080/01616412.2017.1420584

