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Abstract

Recently the reactive neuromuscular training (RNT) has received increasing attention
due to its function in decreasing the sport injuries. These exercises help athletes to quickly
correct their faulty motor patterns. The aim of this study was to investigate the effect of
eight weeks of reactive neuromuscular training on landing kinematics in Female
Basketball Players. Thirty three players from the three teams of the Tehran Female's
Basketball Premier League participated in this study. The teams were randomly divided
into three groups: experimental 1 (n=11), experimental 2 (n=11), and control group
(n=11). Experimental group 1 performed injury prevention and enhancement of
performance (PEP) exercises for eight weeks and experimental group 2 performed PEP
exercises with RNT instead of regular warming up. The control group performed their
regular exercises. The kinematics of the trunk and lower extremity joints during landing
were evaluated by pre- and post-test. Three-dimensional lower-extremity kinematics was
measured during drop jump with a single leg landing. Data were analyzed by two-way
repeated measures analysis of variance. The results showed that eight weeks of reactive
neuromuscular training had a significant effect on hip flexion angle at landing (F
(2,27)=3.40, P=0.04, np2=0.20). However, there was no significant effect on knee valgus,
knee flexion, ankle dorsiflexion, and trunk flexion at the moment of landing following
RNT training. In addition, the results indicated that the injury prevention program using
reactive neuromuscular exercises could well modify the athletes' motor patterns toward a
lower risk of anterior cruciate ligament injury. Therefore, it is highly recommended that
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basketball coaches use RNT training program instead of regular warming up to prevent
anterior cruciate ligament injuries.

Keywords: Kinematics, Basketball, Landing, Reactive Neuromuscular Training,
Anterior Cruciate Ligament

Extended Abstract

Background and Purpose

Basketball is one of the most popular sports in the world and one of the most
widely viewed. With the sport’s growing popularity and the rapid growth of
participants, especially among youth, sports injuries in the field are also
increasing. Studies have shown that 10-25% of all sports injuries occur in the
knee, and among these injuries, about 45% are related to ligaments. Among the
ligaments of the knee joint, the anterior cruciate ligament is injured more than
other ligaments (1). According to studies, the prevalence of this ligament injury
in women is 2 to 8 times that of male athletes (3). Considering these issues, it
seems necessary to design and develop programs to prevent anterior cruciate
ligament injury.

Studies have shown that neuromuscular deficits are associated with anterior
cruciate ligament injury rates in female athletes (2). Neuromuscular deficiency
due to impaired muscle strength and activation patterns causes an increase in load
on the knee joint and as a result injury to the anterior cruciate ligament (3). For
this reason, injury prevention programs focus on modulating the risk of modifiable
neuromuscular factors associated with non-contact knee injuries (1). One of the
most successful ACL injury prevention programs is the PEP program (4). The
implementation of this program in elite female soccer players was able to reduce
the occurrence of anterior cruciate ligament injuries by 88% (4).

Recently, the use of reactive neuromuscular training in the prevention of sports
injuries has been considered. These exercises help to quickly correct wrong
movement patterns in people (4). According to limited studies, they have
investigated the effect of using reactive neuromuscular training in the form of an
injury prevention program on the risk factors of anterior cruciate ligament injury
during landing, so the purpose of this study is to determine the effect of eight
weeks of reactive neuromuscular training on the landing kinematics of female
basketball players.
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Materials and Methods

The present research method was a semi-experimental pre-test-post-test type. The
statistical population of this research was made up of female athletes aged 18 to
25 who participated in the Iranian women's basketball premier league in 2019.
All clubs competing in the Iranian premier league (8 clubs) were invited to
participate in the study. Three of the 8 interested clubs were selected randomly.
Players randomly divided into the first experimental group (11 players), the
second experimental group (11 players) and the control group (11 players). In this
randomized controlled trial, 33 female basketball players (age range, 18-25 years)
from these 3 teams fulfilled the inclusion criteria and volunteered to participate.
The first experimental group after the pre-test for two months (8 weeks and 24
training sessions) performed PEP+RNT exercises instead of their previous warm-
up exercises, and the second experimental group after the pre-test for two months
performed PEP exercises instead of their previous warm-up exercises. Control
group did not do any special injury prevention program during this period and
only continued their previous sports training. Before the start of the research, the
coaches of the intervention groups were fully trained by the researcher. Also, all
the exercises along with the poster of Persian exercises of these exercises were
provided to the trainers.

Players who met the inclusion criteria were invited to a laboratory to perform the
pre-intervention tests. The participants were asked to warm up their bodies for 5
minutes using a treadmill and kinetic movements. Then, infrared markers were
attached to their bodies using the plug-in-gait method of the lower limbs (5) and
they were asked to perform the jump-landing task from a 30 cm platform. The
landing jump kinematic was analyzed by the 3D motion analysis system, which
consists of 8 infrared cameras capable of 240 frames per second, and was analyzed
using Cortex software.

Findings

The results of the Mixed model ANOVA showed that eight weeks of
neuromuscular injury prevention exercises have a significant effect on the thigh
flexion angle at the moment of landing (F(2,27)=3.40, P=0.04, np2=0.20).
However, no significant effect was observed in knee valgus angles, knee flexion,
ankle dorsiflexion, and trunk flexion at the moment of landing following the
implementation of reactive neuromuscular training for female basketball players.

Discussion
The aim of this research was to investigate the effect of eight weeks of reactive
neuromuscular training on the landing kinematics of female basketball players.
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The results of the research showed that performing eight weeks of reactive
neuromuscular injury prevention exercises has a significant effect on the thigh
flexion angle at the moment of landing. However, no significant effect was
observed on knee valgus angle, knee flexion, and ankle dorsiflexion and trunk
flexion at the moment of landing following the performance of neuromuscular
exercises in basketball players.

Most of the anterior cruciate ligament injuries are of non-contact type, and the
valgus angle of the knee is one of the predictors of non-contact injury of this
ligament, which is also related to the abductor torque on the knee joint (6). The
valgus angle of the knee in the PEP+RNT group improved by about 4 degrees
compared to the pre-test. According to previous studies, very small changes in the
frontal plane of the knee at the moment of landing are highly effective at the
threshold of anterior cruciate ligament injury (7). As a result, it can be said that
PEP+RNT exercises can be effective in preventing injury to this ligament by
reducing the valgus angle by 4 degrees. In order to improve the knee valgus angle,
there are studies consistent with the present results. Carrasco et al. (2019) reported
that a neuromuscular training as an alternative to warm-up reduced knee valgus
in a young female basketball player (8)

Conclusion

The presented results indicated that the injury prevention program using reactive
neuromuscular exercises could well modify the athletes’ movement patterns
toward a lower risk of anterior cruciate ligament injury. Therefore, it is highly
recommended that basketball coaches use RNT training program instead of
regular warming to prevent anterior cruciate ligament injuries.

Keywords: Kinematics, Basketball, Landing, Reactive Neuromuscular trainig,
Anterior Cruciate Ligament
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