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ABSTRACT

Anterior cruciate ligament (ACL) tears compromise knee stability and function
despite surgical reconstruction and rehabilitation and predispose patients to long-term osteoarthritis,
reduced activity levels, and persistent neuromuscular deficits. Incorporating targeted neuromuscular
training into post-ACL reconstruction programs may optimize sensorimotor control, correct aberrant
biomechanics, and thereby enhance performance and reduce the risk of reinjury. Therefore, this study
aimed to investigate the effect of neuromuscular training on moments and knee angles during single-leg
landing and kinesiophobia in individuals with ACL reconstruction.

VETEEE In this study, 30 people with ACL reconstruction participated and were randomly divided
into two groups: Control and experimental. Only the experimental group received the neuromuscular
training program. Kinesiophobia was assessed with the Tampa Scale for Kinesiophobia, which has 17
items pertaining to the fear of movement and reinjury. Kinetic and kinematic data were measured
using a force plate and motion analysis. The neuromuscular training program consisted of nine different
exercises in 16 sessions (two sessions per week for eight weeks, each session lasting approximately one
hour) that focused on increasing and coordinating dynamic flexion of lower limb joints, increasing trunk
stability, and optimizing landing mechanics. A repeated measures analysis of variance (ANOVA) was used
to examine the effect of training.

(ST The results showed that neuromuscular training had a significant effect on knee flexion angle,
knee flexion torque, knee abduction angle, knee abduction torque, knee internal rotation angle, knee
internal rotation torque, ground reaction force during single-leg landing, and kinesophobia in participants
with ACL reconstruction (P<0.05).

[T Neuromuscular training improves landing biomechanics and kinesiophobia in patients after
ACL reconstruction. Neuromuscular training reduces the risk factors for ACL re-injury and should be
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Introduction

nterior cruciate ligament (ACL) tears are a

common knee injury that usually requires

surgical reconstruction and extensive re-

habilitation to restore knee stability and
function. Despite surgical reconstruction and physical reha-
bilitation, ACL injury significantly increases the risk of de-
veloping osteoarthritis in the tibiofemoral and patellofemo-
ral joints, long-term reduced physical activity, and decreased
efficiency, which can affect both knee function and quality
of life 10-20 years after ACL reconstruction. Recent reports
suggest that unresolved neuroplastic changes following inju-
1y, reconstruction, and rehabilitation may limit performance
and return to sports. Neuroplasticity after an ACL injury is
likely due to a combination of altered sensory feedback from
the injury, as well as compensation for behavioral motor con-
trol, the loss of ligament mechanoreceptors, and the physi-
ological consequences associated with inflammation and
fluid accumulation in the joint, which may alter information
input to the central nervous system. Neuromuscular training
is designed to enhance neuromuscular coordination, increase
joint stability, and improve motor control. These exercises
can help improve important biomechanical factors, such as
balance, range of motion, and correct movement patterns,
while reducing stress on the joints. Since movement biome-
chanics play a crucial role in the success of rehabilitation, the
use of neuromuscular training as an innovative method in
rehabilitation programs following ACL surgery can lead to
improved efficiency in enhancing performance and prevent-
ing future injuries. Therefore, this study aimed to investigate
the effect of neuromuscular training on moments and knee
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angles in single-leg landing and kinesiophobia in individuals
with ACL reconstructions.

Methods

Thirty subjects participated in this quasi-experimental
study. Fifty-five reflective markers of appropriate diameters
were placed on landmarks on both sides of the lower and
upper limbs using the Helen Hayes [30] method. The par-
ticipants performed three successful single-leg landing tests
from a 30 cm plyometric box onto an embedded force plate.
A test was considered successful when the athlete landed on
the force plate with one leg and then performed a vertical
jump with maximum effort. Kinematic data were collected
at a sampling rate of 240 Hz, and separate ground reaction
force data were collected at a sampling rate of 1200 Hz. A
standard method was used to calculate kinematic variables,
which were coded in MATLAB software, version 2022b In-
verse dynamics was used to calculate kinetic variables. The
neuromuscular training program consisted of nine different
exercises in 16 sessions (two sessions per week, approxi-
mately one hour per session, for eight weeks) that focused
on increasing and coordinating dynamic flexion of lower
limb joints, increasing trunk stability, and optimizing landing
mechanics (unilateral and bilateral). Each exercise consisted
of two levels of increasing difficulty, and progression from
one stage to the next was determined based on individual
performance. The decision to progress the athlete was based
on the athlete’s ability to perform proper form for at least
three sets of 10 repetitions (achieving at least 80% of the
total repetitions). A repeated measures analysis of variance
(ANOVA) was used in a 2x2 factorial design (groupxstage)
with repeated measures in the second factor.

Table 1. Results of repeated-measures analysis of variance test to examine the effect of exercises

Variables Mean Square F P Effect Size
Knee flexion angle 32.35 8.80 0.008 0.22
Knee flexion moment 0.57 28.11 0.000 0.50
Knee abduction angle 3.54 6.39 0.017 0.18
Knee abduction moment 0.009 10.95 0.003 0.28
Knee internal rotation angle 9.62 30.02 0.000 0.51
Knee internal rotation moment 0.005 11.37 0.002 0.30
Ground reaction force 29.97 47.59 0.000 0.63
Kinesiophobia 968.01 377.85 0.000 0.93
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Results

The results of the repeated measures analysis of vari-
ance test showed that neuromuscular training had a sig-
nificant effect on knee flexion angle, knee flexion torque,
knee abduction angle, knee abduction torque, knee inter-
nal rotation angle, knee internal rotation torque, ground
reaction force, and kinesophobia in participants with ACL
reconstruction (P<0.05) (Table 1).

Conclusion

Neuromuscular training improves landing biomechan-
ics and kinesiophobia in patients after ACL reconstruc-
tion. Neuromuscular training reduces the risk factors for
ACL re-injury and should be emphasized during and after
traditional postoperative rehabilitation. The results ob-
served with neuromuscular training are most likely due
to more specific neuromuscular adaptations or greater
muscle regrowth resulting from this training modality.
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8. MATLAB
9. Cardan Euler
10. Visual 3D
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4. Tampa Scale for Kinesophobia (TSK)
5. Qualisys

6. Anterior Superior lliac Spine (ASIS)
7. Posterior Superior lliac Spine (PSIS)
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11. Shapiro-Wilk Test
12. Levene Test
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