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ABSTRACT

Ol This study aimed to assess balance performance using kinematic

Article Info: measures of the center of pressure during single-leg landings from two different
heights in individuals with chronic ankle instability (CAl), and to compare the findings

Received: 15 Feb. 2025 with those from healthy individuals.

Accepted: 28 Feb. 2025 M A total of 34 male participants aged 20 to 40 years (17 with CAl and 17

Available Online: 3 April 2025 healthy controls) were recruited. Participants performed single-leg landings from

heights of 20 and 40 centimeters onto a Kistler force plate, followed by maintaining
a single-leg standing posture for 10 seconds. The measured variables included path
length, sway amplitude, mean radial displacement, and sway area of the center of
pressure (COP). Multivariate analysis of variance (MANOVA) was used for between-
group comparisons, and repeated-measures ANOVA was applied for within-group
analyses.

m Individuals with CAl demonstrated significantly greater COP path length in
the frontal plane during landings from both heights compared to the healthy group.
Additionally, increasing the landing height was associated with significantly greater

Keywords: path length and sway amplitude in the sagittal plane, mean radial displacement, and
COP sway area (p < 0.05).

Chronic ankle instability, The findings suggest that individuals with chronic ankle instability exhibit

Center of pressure, Landing, impaired balance, particularly in the frontal plane, during single-leg landings.

Balance, Postural control Therefore, rehabilitation programs should focus on improving balance and

stabilizing COP fluctuations by targeting the muscles involved in postural control.
These results may inform therapeutic strategies and contribute to re-injury
prevention in this population.
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1. Introduction

Ankle sprains are among the most common injuries, particularly in athletes, with up to 67% associated
with high-impact mechanisms (3). These injuries typically result from sudden supination or inversion
during transitions between weight-bearing and non-weight-bearing phases, leading to strain in ligaments
such as the anterior talofibular and calcaneofibular ligaments (4, 5). Studies indicate that approximately
32% to 74% of individuals with severe sprains go on to develop chronic ankle instability (CAl),
characterized by symptoms such as giving way and recurrent sprains (6). CAl is linked to balance deficits
stemming from muscle weakness, impaired neuromuscular control, and joint stiffness (8, 9, 10). Recent
research has shown that individuals with CAI exhibit increased center of pressure (COP) displacement and
velocity during balance tasks compared to healthy controls (19). Fatigue further exacerbates these
differences, significantly affecting COP-related parameters in the CAI population (20). Moreover,
asymmetries in COP movement patterns have been reported between injured and uninjured limbs during
landing tasks (21, 22). Despite these findings, much of the existing research has focused on relatively
simple balance tasks, highlighting the need to investigate more demanding conditions—such as landings
from different heights. Therefore, the present study aims to evaluate balance performance by analyzing
COP kinematics during single-leg landings from 20 and 40 centimeters in individuals with CAl, compared
to healthy controls. We hypothesize that individuals with CAI will exhibit greater COP fluctuations and
that increased landing height will exacerbate balance deficits. These insights may contribute to a better
understanding of injury mechanisms and inform more effective rehabilitation strategies.

2. Methods

In this study, 17 individuals with chronic ankle instability were included as the experimental group, and 17
healthy individuals served as the control group. All participants were between 20 and 40 years old and
were physically active. Members of the experimental group were recruited through orthopedic clinics in
the city, sports clubs, poster announcements at universities and sports centers, and advertisements on social
media. The ankle injuries in the experimental group were non-contact in nature.

The study measured COP variables using a Kistler force plate (Kistler AG, Winterthur, Switzerland) with
dimensions of 40 x 60 cm, capturing force data at a sampling rate of 1000 Hz. The force plate was calibrated
with the axes oriented laterally (X), anteriorly (Y), and vertically upward (Z). For the landing tasks from
heights of 20 cm and 40 cm, wooden platforms were positioned 5 cm away from the edge of the force plate.
Participants performed two movement tasks: four single-leg landings from each height, resulting in a total
of eight randomized trials. Prior to the main trials, all participants completed a 5-minute warm-up in the
laboratory, which included practice landings. For the single-leg landing task, participants stood barefoot
on the platform with their non-dominant leg raised and hands placed on their hips to minimize upper limb
movement. At the auditory cue "go," participants executed the landing on the force plate and maintained a
single-leg stance for 10 seconds without moving their foot (26). Trials were repeated if the participant lost
balance during landing or failed to maintain the stance for the full 10 seconds. Data were initially recorded
using QTM software and subsequently processed in Visual 3D (C-Motion, Inc., MD, USA), applying a
4th-order Butterworth low-pass filter. MATLAB (R2021a) was used to compute COP path length, range
of motion, average radial displacement, and COP sway area.

Statistical analyses were performed using SPSS version 27. The Shapiro-Wilk test assessed data normality.
Multivariate analysis of variance (MANOVA) was used for between-group comparisons, while repeated-
measures ANOVA was applied for within-group comparisons. Statistical significance was set at p < 0.05.

3. Results

The results revealed significant differences between the experimental and control groups in medial-lateral
COP path length during landings from both 20 cm (p = 0.008) and 40 cm (p = 0.01) heights (Table 1).
Within-group comparisons indicated that, regardless of group, the range of COP motion in the anterior-
posterior direction was approximately 4.2 times greater than that in the medial-lateral direction (p < 0.001).
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Increasing the landing height from 20 cm to 40 cm led to a 15% increase in anterior-posterior COP range
(p < 0.001), whereas the medial-lateral range remained unaffected by the height change. Additionally, no
significant between-group differences were observed in average radial displacement or COP sway area at
either height (p > 0.05). However, within-group analyses showed that increasing height significantly
influenced both variables: mean radial displacement increased by 27% (p < 0.001), and COP sway area
increased by 22% (p = 0.015). In summary, although changes in landing height affected overall COP path
and sway characteristics, they did not result in significant between-group differences in average radial
displacement or sway area.

4. Conclusion

This study examined balance performance through COP kinematics during single-leg landings from 20 cm
and 40 cm heights in individuals with and without CAI. The first hypothesis—that individuals with CAI
would exhibit greater COP oscillations and displacements compared to healthy controls—was partially
supported. Specifically, individuals with CAI demonstrated a significantly longer COP path in the medial-
lateral (frontal plane) direction during landings, aligning with previous research. This finding suggests
impaired postural control, likely stemming from deficits in proprioception and neuromuscular function
caused by previous ankle sprains, which may damage joint receptors and muscle spindles.

Interestingly, while COP path length differed significantly between groups, the amplitude of COP
oscillations in the frontal plane did not, implying that path length may be a more sensitive indicator of
balance deficits in individuals with CAI. With increased landing height, both groups exhibited greater COP
displacement—particularly in the anterior-posterior direction—Ilikely due to elevated foot-ground impact
forces and the increased neuromuscular demand required for shock absorption. Notably, both groups
adapted similarly to the higher landing height, suggesting that CAI did not significantly alter this aspect of
the biomechanical response. These findings underscore that individuals with CAIl experience greater
balance impairments, particularly in the frontal plane, during landing tasks. Furthermore, higher landing
heights impose additional challenges to postural control, reinforcing the importance of targeted
rehabilitation programs aimed at improving balance and reducing re-injury risk in this population.
Limitations of the study include the relatively small sample size, lack of control over participants’ activity
levels, and the possibility of bias due to participants’ awareness of the landing task. Future research should
explore the biomechanical deficits associated with CAl during more demanding functional tasks and
develop evidence-based rehabilitation strategies to enhance postural stability and minimize injury
recurrence.

Table 1. Comparison of center of pressure variables during landing from two heights of 20 and 40 cm in individuals with and
without chronic ankle instability (Mean + SD)

Variables Height Groups Sig.
Control CAl
Path ML (mm) 20 cm 123.45+23.59 149.16+22.98 0.008
40 cm 131.67+18.04 150.95+18.92 0.01
Range ML (mm) 20 cm 26.79+8.43 31.48+7.30 0.128
40 cm 27.6748.19 29.08+8.22 0.654
Path AP (mm) 20cm 201.42+22.47 209.38+40.25 0.524
40 cm 231.97+61.21 244.47+47.23 0.55
Range AP (mm) 20cm 115.20+20.80 113.79+24.95 0.827
40 cm 132.28+23.08 128.84+22.98 0.696
ARD (mm) 20 cm 11.10+2.24 11.01+2.82 0.931
40 cm 14.17+3.45 12.91+2.68 0.292
Sway area (mm?) 20 cm 1477.72+468.21 1707.03+515.91 0.229
40 cm 1829.04+477.21 1887.51+510.15 0.756

Note: ML: Medial-Lateral; AP: Anterior-Posterior; ARD: Average Radial Displacement.
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