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Abstract:  
Ankle sprains are a common injury in athletes and have a high recurrence rate which can 

develop into chronic ankle instability (CAI). This leads to decreased balance, weakened 

lower limb strength and impaired agility, raising the risk of re-injury and adversely 

affecting athletic performance. Therefore, a suitable training program is necessary for 

injury prevention and enhancing sports performance. This study aimed to examine the 

effect of modified station training on pain, balance, lower limb muscle strength, and 

agility in athletes with chronic ankle instability after 8 weeks of training. Methods: The 

participants consisted of 40 athletes from Mahasarakham University and the National 

Sports University, Mahasarakham Campus, aged 18–25 years. They were purposively 

sampled and divided equally into two groups by simple random sampling to match the 

groups. Group 1 was the experimental group with a modified station training program 

and group 2 was the control group with a normal training program. The training program 

lasted for 8 weeks, with training sessions conducted 3 times per week. The outcome 

measurements included pain score measured as the numeric rating scale (NRS), static 

balance using a balance & stability test, dynamic balance measured by the star excursion 

balance test, muscle strength was assessed using the manual muscle test (MMT) which 

evaluated muscle strength based on a standardized grading scale and the Illinois agility 

test. Results: After an 8-week training program, both groups exhibited decreases in pain 

and increases in static balance, dynamic balance, lower limb muscle strength, and agility 

(p < 0.05). Additionally, the experimental group presented enhanced static balance, 

dynamic balance, and lower limb muscle strength compared to the control group. 

However, there was no significant improvement in pain and agility in comparison to the 

control group. Conclusions: The modified station training program improves physical 
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performance in athletes with chronic ankle instability, promoting a safer and more 

effective return to sports. 

 

Keywords: modified station training, pain, balance, lower limb strength, agility, chronic 

ankle instability 

 

1. Introduction 

 

Chronic ankle instability is a condition that develops following a lateral ankle sprain and 

is characterized by recurrent "giving way" or "twisting" of the ankle and a feeling of ankle 

instability for more than a year after the initial injury (Hertel & Corbett, 2019; Konphet & 

Siriphorn, 2024) along with a history of at least two sprains within the past six months 

(Guo et al., 2024). The condition is common in athletes, with reports indicating that 

approximately 40% of those who have had an ankle sprain will develop ankle instability 

and about 25% of those who had their first ankle sprain (Gribble et al., 2013). Recurrent 

ankle sprains result from damage to the ligaments around the ankle, muscles, and long-

term limitations in joint function (Donovan et al., 2020; Kamran et al., 2026).  

 These impairments result in a reduced ability to maintain balance both at rest and 

in motion due to loss of efficiency of sensory receptors in the ligaments and ankles after 

injury and delayed reflexes for postural adjustment (Guo et al., 2024; Su et al., 2024). At 

the same time, there is a decrease in strength of the lower limb muscles, particularly the 

muscles around the ankle, which play an important role in force generation, shock 

absorption, alignment control, and ankle stabilization during weight-bearing (Luan et al., 

2021). These impairments affect the ability to perform agile movements such as 

acceleration, slowing down, stopping, and making rapid changes in direction, and can 

reduce the effectiveness of motion control (Choi et al., 2023; Su et al., 2024; Wikstrom et 

al., 2021). 

 A review of the literature reveals that exercise and physical training are crucial 

components of rehabilitation approaches for individuals with chronic ankle instability, 

particularly balance training, strength training, and neuromuscular control training. 

These play a vital role in improving postural control, balance ability, and ankle and lower 

limb function (Luan et al., 2021). Furthermore, empirical evidence from systematic 

reviews and meta-analysis shows that balance training can promote dynamic balance 

control, reduce ankle instability levels, and improve functional activity in individuals 

with CAI. Strength training, on the other hand, is significant for improving muscle 

performance, joint stability, and lower limb movement control (Mollà-Casanova et al., 

2021). Additionally, meta-analytic and systematic review evidence suggests that balance 

training is effective in improving dynamic balance, alleviating symptoms of ankle 

instability, and enhancing functional outcomes in individuals with CAI. Such training 

enables athletes to more effectively control body position and weight transfer, 

particularly in situations involving single-leg standing, reaching, or movement in 

multiple directions, as well as changes in body position during movement. This 
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contributes to improved joint positional awareness and movement control in athletes 

with chronic ankle instability. It can also enhance the muscles' ability to generate force 

and support the lower limbs, leading to improved balance, strength and athletic ability 

in athletes with chronic ankle problems (Cruz-Diaz et al., 2015; Kalra et al., 2021; 

Mohammadi Nia Samakosh et al., 2022). 

 Exercise rehabilitation is a key approach recommended for athletes with chronic 

ankle instability (CAI). Important training components include balance training, lower 

limb muscle strengthening, and agility training. Balance training can improve postural 

control and movement ability, while strength training enhances the functional capacity 

of the muscles surrounding the ankle and lower limbs, and agility training promotes the 

ability to control rapid directional changes. However, CAI is associated with multiple 

interconnected impairments. Therefore, focusing on only one component may not 

comprehensively address the performance limitations of athletes with CAI. Developing 

a multi-component training program may be more appropriate for meeting the 

rehabilitation needs of athletes with CAI (Guo et al., 2024; Mollà-Casanova et al., 2021; 

Setyawan et al., 2021; Su et al., 2024). 

 Modified station training is an attractive training format because it can integrate 

multiple training components within a single program and adapt activities at each station 

to the limitations and needs of athletes with CAI. It aims to develop performance skills 

crucial for sports, such as body control while standing or bearing weight on one leg. This 

improves movement control and weight transfer, especially during reaching, stretching, 

and changing direction. Combined with enhanced ankle support and force generation 

capabilities during movement, athletes can move, change direction, and react to various 

sports situations more quickly and efficiently. 

 Therefore, this study developed a modified station training program, adapting 

exercises at each station to focus on improving balance, lower limb strength, and agility. 

The objective of this study was to investigate the effect of an 8-week modified station 

training program on balance, lower limb strength, and agility in athletes with CAI. 

 

2. Material and Methods 

 

This study employed a quasi-experimental research design with a two-group pretest–

posttest approach. Participants were recruited using purposive sampling based on 

predefined inclusion and exclusion criteria. All participants completed the approved 

informed consent procedures mandated by the Institutional Review Board on Human 

Research of Mahasarakham University, Thailand (No. 234-797/2025). Participants 

included college athletes who rely primarily on their lower limbs for acceleration, 

deceleration, and change of direction, such as futsal players, soccer players, and 

volleyball players. The sample size was calculated using Utilizing G*Power (version 

3.1.9.4) with an effect size estimate of 0.9 and alpha and beta levels set at 0.05 and 0.80, 

respectively (Brydges, 2019; Naderi & Ahi, 2025). Based on these values, the required 

sample size was 42 participants. To avoid the 10% dropout rate, a total sample size of 46 
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individuals was chosen. Following 8 weeks of training, 6 participants withdrew due to 

inability to adhere to the schedule and lack of follow-up, resulting in a final sample size 

of 40 individuals. They were recruited and equally assigned to an experimental group (n 

= 20) and a control group (n = 20). The experimental group participated in a modified 

station training program, while the control group continued with normal program 

training. The inclusion criteria are as follows: (1) The age range is 18–25 years (2) 

participants had experienced CAI on one side within the 6 months prior to the study (3) 

CAI with a pain intensity score of 3 to 7 on the numerical response scale (NRS) (Chen et 

al., 2022). (4) CAIT score must be < 24.  

 The exclusion criteria are as follows:  

1) Participants are presently participating in any ankle-related rehabilitation 

activities 

2) Injuries such as fractures or surgical procedures to the lower extremity, as well as 

other muscular, joint, or neurological conditions that impact lower limb function 

3) Cognitive, vestibular, and visual impairments resulting from neurological and 

vestibular conditions. 

 

2.1 Procedure 

All participants were informed about the procedures of the experiment and its 

implications. They were divided into 2 groups: the experimental group and control 

group. Both groups underwent pretest and posttest assessments, which included (1) 

numerical rating scale (NRS); (2) balance & stability test; (3) star excursion balance test; 

(4) manual muscle test; and (5) Illinois agility test (Sarvestan et al., 2018). A control group 

followed their normal training program for each sport, an approach routinely followed 

under the guidance of their team coach, including warm-up, sport-specific skills training, 

and simulated practice, with a duration of 1 hour. An experimental group underwent 

training with a 12-station modified training program. During a period of 8 weeks, 

divided into two intervals: Weeks 1-4: 5 minutes of stretching, 30 seconds of exercise at 

each station, 30 seconds of rest between stations, two sets, 1 minute of rest between sets, 

and a 5-minute cool-down for a total of one hour. Weeks 5-8: 5 minutes of stretching, 45 

seconds of exercise at each station, 30 seconds of rest between stations, 3 sets, 1 minute of 

rest between sets, and a 5-minute cool-down, culminating in a total duration of 1 hour 

and 20 minutes.  

 The training was performed 3 times per week (Figure 1). 
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Figure 1: Single-leg stance on a stable surface (A1), Single-leg stance with knee lift on an 

unstable surface (B2), Single-leg stance with knee lift and under-leg ball pass on a mini 

trampoline (C1-C2). Backward leg kick with resistance band (D1), Ankle dorsiflexion and 

plantarflexion with resistance band (E1), Single-leg stance with three-direction toe touch on an 

unstable surface (F1), Single-leg heel raise on a mini trampoline(G1), Squat (H1), Squat with 

heel raise (I1), Agility ladder jumps (J1), Two-leg X-shaped jumps (K1), Zigzag L-shaped 

running (L1) 

 

3. Results  

 

3.1 Pain Assessment 

Participants rated their local pain around the ankle joint using the numerical rating scale 

(NRS) on the affected side. NRS is divided into four levels: 0 (no pain), 1-3 (slight pain), 

4-6 (moderate pain), and 7-10 (most severe pain). Participants were asked to rate their 

perceived ankle pain intensity, and the scores were recorded for statistical analysis. 
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3.2 Balance & Stability Test  

The balance stability test uses a wobble board to assess static balance. The balance was 

done in a position suggested by Ahern et al., 2021; participants were positioned on a 

wobble board with both feet, then pressed the start button. They must subsequently 

attempt to maintain balance for a duration of 30 seconds. Two trials were performed for 

each participant, and the best time was recorded (Ahern et al., 2021) (Figure 2). Test-retest 

reliability was established by determining an instrument’s capability of measuring a 

variable with consistency. Twenty volunteers with a mean age of 19.75 ± 1.16 years were 

recruited for the study. Before the study, the examiners participated in a familiarization 

training session for the balance stability test. The same examiner was randomized using 

a random sequence for each subject. The test was performed continuously for two days. 

The balance stability test was reliable (ICC =0.819).  

 

 
Figure 2: Balance & stability test 

 

3.3 Star Excursion Balance Test 

Participants stood barefoot, hands on their hips, and one foot in the middle of a star. They 

extended one foot in a specified direction as far as possible, gently contacting the line 

before returning to the initial position. The supporting foot remained flat on the ground. 

Repeat this process for one complete cycle, touching the line in every direction reached. 

The test is invalid if the test subject fails to return to the starting position, touches the line 

too firmly, or loses balance. Three trials were performed for each foot. The average 

distance in each direction (cm) was used for data analysis (Phuaklikhit et al., 2024).

  

3.4 Manual Muscle Test 

Gastrocnemius and soleus muscles strength was examined while participants were 

performing maximum contraction. Participants stood on one leg with both hands 

positioned at waist level. Subsequently, elevated their heels from the floor consecutively 

through the maximum available range without pause between lifts and without feeling 

fatigue. MMT is performed in grading as follows: Grade 5 (Normal) Patient successfully 

completes a minimum of 25 heel rises through fall range of motion without a rest between 

rises and without fatigue. Twenty-five heel rises represent approximately 60 percent of 

maximum electromyographic activity of the plantar flexors. Grade 4 (Good) Patient 
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completes any number of correct heel rises between 24 and 10 with no rest between 

repetitions and without fatigue. Grade 3 (Fair) Patient completes between nine and one 

heel rises correctly with no rest or fatigue. If the patient cannot complete at least one 

correct full-range heel rise in the standing position. Grade 2 (Poor) The patient can just 

clear the heel from the floor and cannot get up on the toes for the end test position. Grade 

0 No muscle contraction is detected (Brown et al., 2013).  

 

3.5 Illinois Agility Test  

The participants start from the starting point upon receiving the "Start" command. Start 

the stopwatch as they run 10 m forward to the far cone and turn around it. Run back 

toward the start area. Weave in and out through the four center cones. Final sprints: run 

10 meters to the far cone, turn around it, and sprint 10 m back. Finish stopping the timing 

when crossing the finish line. Recorded in seconds. Each individual conducted two trials, 

with the higher outcome recorded (Sarvestan et al., 2018). 

 

3.6 Data Analysis  

Data are reported as means ± standard deviations. Normality was tested with the 

Shapiro-Wilk and Levene tests. The paired t-test was applied in all groups to identify 

possible differences between the pre- and post-training periods, while unpaired t-tests 

were applied to compare differences between the experimental and control groups. All 

statistical tests were processed with the use of the SPSS statistical package (v. 26; SPSS 

Inc., Chicago, USA). Statistical significance was set at p < 0.05. 

 
Table 1: Baseline characteristics of participants in the study (n = 40) 

Variables 
CG (n = 20) 

mean ± SD 

EG (n = 20) 

mean ± SD 
p-valuea 

Age (years) 19.75± 1.16 19.95± 1.10 0.302 

Height (cm) 170.00±8.17 169.10±8.50 0.297 

Weight (kg) 60.30±4.41 60.35± 4.45 0.090 

BMI (kg/m2) 21.78±1.40 21.87± 1.36 0.051 

CAIT score 19.20±2.65 19.45±2.78 0.493 

Note: EG - experimental group, CG - control group, BMI – body mass index, CAIT – Chronic Ankle 

Instability Tool.  
a independent t-test for baseline comparison  

* Significance value set at p < 0.05. 

 

The results are presented in Table 1. Forty participants were included in this study. 40 

participants successfully completed the study protocol, excluding the two who decided 

not to participate. There were no significant differences between groups in age, height, 

weight, and BMI. Regarding CAIT score values, small variations between groups were 

observed. The CG also displayed a slightly higher average score than the EG. 
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Table 2: Comparison of outcome measurements between CG (n = 20)  

and EG (n = 20) at baseline and 8-weeks post-intervention 

Variables Group 
Baseline 

(mean ±SD) 

8-weeks post 

(mean ±SD) 

p-value 

(within group)a 

p-value 

(between groups)b 

NRS (score) 
CG 2.15 ± 0.75 1.25 ± 0.44 0.001* 

0.731 
EG 2.00 ± 0.46 1.30 ± 0.47 0.001* 

BST (second) 
CG 17.80 ±1.40 18.90 ±1.07 0.004* 

0.001* 

EG 16.51 ± 2.38 19.15 ±0.94 0.000* 

SEBT (cm) 
CG 76.37 ±7.20 82.16 ±4.99 0.001* 

0.034* 

EG 78.83 ±9.83 87.96 ±10.69 0.003* 

MMT (grade) 
CG 4.20 ± 0.78 4.60 ±0.50 0.042* 

0.001* 

EG 4.55 ± 0.51 4.80 ±0.71 0.001* 

IAT (second) 
CG 18.76 ±1.31 18.14 ±1.10 0.042* 

0.533 
EG 19.85 ±0.85 18.35 ± 1.08 0.002* 

Note: Numerical Rating Scale: NRS (score), Balance & Stability test (second), Star Excursion Balance Test 

(cm), Manual Muscle Test (grade), Illinois Agility Test (second) 
a paired t-test for within-group comparison, b independent test for between-groups comparison  

* Significance value set at p < 0.05. 

  

After an eight-week intervention, the results indicated that both groups exhibited 

significant improvement in all variables post-intervention compared to pre-intervention 

(p < 0.05). No statistically significant differences were found between groups in pain and 

agility; the EG demonstrated no statistically significant results in the NRS and the IAT 

compared to the CG. Additionally, the EG demonstrated significant enhancements in 

static balance, dynamic balance and gastrocnemius muscle strength compared to the CG 

(p < 0.05). 

 

4. Discussion 

  

4.1 Pain 

After 8 weeks of training, both the experimental and control groups showed a statistically 

significant reduction in pain. This finding suggests that regular exercise training may 

contribute to improvements in pain among athletes with chronic ankle instability (CAI). 

In the experimental group, the modified station training program incorporated balance 

exercises, movement-control activities, and exercises performed on unstable surfaces. 

These training components may have contributed to improvements in ankle stability and 

neuromuscular control, which could have helped reduce pain. Previous studies have also 

reported beneficial effects of exercise-based interventions on pain and functional 

outcomes in individuals with CAI (Wagemans et al., 2023; Zhang & Zhang, 2023). The 

control group, which participated in standard sport-specific training, also demonstrated 

a significant reduction in pain. This improvement may be related to the variety of 

movements and physical demands involved in regular sport training, which may provide 

sufficient stimuli for maintaining proprioception, muscular function, and neuromuscular 

coordination. These adaptations may contribute to improved ankle function and 
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tolerance to physical activity (Abbasi et al., 2023; Yang et al., 2025). However, no 

statistically significant difference in pain was observed between the experimental and 

control groups after the intervention. This finding indicates that the modified station 

training program did not demonstrate a clear additional benefit over standard sport-

specific training for reducing pain within the 8-week intervention period. One possible 

explanation is that both training programs involved regular physical activity and 

movements that may contribute to improvements in ankle function. In addition, the 8-

week intervention period may have been insufficient to produce a detectable difference 

between the two training approaches. 

 

4.2 Exercise Training, Static and Dynamic Balance 

After 8 weeks of training, the experimental group demonstrated significant 

improvements in both static and dynamic balance. These findings suggest that the 

modified station training program may contribute to improved balance control and 

functional ankle stability in athletes with chronic ankle instability. The program 

incorporated exercises performed on both stable and unstable surfaces, together with 

single-leg balance and movement-control activities. These exercises may have challenged 

postural control and neuromuscular coordination, potentially improving the ability to 

maintain body position and respond to changes in ankle position during both stationary 

and dynamic tasks. Similar improvements in balance following exercise-based 

interventions in athletes with chronic ankle instability have also been reported (Naderi & 

Ahi, 2025; Yesilkir & Ergezen Sahin, 2025).  

 The control group also demonstrated significant improvements in static and 

dynamic balance after the intervention. This improvement may be related to the nature 

of regular sport-specific training, which involves repeated changes in body position, 

movement direction, and balance control during sport-related activities. Repeated 

exposure to these movements may provide sufficient stimuli to maintain and improve 

postural control and balance performance. However, no significant differences were 

observed between the experimental and control groups after the 8-week intervention. 

This finding indicates that, although the modified station training program was 

associated with significant within-group improvements in balance, its effects were not 

statistically superior to those of regular sport-specific training. Therefore, the 

improvements observed in the experimental group should be interpreted as evidence 

that modified station training may be a useful approach for improving balance in athletes 

with chronic ankle instability, rather than evidence that it is more effective than 

conventional sport-specific training. The relatively short intervention period and the 

balance-related demands already present in regular sports training may have contributed 

to the lack of a significant between-group difference. 

 

4.3 Lower Limb Muscle Strength  

After 8 weeks of training, the experimental group demonstrated a statistically significant 

improvement in lower limb muscle strength. This finding suggests that the modified 
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station training program may have contributed to improvements in lower limb muscle 

function in athletes with chronic ankle instability. The program combined exercises 

involving unstable surfaces, toe raises, squats, and resistance exercises, which required 

repeated activation and coordination of the muscles involved in ankle and lower limb 

control. These exercises may have enhanced neuromuscular coordination and the ability 

to generate force during functional movements, particularly involving the peroneal 

muscles, tibialis anterior, gastrocnemius, soleus, quadriceps, and hamstrings. Similar 

improvements in lower limb strength following combined balance and strength training 

have been reported in athletes with chronic ankle instability (Mohammadi Nia Samakosh 

et al., 2022; Wikstrom et al., 2021). 

 The control group also demonstrated a statistically significant improvement in 

lower limb muscle strength. This improvement may be related to their regular sport-

specific training, which included activities such as running, acceleration, jumping, and 

changes of direction. Repeated performance of these movements may provide sufficient 

muscular loading and neuromuscular stimulation to support improvements in lower 

limb strength. However, the specific contribution of individual components of the sport-

specific training cannot be determined from the present study (Ahern et al., 2021; Young 

et al., 2022). 

 Importantly, the between-group comparison showed a statistically significant 

difference in lower limb muscle strength, with greater improvement observed in the 

experimental group. This finding suggests that the modified station training program 

may provide additional benefits for lower limb muscle strength compared with regular 

sport-specific training. The possible advantage may be related to the structured 

combination of balance, resistance, and functional lower limb exercises performed with 

consistent training conditions.  

 

4.4 Agility 

After 8 weeks of training, the experimental group showed a statistically significant 

improvement in agility. This finding suggests that the modified station-based training 

program may have contributed to improved agility performance. The program 

incorporated specific movement activities, including agility ladder jumps, X-shaped two-

legged jumps, and L-shaped zigzag running, which required participants to repeatedly 

control body position and movement while changing direction. These activities may have 

provided opportunities to practice rapid changes in movement direction and body 

control, thereby contributing to improved agility performance (Sarvestan et al., 2018; 

Seyhan et al., 2026). 

 The control group, which participated in standard sport-specific training, also 

demonstrated a statistically significant improvement in agility. This may be explained by 

the dynamic nature of sport-specific activities, which require athletes to continuously 

adjust their movement speed, rhythm, body position, and direction in response to 

different movement situations. Such activities may provide sufficient stimulus for 

maintaining and developing agility during regular training. However, no statistically 
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significant difference was observed between the experimental and control groups. 

Therefore, the findings do not demonstrate that the modified station-based training 

program was superior to standard sport-specific training for improving agility. One 

possible explanation is that both training programs involved continuous movement and 

changes in direction, providing similar neuromuscular and movement-control demands. 

In addition, the 8-week training period may not have been sufficient to produce a clear 

difference in agility between the two training approaches.  

 

5. Conclusions 

 

An eight-week modified station training program improved selected physical fitness 

outcomes, particularly static and dynamic balance and lower-limb muscle strength. 

Additionally, modified station training appears to be a promising strategy for facilitating 

rehabilitation and improving selected physical fitness components in athletes with 

chronic ankle instability. 
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