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Abstract
Keywords
Background and Aim: Dynamic knee valgus in volleyball, which

involves landing and deceleration, can lead to injuries. The present study
Neuromuscular aimed to investigate the effect of 6 weeks of neuromuscular training on
the degrees of dynamic knee valgus in adolescent volleyball players.
Methods: Thirty male volleyball players aged 14-18 were selected
through purposive non-probability sampling and randomly assigned to
Dynamic experimental (N=15) and control (N=15) groups. Dynamic knee valgus
was measured using the single-leg landing test in both pre-test and post-
test phases. The experimental group performed neuromuscular training for

training,

knee valgus, . ; i .
6 weeks, with 3 weekly sessions, each lasting 45 minutes. The control
group continued with their regular training routine.

Volleyball, Results: The analysis of covariance revealed a significant difference in
the mean degree of dynamic knee valgus between the two groups in the

Adolescent, post-test (p=0.001), with the experimental group showing a reduction in

dynamic knee valgus compared to the control group.

Conclusion: These findings underscore the importance of neuromuscular
training in reducing dynamic knee valgus in adolescent volleyball players.
Therefore, it is recommended that coaches integrate neuromuscular
training alongside specialized volleyball exercises.

Landing mechanics,
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Extended Abstract

Introduction

Overhead sports such as volleyball require
athletes to perform frequent jumping and
landing movements. Knee alignment during
landing, particularly in the frontal plane, is a
significant risk factor for anterior cruciate
ligament (ACL) injuries. Volleyball players, in
particular, are at higher risk due to the
repetitive nature of these movements. Given
the high incidence and  substantial
rehabilitation costs of ACL injuries, injury
prevention strategies have gained increasing
attention. Various training programs have been
developed to mitigate knee ligament injuries,
many of which focus on controlling risk
factors such as dynamic knee valgus.

Previous studies have examined the effects
of neuromuscular training, either
independently or in combination with strength
and plyometric exercises, on reducing dynamic
knee valgus. For instance, Shahheidari et al.
(2018) found that three weeks of
neuromuscular training significantly reduced
knee valgus angles in athletes (9). Similarly,
Saki et al. (2019) demonstrated that an eight-
week plyometric training program effectively
decreased dynamic knee valgus in physically
active participants (10). Other studies, such as
those by Babagoltabar and Nourasteh (2023),
have also reported significant reductions in
knee valgus following neuromuscular training
in soccer players (11). Additionally, specific
training protocols, including plyometric and
core stability exercises, have been introduced
to improve knee kinematics. However, some
studies have reported no significant effects of
certain training interventions on knee valgus
reduction, highlighting inconsistencies in the
existing literature.

Despite prior research on movement-
based training interventions,  further
investigation is warranted. First, previous
findings have been inconsistent, with some
studies reporting significant reductions in knee
valgus and others showing no substantial
effect. Second, limited research has focused on
dynamic knee valgus in male volleyball
players, a population particularly susceptible

to frequent jumping and landing movements.
Finally, given that the study population
consists of adolescent athletes (ages 14-18),
understanding movement patterns at this
developmental stage is crucial for long-term
joint health. Early identification and
prevention of maladaptive movement patterns
may inform training and rehabilitation
strategies to enhance movement mechanics
and reduce knee valgus in young athletes.
Therefore, this study examines the effects of a
six-week neuromuscular training program on
dynamic knee valgus in volleyball players.

Method

The current research was  semi-
experimental with a pre-test-post-test design
conducted in the field. The study was approved
by the Medical Sciences Ethics Committee of
Islamic Azad University, Urmia Branch
(Ethics Code:
IR.IAU.URMIA.REC.1403.032).

15 participants were assigned to each
group. Dynamic knee valgus was assessed
using video analysis of a single-leg drop
landing. Participants were instructed to stand
on a 30 cm box and, upon command, jump
forward and land on one foot at a marked point
on the floor (half of their height in distance).
Reflective markers were placed on the anterior
superior iliac spine (ASIS), tibial tuberosity,
and distal anterior tibia. A high-definition
video camera (Sony 43 FDR-AX, Japan)
positioned 170 cm from the landing site
recorded the movement at 30 frames per
second. Each participant performed three
trials. The frame capturing the knee at
maximum flexion was analyzed using ImageJ
software (ImageMeter 3.8) to determine the
knee valgus angle. The average of the three
trials was recorded as the participant’s
dynamic knee valgus measurement.

After pre-test  assessments, the
experimental group participated in a
progressive six-week neuromuscular training
program designed to reduce ACL injury risk
by improving landing mechanics. The
program, validated by previous research,
included a 10-minute submaximal warm-up on
a stationary bike, a 40-minute main training
session, 30-60 seconds of rest between sets,
and a 5-minute cool-down, totaling 45-60
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minutes per session. Exercises targeted
balance, neuromuscular coordination, muscle
strength, and proprioception. The program
included double-leg squats, lunges, single-leg
squats, bilateral and unilateral plyometrics,
single-leg stance on an unstable surface,
alternating single-leg hops, broad jumps, and
vertical jumps. All squat exercises were
bodyweight-based, and balance challenges
were introduced using a BOSU ball.

Results

The results of the ANCOVA indicate a
significant difference in the dynamic knee
valgus angle between the experimental and
control groups after controlling for the pre-test
effect (covariate) (p < 0.05). Specifically, the
experimental group  that  underwent
neuromuscular training demonstrated a greater
reduction in the dynamic knee valgus angle
compared to the control group.

Discussion

The present study highlights that six weeks
of neuromuscular training significantly
reduces the dynamic knee valgus angle in
adolescent volleyball players. Previous
research has shown that an increased dynamic
knee valgus angle during landing is a key
predictor of non-contact injuries in athletes.
The findings align with previous studies, such
as those by Shahheidari et al. (2018) (9), Saki
& Madhoosh (2019) (10), Babagoltbar &
Nourosta (2023) (11), Pfile et al. (2013) (12),
Jeong et al. (2021) (13), and Herrington (2010)
(19), which demonstrated the positive impact
of neuromuscular training on improving knee
valgus across different sports. However, some
studies, such as those by Ghanati et al. (2018)
(14) and McCurdy et al. (2012)(16), reported no
significant  effects, possibly due to
methodological differences, training intensity,
or participant characteristics.

Several mechanisms may explain the
reduction in dynamic knee valgus, including
improved strength and coordination of
stabilizing muscles such as the quadriceps and
hamstrings, enhanced proprioception in joint
capsules, muscles, and tendons, and improved
movement patterns alongside increased joint
stability. The combined use of stretching,

strength, and functional exercises in this
study—including adductor stretching, medial
hamstring strengthening, external rotator
activation, and  proper  jump-landing
techniques—Ilikely  contributed to its
effectiveness.

Despite its contributions, this study has
limitations, including a specific focus on
adolescent male volleyball players, the
potential influence of uncontrolled volleyball
training activities, and the relatively short six-
week duration. Future long-term studies are
needed. These findings provide valuable
practical implications, highlighting the
importance of neuromuscular training for
coaches, trainers, and sports medicine
professionals in reducing knee valgus and
preventing related injuries in volleyball
athletes.

Clinical application

Using comprehensive  neuromuscular
training, the dynamic knee valgus angle can be
reduced, thereby decreasing the risk of anterior
cruciate ligament (ACL) injury in adolescent
volleyball athletes.
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