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Research Article
Abstract

Background and Objective: Given the prevalence of genu valgum deformity and its impact on static and dynamic balance
in growing adolescents, this study aimed to determine the effectiveness of neuromuscular exercises on static and dynamic
balance of male adolescents with genu valgum deformity.

Methods: This quasi-experimental study was conducted on 24 non-athlete students aged 12 to 14 years with genu valgum
deformity. The participants were recruited from corrective exercise centers in District 1 of Velenjak and District 20 of the
city of Rey in 2023. Subjects were divided into two groups of 12: A control group and an exercise group. The single-leg
balance test and the Y-balance test were used to assess static and dynamic balance in various directions. The corrective
exercise program consisted of 12 weeks of neuromuscular exercises, designed in three phases based on varying repetitions,
sets, and intensities.

Results: The static and dynamic balance of the exercise group exhibited a statistically significant improvement in the
anterior, posteromedial, and posterolateral directions compared to the control group (P<0.05).

Conclusion: The neuromuscular corrective exercise program led to an improvement in both static and dynamic balance in
adolescents with genu valgum deformity.
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Introduction

Genu valgum deformity is a prevalent knee joint anomaly
characterized as a structural misalignment of the tibia relative to
the femur. Identifying effective methods for preventing its
secondary complications and improving the efficiency of the
knee-area musculature is crucial. An increased knee angle, or
genu valgum deformity, alters natural body alignment, leading to
shifts in the body's center of gravity and imposing limitations on
the proper control of both static and dynamic balance. Static and
dynamic balance, defined as the ability to maintain a body
position, such as standing or sitting, or to control posture during
movements like reaching for an object or walking, both are
essential and important for motor abilities. Studies report that
individuals with genu valgum deformity exhibit poorer
performance in balance recovery. Given that impairments in
both static and dynamic balance can heighten the risk of injury
during physical activities, this finding is particularly significant.

The passive (osseous-ligamentous), active (muscles), and
control (nervous system responsible for sensorimotor control)
subsystems are defined as three influential subsystems affecting
balance. The complications of genu valgum deformity vary
within each of these subsystems. The passive subsystem
involves misalignment of bones from the pelvis to the ankle,
encompassing femoral anteversion, ankle pronation, reduced
medial longitudinal arch (pes planus), patellar dislocation, joint
instability, cartilage degradation, and ultimately, premature
osteoarthritis. Complications related to the active subsystem in
genu valgum deformity include weakness of the hip abductor
muscles (gluteal and fascia lata muscles), increased quadriceps
force on the patella, increased inward tensile force, increased
compressive force, and premature fatigue during gait.
Complications of genu valgum deformity within the
neuromuscular subsystem include a decrease in balance index,
altered center of pressure, modified muscle activation patterns,
altered motor patterns, and impaired motor performance. In
essence, any alteration in the alignment of the knee joint, or its
proximal and distal joints, can negatively impact knee alignment
and motor patterns, resulting in deviations from normal motor
patterns.

There are various approaches to prevent, reduce potential
complications, and rehabilitate injuries associated with this
malalignment, including surgical methods, orthoses, and
exercise-based interventions, such as resistance band exercises
and corrective movements and games. Among these methods,
exercise programs are considered among the safest and most
effective corrective approaches. Due to their efficacy, ease of
instruction, and low cost, exercise programs can be utilized for
correcting certain musculoskeletal disorders and their resulting
complications. Due to the presence of chain reactions, the entire
body should be regarded as a single, unified system, and instead
of focusing locally on one area, attention should be directed
toward muscle chains based on the sensorimotor system. This
study was conducted to determine the effectiveness of
neuromuscular exercises on static and dynamic balance of male
adolescents with genu valgum deformity.

Methods

This quasi-experimental study was conducted in 2023 on 24
non-athlete students aged 12 to 14 years with genu valgum
deformity. The participants were recruited from corrective
exercise centers in District 1 of Velenjak and District 20 of
Shahr-e-Rey, Tehran.

The tools used in this study comprised a checkerboard (for
initial screening), a stadiometer, a scale, calipers, a stopwatch, a
Y-balance test kit, a consent form, TheraBand resistance bands,

and tennis balls.

Subject height was measured to the nearest millimeter using a
stadiometer. A consent and personal information form was
employed to gather information concerning age, height, weight,
and injury history, and to obtain informed consent from the
subjects. For the clinical measurement of genu valgum deformity
using calipers, the subject was positioned standing without shoes
or socks, enuring their knees and thighs were visible and there
was no contraction in the thigh muscles. The knees were in full
extension, with both patellae facing forward. The distance
between the medial malleoli of the ankles was then measured
and recorded using a caliper. Values less than 2.5 cm were
classified as Grade 1, 2.5-5 cm as Grade 2, 5-7.5 cm as Grade 3,
and greater than 7.5 cm as Grade 4.

Static Balance Measurement: Static balance was assessed
using the single-leg stance test, measured with a stopwatch.

Dynamic Y-Balance Test: To evaluate the participants'
dynamic balance, the Y-balance test was utilized. The objective
of this test is to maintain single-leg balance while reaching with
the elevated leg in three directions: Anterior, posteromedial, and
posterolateral.

Exercise Program: The neuromuscular exercise program
emphasized three phases: Non-weight-bearing exercises, weight-
bearing exercises, and functional exercises. The primary goal of
phase one, i.e., non-weight-bearing exercises, which spanned
weeks one to four, was to familiarize the sujects with the
exercises and elicit initial, low-intensity contractions from the
aforementioned muscle groups, thereby engaging these muscles.
This phase saw the least amount of progression, as its objective
was to alleviate contractions in specific muscles and to facilitate
the learning of correct motor patterns for each muscle group.
Phase one exercises were discontinued after the fourth week
(considering the principle of exercise progression and exercise
variety), and the subjects entered phase two, performing new
exercises. The phase two, spanning weeks 4 to 8, aimed to
implement weight-bearing exercises. This phase encompassed
the core of the exercise program and incorporated progressive
exercise aiming at fostering adaptation and correcting
abnormalities. Similar to phase one, the emphasis in phase two
was on the quality of exercise execution (performing exercises
without errors and progressing from simple to complex).
Exercise progression also involved increasing the duration and
repetitions of exercises, with the most significant increases
aimed at improving muscle strength and control over lower
extermity movements. During this phase, an effort was made to
engage the muscle groups activated in the previous stage in the
correct sequence (utilizing muscles involved in correcting genu
valgum deformity, such as the gluteal muscles and the medial
knee musculature) and in the proper chain. Finally, in phase
three, i.e., functional exercise, spanning weeks 9 to 12, aimed to
maximize the impact on neuromuscular control, improve
movement control (progressing from simple to complex
exercises), and maintain proper alignment (requiring activation
of the entire lower extermity, pelvic, and trunk musculature
during more complex and challenging exercises) in the
participants when performing functional tests. The exercise
design was based on the American College of Sports Medicine
(ACSM) guidelines for children aged 6 to 17 years, which
recommend a minimum of 60 minutes of daily physical activity
at moderate to vigorous intensity. The exercise program was
structured into three phases, including preparatory, advanced,
and maintenance, spanning the initial four weeks and the
subsequent eight weeks, with an ideal frequency of three to four
sessions per week. The intensity of resistance exercises was set
within the range of six to twelve repetitions, up to the threshold
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of endurance exercises. Contraction and stretching exercises
were standardized at 10 to 20 seconds per repetition for two to
four repetitions, accumulating to 60 seconds per movement. The
ideal exercise duration was planned to be 20 to 40 minutes,
excluding warm-up and cool-down, with a safe range of 2 to 4
sets. Participants were instructed to discontinue the exercise and
inform the instructor if they experienced fatigue exceeding 60%,
culminating in their exclusion from the study. In the present
study, no participant encountered this condition.

Results

A significant difference and change were observed in the static
balance post-tests between the control and exercise groups when
comparing their post-tests (after controlling for pre-test scores as
confounding variables) (P < 0.001). Similarly, a significant
difference and increase were noted in the dynamic balance post-
tests between the control and exercise groups (after controlling
for pre-test scores as confounding variables) in the anterior (P <
0.004), posteromedial (P < 0.001), and posterolateral (P < 0.020)
directions.

Intragroup analysis revealed that the exercise group exhibited a
significant increase in static balance when comparing pre-test to
post-test scores (P < 0.001). In contrast, the control group did
not demonstrate any significant differences or changes in static
balance between pre-test and post-test scores. According to the
intragroup analysis of dynamic balance between the control and
exercise groups, the exercise group demonstrated greater reach
in the post-test compared to the pre-test in the anterior (P <
0.005), posteromedial (P < 0.001), and posterolateral (P < 0.017)
directions, leading to significant differences and changes.
However, the control group showed no significant change or
difference in dynamic balance in any of the anterior,
posteromedial, or posterolateral directions when comparing pre-
test to post-test scores.

Conclusion

Based on the findings of the current study, intragroup analysis
of static balance between the two groups revealed that the
exercise group demonstrated improved performance and
recorded longer times in the post-test of static balance compared
to the pre-test, ultimately leading to a significant increase in their
static balance. Furthermore, a significant difference and change
were observed between the control and exercise groups in the
post-test scores of dynamic balance in the anterior,
posteromedial, and posterolateral directions.

According to the Sensory Organization Hypothesis, the central
nervous system is able to regulate balance by processing data
from the visual, vestibular, and proprioceptive systems. This
implies that maintaining balance in a closed kinetic chain relies
on coordinated motor strategies and feedback among the
femoral, knee, and ankle joints. Consequently, a reduction in
afferent feedback or a decrease in the strength and mechanical
stability of any single joint, or the entire lower extermity kinetic

chain, can impair balance. Thus, disruptions in sensory data
(often resulting from changes in knee alignment) that provide
information about body position and orientation, can ultimately
give rise to instability and imbalance. The effectiveness of
neuromuscular exercises on balance may be attributed to the fact
that the closed kinetic chain neuromuscular exercises employed
stimulate mechanoreceptors in the lower extremity joints and
muscles. The probable improvement in both static and dynamic
balance is likely due to enhanced mechanoreceptor function and
subsequent improvement in neuromuscular control.

Given the impact of genu valgum deformity on mechanical
deviation, the neuromuscular corrective exercise program in the
present study focused not only on strengthening muscles
involved in the condition (specifically, the lower segments of the
inverter and supinator muscles, particularly the tibialis posterior,
and the upper segments of the external rotators and abductors)
but also aimed to enhance neuromuscular control through
exercise incorporating neuromuscular components. The program
avoided solely concentrating on strengthening specific muscle
groups. To achieve this, the present neuromuscular exercise
program was implemented with an emphasis on three phases:
Non-weight-bearing exercises, weight-bearing exercises, and
functional exercises. Indeed, by comprehensively engaging both
the distal and proximal muscles and joints of the affected area,
the aim was to induce adaptation and correct abnormalities.
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The findings of this study indicate that 12 weeks of neuromuscular corrective exercises can be effective in improving both

static and dynamic balance in male adolescents with genu valgum deformity. Given that these individuals are still in their
growth phase, it appears essential to prioritize preventative measures, rehabilitation, and correction of genu valgum
deformity to further enhance and promote their balance.
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