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Objectives: This study determines whether feedback during exercise can improve balance in 
people with chronic ankle instability (CAI). Using feedback is a method to increase attention 
and willingness to perform an activity, which can be applied in various ways, including visual, 
audio, and sensory. 

Methods: This research was semi experimental and practical. The sample of the current research 
was 30 male athletes aged 20 to 25 years with CAI. The participants were purposefully selected 
and then separated into two groups proprioceptive exercise with feedback and proprioceptive 
exercise without feedback. In the pre-test, they were evaluated using the stork balance test in 
two states, eyes open and closed for static and one-leg jump stabilization for dynamic balance. 
The athletes then performed proprioceptive training for 24 sessions over 8 weeks. Then, in 
the post-test, the desired variables were re-evaluated. The paired sample t-test and analysis of 
covariance were used to analyze the data. Significance was considered at the level of 0.05 and 
analysis was done in the SPSS software, version 27.

Results: Both exercise modalities exhibited a notable disparity in pre-test and post-test 
outcomes. However, comparative between the cohorts revealed a significant distinction in 
static balance performance under conditions of eyes closed versus eyes open (P=0.040 and 
P=0.033) and in dynamic balance (P=0.019).

Discussion: Using feedback while doing exercises is helpful and leads to improved balance. 
Visual feedback gives the athletes a better understanding of the situation at the moment so 
that they can perform their best against what they see. Also, using vision compared to other 
senses creates more confidence in people to maintain the situation. Combining feedback with 
proprioceptive exercises in rehabilitation has an additive effect on improving the residual 
effects of injury.
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Highlights 

● Proprioceptive exercises are the cornerstone of rehabilitation for people with chronic ankle instability (CAI).

● Importance of incorporating feedback strategies, such as visual, audio, or sensory cues, to enhance attention and 
performance during proprioceptive training sessions.

● Integrating feedback into rehabilitation programs can effectively enhance balance and overall recovery from com-
plications of sports-related injuries like CAI.

● Using feedback during training results in more effort in people to create better results

Plain Language Summary 

Engaging in physical activities related to sports can be beneficial in reducing the lasting impacts of sports-related inju-
ries. One particular form of exercise involves proprioception, which focuses on enhancing an individual’s awareness of 
their body’s position in different scenarios. Ankle instability subjects often depend on their vision to maintain balance. 
The current study delved into the effects of proprioceptive exercises with visual feedback for athletes with unstable 
ankles. The results suggest that when these exercises are combined with visual feedback, individuals experiencing 
ankle instability experience significant enhancements in their balance and overall performance. 

Introduction 

ne of the injuries that commonly occurs in 
most sports is a sprained ankle [1]. Sports 
such as handball and volleyball, which 
have a landing on one leg, and sports that 
have the nature of a collision between two 

players, like football, can cause this type of injury [2]. In 
addition, if the rehabilitation process of this injury is not 
performed well and the complications remain, repeated 
ankle sprain will eventually lead to chronic instability in 
the ankle region and disrupt the stability and health of 
the athlete [3]. The remaining symptoms from the initial 
ankle sprain appear as chronic ankle instability (CAI). 
Around 70% of the general population will encounter 
an ankle sprain at some point in their lives [4]. CAI is 
a combination of mechanical and functional instability 
with residual symptoms of ankle sprains, such as pain, 
swelling, weakness, instability, and recurrences. These 
residual symptoms can impair people’s physical activity 
and ultimately negatively affect their overall health and 
quality of life [2, 5].

Balance deficits can lead to recurrent ankle sprains and 
decreased lower limb strength. The potential to maintain 
balance in different activities and uphold a natural pos-
ture is crucial for executing various movements effec-
tively. Proper rehabilitation and strengthening exercises 
targeting balance and proprioception are often recom-
mended to improve outcomes following ankle injuries 

[4, 6]. Ankle position sense is an important component 
of communication because it provides critical informa-
tion for positioning the ankle to perform important mul-
timodal motor tasks that play a vital role in control [7]. 
Visual feedback involves the momentary comprehension 
of errors, leading to an enhancement in decision-making 
abilities. The utilization of diverse tools to implement 
such feedback not only renders exercises more engaging 
but also increases their acceptability among individuals 
[8]. Specifically, the synergy between visual and sensory 
feedback assumes a crucial role in delivering informa-
tion to the central nervous system (CNS), thereby facili-
tating the effective management of neuromuscular con-
trol during movements [9].

In this method, visual feedback to the CNS increases 
and creates an adaptive strategy. By relying on the more 
dependable information sources within these sensory 
systems, the body’s position stability is maintained. 
When people experience changes in sensory informa-
tion due to an injured joint, they often reduce reliance on 
the somatosensory system and prioritize re-evaluating 
more dependable sensory inputs [10]. This optimization 
ensures superior motor control and bolsters the overall 
management of movement patterns, thereby contribut-
ing to the mitigation of potential injury risks. In a study 
conducted by Yalfani et al. on people suffering from 
CAI, it was concluded that it regulates brain wave feed-
back and can affect subcortical and cerebral motor loops 
[11]. Individuals with multiple sclerosis exhibit greater 
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trust in their visual input when it comes to maintaining 
balance and stability [12]. Also, individuals who have 
undergone anterior cruciate ligament reconstruction ex-
hibit heightened activity in the posterior inferior tempo-
ral gyrus of the brain, linked to visual processing. This 
change may manifest as altered sensations from textured 
shoe soles or numbness in the ankle joint. Nonetheless, 
there is currently insufficient proof of sensory reweight-
ing in patients with CAI [9, 10, 13].

Teaching feedback and integrating it into training pro-
tocols to enhance the precision of movements and rec-
tify errors during exercise involves utilizing feedback 
received either from one’s performance or stimulants 
provided by the systems visual, vestibular and somato-
sensory. This method aids in enhancing bodily func-
tions, balance capabilities, and rectifying any asymme-
try in posture [14]. Most studies on feedback have been 
conducted in controlled laboratory environments, where 
the feedback has been predominantly provided either 
by a professional therapist or through self-regulation 
mechanisms. However, leveraging this feedback within 
the training setting makes it more closely aligned with 
daily activities, thereby proving to be more impactful in 
enhancing performance outcomes [15]. This approach 
facilitates skill development and fosters a deeper under-
standing of one’s movements, leading to improved over-
all physical performance.

Hunt et al. compared the performance error during 
outward gait correction in Individuals with knee osteo-
arthritis utilizing three distinct forms of visual feedback: 
Mirror reflection, unedited video footage and real-time 
biofeedback displaying the outward angle. They stated 
that when real-time biofeedback was used, the perfor-
mance error was significantly lower than the raw and 
mirror video errors [16]. Hupperets et al. used a protocol 
of proprioceptive exercises to prevent the recurrence of 
ankle sprain and the recurrence of this injury. Finally, 
the obtained results showed that the exercises can pre-
vent the reoccurrence of the injury to an optimal extent 
and are effective [17]. Beydagı and Talu investigated 
the effect of proprioception exercises on balance in pro-
fessional athletes. Finally, the desired effects of these 
exercises were observed [18]. Accordingly, this study 
examines the efficacy of visual feedback in propriocep-
tive training for athletes with CAI and determines if this 
approach can substantially improve the balance of this 
population.

Materials and Methods

The research was semi experimental, with a pre and 
post-test in two groups. A total of 30 athletes were pur-
posefully and available to participate in the research ac-
cording to the score of the foot and ankle ability measure 
(FAAM) and the FAAM sports index (FAAM-sport) and 
after the physician confirmation Using medical records 
and physical examinations (anterior drawer test) that 
they were suffering from CAI, they entered the study. 
The inclusion criteria comprised the following items: In 
the past six months having a feeling of instability several 
times in the ankle joint and obtaining a score of ≤90% 
on the FAAM and a score of ≤80% on the FAAM-sport. 
Meanwhile, the exclusion criteria were having previous 
lower limb injury within the past six months, lower limb 
surgery, and balance and vision disorders, Afterwards, 
they were divided randomly into two groups. Each group 
included 15 athletes, the first group performed proprio-
ceptive exercises with visual feedback (PF) and the sec-
ond group performed proprioceptive exercises without 
feedback (P). Before starting the evaluation and exercis-
es, a consent form for participating in the research was 
received from each subject. Initial evaluations, including 
height, mass, age, and static and dynamic balance, were 
performed. The research stages are depicted in Figure 1.

Program exercise

The research protocol was selected from Hupperets et 
al.’s research [17], which lasted for eight weeks in such 
a way that the exercises were performed in three 1-h 
sessions per week. In the first group, which performed 
proprioceptive exercises with visual feedback, all ex-
ercises were performed in front of a mirror to use their 
movement feedback, and the second group, which con-
sisted of proprioceptive exercises without feedback, was 
performed in the same way. The intended proprioceptive 
exercises are presented in Table 1.

FAAM and FAAM-sport

FAAM questionnaire comprises 26 questions, with 
four about pain and 22 focusing on activity. In contrast, 
the FAAM-sports questionnaire consisted of eight ques-
tions. Every question was evaluated using a 5-point Lik-
ert scale that ranges from 0 to 4. Individual scores were 
assigned to each indicator. The maximum score achiev-
able for the FAAM index was 104, whereas that for the 
FAAM-sports index was 32. Subsequently, scores were 
converted into percentages [19].
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Dominant leg 

To identify the dominant leg, athletes were asked to 
kick a ball, the dominant leg was the leg used to kick 
the ball [20].

Balance

Static balance (stork balance)

The Stork balance method is done in such a way that 
the subject placed the opposite leg of the injured leg on 
the inner edge of their knee placed both hands on their 
hip and with the command “Go” raised the heel of the 
stationary leg on the ground and the position. It pre-

serves as much as possible when it is balance impaired, 
the foot is removed from the kneecap, the hands are re-
moved from the hips, or the heel of the foot is near the 
ground and touch. Static balance was evaluated in two 
conditions with eyes open and closed [21].

Dynamic balance

To evaluate dynamic balance, the jump and landing test 
was utilized. The procedure is as follows. The subject is 
placed in the starting position and the hands are on the 
iliac crest. The person’s gaze should be forward and then 
they will be placed on one leg and they will be asked to 
jump towards the prearranged squares and land on the 
same leg and then stop for 5 seconds and then perform 

Table 1. Proprioceptive exercise

Proprioceptive Exercises Set×Repetition

Stand on your right leg with your left foot lifted off the ground and swung back, keeping your feet 
about one shin-length apart. This exercise is known as the one-legged knee flexion stand 2×15

Toes raised on a step 2×15

Bend on one leg and slowly approach the ground 3×1 min

Runners’ pose 1×15

Lean forward slightly and put your weight on one leg. Cross leg sway the other in front of the body 1×15

Toe walk 4 m×3

Figure 1. Flow diagram of study
 ر 
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the next jump. During the execution of the test, errors 
were counted and dynamic balance ability was evaluated 
by the number of errors.

Errors in the stop phase after landing include the bent 
leg hitting the ground, lifting the hands from the iliac 
crest, touching the weight-bearing limb, and moving the 
non-weight-bearing limb toward flexion, extension, or 
away, becoming excessive (>30 degrees).

Errors in the landing phase include removing the hands 
from the iliac crest, not covering the square with the leg, 
stumbling during landing, and the landing leg having 
more than 10 degrees of inversion or eversion [22]. 

The process of performing the jump and landing test is 
shown in Figure 2.

Statistical analyses

SPSS software, version 27 was utilized for analyzing 
the collected data. The Shapiro-Wilk test was employed 
to check the normality of the subjects’ distribution. The 
paired sample t-test was conducted to examine within-
group variations, while univariate analysis was used to 
compare the two groups. The Lune test was used to con-
firm the homogeneity of variance. A significance level of 
0.05 was considered to interpret the results.

Results

Table 2 presents the descriptive statistics of the de-
mographic characteristics of the subjects, such as mass, 
height, age, body mass index, FAAM index and FAAM 
sports index, individually for each group.

According to the results of the Shapiro-Wilk test, all 
the data follow a normal distribution. The independent 
t-test results revealed no significant difference across the 
demographic indicators, suggesting that the subjects ex-
hibited homogeneity in these characteristics.

The comparison between groups was analyzed using 
univariate variance test and the results are reported in 
Table 3. Meanwhile, the homogeneity of variances was 
assessed using Lune’s test. The results for static balance 
with eyes open (P=0.785, F=0.76), static balance with 
eyes closed (P=0.151, F=2.184), and dynamic balance 
(P=0.510, F=0.445) supported the hypothesis of homo-
geneity in variances.

The mean difference is in static balance eyes open 
(-0.1) and eyes close (1.46), in dynamic balance (-0.33). 
The effect size of static balance in conditions with eyes 
open and closed, respectively (η²=0.157,η²=0.189) and 
in dynamic balance (η²=0.189), which shows that the 
effect size is weak. Comparing the intragroup changes 
in variables and changes within the group are shown in 
Figure 3.

In the intra-group comparison section, the findings of 
the paired sample t-test demonstrate a notable discrep-
ancy in both static and dynamic balances within each 
group. The mean difference is in exercises in each group 
in the static balance section with EO in the group of PF 
(-4.38), in the group P (-3.28), in the section of static 
balance with EC in the group PF (-3.42), in the group P 
(-2.78), and in the dynamic balance section, in the group 
PF (4.13) and the group P (3.33).

Figure 2. Schematic of jump and landing test
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Discussion

This study assesses the impact of proprioceptive exer-
cises incorporating visual feedback compared to proprio-
ceptive exercises without feedback on the balance (static 
and dynamic) of athletes with CAI. The findings showed 
the effect of both training methods, but in the compari-
son between these two methods, the effect of proprio-
ceptive exercises with visual feedback was greater than 
that of proprioceptive exercises without feedback, and 
there was a significant difference between these two 
training methods.

Proprioceptive exercises are the cornerstone of reha-
bilitation for patients with CAI, which have been used in 
many studies, and their effectiveness has been reported. 
On the other hand, the ankle joint receptors in the end 
range of the joint are stimulated, which requires dynamic 
exercises to improve and sends nerve information to the 
CNS to maintain stability [23]. When these exercises are 
combined with visual feedback, the sensory-motor sys-
tem and the visual system send stimuli to the CNS and 
cause the entry of more accurate and better information, 
and the CNS also sends impulses to the organs. It sends 
messages that improve one’s balance. Learning more 
and using more effectively in exercises improves neuro-

Table 3. Between-group results (univariate analysis)

Variables Group Modified Mean** F P*

Stork balance (s)

EO
PF 27.330

5.024 0.033
P 26.417

EC
PF 19.442

4.669 0.040
P 18.833

Dynamic balance (n)
PF 10.310

6.275 0.019
P 10.957

 

Abbreviations: EO: Eye open; EC: Eye close; S: Second; n: Number, PF: Proprioceptive exercise with feedback; P: Propriocep-
tive exercise.

*P<0.05 significant, **Covariates appearing in the model are evaluated with pre-test values.

Table 2. Demographic specification of individuals and independent t-test results

Variables

Mean±SD

PGroup 

With Feedback Without Feedback

Age (y) 22.8±1.14 23±1.51 0.686

Height (m) 1.82±0.05 1.84±0.02 0.320

Mass (kg) 68.41±9.7 72.92±8.36 0.183

BMI (kg/m2) 20.45±1.88 21.47±2.24 0.189

FAAM (point) 78.2±3.22 76.66±3.53 0.223

FAAM-sport (point) 64.37±4.05 63.75±3.08 0.683

 

Abbreviations: SD: Standard deviation; M: Meter; Kg: Kilogram, BMI: Body mass index, FAAM: Foot and ankle ability mea-
sure; FAAM-sport: Foot and ankle ability measure-sport.
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muscular control and can affect a person’s balance [24]. 
Using multiple senses to maintain posture can increase 
environmental awareness and apply better information 
as quickly as possible to maintain balance. Among the 
research in line with this study, the research of Gidu et 
al. [24], the effect of exercises (P˃0.006, d˂0.610) which 
shows a moderate effect size of exercises in the results. 
The research of Parlakidis et al. [25] reported the varia-
tions between the experimental group and the control 
groups (the first group with training without feedback 
and the second group without training), respectively, 
P=0.040 and P=0.010 and in the research of Park et 
al. [26], the effect of proprioception exercises on static 
(P=0.001) and dynamic (P=0.001) balance was reported. 
These findings are consistent with the present study, and 
the reasons that can justify this consistency include pro-
prioceptive exercises, the main purpose of which is to 
improve the balance of people with CAI. The subjects 
of these studies were within the same age bracket as this 
study, and in the two studies of Guido and Parlakides, the 
subjects were athletes.

The utilization of momentary feedback aids in correct-
ing immediate movements, ensuring optimal conditions, 
and selecting the best course of action [27]. People with 
CAI employ a stepping strategy to sustain dynamic equi-
librium across various scenarios. Following exercise ses-
sions in both groups, a decline in the use of the stepping 
strategy was noted, with an enhanced reliance on the hip 
strategy for posture maintenance. Visual input enhances 
bilateral weight distribution, thereby enhancing balance 
[28]. Equitable weight distribution between limbs di-
minishes body sway during critical moments, optimiz-
ing positioning. Notably, individuals utilizing feedback 

exercises exhibited reduced balance fluctuations and 
achieved stability swiftly. 

These exercises challenge the body’s sense of position 
and rely on vision and internal cues instead of touch, 
mechanoreceptors in muscles, and tendons, and stimu-
late the joints [29]. This increased sensory input is trans-
mitted to the brain and improves its perception of the 
body’s position in space. Additionally, these exercises 
improve sensory integration by integrating propriocep-
tive cues with visual information By doing exercises 
with eyes closed and then opening them to observe any 
deviations, the brain learns to accurately perceive the 
posture and strengthens the neural pathways between 
the sensory and motor areas, allowing for more precise 
movement control and adjustments, in addition to opti-
mizing the motor cortex; thus, proprioceptive exercises 
with visual feedback can indirectly enhance vestibular 
function [30]. As body position sense improves, the ves-
tibular system receives more correct stimulus about head 
and body orientation and supports greater balance stabil-
ity. By targeting these physiological processes, proprio-
ceptive exercises with visual feedback create a positive 
feedback loop. Improved body awareness leads to better 
movement control, ultimately reducing the risk of falling 
and improving overall balance [31, 32]. 

In Han et al.’s research, the use of feedback is empha-
sized to maintain better balance, and the use of feedback 
during exercises is recommended. The use of feedback 
during performance creates a connection between two 
people. This relationship can have a significant effect on 
mental performance and cause motivation, reduce stress, 
and increase self-confidence [14]. 

Figure 3. Changes within the study groups

A) The static balance EO in groups PF and P, B) The static balance EC in groups PF and P, C) Dynamic balance in PF and P 

Abbreviations: EO: Eyes open; EC: Eyes close; PF: Proprioceptive exercise with feedback; P: Proprioceptive exercise.

Note: The figure shows the comparison of the pre-test and post-test in each group with used paired sample t-test. *P<0.001 is 
significant.

EC 
PF 19.442 

4.669 0.040* 

P 18.833 

Dynamic balance (N) 
PF 10.310 

6.275 0.019* 

P 10.957 

Notes: * indicates P < 0.05 which is significant. Also, ** shows that covariates appearing in the model are evaluated 
with pretest values. 
Abbreviations: EO, eye open; EC, eye close; S, second; N, number, PF, proprioceptive exercise with feedback; P, 
proprioceptive exercise. 

The mean difference is in static balance eyes open (-0.1) and eyes close (1.46), in dynamic balance 
(-0.33). The effect size of static balance in conditions with eyes open and closed, respectively (η² 
= 0.157,η² = 0.189) and in dynamic balance (η² = 0.189), which shows that the effect size is weak. 
Comparing the intragroup changes in variables and changes within the group are shown in Figure 
3. 

 

Figure 3. Changes Within the Study Groups 

 
Notes: * indicates P < 0.001 is significant. Figure 3 shows the comparison of the pretest and posttest in each group 
with used  Paired sample t test. A) shows the static balance EO in groups PF and P;  B) shows the static balance EC 
in groups PF and P; C) shows the dynamic balance in PF and P. 
Abbreviations: EO, eyes open; EC, eyes close; PF, proprioceptive exercise with feedback; P, proprioceptive exercise. 
 
In the intra-group comparison section, the findings of the paired sample t test demonstrate a 
notable discrepancy in both static and dynamic balances within each group. The mean difference 
is in exercises in each group in the static balance section with EO in the group of PF (-4.38), in the 
group P (-3.28), in the section of static balance with EC in the group PF (-3.42), in the group P (-
2.78), and in the dynamic balance section, in the group PF (4.13) and the group P (3.33).  
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In the research of Yalfani et al. [11], the effectiveness of 
eight weeks of exercises with and without neurofeedback 
was observed in the groups (in both experimental groups, 
the neuromuscular exercises group and the neuromuscu-
lar exercises group with neurofeedback, P˃0.001) but in 
the comparison two experimental groups no significant 
changes were apperceived in the balance section (ex-
cept in the A-P direction in the dynamic balance section, 
P=0.031 and 95% CI, -0.56%, -0.02%). One of the rea-
sons why this study was not aligned with the previous 
research was that they used neuromuscular exercises in 
combination with neurofeedback, while proprioceptive 
exercises are the cornerstone of rehabilitation for people 
with CAI. The next factor is the difference in the type of 
feedback, not all people react to the neurofeedback tool 
in the same way and it may be unpleasant for a group, 
while visual feedback applied through a mirror may be 
more user-friendly for subjects and the other hand. The 
feedback that appears is simpler than neurofeedback, 
and providing an appropriate response to them may be 
applied in less time.

In another study, Mohan et al. [33] performed two 
weeks of mirror therapy to improve balance in people 
with stroke. The obtained results showed that mirror 
therapy has no effect on the balance of this group of 
people does not cause a significant difference (P=0.358) 
and only leads to the improvement of their mobility. The 
short duration of training may be a factor that caused 
such a result. Mohan et al. used 12 rehabilitation ses-
sions over two weeks. The large volume of exercises can 
take the chance of recovery from the subjects, and for 
this reason, the subjects may not be ready for the next 
session and may not do the exercises well. Another dif-
ference between this study and the present study was 
the target community. In the current study, athletes were 
used to perform exercises. In Mohan’s study, there were 
people with stroke, this group of people needs a longer 
intervention to improve the effects of stroke, so that the 
minimum results are achieved.

Visual feedback exercises spurred heightened motiva-
tion among the athletes in this study, influencing efforts 
to maintain equilibrium. The amalgamation of internal 
factors like motivation and external factors such as pro-
prioceptive exercises with visual feedback delineates 
the disparities observed between the groups. Sensory re-
weighting can compensate for limitations and defects by 
utilizing other sensory inputs to maintain optimal condi-
tions. In cases of CAI, this process plays a crucial role in 
managing chronic injuries. On the other hand, because in 
people with CAI, the visual system carries more weight 

to establish balance, sensory reweighting helps a person 
a lot in chronic injury conditions [34].

The forthcoming study discusses the small impact of 
the findings but highlights that this approach can be a 
cost-effective and beneficial addition to achieving goals, 
including an expedited return to sports. This method 
not only adds variety to training in the long run, help-
ing to sustain athlete motivation but also fosters a sense 
of safety and confidence during rehabilitation that can 
significantly enhance its quality.

Conclusion

The results show that both exercise methods, proprio-
ceptive exercises with visual feedback and propriocep-
tive exercises without feedback, have affected the de-
sired changes and caused improvement. In the review of 
the two methods, the results have shown that the method 
of proprioceptive exercises with feedback is more ef-
fective on balance. Proprioceptive exercises with visual 
feedback are effective in the rehabilitation of athletes 
with CAI and it is recommended that athletes and coach-
es use these exercises to reduce the complications of this 
injury so that they can observe the improvement of their 
performance after the exercises.

Study limitations

One of the limitations of the research is the lack of ex-
amination of the efficacy of exercises on the muscular 
activities of the lower extremities in the mechanisms 
of maintaining balance and the lack of access to female 
subjects to apply intervention on them.

 It is suggested that Research comparisons include gen-
der group analyses, especially since male athletes were 
the focus of the current study. Strengthening research 
with larger subject pools, diverse age ranges and addi-
tional controls can enhance its impact. Recording muscle 
activities can give us a better understanding of how ex-
ercises affect the balance of these people. Future stud-
ies should explore different feedback methods alongside 
comparison techniques to determine effectiveness and 
optimize rehabilitation processes. Combining feedback 
methods with various training approaches, such as re-
sistance training, could also benefit the treatment of ath-
letes with CAI.
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