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ABSTRACT

Chronic ankle instability (CAl) is one of the most common sports injuries. The
failure of treatment methods suggests that the mechanisms of this injury should be examined as a
central impairment. Analyzing the phases of gait initiation is the safest option to assess neuromus-
cular control mechanisms, as the duration of anticipatory and compensatory postural adjustment
phases has not been studied much. Therefore, this study aimed to compare the duration of an-
ticipatory and compensatory postural adjustments (CPA) during gait initiation between individuals
with CAl and healthy individuals.

[VETELE Nineteen individuals with CAl (9 women and 10 men; mean age: 21.21+1.98 years, mean
height: 175.31+9.10 cm, and mean weight: 70.89+15.12 kg) with a history of at least two ankle sprains
in the past 3 to 12 months, and 19 healthy athletes (9 women and 10 men; mean age: 22.47+2.19 years,
mean height: 175.31£9.10 cm, and mean weight: 68.47+10.11 kg) participated in this study. Participants
stood on a force plate and initiated walking upon hearing an auditory cue. The duration of the gait initia-
tion phase and the anticipatory and compensatory postural adjustment phases were calculated using
MATLAB software. The independent t-test was used to compare the duration of the gait initiation phase
between the groups. Multivariate analysis of variance was used to compare the overall duration of the
anticipatory and compensatory postural adjustment phases, and the Tukey post hoc test was applied for
a detailed analysis of these phases.

[T The findings showed that the duration of the gait initiation phase in the CAl group was shorter
than in the healthy group (P=0.018). Additionally, the duration of anticipatory postural adjustment in the
CAl group was significantly shorter than in the healthy group (P=0.009). However, no significant differ-
ence was observed between the two groups in the duration of the compensatory postural adjustment
phase (P=0.15).

These findings indicate that individuals with CAl demonstrate altered strategies in neuro-
muscular control, particularly in supraspinal pathways, as evidenced by the reduced duration of the an-
ticipatory postural adjustments (APA) and gait initiation phases. The unaffected compensatory postural
adjustment phase duration in individuals with CAl may result from motor learning and prior experience
utilizing compensatory mechanisms in critical situations.
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Introduction

ateral ankle sprain (LAS) is one of the
most common musculoskeletal injuries
caused by excessive inversion that dam-
ages the lateral ankle ligaments. Recurrent
LAS often leads to chronic ankle instabil-
ity (CAl), affecting approximately 30-40% of LAS pa-
tients. Despite receiving initial treatment and rehabilita-
tion, many individuals with CAI continue to experience
symptoms such as instability, episodes of ankle “giving
way,” pain, and functional impairment. Impairments in
postural control, proprioception, and kinematic param-
eters often accompany these deficits. Addressing CAI is
crucial due to its long-term consequences, including re-
duced physical activity, impaired function, and increased
risk of further injuries. The high prevalence of CAI under-
scores the need to investigate its underlying mechanisms,
particularly from a central nervous system perspective.

Gait initiation (GI) is a valuable tool for assessing neu-
romuscular control mechanisms in individuals with CAIL
G, the transition from standing to walking, consists of
two phases: Anticipatory postural adjustments (APA)
and compensatory postural adjustments (CPA). APA, a
feedforward mechanism, involves pre-movement mus-
cle activity and is characterized by backward and lateral
displacement of the center of pressure (COP) toward the
swing limb. Supraspinal motor centers primarily regulate
this phase and are commonly used to evaluate instability.
In contrast, CPA is a feedback mechanism that restores
balance after perturbations. It begins with the transfer of
COP toward the stance limb and continues as the body
shifts weight to the stance limb and the swing limb lifts
off the ground.

Previous studies have shown that APA duration is re-
duced in individuals with CAlI, suggesting altered supra-
spinal control strategies. However, research on CPA in
CALl is limited despite its critical role in balance mainte-
nance. No study has compared the durations of APA and
CPA phases in individuals with CAI and healthy controls.
This study aims to fill this gap by investigating tempo-
ral differences in APA and CPA phases, providing novel
insights into the neural mechanisms underlying CAI and
informing future therapeutic strategies.

Scientific Journal of

Materials and Methods

This quasi-experimental study involved 40 professional
athletes (20 men and 20 women) aged 18-25 years from
basketball, volleyball, and handball university teams. Af-
ter two participants withdrew, 38 athletes (19 men and
19 women) were divided into CAI and healthy control
groups. The sample size was calculated using G*Power
software, version 3.1 (0=0.05, =0.2).

The inclusion criteria for the CAI group included a
Cumberland ankle instability tool (CAIT) score <27
(Mean: 12.7+2.3), a FAAM daily living subscale score
<90% (Mean: 73+11%), and a FAAM sports subscale
score <80% (Mean: 63+16%). The control group had no
history of CAI. Both groups trained at least three times a
week for 30 minutes. The exclusion criteria included vi-
sual or auditory impairments, dizziness, fractures, pain, or
lower limb surgeries.

Participants stood on a force plate and initiated gait upon
hearing a beep. Kinematic data were recorded with VICON
cameras (100 Hz), and kinetic data were collected with a Kis-
tler force plate (1000 Hz). APA was defined as the time from
medial-lateral COP deviation to heel-off of the swing limb,
and CPA was the time from heel-off of the swing limb to toe-
off of the stance limb. The Shapiro-Wilk test, independent t-
test, and Multivariate analysis of variance (MANOVA) were
used for statistical analysis, with significance set at P<0.05.

Results

The demographic characteristics of participants showed
no significant differences between the CAI and healthy
groups in terms of age, height, weight, and BMI (P>0.05),
indicating homogeneity between the groups. The Shap-
iro-Wilk test confirmed the normal distribution of the data
(P=0.05). Results from the independent t-test revealed a
significant difference in the (GI) duration between the
groups (P=0.018). The CAI group exhibited a shorter GI
duration (1.13 seconds) than the healthy group (1.24 sec-
onds), suggesting that CAI impacts neuromuscular con-
trol mechanisms during the GI.

The APA phase was significantly shorter in the CAI
group (0.40 seconds) compared to the healthy group (0.47
seconds, P=0.009). This finding indicates altered neuro-
muscular strategies and dysfunction in supraspinal path-
ways in individuals with CAI. However, no significant
difference was observed in the compensatory postural
adjustment (CPA) phase duration between the two groups
(P=0.215), suggesting that CAI patients retain their ability
to respond to postural perturbations.
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Conclusion

This study compared anticipatory and compensatory
postural adjustment timing between individuals with CAI
and healthy controls during GI. The results revealed sig-
nificant differences in the GI phase duration, with CAI
subjects showing shorter durations than healthy controls,
indicating central nervous system dysfunction.

The study found that APA phase duration was notably
shorter in CAl subjects, consistent with previous research
by Yousefi et al. [7] and Ebrahimabadi et al. [9]. This re-
duction suggests deficits in supraspinal control pathways
responsible for sensory processing and movement plan-
ning. Unlike previous studies focusing on the COP dis-
placement velocity, this research specifically examined
APA duration as an indicator of neural pathway disorders.

Interestingly, no significant differences between groups
were found in CPA phase duration, aligning with findings
by Yiou et al. [15]. This finding suggests that CAI patients
maintain compensatory response capabilities similar to
healthy individuals, possibly due to their athletic back-
ground and motor learning experiences.

This research provides new insights into motor control
mechanisms in CAI, demonstrating the adaptability of the
neuromuscular system in these patients. Despite shorter
APA duration, they maintain effective CPA responses.
These findings enhance our understanding of movement
deficits in CAI patients and may inform the development
of more effective treatment approaches. Additionally, APA
duration emerges as a potential new indicator for assessing
supraspinal neural pathway changes in future research.
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11. Tukey test
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10. MANOVA
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12. Anticipatory Postural Adjustments (APA)
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13. Center of Pressure (COP)
14. Compensatory Postural Adjustments (CPA)
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