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Extended Abstract

Introduction:With the wide use of sports, unfortunately sports injuries have also
increased. Basketball is a popular sport with many injuries. It has shown that anterior
cruciate ligament injury is a common injury in the lower limb (). The rehabilitation
period of this injury is about 6 months or longer, and the cost of surgery and
rehabilitation is about 17,000 to 25,000 dollars per injury. Therefore, athletes who suffer
from anterior cruciate ligament injury due to limited knee function, are likely to suffer
from premature osteoarthritis and reduced quality of life (2).

According to previous research, several different programs for preventing anterior
cruciate ligament injuries have been implemented, including plyometric, proprioceptive,
balance, strength, and endurance exercises, and the combination of these exercises in
other sports have had a significant effect on preventing anterior cruciate ligament
injuries. But the effects of neuromuscular training with two types of feedforwards and
feedback have not been done on basketball players.

To achieve a more lasting result of anterior cruciate ligament injury prevention
programs, instructions for external and internal attention can be included in injury
prevention programs along with neuromuscular exercises (balance and strength). On
the other hand, due to the lack of studies conducted in the field of examining the effect
of neuromuscular exercises on the improvement and correction of neuromuscular
defects of female athletes in preventing and reducing anterior cruciate ligament injuries
and the high cost of treatment, as well as the long-term period of anterior cruciate
ligament injury, the sensitivity and importance of preventing this injury. It seems
necessary to carry out such research that examines the effect of these exercises on the
balance and knee strength of female basketball players. Also, using a proper warm-up
training program for basketball players that includes injury prevention exercises can
encourage coaches and athletes to use these programs. Therefore, the purpose of this
research The effect of 8 weeks of feedback and feed forward neuromuscular training on
balance and strength in female with high risk of injury.

Materials and methods: This research is quasi-experimental and practical. A total of 30
female basketball players of Kerman province with the age range of 13-18 years old,
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who were objectively selected and after using Functional Movement Screen (FMS) test,
20 of them with score of 14 or less (high risk players) selected. All subjects familiarized
with test and training and writing consent form were taken. Then randomly divided into
two groups, neuromuscular feedforward (10 people) (mean + standard deviation; age =
15.73+0.78, weight= 61.38+0.9, height = 164.40+ 69.68) and neuromuscular feedback
(10 people) (mean * standard deviation of age = 14.70+£1.33, weight=56.31+8.38,
height=161.66+6.02).

The inclusion criteria were at least 2 years of sports experience with a score of less than
14 in the FMS test and also that they should not have any history of mental iliness,
fracture, surgery or have knee joint diseases or any pain in the knee area.

The dynamic balance of the subjects was measured using Biodex (Balance System-
SD, 100, Biodex company, made in America, high reliability 0.44-0.89). The maximum
isometric strength of the quadriceps (rectus femoris) and hamstrings (biceps femoris)
was evaluated using a hand-held dynamometer (made in the USA, MMT, North Coast,
ICC = 0.96). All tests was measured in random order.

All subjects performed 8 weeks of feedforward and feedback exercises and in the
implementation process, the overload of exercises (repetition and duration) was
gradually increased during the 8 weeks of the training program and according to the
individual characteristics of each subject. These exercises were performed 3 sessions
per week (each session 15-20 minutes). The exercises were performed by one of the
researchers. It should be noted that before the evaluation, the subjects performed
warm-up exercises and dynamic stretching exercises for 10-15 minutes.

Statistical analysis

The statistical method of ANCOVA was used to check the research hypotheses and the
results using SPSS. The hypothesis of normality, homogeneity of variances and
independence of data were approved using Shapirowilk test, Levene's and Run's tests.
and Partial Eta Squared test was used to calculate the effect size. The assumption of
homogeneity of the regression slope was checked before the ANCOVA test. The paired
sample t-test was used to compare the pre-test with the post-test within the groups. The
statistical error of the first type was considered less than 0.05 (P<0.05).
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Findings:The results of the ANCOVA showed that the dynamic balance and strength
between the two groups of internal feedforward and feedback have a significant
difference (p<0.05) (Table 1). Also, the results of the paired sample t-test showed that
Overall Stability in the feedback and feedforward group (0.345% and 0.19%), Balance
Anterior/Posterior in the feedback and feedforward group(0.409% and 0.22%) and
Balance Medial/Lateral in the feedback and feedforward group(0.427% and 0.22%) has
significantly improvement compared to the pre-test (p<0.002).Isometric Quadriceps
strength in the post- test showed an significantly improvement of 2.16% in feedback
group and 1.82% in feedforward group compared to the pre-test (P=0.001). Isometric
hamstring strength in the post- test showed a significantly improvement of 2.07% in
feedback group and 1.95% in feedforward group compared to the pre-test (P=0.001).
Conclusion:The purpose of this study was to investigate the effect of 8 weeks of
feedforward and feedback neuromuscular exercises on dynamic balance and isometric
strength in Kerman basketball girls with a high risk of injury. According to the findings, it
was found that feedback neuromuscular exercises showed more progress in improving
dynamic balance than the group of feedforward exercises in basketball girls. Balance
exercises are often performed as part of neuromuscular and proprioceptive exercises
that combine balance, strength, plyometrics, and agility (19, 20). In this regard, it can be
concluded that dynamic balance refers to maintaining balance during movement, and
this depends on the stability of the body's posture, which depends on neuromuscular
control, the movement of all parts of the body during movement (21).

In previous studies, researchers concluded that the reduction of hamstring strength
compared to the quadriceps muscles is a potential mechanism for increasing lower limb
injuries (29-33) and the possibility of anterior cruciate ligament injuries in female
athletes also, joint stability through the simultaneous contraction of hamstring muscles
and quadriceps muscles may be necessary in situations where the joint is faced with
high activation of quadriceps muscles or passive structures are endangered (34, 35).
Moreover, most methods based on strengthening neuromuscular control and
proprioception have been shown to reduce the risk of ACL injury by 51% (8, 39-41).

Therefore, using a neuromuscular knee injury prevention program leads to the
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improvement of dynamic balance, proprioceptive abilities, flexibility and biomechanical
abilities related to ACL injuries, which improves sports performance among female
basketball players (7) and It becomes reduces ACL injuries in young female athletes
(47).

The message of the article: It can be concluded that feedforward and feedback
neuromuscular exercises can improve dynamic balance and isometric strength of knee
muscles of female basketball players. The results showed that feedback exercises are
more effective than feedforward exercises. Therefore, it is recommended that these
exercises used by female basketball players to increase dynamic balance and knee
isometric strength. Basketball are classified as group sports and also speed sports, and
athletes may not have enough concentration and attention in performing movements at
some times of the game. Then athletes may not have enough concentration and
attention in performing movements at some times of the game. Therefore, it is
recommended to teach the athletes to perform neuromuscular training program with
feedback during the warm-up and use it during training to improve balance and knee
isometric strength and finally may prevent injuries.

Keywords: neuromuscular exercises, Injury prevention,Anterior cruciate ligament,
Feedback.
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