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Introduction

ateral ankle sprain (LAS) is the most com-

mon musculoskeletal injury of the lower

extremities [1]. Incidence rates are particu-

larly high in sports involving large running

volumes, change of direction, and jump-
landing [2, 3]. An inversion ankle sprain occurs when
the foot rolls inward, the ankle rotates outward, and the
lateral ankle muscles, tendons and ligaments are stretched
beyond their normal limits [4]. The risk factors for acute
LAS are categorized as intrinsic or extrinsic. Intrinsic
factors included the history of previous sprains, age, sex,
height, weight, and body mass index. Moreover, muscu-
loskeletal characteristics, such as balance, proprioception,
range of motion (ROM), strength and anatomic foot type,
may affect repeated sprains. Extrinsic risk factors include
external bracing, type of sports activity, competition level
and neuromuscular training participation [5]. One of the
main challenges following LAS is the possibility of re-
injury; therefore, decreasing the risk of reinjury is highly
important in LAS management [6].

Impaired postural control is common in patients with
ankle instability [7-9]. Based on the sensory organization
hypothesis, the central nervous system (CNS) can set the
appropriate balance mechanism by processing data from
the visual, vestibular, and proprioceptive systems [10].
Impaired sensory input from the body position may lead
to imbalance and instability. Individuals with a history
of ankle sprains often show impaired proprioception and
kinesthesia (sense of movement), which can play a cru-
cial role in reduced balance and reinjury [11]. Therefore,
such sensorimotor deficits may lead to some degree of
limitation in physical activities in patients who experi-
ence ankle sprains.

The articular and cutaneous receptors of the foot and
ankle are peripheral receptors that provide propriocep-
tive information to the CNS and are degraded in indi-
viduals with ankle instability [12, 13]. Ankle ligament
damage dramatically decreases and sometimes com-
pletely disrupts the ability of these receptors to func-
tion properly as a source of sensory information toward
higher centers in the brain. Therefore, if the propriocep-
tive system remains untreated after an ankle sprain, neu-
romuscular coordination of the joint can be impaired,
possibly leading to frequent episodes of sprains. The
high frequency of ankle sprains and the high recurrence
rate demonstrate the importance of designing more ef-
fective rehabilitative programs [14-16].
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Since an ankle sprain can disrupt proprioceptive ability
and neuromuscular control in injured individuals, patients
will be treated and return to activities faster by improv-
ing muscular strength, balance, joint ROM and proprio-
ception [17-19]. Early dynamic training after an ankle
sprain has been previously reported to result in a shorter
time to return to sport, increased functional performance,
and decreased self-reported reinjury compared to passive
interventions for returning injured athletes to sports [16].
Neuromuscular training can be defined as multi-interven-
tion programs that combine balance, weight, plyometric,
agility and sport-specific exercises [20]. As an active treat-
ment, exercise therapy, including neuromuscular training,
may be useful as a cost-effective intervention to decrease
reinjury. Numerous rehabilitation protocols to improve
the deficits associated with CAI have been studied, rang-
ing from strength [21-24] or balance [25-27] training
programs to multicomponent (strength, balance, ROM)
rehabilitation [28, 29] approaches. Resistance band and
balance training protocols have been previously shown to
improve strength [21, 23, 24] and balance [27] variables,
respectively. These functional rehabilitation protocols
effectively improve strength, balance, and self-reported
function [21-24, 26, 29-31]; however, few studies have
assessed improvements in proprioception. To the best of
our knowledge, there is little evidence regarding the im-
pact of a comprehensive neuromuscular training program
on different biomechanical and clinical variables, includ-
ing proprioception, in athletes with LAS, using suitable,
reliable and modern laboratory instruments. Therefore,
this study aimed to evaluate the effect of six weeks of neu-
romuscular training on muscular strength, balance, ROM,
and proprioception in male athletes with LAS.

Materials and Methods

Seventeen semi-professional male athletes with LAS
regularly participated in at least three sessions of sports
training or competition per week, each lasting at least 2
hours. They were randomly divided into two interven-
tion (n=8) and control (n=9) groups through a simple
randomization method using a random number table.
Based on previous studies, the sample size was calcu-
lated using G*Power software, version 3.1, with a type |
error 0.05 and a power of 80% [6]. The participants were
selected using a convenient sampling method, as they
were called from the people who were referred to five
private clinics in Tehran City, Iran and met the inclusion
and exclusion criteria. All participants signed a consent
form before treatment initiation. Semi-professional ath-
letes were defined as those performing at the national
or international level and receiving some salaries as part
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Table 1. The strength training program

July 2025, Volume 19, Number 3

Week Repetitions and Sets Rest Between Sets Procedure

Week 1 3x10 60s Isometric contraction, each contraction 5-10 s
Week 1-2 3x8-12 90s Isotonic contraction, each contraction 5 s, 4 s recovery
Week 2-4 3x8-12 60s Isotonic contraction, each contraction 5 s, 4 s recovery
Week 4-6 3x8-12 45s Isotonic contraction, each contraction 5 s, 4 s recovery

of their sports activities [32]. According to the exami-
nation of an orthopedic specialist, individuals aged 18-
35 years in 7-14 days post-injury (grade I or II LAS)
were included in the study. Volunteers with a history of
fracture, casting, syndesmotic ankle injury, inability to
bear full weight, diabetes, neurological, and systemic
diseases were excluded from the study. The two study
groups were matched regarding the proportion of dif-
ferent injury severities (grades I and II) in each group. A
single examiner performed all the assessments for all the
participants while blinded to the study groups.

Training program

All the subjects in the experimental group performed
the exercises three times a week for six weeks for 45-60
minutes using the specified medical practice protocol in
the affected limb. The exercise was progressive; there-
fore, the number of repetitions increased, or the rest pe-
riods decreased per week [33]. (Tables 1, 2, 3 and 4) If
the participant could not progress with the exercise pro-
gram’s timeline, he would stay in the previous stage until
he could pass the stage. The subjects in the control group
were monitored while they performed their routine physi-
cal and sports activities during the study period.

Muscle strength measurement

The parameters, including the strength of the ankle
invertor and evertor muscles, were evaluated using iso-
kinetic dynamometers and manual application of the Bio-
dex, according to the protocol in Table 5. In the isokinetic

Table 2. The balance training program

JMR

test, the evertor and invertor muscles of the participants
were tested at velocities of 60 and 120 “/s. For this pur-
pose, the ankle was fixed at 10° plantar flexion. At the
same time, the knee was at 30-45° flexion to prevent the
hamstring muscles and other tibia rotators from replac-
ing the muscles under study. The anchor chair was fixed
at 70°. To prevent hip and knee movements during the
test, the participants were tied to the chair from the chest,
pelvis, and upper thigh (Figure 1). The ankle ROM was
measured at -5” from both directions up to the maximum
active inversion and eversion. The participants repeated
the movements at each velocity to perform three maxi-
mum eccentric-concentric contractions for inversion and
eversion movements at 60 and 120 °/s [34]. Before start-
ing the test, the participant performed five submaximal
contractions for warming and orientation of the test pro-
cedure. The main test was initiated after one minute of
rest. After each trial, a five-minute rest was considered to
prevent pain, discomfort, or cramps [34].

Balance measurement

In this study, the Biodex 300-950 balance gauge was
used to measure balance using the postural stability
protocol. Each participant’s balance was measured after
three attempts. Each participant performed three trials of
this measurement and the average values were used for
statistical analysis. The duration of each test was 20 s,
and the stability level was changed from 8 to 2.

Week Repetitions and Sets  Rest Between Sets Direction Procedure
Week 1-3 5x15-30s 20s Dorsi/plantar flexion
5x15-30's 20s Dorsi/plantar flexion Long sitting and stretching with
thera-band
Week 4-6
5x15-30s 20s Inversion/eversion

JMR
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Table 3. The range of motion training program

Week Repetitions and Sets Rest Between Sets Direction Procedure
Week 1-3 2x5-10 60s Ant/post 1 set with open eyes, 1 set blindfolded
Week 4-6 2x5-10 60s Med/Lat 1 set with open eyes, 1 set blindfolded

JMR

Table 4. The proprioception training program

Week Repetitions and Sets Rest Between Sets Procedure
Week 1-2 Ix5-10 60's Sitting, the affected leg follows the unaffected leg
movement
Week 2-4 2x5-10 60s Sitting, moving with the affected leg
Week 4-5 2x5-10 60s Standing on both feet, move with the affected leg
Week 5-6 2x5-10 60s Standing on one foot, move with the unaffected leg

ROM measurement

The ROM test used a mark on the skin to identify rel-
evant points. During the measurements, the participants
sat on the floor with perfectly smooth knees and the go-
niometer axis was placed on the lateral malleolus. The
fixed arm of the goniometer was placed on the midline
of the leg, and the head of the fibula was considered the
reference. The movable arm was placed parallel to the
fifth plantar bone. The examiner held the goniometer
and leg with a fixed hand. The examiner held the mov-
able arm and leg with the other hand in the dorsiflexion
position and read the goniometer degree at the end of
the ROM [35]. Each participant performed three trials of
this measurement, and the average values were used for
statistical analysis.

Proprioception

Biodex instrument was used to measure propriocep-
tion. For this purpose, the participant’s ankle was placed

Table 5. Muscle strength measurement protocol

JMR

on the device (Figure 2). Proprioception was evaluated
in inversion and eversion movements. The target and
start angles were 10" and -5° inversion, respectively.
The active joint angle reproduction method was used to
measure proprioception. The leg was moved to the target
angle by the device and remained in this position for 5
s. Then, it was returned to its original angle. The partici-
pant was then asked to move his leg towards the target
angle felt by the participant and press the key in his hand.
This procedure was performed three times, and the aver-
age of these three trials (mean difference from the target
angle) was recorded as the proprioception accuracy [36].

Both groups measured muscle strength, balance, ROM,
and proprioception similarly. The measurement order
was the same as the order in which they appeared in the
text and was exactly similar for both groups.

Angular Velocity Rest Between Contractions

Muscle Group Repetition Contraction Type
3 repetitions ECC-CON
Evertors
3 repetitions ECC-CON
3 repetitions ECC-CON
Inverters
3 repetitions ECC-CON

60 (deg/sec) 1 (min)
120 (deg/sec) 1 (min)
60 (deg/sec) 1 (min)
120 (deg/sec) 1 (min)

ECC; Eccentric; CON; Concentric.

JMR
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Figure 1. Ankle muscle strength testing using biodex isokinetic dynamometer

Data analysis

The Mean+SD were used for descriptive statistics.
The Kolmogorov-Smirnov test was used to ensure data
normality. To examine the hypotheses, a paired-samples
t-test was used to compare pre-test and post-test data.
The independent samples t-test was used to determine
the differences between the study variables in the experi-
mental and control groups. It should be noted that the
significance level was considered to be 0.05.

Results

No between-group differences were observed in the an-
thropometric characteristics (P>0.05) (Table 6).

A significant difference was observed between the
mean strength of the evertor and invertor muscles at the

Figure 2. Joint position sense testing using biodex isokinetic dynamometer

July 2025, Volume 19, Number 3
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angular velocities of 60 and 120 /s of the ankle before
and after the exercise protocol (P<0.05). The maximum
torque normalized to body weight in the invertor and
evertor muscles at 60 and 120 “/sin the intervention group
was significantly different from that in the control group
and was 1.03% and 2.18% lower, respectively (Table 7).

According to the results, a significant difference is
observed between the overall balance of patients with
an ankle sprain before and after the exercise protocol
(P<0.05). Also, a significant between-group difference is
observed in balance (P<0.5) (Table 8).

The results showed a significant difference in pro-
prioception among participants with ankle sprains be-
fore and after the exercise protocol (P<0.05) (Table 9).
An independent t-test was used to compare the mean
ankle proprioception between the exercise and control

JMR
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Table 6. Comparison of the anthropometric characteristics between groups

Characteristics Group MeanzSD T-statistics P
Intervention 177.75+7.81
Height (cm) 0.33 0.73
Control 17947.38
Intervention 73.68+7.57
Weight (kg) 0.28 0.77
Control 72.6516.75
Intervention 2212429
Age (y) 0.48 0.63
Control 21.44+2.87
Intervention 23.27+1.33
BMI (Kg/m?) 0.56 0.57
Control 22.73+2.36

BMI: Body mass index.

groups. The results showed a significant difference in
proprioception between the exercise and control groups
(P<0.05). The reconstruction error of the joint angle in
the intervention group was reduced after exercise.

According to the results, no significant difference was
observed between the mean ROM of the ankle in patients
with an ankle sprain before and after the exercise pro-
tocol (P>0.05). An independent t-test was used to com-
pare the mean ROM of the ankle dorsiflexion between
the exercise and control groups. The results showed no
significant difference in dorsiflexion ROM between the
exercise and control groups (P>0.05). Despite a slight
increase in dorsiflexion ROM, this difference was not
statistically significant (P>0.05) (Table 10).

Table 7. Muscle strength of the ankle in different groups

JMR

Discussion

This study was conducted to evaluate the impact of a
6-week neuromuscular training protocol on muscular
strength, balance, ROM, and proprioception in male ath-
letes with LAS.

The strength of the evertor muscles of the support leg
increased significantly after the intervention in both
groups; however, this improvement was significant-
ly higher in the intervention group than in the control
group. Eversion and dorsiflexion strength are two major
factors related to an increased ankle ligament injury rate.

Variables MeantSD T-statistics P

S
Intervention Evertor 120° (%) ll‘ac:s:tzss:ct ig;gig%g 462 P<0.01"
group Invertor 60° (%) Ifc:set-—tteesstt ;gg?igg? -5.95 P<0.01*
Invertor 120° (%) Ff:st'_ttf:t g;:gggﬂ -4.29 P<0.01’

Evertor 120° (%) Ff’;set'_ttfstt 33%%3535'792 1.60 0.14

contrelgrovp Invertor 60° (%) ;’git'_tte:stt gg:g;ii:gi 0.16 0.82

Invertor 120° (%) Ppgst'_tteesstt ;g:g;i;:gg 1.08 033

JVIR
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Table 8. Overall balance in different groups

July 2025, Volume 19, Number 3

Overall Balance MeanSD T-statistics P
Pre-test 2.92+1.03
Intervention group 3.88 P<0.01"
Post-test 2.12+0.51
Pre-test 2.75+0.87
Control group 3.76 P<0.01"
Post-test 2.85+0.78
Table 9. The ankle proprioception in different groups
Group MeantSD T-statistics P
Pre-test 6.40+1.07
Intervention (degree) 2.66 0.03"
Post-test 5.58+0.31
Pre-test 6.83+0.96
Control (degree) 1.86 0.10
Post-test 6.75+0.97

Weakness of the evertor muscles decreases their ability
to act against inversion torque to return the ankle joint to
its optimal condition, which can ultimately lead to ankle
sprains. Some of the previous studies indicated that the
strength deficiency of evertor muscles does not lead to
functional instability of the ankle [37, 38]. In contrast,
other researchers have found that defects in the eccen-
tric contraction of evertors in patients are associated with
chronic ankle instability [39]. A previous meta-analysis
by Arnold et al. showed that participants with ankle in-
stability had weaker ankle evertors than those with stable
ankles [40]. Tropp et al. found the long-term weakness of
the evertor muscles after an inversion sprain [41]. Baum-
hauer et al. suggested that evertor muscles’ weakness
may remain for over ten years after an ankle inversion
sprain [42]. If the evertor muscles cannot counteract the
external inversion torque, increased ankle inversion may
result in a higher risk of inversion sprains [41]. Wilker-

son et al. found that the concentric strength of invertor
muscles is decreased in patients with ankle sprain [37],
which supports a theory presented by Swearingen and
Dehne [43] suggesting that decreased stress tolerance of
a damaged joint leads to a reflex mechanism that inhib-
its muscles which their contraction may increase tensile
stress on injured ligaments. Moreover, the results of a
study conducted by Hall [44] support the theory of selec-
tive reflex inhibition of the ankle invertors immediately
following an inversion sprain. The improvements in in-
version and eversion strength in the intervention group
were consistent with those of several previous studies
[23, 24, 45], while some clinical trials found no signifi-
cant improvement in muscular strength of these muscle
groups following a rehabilitation program, including
strengthening exercises. The lack of improvement in
such studies can be attributed to inadequate resistance in
the resistance band protocol [22].

Table 10. The dorsiflexion range of motion of the ankle in different groups

Group MeanzSD T-statistics P
Pre-test 16.4043.72
Intervention (degree) 1.52 0.17
Post-test 17.04+4.15
Pre-test 16.08+2.70
Control (degree) 0.88 0.40
Post-test 16.18+2.59

JMR
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The current study found a significant difference be-
tween the intervention group’s pre-test and post-test
balance scores. Our results were consistent with those
of Hall et al. [45], Ross and Guskiewicz [46] and Ross
et al. [47]. They showed that exercise therapy can im-
prove balance in patients with functional ankle instabil-
ity. Huang and Lin [48] showed that combined balance
and plyometric exercises reduce postural fluctuations in
static and dynamic situations and improve energy dissi-
pation patterns in patients with a history of ankle sprain.
According to Hale et al. [29], following a comprehensive
rehabilitation program of traditional exercises, including
balance exercises, the star excursion balance test score
improved in the exercise group compared to the control
group. They showed that comprehensive rehabilitation
exercises may reduce lower-extremity defects. However,
it is unclear which component of comprehensive exer-
cises is more effective in minimizing these defects [29].

The balance components of the neuromuscular training
protocol follow the dynamic systems theory because it
suggests that the sensorimotor system can be developed
and strategies can be changed in interaction with the en-
vironment [49]. It focuses on dynamic stabilization due
to perturbations in different tasks, such as planned and
unplanned changes in the direction of movements, land-
ing and dynamic reaching tasks [26].

In the present study, no significant difference was ob-
served between the intervention and control groups re-
garding the dorsiflexion ROM of the support leg. This
result is consistent with that of Beynnon et al. [S0], Wi-
esler et al. [S1] and Wester et al. [52]. However, these
findings are inconsistent with those of Terada et al. [53],
Reid et al. [54] and Vicenzino et al. [55], Goyal et al. [S6]
and Lazarou et al. [57].

Reduced ankle dorsiflexion ROM is a vital factor that
can lead to ankle sprains [58]. According to Bradic et al.,
the risk of ankle injury in people with poor ankle muscle
flexibility increases up to five times [59]. Researchers
believe that major sporting activities, such as squatting,
running, jumping, and landing, require 20-30° dorsiflexion
ROM [60, 61]. Therefore, return to the normal ROM of
the ankle and flexibility of the posterior leg structures are
vital to carry out various activities, especially in athletes.

Wiesler et al. studied dance students in terms of common
lower extremity disorders. According to their results, 83%
of students reported lower extremity injuries. Of these,
39% were ankle sprains. A history of previous sprains and
low dorsiflexion ROM were significantly associated with
ankle sprains. The results of the present study were con-
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sistent with this result, such that ROM in patients with
ankle sprains was significantly limited [S1]. The small
number of sessions of the stretching exercises can be
considered one of the potential reasons that no changes in
ROM were observed following neuromuscular training.

Beynnon et al. conducted a study to determine the fac-
tors affecting the incidence of ankle ligament sprain. In
their prospective study, hockey, soccer, and lacrosse ath-
letes participated. The possible risk factors in all athletes
were measured before the sports season. The athletes were
also examined during the sports season in case of injury.
According to their results, the injury rates in men and
women were 19% and 13%, respectively, and no statisti-
cally significant difference was observed. Among men, no
correlation was observed between exercise type and ankle
injury. The ankle injury factors were different for men and
women. Joint laxity, postural stability, and muscle reaction
time were not significantly related to injury [50].

This study found a significant difference between the
experimental group’s pre-test and post-test propriocep-
tion scores. The results of the present study were con-
sistent with those of Asadi et al. [62], Lapanantasin et al.
[63] and Sarvar et al. [64] found beneficial effects of dif-
ferent exercise types on ankle proprioception in patients
with ankle instability. Other investigators have shown no
significant effect of therapeutic exercises on ankle pro-
prioception in these subjects [65].

Recognizing and responding to leg motion through
postural adaptation is necessary to prevent ankle injuries
[66]. Several authors have argued that ankle sprains and
subsequent functional ankle instability are related to pro-
prioception defects [67], mechanical instability [68] and
fibular muscle weakness [69]. A recent review suggested
that patients with ankle instability have proprioception
deficits in their injured ankles, especially about joint po-
sition sense (JPS) [70, 71]. The JPS allows us to maneu-
ver around obstacles that are out of view. Higher ankle
JPS deficits are associated with worse balance impair-
ments and an increased risk of sprain recurrence [72-74].
Several previous studies have shown that people with
ankle sprains experience difficulty in the active and pas-
sive reconstruction of the joint angle. Boyle and Negus
found that individuals with repeated ankle injuries are
less precise in active and passive JPS during plantar flex-
ion and dorsiflexion than healthy individuals [75]. Neu-
romuscular training using a slide board or wobble board
is a common rehabilitation method for ankle instability,
designed to help retrain the proprioceptive system by im-
proving the performance of joint mechanoreceptors and
restoring the normal neuromuscular feedback loop.

272
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Caldemeyer et al. performed a systematic review and
demonstrated the positive effect of neuromuscular train-
ing in decreasing recurrent sprains in female athletes
with ankle instability [76]. Kim et al. reported that an
8-week neuromuscular training program significantly
improved ankle dorsiflexion, subjective feeling of insta-
bility, functional status, and dynamic balance in patients
with CAI [77]. A statistically significant relationship
was identified among athletes regarding the preventive
impact of training on proprioception through a system-
atic review by Kalirtahinam et al. They concluded from
the meta-analysis that the rate of ankle sprains can be
minimized and prevented among athletes through neu-
romuscular proprioceptive exercise training alone. How-
ever, they suggested that a larger sample size should be
utilized in future studies to identify more comprehensive
outcomes related to ankle injuries [78].

Tao et al. conducted a systematic review and meta-
analysis to evaluate the efficacy of current exercise
programs to restore the deficits of JPS in patients with
chronic ankle instability. They found that existing exer-
cise therapies may positively affect passive JPS during
inversion and eversion but do not restore active JPS defi-
cits in injured ankles in patients with CAI compared to
non-training controls. They suggested that updated exer-
cise components with a longer duration that focus on ac-
tive JPS with longer duration are needed to supplement
the existing content of exercise therapies [79].

Sekir et al.’s study showed a significant improvement
in proprioception after an isokinetic exercise program
was implemented. Finally, they concluded that tendon
mechanoreceptors and muscles provide active proprio-
ceptive functions [31]. This observation is associated
with a physiological understanding of the crucial role of
muscle afferents in proprioception [46, 47].

The increase in JPS in this study can be attributed to
the improvement in muscle strength by two potential
mechanisms. First, the imbalance between the strength
of the evertor and inverter muscles may cause mechani-
cal instability of the ankle and subsequently lead to stim-
ulation of the free nerve endings (FNEs). An increase in
muscle strength may cause biomechanical balance of the
ankle and remove stimulation of FNEs. Subsequently,
proprioception is stimulated by the increased transmis-
sion of A-beta fibers in the CNS.

Second, according to Docherty et al. it can be due to
increased activity of muscle spindles and the Golgi ten-
don organ (GTO) [24]. When a joint moves, impulses
should rise from different levels of the nervous system to
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provide proprioceptive signals. In addition to increased
afferent input from the ligaments and joint capsules, pro-
prioceptive receptors in the skin, muscles (muscle spin-
dles) and tendons GTO provide inputs. After strengthen-
ing the muscle structures, the capacity of proprioceptive
receptors is improved by stimulating muscle spindles
and GTO. Muscle spindles receive static and dynamic
stimulation from gamma-efferent nerve fibers. This, in
turn, will increase the accuracy of JPS [31]. The results
showed that central and peripheral adaptation through
wobble board training improved JPS. Peripheral adapta-
tion may be because these exercises frequently stimu-
late joint mechanoreceptors in the terminal domain of
the ankle during exercise [80-82]. According to the lit-
erature, joint mechanoreceptors are overstimulated when
the ankle moves to the end of its ROM [83, 84]. Fur-
thermore, rapid changes in length and tension when the
tendon-muscle structure is loaded during eccentric con-
tractions may facilitate adaptation between the muscle
spindle and GTO. Many researchers believe that GTO
desensitization increases the stimulation of the muscle
spindle stretch toward changes in length [83, 85]. With
increasing stimulation of the muscle spindle system, the
contribution of muscle spindle afferents to the CNS in-
creases with joint position. This adaptation may increase
proprioception in athletes. This new task requires acti-
vating muscles in anticipation, balance, weight-bearing
in balance, and involuntary contractions for concentric
force production while returning to a state of balance af-
ter imbalance. JPS is significantly improved when the
muscles are stimulated; therefore, these activities im-
prove kinesthesia [86].

Conclusion

It can be concluded that neuromuscular training can be
effectively incorporated into the rehabilitation protocol
for athletes with LAS to improve their muscle strength,
balance, and proprioception. These results can be cru-
cial for injured people and physiotherapists to achieve
good clinical improvements, especially in balance and
proprioceptive performance.

Limitations

The subjects could not be blinded to the study group.
Moreover, we did not assess the long-term effects of such
a neuromuscular training program in patients with LAS
or healthy individuals. We did not follow the participants
for a longer period, considering the potential impact of
this intervention on decreasing the reinjury risk.
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