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Abstract

Purpose: The present study aimed to compare the effect of wobble board and TRX training on
static and dynamic balance in the athletes with functional ankle instability.

Methods: A total of 35 athletes with functional ankle instability were randomly divided into
three wobble board training, TRX training and control groups. The anthropometric variables
and the static and dynamic balance indices of subjects were evaluated by Biodex balance
assessment tool in three stages: pre-test, post-test and follow-up (6 weeks after post-test).
Subsequently, the training groups performed their relevant exercises for 6 weeks. The repeated-
measures analysis of variance and Bonferroni post-hoc test methods were used for the statistical
analyses. The significance level was considered less than 0.05.

Results: The results of repeated-measures ANOVA showed that the static and dynamic balance
indices of the subjects in the training group in the post-test were significantly.improved relative
to the pre-test (P<0.05). Also, the results of repeated-measures ANOVA showed 6 weeks after
post-test stage, the positive effects of wobble board and TRX training did not reduce in either
of training groups (P<0.05). However, the balance indices evaluated in the.control group did
not show any significant difference in any of the measurement steps (P>0.05).

Conclusion: Athletes with functional ankle instability often struggle with deficiencies in both
static and dynamic balance, which increases their vulnerability-to re-injury during dynamic
movements. Our findings suggest that incorporating functional-based approaches, such as
wobble-board and TRX exercises, can serve as effective.strategies for enhancing balance in
athletes with functional ankle instability.
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Highlights:

o Both wobble board and TRX training programs significantly improved static and
dynamic balance indices in athletes with functional ankle instability.

o The positive effects of these training programs persisted even 6 weeks after post-test
stage.

« Athletes with functional ankle instability experience deficits in both static and dynamic
balance, increasing their susceptibility to re-injury during dynamic activities such as
jump-landing. Functional training approaches that challenge balance, are effective for
rehabilitation and improving balance in athletes.

Plain Language Summary:

Athletes with functional ankle instability frequently exhibit compromised postural control,
which not only impairs their ability to maintain balance but also elevates the likelihood of
recurrent injuries. This study looked at whether wobble board and TRX training could help
improve balance in these athletes. The study found that both wobble board and TRX training
were effective in improving balance. The positive effects lasted even after the athletes stopped
training for six weeks. This suggests that these types of exercises can help athletes maintain
their balance and reduce their risk of future injuries. Overall, the study shows that functional
training approaches that challenge balance, like wobble-hoard and TRX exercises, are beneficial
for athletes with ankle instability.



Introduction

Frequent and chronic lateral ankle ligament sprains can lead to functional ankle instability [1]
a condition that is particularly prevalent in athletes who perform dynamic activities such as
jumping and cutting [1]. This injury is the most common type of sports injury, as confirmed by
epidemiological studies [2].

Freeman’s hypothesis regarding proprioceptive deficits offers a conceptual basis for
comprehending how impairments in sensory feedback contribute to ankle instability [3].
Additionally, further research has demonstrated that delayed muscle activation and diminished
muscle strength are key neuromuscular factors that intensify this condition [4, 5]. Functional
ankle instability, resulting from a combination of factors such as proprioception deficits.and
muscle weakness, can significantly impact balance [4, 5]. Athletes with this condition-may
struggle to maintain their center of gravity within their base of support, which can affect their
performance and increase the risk of injury [6]. Research has consistently found that individuals
with functional ankle instability exhibit deficits in both static and dynamic.balance, as assessed
in both laboratory and field tests [7, 8]. This highlights the direct relationship between ankle
instability and balance impairment [6-8]. Given the strong link between balance impairment
and recurrent ankle sprains, addressing balance deficits is crucial for individuals with functional
ankle instability [9]. Balance impairment has been shown to significantly increase the risk of
lower-limb injuries, with individuals experiencing up to five times more injuries compared to
those with good balance [9, 10]. This highlights the importance of incorporating balance-
enhancing strategies into rehabilitation programs for athletes'with functional ankle instability.

Neuromuscular exercises are a valuable tool for ' rehabilitating balance impairments in
individuals with functional ankle instability.[11]. These exercises, which target the motor
control system, can help improve sensory-metor.integration and coordination. Wobble boards
are a type of neuromuscular exercise that-have gained significant attention in both sports and
medical communities in recent decades [12-14]. Although the individual impact of wobble
board and TRX training on balance ‘is-well-documented, this study distinctively examines their
comparative effectiveness and evaluates the sustainability of their benefits after a period of de-
training [7, 14, 15]. These exercises are often considered the gold standard for rehabilitation of
this condition [14]. However; more research is needed to understand the long-term benefits of
using wobble boards and-the importance of persistence in maintaining these exercises.

TRX exercises have emerged as a popular method of strength training in recent years, attracting
interest from both athletes and fitness enthusiasts. These exercises are widely used in clinical
and sports_settings [16, 17]. The ease of use, versatility, and accessibility of TRX exercises
make them appealing for people of all ages and fitness levels [18, 19]. These exercises
effectively target and activate the core muscles, which is a key benefit for improving overall
strength-and stability [17]. It has been shown that the core muscles play a crucial role in
maintaining balance and proper function of the lower limbs during sports activities [20].
Strength training with TRX has been shown to improve muscle strength and activate
proprioceptive receptors, which are crucial for maintaining balance and proper function of the
lower limbs during sports activities [21]. While TRX suspension training incorporates a broad
range of physical exercises, this study specifically focuses on exercises aimed at enhancing
proprioception, dynamic balance, and neuromuscular coordination. By concentrating on these
targeted exercises, the study provides valuable insights for rehabilitation professionals and
sports trainers. While Despite the proven effectiveness of both wobble board and TRX training
in improving balance, there is a limited number of comparative studies evaluating their relative
efficacy in managing functional ankle instability. This research aims to fill this gap by offering



evidence-based recommendations for rehabilitation strategies and assessing the effectiveness
of these training interventions on static and dynamic balance indices, including the retention of
improvements after a period of de-training.

Materials and Methods
Study design

This quasi-experimental study was performed on 36 male college athletes aged 18-25 with
functional ankle instability. To calculate the sample size, statistical software (G*Power
software vs. 3.1) was used. Given the study repeated measured ANOVA, a medium, overall
effect size f= 0.25, an a-error = 0.05, and a desired power (1-8 error) = 0.8, the total sample
size resulted in thirty six participants [22]. The sample consisted of university-level male
athletes participating in basketball, volleyball, and handball. These sports.require frequent
cutting, jumping, and landing movements, which increase the likelihood of ankle sprain.
Recruitment focused on these sports to ensure ecological validity for interventions targeting
balance rehabilitation in athletes predisposed to ankle instability. Anthropometric data,
including age, height, weight, and body mass index (BMI), were collected by first author before
the pre-test assessment, ensuring accuracy and consistency [23]. Participants were included in
the study if they met the following criteria: diagnosed with-functional ankle instability; the
ability to bear full weight on the affected limb; normal gait patterns and complete ankle joint
range of motion at the time of participation; a Cumberland-Ankle Instability Tool (CAIT) score
of less than 27 [24]; and absence of mechanical‘ankle instability, confirmed through negative
anterior drawer and talar tilt tests [13, 23]. Additionally, participants were required to have no
history of participating in structured ankle rehabilitation programs within the past six months.
Exclusion criteria included: the presence of pain that impaired participation in training sessions
or assessments; any underlying musculoskeletal or neurological condition affecting lower-limb
function; and failure to adhere to the intervention protocol, defined as missing more than two
consecutive sessions or three non-consecutive sessions. Eligibility was determined by a
licensed physical therapist with.over 10 years of clinical experience (second author), who
conducted comprehensive evaluations based on the aforementioned criteria. This ensured a
consistent and rigorous. screening process to recruit participants representative of the target
population. while challenges related to managing inactivity periods during follow-up are
recognized, these were addressed through regular monitoring and adherence checks to ensure
consistency. This research was conducted in accordance with the ethical principles outlined in
the Helsinki./Declaration for Medical Research Involving Human Subjects. The study also
received ethical-approval from the National Committee on Ethics in Biomedical Research under
the reference-code ID.UT.SPORT.REC.1397.025.

Preparation

Prior to commencing the study, all participants provided written informed consent after being
briefed on the study objectives, procedures, potential risks and benefits. Participants were
randomly assigned to one of three groups (wobble board training, TRX training, or control)
using a computer-generated randomization sequence to minimize allocation bias. Before the
pre-test session, all participants were instructed to wear comfortable, athletic clothing suitable
for physical activity. Upon arrival, they completed baseline documentation to confirm their
eligibility on the testing day. To ensure consistency, a standardized 5-minute warm-up protocol
was conducted under the supervision of first author. This warm-up included dynamic lower-
limb exercises such as controlled leg swings, walking lunges, and ankle mobilization stretches



to reduce the risk of injury and prepare the participants for subsequent balance testing.
Participants were then familiarized with the testing equipment and procedures, ensuring they
understood the requirements and could perform the tasks correctly.

Evaluation of balance indices

Balance indices were measured using the Biodex Balance System SD which quantifies static
and dynamic balance on a 12-level adjustable platform. Lower scores indicate better balance
performance, reflecting reduced sway and improved stability. The tool was calibrated before
each use to ensure reliability [25]. The Biodex Balance System was used to conduct the dynamic
balance test at level 4 instability. Testing was performed on double-leg stance situation; with
the participant standing barefoot in a neutral position. The feet were positioned according.to the
system'’s alignment grid to ensure standardization across all trials. To assess dynamic. balance,
participants performed a balance test on an unstable platform for 20 seconds in different
directions. Each participant performed the test three times, and the average score was recorded.
A 30-second break was taken between each repetition. For static balance, the platform was
stabilized, and participants performed the same test.

TRX Exercise Intervention

After completing the pre-test assessments, participants in the experimental group undertook a
structured TRX training program, conducted three times per.week over a six-week period on
non-consecutive days. To maintain consistency, all training sessions were scheduled at the same
time each day. Each session consisted of a standardized 10-minute warm-up, followed by 15—
20 minutes of TRX suspension exercises, and concluded with a 5-minute cool-down routine.
To ensure proper execution and minimize “injury risk, participants completed two
familiarization sessions prior to the intervention. The TRX exercise protocol was developed
based on established guidelines and peer-reviewed literature on suspension training [29].
Exercises targeted major muscle groups and incorporated movements across multiple
anatomical planes to simulate functional and sport-specific demands. The training sessions
were conducted using the TRX PRO3 Suspension Trainer System (Fitness Anywhere LLC,
USA), with the equipment securely mounted on a rod 2.5 meters above the ground. Progression
in exercise intensity followed the principles of the FITT model (Frequency, Intensity, Time,
and Type), advancing through five to six difficulty levels. These levels ranged from beginner
(levels 1-2) to advanced (levels 5-6), with difficulty adjusted by modifying suspension angles,
exercise duration;-and_dynamic complexity. The progression protocol was carefully designed
to ensure a gradualincrease in challenge and was validated by a specialist physician [29] (Table
1and 2).



Table 1: Movement Levels for TRX Protocol

Movement Type Level 1 Level 2 Level 3 Level 4 Level 5 Level 6
Squat-ankle Fixed squat-
(A) Squat Squat plantar ankle plantar
. . Hamstring- Hamstring S.L.
(B) Hamstring Hamstring abduction curl hamstring
Forward S.L.
(C) Lunge | Forward lunge S.L. lunge lunge
unge -
with ball
. S.L. squat with | S.L.squat to
(D) Single leg squat | S.L.squat leg swing lateral
. S.L.
. Squat . i Squat jump S.L. squat S:L.'squat
(E) Jump landing jump | SAuatjump F-B | jﬂ%a; Jump F-B |-jump with ball
. Squat S.L. squat jump S.L. squat
(F) Cutting jump R-L jump with ball

Abbreviations: F-B (Forward-Backward), R-L (Right-Left), S.L (Single Leg)

Table 2: TRX Exercise Session Protocol

Session Movement Type and Difficulty Levels (Sets x Seconds)
1 Al (3%30), B1 (3x25), C1 (3x25)
2 Al (3%30), B1 (3x25), C1 (3x25)
3 Al (3%35), B1 (3x30), C1 (3x35)
4 A2 (3%35), B2 (3x30), C2 (3x35)
5 A2 (3x35), B2 (3x30), C2 (3x35)
6 A3 (3x%35), B3 (3x30), C2.(3x35)
7 A3 (3%35), B3 (3x30),/.€3,(3%x35), D1 (3x25)
8 B4 (3x25), C3 (3%35);D1(3%x25), D2 (3x20), E1 (3x20)
9 B4 (3x25), C3 (3%40),.D1 (3x30), D2 (3x25), E1 (3x25)
10 C4 (3x40), D2°(3%30), E1 (3x25), E2 (3x25), E3 (3x25)
11 C4 (3x45), D2 (3x30), E2 (3x25), E3 (3x25), E4 (3x25), F1 (3x30)
12 C4(3x45),"E2 (3x30), E3 (3x30), E4 (3x25), E5 (3%25), F1 (3%20)
13 E3 (3%35), E4 (3x30), E5 (3x20), E6 (3x35), F1 (3x20), F2 (3x20)
14-18 E4 (3%30), E5 (3%x25), E6 (3%25), F1 (3%40), F2 (3x20), F3 (3x25)

Wobble Board Exercise Intervention

The ‘wobble board exercise intervention was conducted over six weeks, with participants
completing three sessions per week on non-consecutive days. Each session lasted
approximately 30 minutes, starting with a 10-minute warm-up, following the main training
segment and a 5-minute cool-down was implemented to promote recovery. To ensure
familiarity with the exercises and proper execution, participants underwent two supervised
familiarization sessions prior to the intervention. The exercise protocol was adapted from the
established methodology of Clark and Burden (2005) [12], which has been widely applied in
research on functional ankle instability rehabilitation. The protocol focused on progressively
challenging static and dynamic balance through controlled movements performed on an
unstable surface. The intervention utilized a wobble board with an adjustable tilt angle to tailor



difficulty levels as participants advanced through the program. The core training segment (15—
20 minutes) involved exercises targeting proprioception, postural control, and neuromuscular
adaptation. These exercises included bilateral and unilateral stance tasks, dynamic weight
shifts, controlled rotations, and reaching tasks while maintaining stability. Progression followed
the principles of the FITT model (Frequency, Intensity, Time, and Type), ensuring a gradual
increase in challenge by modifying the tilt angle, duration, and complexity of the tasks. For
instance, early stages (Weeks 1-2) consist of static exercises with a low tilt angle to develop
foundational stability, intermediate stages (Weeks 3-4) consist of dynamic exercises with an
increased tilt angle to challenge dynamic postural control and advanced stages (Weeks 5-6)
consist of functional and sport-specific tasks performed with a high tilt angle to simulate real-
world balance demands. All sessions were conducted under the supervision of a-trained
researcher to ensure adherence to proper technique and progression (Table 3).

Table 3: Wobble Board Exercise Protocol

Session Exercise Sets / Repetitions Progression
. 3 sets x 30
D-L. balance (static) Gradually reduce external support
seconds
S-L. balance (static) 2 sets x 15 Add light hand support if needed
16 seconds
: 2 sets x 20 . .
A-P. tilts seconds Increase tilt angle progressively
Lateral tilts 2 sets x 20 Focus on slow, controlled movements
seconds
S-L_ balance with movement 3 setsix 20 Adgj slow arm movements or light
seconds weights
. . 3.sets x.15 . .
7.12 A-P. tilts with reach reaches Incorporate a light ball for reaching
Rotational balance Rts x 20 Gradually increase speed of rotation
seconds
Step-up onto W-B 3sets x 10 reps | Increase step height over time
S-L. balance with toss 3 sets x 15 throws | Use a weighted ball
Forward lunge onto W=B 3sets x 10 reps | Increase depth of lunge gradually
13-18 | Lateral hops on W-B 3 sets x 10 hops | Increase distance and add resistance
gtér;]r%-landlng SRR Igen 3sets x 8 jumps | Add a lateral or rotational component

Abbreviations: D-L (Double-Leg), S-L (Single Leg), A-P (Anterior-Posterior), W-B (Wobble Board)

Participants in‘the.control group were instructed to refrain from engaging in any sports activities
throughout the-study period and were advised to continue their usual daily routines without
modifications. At the end of the training period, balance indices of all subjects were reassessed
for-with the same procedure as pretest. Also, in order to assess the persistence of exercises,
balance-tests were repeated 6 weeks after the post-test.

Statistical analysis

The normality of the data was assessed using the Shapiro-Wilk test. Subsequently, mixed
repeated-measures ANOVA was applied to analyze intergroup comparisons, and Bonferroni
post-hoc tests were conducted to assess specific group differences. All statistical analyses were
carried out using SPSS software version 21, with the significance level set at 0.05.



Results

The demographic characteristics of participants, showed no significant differences among the
three groups, confirming homogeneity at baseline (p > 0.05, Table 4). The Shapiro-Wilk test
indicated that the data followed a normal distribution, justifying the use of parametric statistical
methods.

Table 4. Demographic and Baseline Characteristics of Participants

Group Age (years) Height (cm) Mass (kg) BMI (kg/m?)
Control 22+3.2 188 £ 10.1 90+45 24+ 3.6
W.B. 21+35 185+9.2 89+49 24 +'4.2
TRX 22+41 187 £ 6.6 92+6.3 25+6.1
ANOVA p-values: All variables p > 0.05

Abbreviations: W.B.: Wobble Board; BMI: Body Mass Index; p: p-value

The pre-test balance indices, including static and dynamic.measures, revealed no significant
differences across the three groups in all directions (anterior-posterior, medial-lateral, and
overall; p>0.05). This confirms comparable baseline balance abilitiecs among the groups before
the intervention.

The repeated-measures ANOVA demonstrated significant improvements in both static and
dynamic balance indices for the wobble'board and TRX groups in the post-test and follow-up
stages compared to the pre-test stage (p < 0.05). Conversely, no significant changes were
observed in the control group across-any time point (p > 0.05). Table 5 presents the comparison
of balance indices across the three'groups.

Table 5. Static and Dynamic Balance Indices Across Groups (Post-Test)

Balance Direction Control (I\\/,I\é al?w + (I\I;)r: + = Eta
Indices (Mean £ SD) sD) - sD) - P Squared
Static Overall 2.0+0.8 1.1+07 1.3+0.6 6.98 | 0.029* | 0.576

(Post-Tes?) A-P 1.9+0.9 09+04 0.8+0.3 8.86 | 0.007* | 0.404
M-L 2.2+0.8 1.0+05 0.9+0.3 10.17 | 0.006* | 0.362

syt Overall 31+11 21+0.7 2.0+ 0.6 11.73 | 0.001* | 0.628
(Post-Test) A-P 27+0.9 1.8+0.6 1.7+0.7 10.48 | 0.001* | 0.411
M-L 29+0.8 1.9+0.6 1.9+0.6 7.13 | 0.002* | 0.503

Abbreviations: A-P: Anterior-Posterior; M-L: Medial-Lateral; SD: Standard Deviation; p: p-value; F: F-value; *: p > 0.05

The Bonferroni post-hoc tests indicated that both wobble board and TRX training significantly
outperformed the control group in improving balance indices in all directions during the post-
test and follow-up stages (p < 0.05). However, no significant differences were found between
the wobble board and TRX groups, suggesting comparable effectiveness of both interventions.
The observed effect sizes (Eta Squared) for balance improvements in the wobble board and
TRX groups were moderate to large, reflecting substantial benefits from both interventions.
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Improvements persisted during the follow-up stage, indicating the retention of training effects
six weeks after post-test stage (Table 6).

Table 6. Static and Dynamic Balance Indices Across Groups (Follow-Up)

Balance Directi Control I\\//IV -B. + I\;Ir RX + = Eta
Indices irection (Mean £ SD) ( Seg; - ( Seggl - P Squared
Static Overall 23+0.9 1.6+0.8 1.5+05 | 11.21 | 0.005* 0.432

(Follow-Up) A-P 1.8+0.6 1.3+0.6 1.3+0.7 8.02 | 0.001* 0.395
M-L 24+1.1 15+05 1.6+0.6 | 12.25| 0.003* 0.418

Dynamic Overall 31+1.0 23+0.8 2.3+0.6 | 11.85| 0.001* 0.388
(Follow-Up) A-P 2.6+0.7 20+0.7 19+04 7.89 | 0.002* 0.392
M-L 2.9+0.9 1.8+05 19+0.6 | 13.03 | 0.001* 0.403

Abbreviations: A-P: Anterior-Posterior; M-L: Medial-Lateral; SD: Standard Deviation; p: p-value; F: F-value; *: p > 0.05

Discussion

Our results showed that both wobble board and TRX trainings.improve the static and dynamic
balance indices in the athletes with functional ankle instability. One of the possible reasons for
the improved balance capabilities of the subjects -in-the present study is the increase of
neuromuscular adaptations induced by the training [11]: This study highlights the comparative
advantages of wobble board and TRX training for rehabilitating balance in athletes with
functional ankle instability. Both methods effectively improve balance, yet their mechanisms
and focus differ. Wobble board exercises excel in improving balance by enhancing
proprioceptive control at the ankle joint [7]. They are particularly effective in the early stages
of rehabilitation, where athletes need to.rebuild their stability and reduce postural sway [27]. In
contrast, TRX training offers superior.dynamic balance improvements due to its integration of
core stability, strength, and functional movement patterns [26]. These exercises mimic the
demands of athletic performance; making them highly relevant for late-stage rehabilitation and
return to sport protocols. [7]..Wobble board exercise is a neuromuscular exercise designed to
improve proprioception and joint stability by challenging balance on an unstable surface [28].
Standing on an unstable surface during wobble board exercises stimulate mechanoreceptors in
the ankle joint;esuch: as Ruffini endings, Pacinian corpuscles, and Golgi tendon organs [7].
These receptors.detect changes in joint position and movement, sending signals to the central
nervous system:. So the enhanced proprioceptive feedback improves sensory-motor integration,
enabling. quicker and more accurate neuromuscular responses to perturbations [11]. By
requiring constant adjustments to maintain stability, wobble board exercises engage stabilizing
muscles surrounding the ankle joint [14]. Repeated exposure to unstable conditions enhances
the motor control strategies required to maintain balance. This leads to a reduction in postural
sway and an improved ability to stabilize the center of gravity over the base of support [15].
The targeted nature of wobble board training on joint proprioception and stabilizer muscle
activation makes it particularly effective for balance improvements, especially during single-
leg stance tasks [11].

TRX suspension training leverages body weight and gravity as resistance, emphasizing core

stability, dynamic strength, and multi-planar movements [29]. TRX exercises uniquely engage
core stabilizing muscles (e.g., rectus abdominis, transvers abdominis, obliques, and multifidus)

11



by requiring the athlete to maintain alignment during suspension-based movements [20]. Strong
core stability reduces the load on the lower extremities and enhances the kinetic chain's ability
to respond to balance challenges [17]. TRX exercises strengthen lower-limb muscles, including
the quadriceps, hamstrings, and gastrocnemius, through functional movements like squats,
lunges, and planks [26]. These exercises improve dynamic balance by enhancing joint control
during sport-specific movements [29]. According to the previous studies, one of the important
consequences of functional ankle instability is muscle atrophy and decreasing the muscle
strength of the ankle joint. So the volume and strength of the lower extremity muscles, play a
crucial role in determining the displacement and velocity of the center of gravity [29]. By
improving lower-limb muscle strength, individuals with functional ankle instability can
counteract the muscle weakness that contributes to their condition and enhance their balance
[7, 19]. Therefore, it is essential to use the exercises that improve the strength of the lower-limb
muscles during the rehabilitation of functional ankle instability. Similar to wobble board
exercises, TRX activates proprioceptors but with a focus on dynamic-and. multi-planar
movements [29]. This mimics real-world athletic scenarios, making it particularly effective for
tasks involving cutting, jumping, or rapid directional changes [16]. The combination of
strength, proprioceptive engagement, and functional training. contributes to superior
improvements in dynamic balance compared to wobble board exercises [16].

Wobble board exercises focus on proprioceptive stimulationand ankle joint stability [13]. By
continuously challenging postural control, these exercisesenhance the sensory feedback loop
between the ankle's mechanoreceptors and the central nervous system [7]. This leads to
improvements in static balance, as evidenced by reduced postural sway and better control in
single-leg stance tasks [13]. TRX suspension training combines core stability with dynamic
lower-limb strengthening [29]. Its unique approach of integrating multi-planar movements
makes it particularly effective for dynamic balance, simulating the demands of athletic activities
[17]. Improved core strength and joint contrel contribute to enhanced dynamic stability [20].

Importantly, the persistent effects observed in both methods six weeks after post-test stage
emphasize their potential for long-term neuromuscular adaptation [30]. This persistence can be
attributed to neuroplasticity mechanisms [31]. Neuroplasticity involves long-term potentiation
at synapses, enhancing the brain's ability to process sensory inputs and execute motor outputs
[32]. Reflexive control,-particularly in the spinal cord, improves with repeated exposure to
balance challenges. This results in quicker and more automatic muscle responses to instability,
which are retained.long-term [33]. Our results showed that in both groups these adaptations
persist even after the cessation of training, as neural pathways remain sensitized to balance-
related stimuli."\WWobble board and TRX training both effectively improve balance in athletes
with functional ankle instability, but their mechanisms of action and persistence differ due to
their specific focus areas. Persistent effects in wobble board training are largely attributed to
peripheral neuromuscular adaptations [15]. Enhanced proprioceptive sensitivity and joint
stabilization mechanisms are retained, reducing the likelihood of instability during sport
specific tasks [15].

TRX training induces both peripheral and central adaptations [34]. Core stability improvements
and motor learning associated with multi-planar tasks contribute to sustained dynamic balance.
Neuroplastic changes in the central nervous system and spinal cord allow athletes to retain these
benefits even after a period of de-training [33]. TRX training's multi-planar movements may
enhance reflex integration across multiple muscle groups, contributing to dynamic stability
persistence [34]. Strength gains and hypertrophy in lower-limb and core muscles, achieved
through wobble board and TRX training, are maintained for weeks to months post-training due

12



to muscle memory [30]. These structural changes contribute to prolonged functional
improvements, particularly in dynamic tasks [34]. Our study found no difference in balance
indices between wobble board exercises and TRX exercises. However, TRX exercises may
have a greater advantage in improving lower-limb arthrokinematics and overall balance in
individuals with functional ankle instability due to their positive effects on core stability
muscles.

For athletes with FAI, rehabilitation strategies could ensure both short-term improvements and
long-term persistence in balance performance. Future research should explore the combined
use of wobble board and TRX training to optimize balance rehabilitation strategies.
Additionally, longer follow-up periods and diverse athlete populations, including-female
participants, would enhance the generalizability of findings. One limitation of this studyis the
absence of direct measurements for proprioception and muscular strength. Future research
should incorporate specific assessments, such as joint position sense tests. and-isokinetic
strength evaluations, to provide a more comprehensive understanding of training effects.

Conclusion

Our findings demonstrate that functional training methods significantly enhance balance
rehabilitation in athletes with functional ankle instability.~Specifically, TRX training and
wobble board exercises each target critical components of balance. Implementing these
exercises as complementary strategies can provide.a holistic approach to addressing both static
and dynamic balance deficits. This dual approach.not only supports the immediate recovery of
balance but also ensures long-term neuromuscular adaptations, equipping athletes to safely
return to sport and reduce the risk of .re-injury. Coaches and rehabilitation specialists are
encouraged to integrate these methods-into tailored programs, maximizing their effectiveness
in restoring functional stability in athletes.
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